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Editorial

Obliged to the tradition of innovation

Successful technology innovation is based on three funda-
mental capabilities: to know what customers want, to pro-
vide the cutting-edge technology to satisfy their needs, and
together with them develop ideas for future applications.

Driving innovation along these three lines is a century-old
tradition at ABB, as old as the company itself. ABB has a
history of ingenious inventors pushing technology forward,
beginning with the development of generators 100 years
ago, distribution and transmission with high voltage DC
and drives technology in the 1950s, and control and auto-
mation technologies in line with the computer boom since
the seventies.

Because significant inventive steps involve cross-fertiliza-
tion between areas that have no obvious link, ABB’s broad
technology base in energy and automation is a perfect
breeding ground for fostering a plenitude of innovation.
Our seven research programs cover the whole technology
spectrum of the company, and the technologies developed
within that frame are used throughout all divisions.

In this issue of ABB Review we invite you to learn about
innovative steps taken in 2007. The examples we have
chosen are representative of many more in all our business
applications.

The consequent application of information and communi-
cation technologies in a traditional area of hardware com-
ponents, such as circuit breakers and transformers and
other equipment in a substation, is a prominent example
of merging know-how from very different technical disci-
plines. With our innovative tools for design, engineering
and testing, we have brought a new class of higher service
and engineering performance to substations based on the
IEC 61850 standard. Customers benefit from faster delivery
and higher operational flexibility as well the greater ease
of interoperability.

We applied the know-how of heat transfer with heat pipes
to the generator circuit breaker — the breaker type holding
the world record in breaking capacity — and extended its
application range by 20 percent, an impressive step in a
technological field generally considered mature.

Spillover effects between industries are also drivers of
innovation. With the application of multi-variable model
predictive control — which is well established in the petro-
chemical industry — to utility power plants, we made great
strides in increasing efficiency and reducing emissions.

ABB Review 4/2007

Transmission of electrical power with direct current is a
technology whose ability to meet global challenges is
increasingly being recognized. Energy savings on long
transmission lines is a burning issue in China and other
countries with high energy needs and long distances
between the power generation sites and the large consum-
ing urban centers. Ultra voltage levels of 800kV DC are
now available to transport several gigawatts of power.

Remote service is another field of innovation with high
customer satisfaction. Here the effective application of
information and communication technologies is instrumen-
tal and we are proud to have pioneered major steps for
remote service in almost all of our business applications.

While even three-year-old children are agile enough to put
puzzle pieces together, robots, known to us as robust and
powerful machines, have had difficulties with such tasks
for a long time. Now, with the help of force control, they
can operate with the precision of a watchmaker and even
develop a “feeling” for delicate fine-motoric movement.
This force control opens up many new applications for
robots throughout the whole industry, with significant cost
savings and product quality enhancement for customers.

Our continuous stream of innovations is the outcome of
thousands of inventive engineers and researchers working
in ABB’s development and research teams around the
world. These innovators assess customers’ problems and
needs, and, as part of a global team, apply their multi-dis-
ciplined talents to the creation of solutions, helping cus-
tomers to see new opportunities in their own innovation
processes.

These strong innovation dynamics are a traditional strength
at ABB. It is also a tradition of ABB Review to present the
innovations we are especially proud of in the year-end
issue. We hope you feel the pioneering spirit that moved
the people behind these innovations and become inspired
yourself.

Enjoy your reading.

/
ez e
Peter Terwiesch

Chief Technology Officer
ABB Ltd.
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In labs across the world, ABB’s scien-
tists and engineers are hard at work
seeking ways to create new products,
make existing products better, or find
novel applications for proven prod-
ucts. In brief, they are upholding
ABB'’s tradition of pioneering and in-
novation and laying the foundations
for the success stories of tomorrow.

Signal processing
gives instrumenta-
tion a boost

The integrity and reliability of instru-
mentation is indispensable for the
efficient operation of a process plant.
At the same time, such equipment
must be easy to install and low on
maintenance. ABB presents a flow-
meter that auto-calibrates, a pressure
transmitter that knows when it’s
plugged and wireless standards for
device communication.

he circuitry of the WaterMaster

range of flowmeter products has
been redesigned. It now includes an
integrated auto-calibration function,
which not only reduces the necessity
for human supervision, but also as-
sures continuous accuracy. Because
the number of precision components
having a bearing on measurement
accuracy was reduced from about ten
to a single resistor, the overall dynam-
ic behavior of the device in the face
of temperature changes has become
much easier to handle.

ABB has used an innovation of a dif-
ferent kind to improve a differential

This article takes a quick tour of a
small selection of ABB’s achieve-
ments in innovation of the past year.
These are also discussed at greater
length in this (or recent) editions of
ABB Review.

pressure meter. As the meter’s mea-
surement lines can easily get plugged
(blocked), frequent inspections are
necessary as such occurrences cannot
easily be detected from the control
room — until now. ABB’s solution lies
in observing the process noise — or
rapid parameter fluctuations that are
normally of no interest to the mea-
surement. ABB now uses an automatic
analysis of this noise to check for
plugged lines.

Instrumentation traditionally needs a
lot of wiring. This not only inflates
implementation costs, but is also a
potential source of error and limits
flexibility when changes are required.
This is why interest in wireless com-
munication in instrumentation is on
the rise. Just as wired fieldbus stan-

dards currently allow devices from
different manufacturers to be com-
bined, a wireless standard will soon
allow the same to be achieved with
wireless products. ABB is working
with other leading instrumentation
manufacturers on the implementation
of two emerging standards: HART 7
and ISA SP100.

For more information and background on these inno-
vations in instrumentation, see “Signaling enhance-
ments” on page 12 of this edition of ABB Review.
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New tool advances
substation
automation

The IEC 61850 standard for sub-
station automation was a major
advancement in electrical power
technology, enabling application of
state-of-the-art information and
communication technology. And now,
engineers can take full advantage

of the technology with ABB’s new
substation engineering environment.

In this new environment, the devices
in a substation are able to commu-

nicate and provide a broad set of data
to describe and control the substation
operation. Engineers master the enor-

Silent cooling

Advanced heat pipe cooling answers
the demand for lighter and more ro-
bust circuit breakers, but more impor-
tantly, performance is increased by
over 25 percent!

Large circuit breaker nominal currents
generate a tremendous amount of
heat, which must be limited if other

mous amount of data throughout the
complete design phase of the substa-
tion. The automation system and indi-
vidual functionality can be thoroughly
tested before on-site operation begins.

system components are to remain
within their rated temperature toler-
ances. Because natural cooling limits
the rated nominal current, many of
today’s generator circuit breakers
(GCBs) employ forced cooling meth-
ods — also a source of extra heat — to
increase nominal current levels. How-
ever, these also limit nominal current
capability.
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ABB’s new tool speeds up engineer-
ing and testing processes, resulting in
faster-than-ever delivery of pretested
substations. With its increased reliabil-
ity and its plug-and-operate capability,
the system short-cuts extensive com-
missioning phases. Outage times are
reduced through the manifold possi-
bilities of testing within the virtual
engineering environment, providing
seamless operation when rebuilding
or maintenance is required.

For more information on ABB’s new substation
engineering environment, see “Speed and quality” on
page 38 of this issue.

To further increase this current while
meeting the ever-increasing market
demands for lighter, robust and more
powerful products, ABB has devel-
oped an innovative cooling method
based on the heat-pipe cooling con-
cept. The ABB system is composed of
three major components: an evapora-
tor section attached to the GCB con-
ductor (which is effectively the heat
source); a transfer section; and a con-
denser section (or heat-sink) located
in the cooler environment outside the
enclosure. This solution needs no
electricity to operate, requires little
maintenance and is impressively si-
lent. Its main benefit, however, is the
extension of generator breaker nomi-
nal current from 18,000 to 23,000 A.

A more detailed article, “Performing at a higher
level,” can be found on page 18 of this edition of
ABB Review.
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Turning machining
robots into universal
tools

Based on ABB’s pioneering applica-
tions of robots for the delicate assem-
bly of fine structured parts, ABB has
now taken a new step towards
achieving watchmaker precision in ro-
bot motion. The innovative approach
- Flex Finishing - can reduce overall
programming times by up to 80 per-
cent for robots used to grind castings,
vastly improving productivity.

Frequency
converters poised
to deliver great
energy savings

ABB’s five-level frequency converters
enable significant energy savings by
lowering the barrier to the adoption of
power-electronics in motor control.

Motors consume about 30 percent
of all electrical energy generated
in the world. This means that any
efficiency improvement in this sector
is of huge benefit to the planet’s
dwindling energy reserves and fragile
environment. About three quarters

of motors are in variable-speed appli-
cations, an area where traditional con-
trol methods cause a huge waste of
energy.

Frequency converters can change all
this. In fact, they are the most effi-
cient method available for such con-
trol tasks and adopting them can
reduce losses to a fraction of their
former value. The worldwide applica-
tion of frequency converters in medi-
um voltage applications alone has the

his new, unique robot application

combines several innovative ele-
ments by using the latest ABB robot
controller, IRC5, with its high speed
sensor interface, feedback loops to
control pressure and speed of the
grinding tool, and a programming
environment that allows the robot
to find the optimum path by itself.

Robots equipped with this ability to
learn how to touch and handle work
pieces reduce the cycle time of the
operation by some 20 percent — and
with this better motion control the
lifetime of the grinding tools can be
extended by 20 percent as well.

Product finishing operations in found-
ries are now much simpler, enabling
finished castings to be produced with
a higher quality, faster and at lower
cost.

For more information see “A touching movement” on
page 22 of this edition of ABB Review.

potential to replace the equivalent
output of 144 fossil fuel plants. How-
ever, the technology is not universally
applicable because such converters
produce “harmonics” — or plainly put,
the waveform of their output voltage
is far from ideal. This can lead to a
torque ripple in the drive-chain, heat-
ing in the motor and cause electrical
interference in other equipment. Also,
in medium-voltage applications, it is
difficult to obtain the required voltage
levels with traditional two- and three-
level topologies.

In order to make converters more
acceptable, ABB is seeking ways of
reducing harmonics and increasing the
output voltage. ABB’s new five-level
converters answer both needs: It pro-
duces considerably less harmonics
than its two- and three-level predeces-
sors, while at the same time permitting
higher voltages to be attained. The
technology is now implemented in the
company’s ACS 5000 drive units.

For the story behind ABB's five-level converters, see
“A higher level of efficiency” on page 26 of this issue
of ABB Review.
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Breaking new
ground: ABB’s
flexible and com-
pact DC breaker

When it comes to installing equip-
ment, there are two assets that are
perpetually in short supply: time and
space. Equipment requiring complex
wiring costs much time to install, and
the auxiliary equipment to which it
must be wired occupies additional
space. ABB SACE Emax DC breaker
addresses both issues through its
unprecedented levels of integrated
functionality.

l l ntil now, DC breaker applications
could be divided into two catego-
ries: breakers that triggered automati-

Ultra-high voltages
for ultra-low losses

The energy market is changing rapid-
ly: Interconnections and trading are
creating new challenges, as are de-
velopments such as the growth of
wind power in areas where infrastruc-
ture is weak. The rapidly rising de-
mand in countries such as China is
leading to huge investments in trans-
mission infrastructure. ABB is at the
forefront of the development of tech-
nologies to meet these challenges.

hen bulk electric power must

be moved over large distances,
it is most efficiently accomplished us-
ing high voltages. The higher the
transmission voltage, the lower the
conduction losses and hence the more
power the line can carry. ABB offers
both high-voltage AC (HVAC) and
high-voltage DC (HVDC) solutions for
power transmission. ABB has devel-
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cally and those that needed an exter-
nal impulse. The automatic type was
of relatively simple construction, and
could provide only auto-triggering
short-circuit protection. Where more
sophisticated triggering was required,
monitoring and control equipment
had to be installed on an external
switchboard.

Now what if this functionality were
integrated in the breaker? This would
not only greatly simplify installation
but also economize on wiring, auxilia-
ry power supplies and valuable space
while also improving robustness and
reliability. In the field of AC breakers,
such integrated solutions have been
available for some time. But in DC
applications the concept is not as sim-
ple to implement because of the more
challenging methods of measurement.
ABB has come up with an innovative
and unique solution. The SACE Emax
DC is the only breaker of its type on
the market: It offers a wide range of

oped equipment for 800 kV HVDC and
1000 kV HVAC (The previous highest
commercially used voltages were 600
and 800kV).

HVDC is highly controllable and can,
for example, be used to “inject” power
into an area where shortfalls in gener-
ation are threatening to cause black-
outs. The mode is also immune to the
stability issues that limit the capacity
of very long AC lines. As the mode is
inherently more reconcilable to space-
saving coaxial cables than HVAC is, it
is frequently used on submarine links

A successful 2007
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protection functions, all sensors are
fully integrated, and despite being
almost a mechatronic system in itself,
the breaker can work without an aux-
iliary power supply.

For more background information, see “Integration
breakthrough” on page 32 of this edition of ABB
Review.

and in other situations where the cable
must be buried.

However, the sophisticated converters
needed to feed power into and out of
HVDC lines mean the technology is
best suited for point-to-point links.
Where it is necessary to tap power at
an intermediate point or even create
an entire network, HVAC has a clear
practical advantage. The most effec-
tive solution for the transmission of
bulk power over a long distance is
often a mix of both applications: an
HVDC line with HVAC feeders.

For more information on ABB'’s activities in ultra-high
voltage transmission, please see Asplund, G., "Ultra
high voltage transmission,” ABB Review 2/2007,
22-27.
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Remote service:
a new dimension of
customer care

Remote service technologies support
field engineers, irrespective of loca-
tion, in ways only dreamed of five
years ago. These technologies, com-
bining real-time monitoring of product
and system performance and auto-
matic alerting of service engineers
have now been extended to larger
parts of ABB’s product spectrum.

sing advanced embedded intelli-
Ugence in the products and secure
communication channels across cus-
tomer firewalls, ABB is permitting
remote monitoring of the condition of
analyzing equipment. Signals received
at service centers are automatically

TrafoSiteRepair™ —
a byword for speed

TrafoSiteRepair™ is an innovative
solution created by innovative people
to improve power transformer avail-
ability.

Repairing, refurbishing or
retrofitting power trans-
formers on-site has long
been accepted as the best
method of getting units back
into service in the shortest
possible time. However,
until recently major repairs,
such as repairing or replac-
ing the windings, meant the
transformer had to be trans-
ported to a factory where
the required space and
equipment are available,
and this was very costly in
terms of time. ABB’s Trafo-
SiteRepair™ changes all this
by allowing major repairs to

monitored and analyzed using the
accumulated knowledge of hundreds
of man-years of experience now held
in extensive performance databases.
By comparing the performance of
individual devices with historic data
from countless similar devices in the
field, the knowledge-based systems
support ABB’s engineers in proposing
the best suitable strategies for mainte-

be performed on-site. This in turn
minimizes the outage time of the
transformer, the unavailability of the
power supply and more importantly,
the loss of revenues.

TrafoSiteRepair™ is a combination of
years of experience and state-of-the-
art technology, and includes verified
processes that are to the same stan-

dard as those used in a factory envi-

nance or repair. A faster decision pro-
cess and subsequent tailor-made ser-
vice cuts cost and reduces downtime
of customer installations.

For more information see “Wellness for your profit
line” on page 42 of this edition of ABB Review.

ronment. Some new innovations have
contributed to its success, such as a
Mobile High-Voltage Test System,
which replaces the heavy and some-
what inflexible motor-generator set;
an on-site Low Frequency Heating
(LFH) drying system; and a Dielectric
Frequency Response (DFR) test to
determine the remaining moisture
level in the cellulose insulation of
a transformer. TrafoSiteRepair™ is
already credited with getting
some 200 units in 25 coun-
tries back up and running in
double quick time.

A more detailed article, “On-site trans-
formation” can be found on page 45 of
this edition of ABB Review.
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Building bridges

ABB'’s Industrial IT for Process
Analytical Technology (PAT) delivers
real business benefits.

New drugs are the life blood of a
pharmaceutical company. Even
though it can take years to put a drug
on the market at a cost in excess of
$800 million, the rewards more than

Maximize o

Predict & Control
pumps up plant
performance

Advanced process control technolo-
gies, while well established in many
industries, have only recently been
utilized for power plant control and
optimization — and the results are
remarkable.

Multi—variable model predictive
control (MPC) boasts superior
performance over traditional single-
input/single-output (SISO) control
strategies. By making full use of the
increased power of computers, MPC-
based solutions can be deployed in
large utility power plants.

The main goal of advanced process
control is to reduce process variations;
for power plants, this translates to im-
proved process stability and reliability,
and reduced thermal cycle stress on
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outweigh the investment. However,
the balance is shifting somewhat be-
cause of two major factors: companies
are investing more in R&D than ever
before at a time when the actual num-
ber of New Chemical Entities being
approved is in decline; and increasing
production costs. These increasing
costs have forced the industry to

look at new and innovative ways of
becoming more efficient, both in the
creation of new drugs and the pro-
duction of existing drugs.

the high-pressure parts. Reduced vari-
ance allows the power generation
process to operate closer to the given
plant’s optimum. Often, this optimum
is defined by constraints. By minimiz-
ing variations, the process can move
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Together with these innovations, an
initiative known as Process Analytical
Technology (PAT) has been making its
presence felt since its launch in 2002.
Its goal is to understand and better
control the entire pharmaceutical
manufacturing process. Analyzer
technology is at the heart of the PAT
initiative, but the availability of multi-
ple analyzer platforms combined with
the absence of some form of standard
for exchanging data has resulted in
“islands of PAT.” ABB has been build-
ing bridges between these islands
with its Industrial IT Process Analyti-
cal Technology. This is a true inno-
vation that meets many of the key
requirements of a truly integrated PAT
solution.

A more detailed article, “Integration guaranteed” can
be found on page 49 of this edition of ABB Review.

closer to its limit without violating the
constraint.

ABB’s new product, Optimize™ Predict
& Control, answers the shortcomings
of previous MPC solutions, such as
limitations in the choice of control
models and reliance on open loop
step testing.

Plants that have implemented ABB’s
MPC have realized NOx reductions of
eight to 40 percent, while generating
tens of GWh per year of additional
electrical energy with the same fuel
consumption.

For more information on ABB’s Predict & Control,
see “Efficiency up, emissions down” on page 53 of
this issue of ABB Review.




Product innovations

In this collection of short stories, ABB Review
presents three breakthroughs, each in one of
these areas. All of them are based on innovations
in signal processing.

Reliable instrumentation is a prerequisite to the
effective control of processes. Such devices must
not only provide accurate and reproducible data
around the clock, but must also do so with a mini-
mum of supervision, maintenance and down-time
- and of course they must be easy to install.

Signaling

ennhancements

Signal processing boosts instrumentation
Sean Keeping, Eugenio Volonterio, Ray Keech, Gareth Johnston, Andrea Andenna

Signal processing is not always the
obvious starting point when devel-
oping a new instrumentation product:
It is often more straightforward to
seek breakthroughs in such fields

as the efficiency and robustness

of the packaging of sensors or elec-
tronics, refinements in the use of
materials and processes, and im-
proved usability.

However, as instrumentation products
become increasingly commoditized,

the one significant area of differentia-
tion between vendors is the additional

12

value that can be obtained from the
sensing system itself.

The process of defining this added
value starts with knowledge. In creat-
ing a new product, it is vital to under-
stand customer needs — and to recog-
nize useful additional information that
can be derived or inferred from mea-
sured data, providing valuable insights
into the status or condition of the
product or process.

ABB has invested in novel ways of
using signal processing to boost the

customer value of its products. The
fruits of these efforts are illustrated in
the following by two case studies; the
first measuring flow and the second
measuring pressure.

The third case presented is a study
into wireless technology. It demon-
strates how this new technology can
increase the availability of instrument
features — meeting the needs of future
applications.
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Signaling enhancements

Self-calibration for
an electromagnetic
flowmeter

ABB has introduced a new flowmeter
that attains unprecedented levels of
stability and performance thanks to
an innovative self-calibration concept.

n electromagnetic flowmeter is
made up of two key parts:

m The sensor, consisting of a flow
measurement tube containing an
insulated lining, energizing coils
and two or more measurement
electrodes H.

= A flow transmitter, such as the new
ABB WaterMaster E3 or ProcessMas-
ter B3, which drives the coils and
measures the very small AC signal
from the measurement electrodes.

In order to fulfill the constantly evolv-
ing metrological requirements of in-
struments, in this case driven by the
OIMLY International Recommendation
R49 [1], ABB has developed a self-cali-

Footnote
T OIML: International Organization of Legal Metrology
/ Organisation Internationale de Métrologie Légale

bration concept [2]. This has been im-
plemented in the company’s Water-
Master range of flow products.

By fulfilling this recommendation, the
product is able to conform to the
Measuring Instruments Directive
(which became a legal requirement in
November 2006). OIML R49 requires
that electromagnetic flowmeters have
“checking facilities” — this means a
simulated signal is applied to the in-
put of the flow transmitter and it is
verified that the output is within pre-
defined limits.

This technique was then developed

further by not only using this signal to

El' Sensor unit of an electromagnetic
flowmeter
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Signaling enhancements

check the amplitude but also
to perform automatic calibra-
tion. This not only meets and

Il Effect of a significant dynamic temperature deviation on different
system parameters, and their compensation

new system compensates
for temperature-dependent
parameter changes in its

exceeds the OIML R49 require- compensation components.
ments; it also means the in- 1.004 — an $‘
strument has multiple attrac- 10034 — L3Gain Compared with a traditional
q q — ADC L Span q g 5
tive features. These are listed 1000 | Flow transmitter design, which
’ — R2 Gain

W] Factbox 1§

Operation of this new concept
is illustrated in El. Since the

normalized measurement
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required in the measurement oven on
chain. An audio codec chip 0.996 ‘ ‘ ‘ ‘ ‘ ‘ ‘
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with high-linearity is used as time

analog to digital converter

1.001 1
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R3 Gain

often depends on the per-
formance of about ten or so
precision components, the
reduction to a single item
permits stability and perfor-
mance to be boosted to un-
paralleled levels. H shows

the degree of adjustment
the transmitter undergoes in
responding to temperature

(ADC). Using an arrangement
of multiplexers, the simulated signal is
generated with the digital-analog con-

Features of ABB’s new Watermaster
range of flowmeters

m Self-calibrating instrument
Factory calibration no longer necessary

Calibration adjustment is continuous
during normal running

Ultra-stable performance over time
Very low temperature coefficient
Low-cost audio codec

Design immune to any dc offsets

Lower cost with only one precision part

required

B Adjustment percentage displayed to user
for diagnostic use

m Alarm limits to trap hardware failures and

out of range adjustments

verter B3, This is directly applied to
the same front-end amplifier E3 that is
used to amplify and process the elec-
trode signals.

The novel aspect of this approach is
that it is not the actual absolute value
of the signal on which the measured
value is based, but its gain. By using
multiplexers (B3 and Ef) to route the
voltage reference directly into the
ADCs, the system performance is ren-
dered independent of the gains, off-
sets or stability of any of its compo-
nents — and the output does not de-
pend on the magnitude of the voltage
reference.

The product’s performance has been
proven to depend on only one com-
ponent: the resistor that is necessary
to convert the current through the
coils into a voltage for measuring the
coil current. H illustrates how well the

changes. @ shows the over-
all transmitter stability over a wide
temperature range. In the measure-
ments that produced these figures, the
temperature was reverted to 20°C after
each temperature change — illustrating
the excellent reproducibility of the
measurement.

Since the system auto-
matically adjusts itself,
NO precision parts are
required in the measure-
ment chain.

ABB’s implementation of the auto cali-
bration system in an electromagnetic
flowmeters is a world first, leading to
unparalled stability and performance.
The product was launched in Barcelo-
na on November 7, 2007.

E Internal auto-gain adjustments made by the transmitter to respond

to temperature changes

& Overall transmitter span shift versus temperature. Temperature

was always returned to 20°C between measurements, illustrating

the device’s high reproducibility
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Signaling enhancements

Plugged impulse
ine detection on a
differential pressure
transmitter

A faulty measurement can have sig-
nificant negative implications for a
process, hence the importance of
being able to detect such errors as
soon as they occur. When it comes
to differential flow measurements,
blocked impulse lines are especially
tricky to discern as the results contin-
ue to look plausible. ABB has found a
way to identify these — using the
background noise of the process.

differential pressure transmitter is

a device used to sense the pres-
sure between two points of a process.
Its main application is the computa-
tion of the flow rate in a pipeline.
This is achieved by measuring the
pressure drop caused by a so-called
primary element. This element is in-
serted in the flow causing local pres-
sure changes. The pressure difference
between two points is measured and
the flow rate computed from this val-
ue using knowledge of the geometry
of the primary element. Differential
pressure transmitters are connected to
the process through two pipes called
impulse lines H.

When it comes to differ-
ential flow measurements,
blocked impulse lines are
especially tricky to discern
as the results continue to
look plausible.

During the operating life of the trans-
mitter, these connections can get
plugged (blocked) due to solid mate-
rial in the process, or to limestone or
freezing of the fluid. Significant main-
tenance efforts are required to prevent
this. Maintenance is made even more
challenging by the fact that, in con-
trast to most other malfunctions that
can occur in field devices, a plugged

impulse line has no impact on the
device hardware; if it happens unno-
ticed, the measurement value retains
a plausible value. This makes the
detection of such errors especially
elusive.

However, all is not lost: Experiments
have shown that the plugging condi-
tion can be diagnosed through analy-
sis of the sensed differential pressure
signal. Based on these results, a meth-
od for the automatic detection of the
plugged-impulse-lines condition was
developed and a corresponding algo-
rithm implemented in an ABB differ-
ential pressure transmitter of the
2600T series.

The major cost-saving
benefit of plugged impulse
line detection comes from
the reduction of preven-
tive maintenance.

The principle of Plugged Impulse Line
Detection (PILD) is based on empiri-
cally revealed characteristics of the
observed time-series of the pressure
detection. Flow processes are affected
by fluctuations of the pressure value

caused by other devices and machines
interacting with the process. An exam-
ple is a pump producing a differential
pressure signal noise. Under normal
operating conditions, without any
plugged impulse line problem, this
process noise is mostly canceled out,
because the device measures the pres-
sure difference between two relatively
close locations. The blocking of one
impulse line leads to the pressure
fluctuations not being canceled any-
more — the process noise therefore
appears in the differential pressure
signal. Finally, when both impulse
lines are plugged, the noise level of
the sensed differential pressure is
almost reduced to zero.

Ed Differential pressure transmitter connected
to an orifice plate

B Signal power E without plugging, M and I with individual lines plugged and El with both lines

plugged
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Bl Plugged Impulse Line Detection (PILD) output

@EP1424 : FF ABB 264-H1 Rev2 '_' =100 x|
I £ = [P1424:FF ABE 264-H1 Reva 1% P - -G
Pi424 - FF ABB 264-H1 Rev2 Asset Monitor
| Aszzat Monitor Status: good
Severily| Condition | Sub Condilion | Descriptii | Ti g | Quabity Status|
____\Configurstion Momal 11173072005 12:14:33 PM | good
|Electionics Mamal 11143072005 12:13.45 PM | goad
Pressure Sensot Nosmal 11/30/2005 12.08:45 PM | good
Impules Lines Fadge Process and installabion 11/30/2005 12:20:06 PM | good
telated
PILDEHPM has detected &
plugged mpulse ine on the
| (HIGH side. | |
1 Comphance wih opersting | Mormal 11/30/2005 121356 PM | good

From these observations it can be

generalized that:

m The plugging of a single impulse
line 3 and B2 leads to a higher
noise level than for the no-plugging
case E.

m The plugging of both impulse lines
leads B to a lower noise level than
for the non-plugging case.

Wireless — the future
for instrumentation

Wireless technology has many advan-
tages: Costs of wiring (and the asso-
ciated risk of error) are saved and
changes are easier to implement.
ABB is supporting the introduction of
the technology and is cooperating
with other vendors to implement joint
standards.

Wireless technology has invaded
everyday life at many levels,

from mobile phones to door bells,
from TV remote controls to Internet
hot spots and WIFI. It may seem
stranger, therefore, that wireless has
taken so long to arrive in process
automation — and this despite the
benefits being clear and end-user
interest levels high e

The reason for the relatively slow
development of wireless for process
automation becomes more under-
standable when the special require-

The new algorithm is self-adapting to
the specific process conditions at the
time of installation. It is able to detect
the plugged-impulse-lines events with
a degree of robustness with respect to
variations of the process conditions.
The conclusions depicted above are
confirmed by the publications of the
University of Sussex [3,4, 5] and by
ABB laboratories [6].

ments are considered. These include:
reliability, security and simplicity.

The oil and gas sector
was among the first to
recognize the benefits
and requirements of a
wireless network at
instrument-level.

Resulting from trials with significant
vendors such as ABB, the oil and gas
sector was amongst the first to recog-
nize the benefits and requirements of
a wireless network at instrument-level.
These early stage trails used proprie-
tary networks, which often had the
drawback of restricting vendor choice,
while also failing to fulfill the three
requirements listed above. They did,
however demonstrate the technology’s
potential to reduce operational ex-
penses. The industry has now moved
on from the trial phase and is looking
for an open standard to satisfy these
requirements and provide a multi-ven-
dor wireless network.

The major cost-saving benefit of
plugged impulse line detection comes
from the reduction of preventive
maintenance. The output of the PILD
algorithm should be available from
the maintenance workplace and in
the control room. The condition of
all transmitters can be monitored
from one central access point via
Fieldbus and Asset Monitoring. This
enables a transition from a preventive
maintenance setup to one with reac-
tive maintenance based on reaction
times El.

There are two groups that are current-
ly working on a wireless standard for
process automation. While they both

—
| o
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share the same radio technology
(802.15.4) they are otherwise incom-
patible. These two competing stan-
dard are HART 7 and ISA SP100.

Of the two, WirelessHART will be-
come available first as its standard has
already been written and passed a
ballot of member companies. A dem-

[EE# Benefits of a wireless network for process automation

Plant availability

m A low-cost option to add condition moni-
toring to critical assets (positioners — ana-
lyzers) to reduce unexpected down time

m Wireless access can either be built into
Instruments or added via a loop-powered
adaptor

Process variation

m A low-cost option to add process monitor-
ing points previously too expensive to con-
sider

m Adds short-term low-cost process moni-
toring points to help solve difficult process
problems

Comply to safety and environmental

m Low-cost option to monitor
m Gas detectors
m Water effluent
m Gas emissions
m Relief valve operation
m Steam traps

Process monitoring

m Access multivariable information (eg, mass
gas flow devices)

B Monitor remote or inaccessible points
(cable may need routing under roadways or
long distances)

m Compare analog to digital signals (read
back Valve position and compare to set-
point)

onstration of WirelessHART instru-
ments took place at the ISA show in
September 2006 including instruments
from ABB, Emerson and Siemens.
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Advanced heat pipe cooling increases circuit breaker
performance by over 25 percent

Daniel Chartouni, Martin Lakner, Giosafat Cavaliere
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Power devices are following the
trend of most other electrical
products by becoming smaller and
lighter while at the same time incor-
porating greater functionality. Cost
efficiency is for the most part the
main driving force behind this be-
cause a lighter device results in lower
material, transportation and installa-
tion costs. One part of ABB’s Genera-
tor Circuit Breaker (GCB) family
IEETEN, the HECS breaker, has gone
through this process with impressive
results: by replacing a so-called
“forced” cooling system (ie, one that
needs pumps, fans or motors to oper-
ate) with a “passive” cooling appara-
tus (one that operates without the
need for pumps, fans or motors),
nominal HECS breaker current has
been increased from today’s 18,000 A
to 23,000 A! Using an innovative ap-
proach based on a heat pipe cooling
concept, ABB engineers have trans-
formed members of this family of
devices into silent, slimmer and lighter
versions of their former selves with
extremely low-maintenance require-
ments [T

Efficient heat transfer in
ABB’s HECS circuit
breakers demanded a
purely passive and
low-maintenance device
if nominal current values
were to be increased.

Knowing what to do

Nominal and short-circuit currents
generate a tremendous amount of
heat. Even tiny electrical resistances
(resulting from the material or sliding
electrical contacts) lead to ohmic loss-
es, which can generate kilowatts of
heat. However, the steady state tem-
perature at the hot spot has to be lim-
ited to 105°C" during normal (closed)
operation, thereby thermally limiting
the maximum allowable nominal cur-
rent. Hence, the operating tempera-
ture of the generator circuit breaker is
determined by both the nominal cur-
rent and the cooling of the device. To
successfully increase the rated nomi-
nal current of its GCBs, engineers had
to focus on the thermal management
of the GCB.

ABB Review 4/2007

[EET® ABB’s Generator Circuit Breaker (GCB) portfolio

ABB’s GCBs are widely used in all kinds of
power stations, such as gas turbine, com-
bined cycle and thermal power plants, as
well as geothermal, hydro and pumped
storage power stations. Currently the com-
pany has a market share of some 70 per-
cent. The breaker portfolio covers devices
with electrical power ratings from 100 MVA
to over 1500 MVA. Included are breakers
with rated nominal currents ranging from
6300A (and a maximum short-circuit current
of 63kA) to over 50,000 A (with a short cir-
cuit current rating of 210kA). Introduced in
20083 and available for both indoor and out-
door application, HECS breakers are rated
for the power range up to 800 MVA. They
can switch short-circuit currents up to
130kA and are suited for nominal currents
of up to 13,000 A using naturally cooled

systems and 18,000 A with forced cooled
systems.

The power density is very high considering
their small size and weight — typically 6000 kg.
They are therefore ideal for retrofitting in exist-
ing power plants, and allow substantial sav-
ings in transportation and installation costs.

Overview of the new products resulting from heat pipe implementation

Maximum operating current
New product name Today’s HECS-based New product with heat
product pipe (passive cooling)
18,000A
HECS-100/130XLp ) : 18,000A
(with forced cooling)
HECPS-5Sp
(pump storage solution) 13,5004 18,000A
HECS-130XXLp Not available 23,000A

Within ABB’s HECS breaker family,
nominal currents of up to 13,000 A are
possible using natural cooling meth-
ods. However, a forced air-to-air cool-
ing device — itself a heat generator as
well as a source of extra weight — is
required to increase this value to a
maximum of 18,000 A. Increasing the
nominal current of a given breaker to
23,000 A can therefore be achieved
only by improving the heat transfer
from the HECS conductor to the envi-
ronment while at the same time ensur-
ing that the temperature of sensitive
components stays within a tolerable
range. This challenge was made even
more taxing given that the heat source
(the conductor) is on a high electrical
potential of 25.3kV while the heat
sink (the HECS enclosure) is ground-

ed, and any form of forced cooling
has undesirable side effects.

If efficient heat transfer across this
large electrically isolated gap was to
be achieved, a purely passive and
low-maintenance device was needed.
And such a device was realized using
heat pipes? IEETZEL

Product development
Even though it has been around for
several decades, the heat pipe con-

Footnote

' The IEEE standard allows a temperature increase of
65 K for silver-coated contacts above an ambient
temperature of 40°C.

2 The principle of the heat pipe has been around for
several decades, and cooling systems in the con-
sumer electronics industry use the idea.
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El A single pole of a heat pipe cooled HECS breaker. From the
outside, only the condenser fins are visible on the upper section of
the encapsulation

(see H)

B Evaporator and isolating section attached to the connection chamber.
The vapor flows through the waved insulating tube to the condenser

cept was never applied to GCB cool-
ing because of the challenge of using
electrically insulated heat pipes where
a large potential difference exists be-
tween the heat source (the evaporator)
and sink (the condenser). This in turn
ruled out a design composed entirely
of metallic components, requiring in-
stead a solution that provides mechan-
ical robustness and material compati-
bility between the heat pipe

Heat pipe mechanical design

The system must be able to tolerate a
high number of switching operations
(20,000 cycles), transport and earth-
quakes.

Long term stability and environmental
considerations

The system needs to be maintenance-
free for over 20 years. In addition, the

working fluid needs to be environ-
mentally friendly for at least 20 years.
Environmental protection requires low
global warming and ozone-depletion
potential. The LCA (Life Cycle Assess-
ment), which compares the novel
cooling device to the current forced
air-to-air cooler, needs to show that
the heat pipe solution is indeed more
environmentally friendly.

materials and the working
fluid. Overall, the following
requirements for a successful
solution needed to be met:

E Heat pipes attached to the HECS GCB. The transport sections
are connected to the condensers that are incorporated into the
enclosure

Using an innovative
approach based

Thermal management

The maximum total heat
load to be transferred is de-
termined by the current and
the resistances in the circuit
breaker. The number of heat
pipe systems therefore deter-
mines the maximum allow-

on a heat pipe
cooling concept,
ABB’s HECS
breakers have
been transformed
into silent, slimmer
and lighter versions

able thermal resistance for 100l
the individual components.
Heat pipe dielectric design
This refers in particular to
the dielectric insulation be-
tween the conductor and

80

Temperature rise relative to HECS without heat pipe (%)

the enclosure for normal op- oor
erating conditions (namely

around 25kV) and for other

voltages the system needs to “or
be protected against, for

example those generated by ”

lo—"1

of their former
selves.

Technical realization
A standard GCB consists of

—e— 13,000!A without heat pipe
—e— 13,000!A with heat pipe
—A— 283,000/A with heat pipe

three parallel phases. Each
GCB conductor is housed in

an individual enclosure which
is insulated from the pole
frame El. In the ABB design,
each phase has six heat
pipes, and the heat generated
by a nominal current has to

lightning impulses. The solid
insulators of the heat pipes
as well as the working fluid
must also comply with this
requirement.

Flexb Tr F

The temperature rise along the conductor, relative to the maximum
temperature rise of HECS L, is well below the limit of 65K given in
the IEEE standard

Flexb

be transferred to the ambient
through these heat pipes.

To do this as uniformly as
possible, the conductor area
covered by the evaporator

20
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was maximized® H. Homogeneous
heat dissipation to the six evaporators
is needed to ensure that no hot spots
occur inside the conductor material
due to the non-vanishing thermal re-
sistance of the material itself. The iso-
lating section actually proved quite
challenging in that its dielectric stabil-
ity had to be ensured, as well as its
mechanical integrity against breaker
operation, not to mention air and
working fluid diffusion?. Results taken
during the testing phase are shown in
HE. Not only has the nominal current
been increased by 27.8 percent, from
18,000 A to 23,000 A, but the measured
thermal resistance using the heat pipe
solution was 58 mK/W. In other
words, the temperature increase for a
heat dissipation of 1000 W is only

58 K.

Looking to the future

ABB’s portfolio is the widest available
on the GCB market. Upgrading the
existing HECS-XL breaker with the
passive heat pipe cooling system,

as well as the creation of two new
products, HECS-100/130XXLp and

HECPS-5Sp, for standard and pump
storage applications, will extend this
portfolio even further ZETE.

ABB’s new heat pipe
solution needs no elec-
tricity to operate, requires
little maintenance and has
helped increase circuit
breaker performance by
over 25 percent!

The HECS-100/130XL breaker current-
ly uses a forced cooling system. ABB’s
aim is to keep the market leadership
with a substitute for HECS XL. This
version would be feasible either with
small attached evaporators and small-
er condensers or with a reduced
number of full-size heat pipe systems.
Of the proposed new products, the
HECS-100/130XXLp breaker product is
aimed at the market segment between
18,000 A and 23,000 A. The maximum
possible evaporator surface has been
chosen for this version, guaranteeing

I Heat pipes as an alternative cooling concept

A heat pipe is a device that makes use of
the effect that a liquid absorbs heat when it
is evaporated (latent heat of vaporization)
and that this heat can subsequently be
released somewhere else during the con-
densation process.

The system is composed of three major
components: an evaporator section which
is attached to the GCB conductor (heat
source); a transfer section; and a condenser
section located in the cooler environment
outside the enclosure.

It operates like a closed-loop system that is
partly filled with a working fluid. Inside the
evaporator, the heat flux causes the working
liquid to boil.

A small pressure imbalance then carries

the vapor to the condenser section where
the heat is dissipated by natural convec-
tion cooling to the outside of the GCB enclo-
sure.

Following the condensation process, the
liquid returns to the evaporator via a gravity
heat pipe. An outstanding characteristic of
this pipe is that it is driven only by the heat
that is being transferred and by the gravity

Condenser

Isolating &% &®
section 4

Evaporator

that returns the condensed liquid, making it a
purely passive device.

Because the fluid boils and condenses at
roughly the same temperature, the tempera-
ture gradient along the pipe is small, leading
to efficient heat transfer and a heat flux value
that may be several thousand times higher
than that in good metallic thermal conduc-
tors.

The heat flux from the evaporator to the con-
denser is limited only by the vapor flow prop-
erties inside the transport section.

ABB Review 4/2007

a very low thermal resistance and a
homogeneous temperature distribu-
tion along the disconnector profile.
Another important parameter in this
design is the condenser surface area
mainly because it influences the ther-
mal resistance along the heat pipe
system. Equipping the HECPS-5S
breaker — a pump storage solution —
with a heat pipe cooling system
would extend its nominal current to
18,000 A.

ABB’s new heat pipe solution needs
no electricity to operate, requires little
maintenance and is impressively
silent. Its main benefit, however, is
the extension of the HECS generator
breaker nominal current to 23,000 A.
Not only will this new passive cooling
solution contribute to further com-
plete the company’s circuit breaker
portfolio, but it will also allow for a
very cost-efficient product for each
kind of application. These products
will make their market debut in 2008.

Daniel Chartouni
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Baden-Déattwil, Switzerland
daniel.chartouni@ch.abb.com
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Giosafat Cavaliere
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ZUrich, Switzerland
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Footnotes

3 Doing this also reduces the thermal resistance of
the evaporator.

4 At the beginning of the project, it was thought that
the insertion of an electrically insulating tube, carry-
ing liquid and vapor, between the evaporator and
the condenser would be straightforward. However,
challenges arose because official type tests needed
to be carried out for voltages up to 88kV AC and
165KV (lightning impulse voltage). Additionally, the
tube has to be mechanically very strong (metal can-
not be used), and finally the connection at both
ends of the tube to the rest of the pipe must be
very tight.
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chieving fast robot movement

while assuring contact stability
with the workpiece has long been a
challenging task for robot application
engineers. ABB pioneered this area
several years ago, developing robots
that could carry out delicate assembly
tasks in the automotive industry [1].
This progress was made possible by
using sensors to measure the contact
force, and feedback loops to control
the force and couple it to the move-
ment of the robot arm. With these
force-controlled robots operating on
the basis of the S4Cplus robot control-
ler, the assembly time for power trains
could be reduced by as much as
75 percent.

A further step in the use of force-con-
trolled robots has recently been made
in a more complex class of applica-
tion: grinding, deburring” and polish-
ing of units produced in, for example,
a foundry. Unlike part assembly, the
control of the process forces in these
applications is much more demanding
and so far has not been possible.
There are several reasons for the
higher complexity: The tools wear, the
parts have different dimensions and
the fixtures are not 100 percent accu-
rate and repeatable, with the risks of
large position deviations and inconsis-
tent results.

Traditionally the finishing process has
been very labor intensive, and the
quality of the finished product has
been inconsistent with casts ground,
deburred and polished by hand. Until
now, robots used for this task were

position-controlled with compliant
tools and fixtures, moving according
to defined trajectories and speeds,
sometimes supported by an extra
servo drive to adjust for the differenc-
es in dimensions. In this mode of op-
eration, if the robot cannot reach the
trajectory because the part is not cor-
rectly located, it still will try to cut
through the part. As a result, the robot
stops, the tool breaks or the work-
piece gets damaged. To limit such
damage, conventional cast-cleaning
robots typically run at a slower pace
with limited productivity. Due to the
need for position control, these robots
must be programmed to meet high
path accuracy, a very time-consuming
effort for an engineer. All these disad-
vantages — high programming effort,
extra tooling, additional servo motors
and the considerable risk of damage —
were slowing the spread of robot
applications in this industry.

Five steps to a major innovation

The new, unique robot application,

which ABB launched in 2007, com-

bines five innovative elements:

m Use of the latest ABB robot control-
ler, IRC5, with its high-speed sensor
interface

® A programming environment that
allows the robot to find the opti-
mum path itself

m A feedback loop to control the pres-
sure of the tool

m A feedback loop to adjust the speed
of the tool

® An easy-to-use, pre-engineered
product offer

IRCS is built on the industry’s most
advanced operating system for con-
trolling robots and peripheral equip-
ment. Featuring RAPID language and
ABB’s Motion Technology and Com-
munication, RobotWare OS is the most
powerful controller operating system
available today. IRC5 has two Ethernet
channels — one for LAN and one for
local connection — as well as two seri-
al channels for point-to-point commu-
nication with sensors. The bandwidth
provided by the IRC5 controller is crit-
ical for the overall performance and
reaction time of the robot in correct-
ing and adjusting its position. To real-
ize the correct sampling rate to adjust
the dynamic robot positioning, the
sensor must be highly integrated with

El IRC5 controller and FlexPendant

Footnote
' Deburring is the removal of burrs (ie, protruding
edges) from a casted or machined part.

B Measured contact force when grinding a turbine blade in seven sequential sweeps; the blue curve shows results with traditional position control,
and the red curve shows the consistency achieved with Force Control

Grinding force comparison
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the controller electronics for the suc-
cess of the innovative application.

IRC5, equipped with ABB’s Motion
Technology MultiMove, is a world
benchmark, allowing the control of as
many as four robots (36 axes) at a
time El. Common work objects can be
shared among robots, enabling com-
plex coordinated patterns. MultiMove
also facilitates a dynamic switch be-
tween independent and coordinated
motion. This unique performance
makes it possible to address the com-
plex tasks of grinding, deburring and
polishing.

The programming environment that
supports the user of this innovative
application is the first ever to offer
this new dimension of programming.

El Robot with Force Control Function package

It allows simple and efficient pro-
gramming by using the force sensor
itself to define the trajectory for the
robot movement. The programming is
managed from the FlexPendant and
from a dedicated application module
for creating the program for Force
Control Machining. The concept gives
the operator the ability to move the
robot by hand and teach it the rough
path. Afterwards, the robot will auto-
matically use the rough information to
follow the part; at the same time, it
will automatically record the exact
path and generate a robot program H.

The cycle time of the
robot in operation is
reduced by about

20 percent with enhanced
control, and the lifetime
of the grinding tools

also can be extended by
20 percent.

The feedback loop, FC Pressure, lets
robots grind, polish or buff castings
while maintaining a constant pressure
between the tool and the work sur-
face. FC Pressure software is aimed at
processes demanding a high-quality
surface finish. It allows the robot to
effectively “feel” its surroundings and
follow the casting surface, changing
its position to apply a constant pres-
sure on the surface, even if the exact
position of the surface is unknown.
As there is consistent contact, debris

such as a burr is removed to the same
depth.

The result is improved surface finish,
the ability to handle variations in cast-
ings, a minimum risk of damage to
the casting surface and predictable
tool wear. Since pressure is obtained
by moving the robot path, this func-
tion is especially suited for polishing,
grinding and cleaning, where a sur-
face must be even and smooth H.

The second software feature, FC
SpeedChange, enables a robot to de-
burr or deflash casting surfaces at a
consistent speed, slowing down when
encountering excessive burr. In pro-
cesses where path accuracy is impor-
tant and where the finished result
must comply with specific dimensions,
FC SpeedChange is the right choice.
With FC SpeedChange, the robot is
position-controlled and follows a pro-
grammed path that maintains a con-
stant material removal rate. It operates
at the maximum process speed, auto-
matically slowing down the robot
when the machining forces are too
high to minimize changed dimensions
due to deflections of the robot arm,
and to avoid subsequent damage to
the part or tool due to stress and heat.
As in the case of FC Pressure, this re-
sults in shorter cycle times, the ability
to handle variations in castings, a
minimum risk of damage to the cast-
ings and predictable tool wear H.

The final product comprises advanced
sensor signal processing, mathematics,
logic solution and a graphical user

B Grinding process where the robot slows down when encountering excessive burr. The measured process force exceeds the set reference value,
which triggers the robot to slow down. When the force is decreased, the robot will accelerate to the programmed speed in 0.1s

FC SpeedChange
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H The graphical user interface as seen on the FlexPendant. The path is presented in a 3D view

for easy graphical overview and editing

Robot with sensor, fixture and stationary
spindle for deburring

Pt Sty 10

RobotWare Machining FC
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interface for quick, easy and accurate
programming, in which the sensor is
used to let the operator guide the
robot by hand for intuitive hands-on
programming. The “plug-and-operate”
product offer contains all the parts
needed, with the sensor, electronics
and cabling mounted and tested on
the robot, leaving only the process
adaptation to the integrator or cus-
tomer.

A concerted action for success

As is the case with most major innova-
tions, developing this system was a
collaborative effort. The work of many
university and ABB researchers, ABB
engineers and customers had to come
together to complete this complex,
multi-disciplined task.

ABB and Lund Technical University
took the first steps together to define
and implement the basic sensor and
control functions [2,3]. From this per-
spective, it became necessary to gain
a better understanding of the applica-
tion and to find the optimum user in-
terface [4]. The clear path to success
was to involve the global resources of
ABB - the Force Control concept and
implementation from Sweden and the
United States, application knowledge
from Austria and the graphical user
interface from China, as well as real
test cases provided by industrial part-
ners. The Rimrock Corporation’s John
Kuhn, who performed the real-time
tests, said, “The Force Control product
has the potential to impact our busi-
ness more than any past ABB product
release to date.” The Rimrock Corper-
ation is a premier supplier of automa-
tion products and integration services
for North America and a long-time,
valued partner of ABB.

ABB Review 4/2007

A strong market pull

When RobotWare Machining FC was
first presented to the public at the
GIFA, the world’s largest foundry fair
in Disseldorf, the customer resonance
was overwhelming. Customers clearly
realized the improved product quality
and significant cost savings in engi-
neering time, which can be as much
as 80 percent now. Moreover, the
cycle time of the robot in operation is
reduced by about 20 percent with the
enhanced control, and the lifetime of
the grinding tools also can be extend-
ed by 20 percent.

After the successful launch of Force
Control technology for assembly and
machining applications, ABB is making
an impact in new areas. One such area
is the aerospace industry where accu-
rate, reliable and efficient robot drilling
is required for flexible production [5].

Now, with RobotWare Machining FC,
product finishing operations in found-
ries are much simpler, enabling fin-
ished castings to be produced better,
faster and cheaper.
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Five-level frequency converters for medium voltage
Pieder Jorg, Gerald Scheuer, Per Wikstrom

The depletion of energy resources
and the release of greenhouse gases g
into the atmosphere is of growing ~ ¥ (=
concern to mankind. ABB is respond-
ing to the challenge by promoting
energy efficiency.

One area with huge poten-
tial for savings is in motors
that operate fans, pumps and
compressors. These are usually driven
by fixed-speed motors, with the flow being
controlled by energy-wasting throttling methods.
Frequency converters cut out this waste by adapting the
speed of the motor to directly match the required pressure or
flow.

So is the problem solved? Not totally. There are two basic problems to be over-
come in designing frequency converters for medium voltage: These are reach-
ing the voltage of the motor and getting closer to an ideal sinusoidal voltage.
ABB’s innovative solution lies in the re-combination of existing solutions to
solve both of these problems.

A five-level arrangement means there are five output levels instead of the usual
two or three. This step delivers a considerable improvement in the waveform,
while at the same time achieving a higher output voltage. And to crown the
success, the innovation was realized by drawing largely on proven concepts,
reducing risk and bolstering reliability.
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raditional control strategies for

flow control usually rely on
wasteful “throttling methods.” To use
a simple analogy, this is like driving
a car by placing a brick on the gas
pedal (fixed supply) and using the
brake pedal for speed control (fric-
tion-based throttle). Frequency con-
verters are the variable gas pedals of
motor control, and represent a huge
potential for energy savings.

Motors consume around 30 percent
of all the electric energy produced in
the world. About three-quarters of all
motors power pumps, fans or com-
pressors used in applications where
energy consumption can be reduced
through speed control. An ABB esti-
mate shows that the worldwide adop-
tion of such frequency converters in
medium voltage drives can deliver
savings of 227 TWh — in other words,
the output of 144 fossil fuel power
plants or the total energy consump-
tion of a country such as SpainV.

At present, less than ten percent of all
motors sold every year are equipped
with the most efficient speed control
that exists: the frequency converter.
Despite also being the least mainte-
nance-intensive means of motor con-
trol available, customers are still opt-
ing for other means of control in the
majority of cases. Why? The most fre-
quently mentioned barriers for adopt-
ing the technology are:
a) reliability
b) harmonics
¢) cost and/or very short payback
requirements

ABB’s innovative five-level switches
address all of these challenges.

Better waveforms, higher voltages
Electricity generated in the traditional
manner using a synchronous genera-
tor has a sinusoidal output voltage.
Electric motors that are connected
directly to the mains grid (direct-on-
line connection) and hence operated
at fixed speed are optimized for this
type of waveform. If the same motor

Footnote

1 See also Wikstroem, P., Tolvanen, J., Savolainen,
A., Barbosa, P., Saving energy through drive effi-
ciency, ABB Review 2/2007, 73-80 (especially
pages 74-76).
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El A motor connected direct-on-line B and with a frequency converter inserted between the main

grid and the motor E

50Hz / 60Hz

50Hz / 60Hz

OHz ... 200Hz

design is to be used for a variable
speed application, the frequency
converter should deliver a waveform
that is as close to the ideal sinusoidal
shape as needed. Deviations from
the ideal waveform lead to additional
heating of the motor. This in turn
means the motor cannot be used to
its full power and must be de-rated.
Another negative implication is that a
superimposed torque ripple can cause
torsional oscillations in the drive-
chain and machinery.

Motors consume around
30 percent of all the elec-
tric energy produced in
the world. About three-
quarters of all motors
power pumps, fans or
compressors used in
applications where energy
consumption can be
reduced through speed
control.

Furthermore, motors come in stan-
dardized voltage classes. For the
medium voltage (MV) range of motors
for powers of up to about 7000 kW,
the most frequent voltages found on
industrial sites are 6kV/50Hz and
4kV/60Hz. This means that, in order
to use the same range of motors in
both direct-on-line connections &
and with frequency converters M, the
output of the frequency converters
has to be able to attain similar voltage
values.

Such output voltages are not easy to
attain with traditional two- and three-
level converters as the maximum
output voltage is determined by the
voltage ratings of the power semicon-
ductors.

Inside a frequency converter circuit
The energy conversion in a converter
is realized in two steps: In the first,
the energy supply in the form of a
sinusoidal voltage at fixed frequency
and constant amplitude is “rectified”
into a DC-voltage or DC-current.

This DC-quantity is then, in a second
step, “inverted” into an AC-voltage
or current whose frequency and am-
plitude are variable. Both the rectifier
part and the inverter part of this con-
version are realized by electronic cir-
cuits built up of electronic switches.
This article is primarily about the

H Phase representation of a two-level voltage
source inverter by means of an ideal switch,
fed by a DC-voltage source

+DC/-DC : DC connection points
C : capacitor as DC voltage source
S : electronic solid state switch

U : output voltage

+DC
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B Two-level inverter with split capacitor Bl and three-level inverter B (conceptual drawings)
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B Although the switches in converters are often represented as simple contacts (left), they do in
fact integrate a larger number of semiconductor components (right). H shows a two-level phase

leg and A its three-lev

el equivalent
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technology of this second step, the
inverter.

Most ABB converters are so-called
Voltage Source Inverters (VSIs). H
shows the simplest topology of a VSI:
A single output phase of the frequen-
cy inverter is alternatively connected
to one or the other pole of a large
DC-capacitor. It is the purpose of the
rectifier circuit (not shown) to ensure
that this capacitor is kept charged to a
fixed DC-voltage. If an AC-voltage is
to be generated, the switch in the in-
verter circuit needs to change posi-
tions (ie, change the output voltage)
at least once every half cycle. If an
output of 50 Hz is required, for exam-
ple, the switch should change to each
of its two positions at least 50 times
per second.

In practice, the switch is usually
“flipped” much faster than this. A digi-
tal controller is used to direct its
switching status. The switching strate-
gy of this controller determines not
only the frequency but also the aver-
age voltage across the load. These
levels are modified by adjusting the
input values of this unit as desired.
This control strategy is known as
Pulse Width Modulation (PWM).

In reality, the switch is not a moving
contact as the diagrams suggest, but is

[ZET® Semiconductors

. 50 years of development in switching

In the past 50 years, ABB has established
and maintained a leading position in the field
of power electronics. Frequency converters
for motors are an essential part of this busi-

ness.

Electronic switches are

at the heart of every

frequency converter. The story of the emer-
gence of five-level switching, is best intro-
duced by a brief tour of the evolution of

these devices.

Readers who have been following the devel-
opment of these devices long enough will

remember that the first

high-power electric

drives were based on line-commutated

thyristors. These thyrist

ors can be designed

for high currents and high blocking-voltages
(present-day versions reach values of

8-10KkV). Their major drawback is that they can
be switched on at any given point but cannot
be switched off (they remain on until an external
effect causes the current to stop flowing). This
feature limits the available switching strategies,
and by consequence the suitability of such cir-
cuits from a power quality point of view (see
two-level switching in ).

Converters using these switches create har-
monics of high magnitude and relatively low fre-
quency. Such harmonics cause problems both
on the supply and the motor side. Moreover,
the power factor on the network side varies
over the operating range of the frequency con-
verter. Line side problems have been ad-
dressed by using filters. The motor side prob-
lems are dealt with by dimensioning the motor
to cope with the additional heating and to

design the shaft and couplings according

to the requirements called for by torsional
oscillations. At the time, this was considered
acceptable because there was no other solu-
tion that could compete. In fact, it is still the
preferred solution for very high power applica-
tions (20 MW and above) because of its reli-
ability. However, with the arrival of new
switching components, new topologies that
provide voltage waveforms much closer to
the ideal sinusoidal shape can be implement-
ed. The new components, all of them differ-
ently optimized transistors such as IGBTs
(Insulated Gate Bipolar Transistors) and IGCTs
(Integrated Gate Commutated Thyristors), are
characterized by the fact that they can be
switched off arbitrarily.

28

ABB Review 4/2007



A higher level of efficiency

Product innovations

built up from power semiconductor
devices . The development and
capabilities of such switches has,
since the first emergence of such
converters, been dependent on
progress in power semiconductors

Ready for the next level

Although the two-level VSI voltage
waveform as shown in B can be var-
ied in amplitude and frequency by
means of PWM, the shape of the out-
put is far from sinusoidal. As a result,
the harmonic current distortion, and
hence additional losses and the result-
ing heat generation in the motor, are
high. One way to render the voltage
waveform more desirable is to intro-

duce more voltage levels. To introduce
another simple analogy, this is similar
to increasing the resolution on a com-

puter monitor to make the graphics
sharper.

ABB’s ACS 5000
converter uses five-level
technology

A further reason for wishing to move
away from the two-level arrangement

is that the highest output voltage that
can be achieved with the two-level

VSI topology and modern power
semiconductors is 2.3kV. This is not
enough for the standard range of
medium voltage motors.

The topology with two capacitors and
an electronic three-position switch,
which is also referred to as the three-
level inverter because of the number
of output voltage combinations per

B Concept of the new innovative five-level inverter phase (left) and the complete three-phase
motor drive with nine-level phase-to-phase voltage

C

9
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[ ABB’s ACS 5000 converter uses five-level technology, delivering a nine-level phase-to-phase voltage to the motor
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phase, has been known for some
time. B3 shows a conceptual schematic
with a three-position switch. This cir-
cuit has to switch any of the three
connection points of the capacitors to
the output for both current direc-
tions?. For specific voltage and cur-
rent ratings, ABB has standardized this
electronic three-position switch 3 as
a Power Electronic Building Block
(PEBB). This standardization provides
the advantage that the same building
blocks are used in different applica-
tions, permitting ABB to collect field
experience much more quickly and so
fine-tune the design, providing higher
reliability for the customer.

Increasing the number of
levels drastically improves
the waveform.

For about a decade, these building
blocks have been used for different
products and systems, including con-
verters for variable speed drives (eg,
in the ACS 1000 and ACS 6000 drive
units), energy storage systems and
power quality systems.

The five-level evolution

Combinations of a higher number of
capacitors and increasingly complex
electronic circuits have been dis-
cussed in academia for some time.
Usually, however, such suggestions
did not fit established technologies for
capacitor energy storage, nor were
they compatible with the properties of
the semiconductor switches the mar-
ket had to offer. Furthermore, such

IZETA ABB drives product range

ABB, as the leading supplier of drives,
offers the complete range of variable
speed drives for applications in the power
range of 0.12kW to over 100 MW.

The company serves utilities and industrial
customers in the cement, mining & miner-
als, chemical, oil & gas, marine, metals
and pulp & paper industries.

For further information, visit
www.abb.com/drives

EH Increasing the number of levels from two B, through three [ to five B drastically improves the
waveform, even for the minimal switching frequency as shown

2|
Inverter output voltage u, u, Spectrum of inv. output voltage u
T 27
1.0 9
0.5 =
o -
= 0l0]=s e e z
= « 0.1
S / >
05 8
- ] i
1 1 1 001\ 1 1 1 1 ‘\HHMHH\HHMHHMH
0 5 10 15 20 0 10 20 30 40 50 60 70 80 90 100
t (msec.) harmonic order k
Motor current i Spectrum of the motor current i
27
1
3
o
— 0.1
001 It Il M\ L Il Il Il Il Il 1 1
0O 10 20 30 40 50 60 70 80 90 100
t (msec.) harmonic order k
0|
inverter output voltage u, u, spectrum of Inv. output voltage u
T 27 T
1
£l =
S >
s ko3
= ~ 01
- =]
=)
- ] i
Il Il Il 001\ Il “\ Il Il ‘ \‘ ‘\‘\ \H L1l Il
0 5 10 15 20 0 10 20 30 40 50 60 70 80 90 100
t (msec.) harmonic order k
motor current i spectrum of the motor current i
27
1
3 =
) Q
e = o1
Il Il Il 001 It ‘ Il L1 Il Il Il Il Il Il Il

t (msec.)

0 10 20 30 40 50 60 70 80 90 100

harmonic order k

solutions allowed little re-use of exist-
ing building blocks, and their reliabili-
ty figures were questionable due to a
high parts count.

For the latest addition to its family of
medium voltage drives, the ACS 5000,

ABB engineers looked back at tradi-
tional thyristor-based products such as
cycloconverters and — with the avail-
able three-level building block of E3
in mind — came up with an astonish-
ingly simple solution for a product
with five output voltage levels (and
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A 5-level power electronic building block easily
slides into the drive on rails

hence nine levels phase-to-phase) H.
This was achieved by applying the
proven three-level technology in rela-
tion to the star point of the electrical
system independently for each phase.

The conceptual circuit B is derived
from identical existing building blocks
S and S’ respectively.

The well-established tech-
nology of the three-level
inverter is re-used in an
innovative configuration.

Why five levels?
The phase-to-phase voltage

now possible to use motors designed
for direct-on-line connection without
needing to de-rate them. This presents
the optimal solution for a 6kV con-
verter today.

Would adding further switching levels
be a goal to further improve wave-
forms? Such attempts would signifi-
cantly add to complexity without
delivering proportional benefits. In
particular, the reliability of the drive
would get worse due to the higher
parts count.

Proven solutions
ABB has found a surprisingly simple
way of creating near-sinusoidal volt-

age waveforms with a frequency con-
verter largely based on proven, exist-
ing components. The well established
technology of the three-level inverter
is re-used in an innovative configura-
tion, providing five-voltage levels per
phase, or even nine-voltage levels
phase-to-phase. The full re-use of
basic power electronic building blocks
allows these excellent output wave-
forms to be achieved with proven
reliability. The goal to use standard
motors is reached while maintaining
high efficiency with a low parts count.

waveform of a two-level in-
verter and a three-level in-
verter are compared with that

HE Using a five-level converter, the output voltage reaches nine levels
phase-to-phase

Pieder Jérg
Gerald Scheuer

of the new five-level convert-

er . The five-level inverter R
used in the ACS 5000 B deliv- 10000
ers a nine-level phase-to- 5000
phase voltage to the motor H. £ o
Just from looking at the wave- g e
form, it already becomes ob-
vious that the new five-level R
-15000 —

inverter produces an output
that is much closer to the ide-
al sine wave. In fact, the re-

50 Hz operation point

~—— Motor current
—— Motor voltage

Per Wikstrém

> 1500

2000
ABB Switzerland Ltd.
1000 Turgi, Switzerland
500 pieder.joerg@ch.abb.com
0 é gerald.scheuer@ch.abb.com
500 < per.wikstroem@ch.abb.com
-1000
-1500
-2000

Footnote

2 Most high-power semiconductor
devices can conduct current in only
one direction.

sult is so convincing that it is
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Creating a flexible and compact DC breaker: the ABB SACE Emax DC

Wiring is the Achilles heel of many an
installation. It costs time and money to
wire a new item into the setup, and
more time and money to test and verify
it. In addition, the assorted connected
items all occupy space - a scarce as-
set in many plants — and each require a
power supply. The answer lies in inte-
gration; combining as much functional-
ity as possible into a single piece of
off-the-shelf equipment. In the field of

32

DC breakers, ABB has achieved a
hitherto unseen level of integration.

With its ABB SACE Emax DC breaker,
the company has succeeded in inte-
grating a broad range of advanced
monitoring, protection and control
functions in an application that was
previously reliant on external devices.
The result is the most innovative and
complete air-insulated DC circuit

breaker range on the market - a
breaker that can stand as a reference
product for any kind of DC applica-
tion.

In this article, ABB Review looks at
some of the challenges that were
faced in creating this project, and
takes a more detailed and technical
look at some of the technologies
applied.
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Examples of applications for DC
current breakers include so called
“critical power” applications, ie, situa-
tions in which the continuity of the
power supply is of fundamental im-
portance. Examples are hospitals, con-
tinuous process industries, emergency
and safety plants, telecommunications
and data-processing centers. These
are applications in which an immedi-
ately available back-up energy source
is essential. In this domain, battery
packs represent a highly reliable and
quickly deployable option.

Further examples of DC applications
are electrical traction and drilling,
chemical and electrolytic process
industries and naval appli-

surement, communication, automa-
tion, diagnostic or HMI functions are
included.

Breakers in DC applica-
tions must protect and
disconnect both supplies
and loads while assuring
the integrity of the power

supply.

Switch-disconnectors used in combi-

nation with external electronic releas-
es can offer a broad range of standard
protection functions (mainly overload

and selective/instantaneous short-cir-
cuit) but they cannot meet other very
important requirements. As they are
not an integrated solution, the cus-
tomer must install the trip unit and
current sensors in the switchboard.
This means that the switchboard’s
dimensions cannot be as compact as
they are in the case of an automatic
breaker.

Furthermore, the need to connect,
wire and test the external release
system implies additional engineering
and installation costs (such system
testing and certification is the respon-
sibility of the panel builder/system
integrator). In addition to this, an
auxiliary power supply must

cations (speed control and
battery or fuel cell propul-

El Control panel of the ABB SACE Emax DC circuit breaker

be provided for the trip unit
and the actuator.

sion).

Breakers in these applications
must protect and disconnect
both supplies and loads while
assuring the integrity of the
power supply. ABB SACE

A further disadvantage of
the externally triggered
variant is that the maximum
breaking capacity of such

a breaker is defined by the
short-time current-withstand
value of the switch-discon-

Emax DC, which is presented
in this article, is not only per-

nector. This figure is typical-

fectly suited to such applica-

B Product architecture of the circuit breaker

ly lower than the short-cir-

tions, providing a complete
and fully-integrated solution
for high-level DC applica-
tions, but is also unique: No
other product on the market
offers such characteristics

| Factbox |

Applications

Present applications of DC
breakers can be divided into
two types, according to the
source of the trigger signal
for the interruption of the
current:

®m Automatic breakers trig-

V measures

- -
| measures

supply

supply
stage

insulation stage

| measures

-W.

command

cuit breaking capacity of an
automatic breaker, due to
the lower reaction delay of
the integrated unit.

The ABB SACE Emax DC E
series offers an innovative
solution that includes all the
advantages of the integrated
solution, while adding sever-
al interesting and important

opening features.
command
trip unit This makes it a market refer-

ence product for any kind
of DC application. This suc-

gered by an internal elec-

cess was achieved through

tromechanical mechanism
m Externally triggered switch-

E Trip unit

innovatively re-interpreting
conventional products to

disconnectors

Automatic breakers with inte-
grated electromechanical re-
leases offer a solution for
low-end applications working
in self-supply mode. Such
breakers provide only instan-
taneous short-circuit protec-
tion. No other standard or

L™
Ly

Sy

provide new solutions.

Product architecture
Integrated AC breakers have
been on the market for
many years. The approaches
adopted, however, could not
directly be transferred to the
DC version. A whole range
of aspects had to be funda-

advanced protection, mea-
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The system architecture of the new

DC breaker B comprises:

m A shunt for current measurement
and protection

m An override sensor for instanta-
neous back-up protection

B An electronic trip unit

B An actuator to open the breaker
(trip coil).

The trip unit uses the same architec-
ture as the present Emax AC series.
The hardware has been enhanced to
meet the DC unit’s higher insulation
and lower signal processing require-
ments. The software has been modi-
fied to measure direct current (mean
value instead of RMS) and to adapt
the protection algorithms to the new
measuring method.

The trip unit B itself is equipped with

optional modules to add functional-

ities. Examples of these are:

® A communication module providing
a galvanically insulated interface to
a supervisor system.

B The shunt used by the circuit breaker to
measure current

m A signalling module equipped with
contacts that can be used to drive
external devices. It can also be con-
figured as an input.

The electronic trip unit is powered
from the breaker’s main terminals via
an integrated “voltage module,” the
integrated override sensor (override
protection module) or an external in-
sulated power supply (24 Vdc). The
voltage module also provides the volt-
age measurements that the trip unit
requires for further signal analysis,
such as power measurements, and to
perform overvoltage, undervoltage
and reverse power protection func-
tions.

The ABB SACE Emax DC
series offers an innovative
solution that includes all
the advantages of the in-
tegrated solution, while
adding several interesting
and important features.

The integration of all these compo-
nents makes this breaker one of the
most significant electronic embedded
systems in the field of Air Circuit
Breaker (ACBs). Its capabilities border
on those of the concept of a “mecha-
tronic system.”

Shunt

The shunt is the current sensor?. It
provides a voltage signal proportional
to the current. The output signal of

this unit must range between 2.56 mV
and 240 mV.

The challenge in designing the shunt
A was to define a device compact
enough to be installed inside the
breaker. Furthermore, it should have a
resistance high enough to drive the
electronics of the TU (Trip Unit) but
low enough to permit a power dissi-
pation compatible with the breaker’s
plastic support — and this both at rat-
ed current and under short-circuit
conditions (100kA for 0.5sec).

The minimum resistance that, at rated
current, gives an output with a signal/
noise ratio consistent with the specifi-
cations of the TU is 8 pQ at 1600 A. To
obtain the required functionality at rat-
ed current, the shunt temperature was
kept as low as possible by increasing
the thermal conductance ETETE. For
this purpose, a detailed thermal flux
assessment was performed using FEM
(Finite Element Method) analysis B,
permitting the resulting temperature
rise on the plastic shunt support to be
limited to the required value.

>
I
Qlro

where:

Pp: power loss

G: thermal conductance
6 steady temperature rise

Footnote
'In AC breakers, a current transformer is normally
used. The DC version requires a different approach.

H Current density H and thermal flux B in the shunt at rated current

a
J (Wm?)

5.0000e+006
4.4875e+006
4.3750e+006

4.0625e+006
3.7500e+006
3.4375e+006
3.1250e+006
2.8125e+006
2.5000e+006
2.1875e+006
1.8750e+006
1.5625e+006
1.2500e+006

. 9.3750e+005
6.25006+005
3.12506+005
0.00006+000

Thermal flux (W/m?)
1.0000e+005
9.3750e+004
8.7500e+004
8.1250e+004
7.5000e+004
6.8750e+004
6.2500e+004
5.6250e+004
5.0000e+004
4.3750e+004
3.7500e+004

3.1250e+004

. 2.5000e+004

o 1.8750e+004
1.2500e+004
6.2500e+003
0.0000e+000
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To permit the shunt to per-
form correctly under short-cir-
cuit conditions (100 kA for

[ Transient shunt temperature rise with different thermal time constants
at an overload six times the rated current, 81 (t,>1,)

cerned how to guarantee the
adequate insulation level.
According to the IEC 60947-1

0.5sec), the only way to con-

trol the temperature is to in- 0
crease the thermal capacity — 600
because the phenomenon can
be seen as adiabatic ETEE. © S
o
2 400
©
R-Ft g
EEEE 0 = — ot
ad Q
9 £
£ 200
where: 100

Ft: let-through energy

6, adiabatic temperature rise
R: shunt resistance

C: thermal capacity

product standard, a rated

impulse withstand voltage of

14.4kV is required without

el

the electronic trip unit hav-

/N

ing to be withdrawn from
the CB frame as a result.

/

This is made more tricky by

the fact that the electronic
trip unit is connected direct-

— transient for shunt A (t,)

— transient for shunt B (’52)

I/

ly to the power bars, with-
out any type of insulation or

segregation (as in the situa-

60 80 100 120 140 160
time (s)

PR123 DC

temperature-rise at maximum time delay for different shunt design.

180 200

tion when current transform-
ers are used as in the AC
breaker): This problem was
solved by introducing insu-

EEmE C=m:c

where
m: mass
¢: specific heat

To ensure functionality under over-
load conditions, the designers maxi-
mized the thermal time-constant of
the shunts in order to increase their
overload performance (ie, to reduce
the temperature rise of the shunt dur-
ing overloading). This was accom-
plished by optimizing the shape of
the shunt-terminal assembly - that is,
by increasing the mass without re-
ducing the thermal conductivity

| Equations 4-5

The thermal transients for two differ-
ent solutions are shown in B: For
the same resistance, the red curve

(higher time constant) coincides with
a 30 percent lower temperature in-
crease before the breaker is tripped
after a 20-second overload.

@

G

Equation 4 A

EmEm o) - 6, - {167

where:
7: thermal time constant
0: temperature rise

Insulation

Because shunts are used, the elec-
tronic trip unit is not galvanically
separated from the main live bars.
A major challenge encountered con-

lated operational amplifiers
(one for each shunt sensor).

Signal conditioning

To guarantee the maximum measure-
ment accuracy over a wide range of
currents by exploiting the maximum
dynamics of the AD converter, the
signals coming from different shunt
sensors are scaled using an analog
circuit.

Voltage module

The voltage module provides the
energy for supplying the trip unit and
also supplies a voltage signal that is
proportional to the primary voltage.
This is used for its measurement (with
high-impedance insulation).

Supply stage
The supply stage handles the supply
coming from the two possible sources

Mesh calculation with FEM (Finite Element Method) and output simulations

T
wane
neeos =
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S L L ST 2 T
uﬁ%.s..-_,f«_‘h;._i#’?ﬂ— = daemene

-

ABB Review 4/2007

35



Integration breakthrough

Product innovations

(an insulated power supply from an
optional external source or the bar
voltage) and delivers the energy to
each part of the electronic system at
the required voltage levels.

Processing unit

The processing uses a parallel archi-
tecture with three processors: a low-
power processor for handling start-up

and very fast protection functions, a
DSP (Digital Signal Processor) for all
other functionalities, and another low-
power processor containing informa-
tion about the current breaker (CB) in
which the electronic unit is installed.
Due to the very low resistance of the
shunt’s sensors, the source signal is
very weak. Consequently, the means
of measurement must be adapted to

IZET A unique solution

ABB SACE Emax DC is the only breaker of
its type on the market. It is set apart by a
unique mix of features and characteristics:

m Wide range of protection functions and
relevant settings taking full advantage
of an electronic trip unit with standard
features (overload, selective and instanta-
neous short-circuit) and advanced features
under- and over-voltage, polarity
unbalance, reverse power flow, zone
selectivity and thermal memory). Both
polarities are protected so as to detect
and extinguish all possible types of fault
whatever the type of distribution system.

m No need for an auxiliary power supply: all
protection and measurement functions are
performed in self-supply mode by means
of the voltage module.

m Full integration: The trip unit, current and
voltage sensors and connections are com-
pletely integrated in the breaker. The
breaker is officially certified and compliant
with the main shipping registers and every
unit tested at production facilities.

m High electrical performance: rated currents
from 800 A up to 5000 A, operating voltag-
es up to 1000V, rated short-circuit levels
up to 100KA and rated short-time with-
stand current up to 100KA.

m A complete set of measurements: currents,
voltages, power, energy counter.

m A wide range of communication and auto-
mation functions: communication module
with the Modbus RTU protocol and, thanks
to the FieldBusPlug’ system, Profibus and
Devicenet, Bluetooth connectivity for local
configuration, programmable contacts for
warning and alarm indications and load
control function.

m Advanced HMI and diagnostic information:
graphic display, trip indicators, continuous
checking of wiring integrity, hand-portable
test unit, data recording for the most recent
20 trips and 80 events, and a data logger
function (recording all measurements at a
sampling frequency of up to 4800 Hz for
27 seconds and with a configurable trigger).

These features combine to make ABB’s SACE
Emax DC the reference ACB for DC applica-
tions: No other product currently on the mar-
ket achieves such a performance.

Footnote

*) FieldBusPlug is an ABB technology permitting the
same devices to be connected to different field-
bus types by integrating the connectivity in the
plug.

such a signal. The signal is amplified
and scaled to make it proportional to
the CB’s rated current (I ). To guaran-
tee better measurements, two scales
are provided, one from 0 to 41 and
the other from 4 to 121 . The signal
dynamic is quite significant: about
50dB.

The electronic system could be made
highly sensitive to low signals, while
at the same time remaining immune to
high external disturbances and short-
circuit currents through the choice of
high-performance components and a
very accurate PCB layout.

The software was created using the
UML method and written in C lan-
guage. It is fully modular and devel-
oped according to best software engi-
neering practices and internal soft-
ware quality procedures.

ABB SACE Emax DC is
the only breaker of its type
on the market, set apart
by a unique mix of fea-
tures and characteristics.

Trip coil

The current breaker is opened by an
electromagnetic actuator. It is con-
trolled by the electronic trip unit and
the self-supply override protection
unit with two independent and paral-
lel channels.

A typical contradiction in CB design
lies in designing an actuator that is
small, cost-effective, energy-efficient

H Internal view of override current sensor

B Self-supply override protection module

energy accumulator

pick-up
pick-up

>
ROG
ROG
——a
[
toroid ‘

L eRil -

2

trip coil

ind block
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and high performance, while is at the
same time being able to avoiding any
spurious tripping by shielding against
the very high electromagnetic fields
generated by the short-circuit currents
flowing in the power bar. The correct
dimensioning of the actuator was
achieved by means of a magnetic field
FEM analysis H.

Override current sensors

The purpose of override current sen-
sors is to provide an output signal in
the event of a transient short-circuit.
Such a condition arises when a break-
er that was previously closed on a
short-circuited line is energized by an
upstream circuit breaker.

With this solution, cus-
tomers can avoid having
to combine different com-
ponents.

The sensor is made in two parts: a
current transformer for supplying the
electronic module and the trip coil
and a Rogowski coil for providing the
signal to be measured. The sensors
can guarantee the required level of
accuracy over the whole range of cur-
rents. They also guarantee the right
insulation level between primary bars
and the secondary system H.

Self-supply override protection module
This is an analog electronic module
designed to guarantee instantaneous
protection whatever the supply condi-
tions. The challenge was to assure
protection even in the absence of an
external power supply and bar volt-
age. A dedicated module B (the over-
ride protection module) was devel-
oped to go into action whenever the
electronic trip unit is off.

The unit is powered by a current
transformer energized by a DC current
gradient during a short-circuit. The
current is measured by a Rogowski
coil. This provides an output propor-
tional to the derivative of the current.
The conditioning block receives the
signal from the coil and processes it
through an analog filter (or integrator)
to reconstruct the primary signal. This
output is compared with a threshold
set by means of dip switches and if

ABB Review 4/2007

T Simulation using a primary current with a 2 ms time constant coming from a rectifier bridge H,
recorded during a test and the filter output after integration E
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this threshold is exceeded, an opening
command is sent to the trip coil.

A simulation using a primary current
is shown in MA. This example, record-
ed during a test, features a 2ms time
constant coming from a rectifier
bridge. The corresponding filter out-
put after integration is shown in 3.

A highly successful development

The success with which all the chal-
lenges of the project were met led to
the development of an innovative,
compact product that provides the
solution to all possible protection and
control needs in DC systems.

A vast range of protec-
tion, measurement and
interfacing functions

provides better control.

With this solution, customers can
avoid having to combine different
components and can rely on an inte-
grated product that has been tested
and certified by the manufacturer.
There are also significant advantages
in terms of a reduced overall size of

the installation by comparison with
the solutions with outside sensors and
relays, and a reduction in engineering
requirements for the customer.

The availability of a vast range of pro-
tection, measurement and interfacing
functions provides customers with the
means to better control and protect
their electric systems.

Giovanni Frassineti

ABB SACE S.PA.

Bergamo, Italy
giovanni.frassineti@it.abb.com
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Substations are important nodes in
a transmission and distribution
grid. Within substations, the electric
power is transformed to the appropri-
ate voltage level — high voltage for
transmission, medium voltage for dis-
tribution. The transformation is made
by power transformers, which can
take the size of a residential house.
Along with the transformation, the
electric power flow has to be
switched on and off by circuit break-
ers to feed the required lines. Circuit
breakers can, under the control of
protection devices, interrupt very high
currents in a few milliseconds in an
emergency; ie, they can isolate faults
in switch yard equipment and lines,
thus preventing their effect(s) from
spreading throughout the whole net-
work. Substations are also equipped
with various measuring devices to re-
cord the actual current and voltage of
the lines, as well as the power flow.

Modern switchgear is equipped with

a number of sensors and electronics
to acquire the huge amount of infor-
mation. An example of such an intelli-
gent device is the hybrid switchgear
E, integrating powerful circuit break-
ers, disconnectors and protection and
measuring units into one component.
The internal control electronics to
read the sensors and trigger the actua-
tors can communicate the data and
analyze them to give real-time status
information.

For the operator of a grid, which
may span a whole country and feeds
power to numerous areas, the sub-
stations are the control points

Paradigm shift

Decades ago, the main goal of substa-
tion engineers was to develop reliable
components like transformers or cir-
cuit breakers and connect them in a
simple way to fulfill the requirements
of a substation. The signals necessary
for controlling the substation opera-
tions were transmitted with low band-
width via direct cable connections.
Engineers designed the control sys-
tems so that the number of bytes to
be transmitted for a reliable operation
was as small as possible. The proto-
cols required for data communication
were designed to cope with this se-
vere bandwidth limitation. Later on,
when more powerful communication
technology like Ethernet and network-
ing protocols such as TCP/IP became
widespread, the traditional protocols
were adapted to run over TCP/IP-
Ethernet.

Modern switchgear

is equipped with a
number of sensors and
electronics to acquire
the huge amount of
information.

Although the use of Ethernet and
TCP/IP offered more possibilities for
substation control, it was a halfheart-
ed approach, as it supported the very
same basic electric power system
capabilities as the serial link version,
but not more than that. Engineers
continued to use the same protocols

previously designed for minimizing
the bytes on wires and did not take
advantage of the huge additional
possibilities offered by modern infor-
mation technology concepts.

When it became clear that further sig-
nificant progress should come from
more versatile applications the IED
Technical Commitee TC57 — designed
a new protocol for substation auto-
mation, effective since 2005 as the
IEC 61850 standard [1]. Within a very
short time, IEC 61850 became the
global standard for power utility auto-
mation, and today customers request
that suppliers follow this standard for
almost every new substation built
worldwide.

The major step behind this standard
is the consequent application of con-
cepts of modern information and
communication technology, making
IEC 61850 the trendsetter for other
automation areas [2]. With this ap-
proach, the physical objects in a sub-
station can be described by a set of
aspects such as their position in the
substation, their main purpose, their
physical status and their control
requirements.

Giving standardized names to all the
components (called logical nodes in
the abstract presentation of the sub-
station) and their various aspects
provides a setup that is neutral with
regard to the specific supplier of
the equipment. The standard also
describes the way logical nodes com-
municate with each other and with
higher control systems with-

for the flow and the stability
of the grid. Substations thus
must guarantee reliable and
safe operations.

In view of these quality and
safety requirements, engineers
who design, build and test a
substation must apply the
utmost diligence. Besides the
proper physical operation of
all the devices in the setup, the
substation automation system
that controls the real-time re-
sponse of the substation must
be able to cope with any pos-
sible situations occurring in a
complex electrical grid.
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El ABB’S compact Pass MO 170KkV hybrid switchgear combines
various functions

in the substation or with any
external control system.

Intelligent devices

To make full use of the pos-
sibilities of the powerful
communication systems, the
devices in a substation must
be able to communicate and
provide a broad set of data.
This requirement is also
reflected in their IEC 61850
name — Intelligent Electronic
Devices (IEDs). IEDs host
logical nodes, which repre-
sent a typical function part,
which, for instance, can ab-
stract some physical equip-
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ment, expose control means over such
equipment or represent a protection
function.

Take for example a circuit breaker.
The standard defines a specific logical
node to identify a circuit breaker
within the network, and, as a contain-
er for the information about its switch
position (open, closed), the number
of operations, the accumulated
switched amperes, the remaining
operating capability or the status of
its drive mechanism, to mention a
few. The communication with the IED

through IEC 61850 allows the substa-
tion automation system to automati-
cally identify the device when it is
plugged in. “Plug-and-operate” is a
feature known to every PC user, when
an external device is connected. Plug-
and-operate facilitates the installation
of a substation [3].

Mastering the information and

data flow

With all the boundary conditions of
the IEC 61850 provided, it is the task
of the engineer to master the enor-
mous amount of data that describe

B Engineering phases of the design of a substation automation system

H

Specification phase

Engineering phase

Test phase

El Main elements of a substation automation system

Power transmission
Energielibertragung

Wide Area
Firsgg
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and control the operation of a substa-
tion B. This task already starts in the
specification phase of a new substa-
tion when the overall model of the
substation is defined and tuned to the
specific needs of the customer.

The next step is the detailed speci-
fication of bay" functionality and
needed signals, followed by the
engineering phase, in which all ele-
ments of the automation system must
be realized. Before any onsite opera-
tion can be carried out, the whole
system must be thoroughly tested,
which is done in the factories as well
as onsite.

ABB made great progress
in this direction and is
now able to use a full-
fledged engineering envi-
ronment for substation
automation from the
specification to the site
acceptance test.

New opportunities for customers

The IEC 61850 standard has been
designed to give engineers the oppor-
tunity to realize all the features de-
scribed above. But the way forward
from a mere opportunity to a real tool
that makes efficient use of these pos-
sibilities is a big challenge for engi-
neers — many technical hurdles must
be overcome by employing the cre-
ativity of information technology
experts. ABB made great progress in
this direction and is now able to use a
full-fledged engineering environment
for substation automation from the
specification to the site acceptance
test. This engineering environment
not only supports the design process
but also offers additional value when
existing substations must be refur-
bished or extended and when the
older parts of the setup do not com-
ply with the new IEC 61850 standard.

The innovative steps that were taken
are an almost classic example of the
process of innovation as such -meth-
ods and tools developed in software
engineering, like the automated test-
ing of codes and consistency checks
of architectures, are consequently
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applied in the traditional field of sub-
station automation, a typical approach
for cross fertilization of technology.
Following are just a few examples that
demonstrate the powerful applications
of system testing tools based on

IEC 61850 modeling concepts.

H shows the main elements of a sub-
station automation system designed
according to the IEC 61850 standard.
On the bay level, IEDs can communi-
cate sampled values of voltages and
currents via appropriate periodic com-
munication services; the different bays
then exchange data on events, defined
by the GOOSE? service, typically via a
station bus. This bus, which makes
the physical connection to the super-
visory level, also transports the verti-
cal communication to station-level
devices and network control centers
using the MMS protocol?.

With the definitions given in the

IEC 61850 standard, a virtual model
of the substation can be generated,
mapping all features of the IEDs and
the communication channels. In the
design process of a new substation,
the engineers design the substation
automation system, which can be
loaded into the new testing tool to set
up the virtual model of the substation
from the very beginning. The testing
tool can also generate this virtual
model when connected to an existing
substation, provided it is configured
according the IEC 61850 standard.
This step assures the necessary com-
pleteness and consistency, and no
further examination via the SAS»
system is required.

The SAS system itself can be tested in
a similar way when connected to the
tool. The tool checks for the proper
definition of names or the configura-
tion of reports and events, for exam-
ple, and simulates all the devices in
the substation to be addressed by SAS.
This offers the huge advantage of
being able to run tests already in an
office environment rather than in the
field.

A directly illustrates the paradigm shift
in testing when the new IEC 61850
tool enviroment is used. While in the
traditional approach, the devices had
to be physically present and connect-
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B Significant simplification of testing with the new IEC 61850 tool environment

ed to the SAS, the new tool simulates
the IEDs, which are pre-checked for
their consistency, and allows for fast
and efficient tests in an office envi-
ronment.

The alternate method is possible as
well. If real IEDs are available without
a SAS installed, the IEDs can be con-
nected to the tool that in this case will
simulate the missing SAS.

The examples given
demonstrate the versatility
of this unique engineering
tool now available to

ABB engineers.

Of course, the GOOSE traffic also can
be tested for proper operation with
the new program. When real IEDs,
possibly combined with simulated
IEDs, are checked for their response
to the interlocking logic, any flaws

in the substation automation system
can easily be detected. Various test
cycles, examining the full spectrum of
possible real cases, can thus be exe-
cuted in a short time.

Customer benefits

The examples given demonstrate the
versatility of this unique engineering
tool now available to ABB engineers.

It facilitates up engineering and test-
ing processes, allowing fast delivery
of SA systems to customers. It signifi-
cantly increases the reliability and
plug-and-operate performance of sub-
stations, short-cutting commissioning
phases with carefully pre-tested sys-
tems. It also shortens outage times at
the customer site in cases of refurbish-

ment or maintenance due to the mani-
fold possibilities of testing within the
virtual engineering environment. The
development of such a powerful engi-
neering tool is a model case for a pro-
cess innovation providing significant
value for ABB and its customers.

Christian Frei

Hubert Kirrmann

Tatjana Kostic

ABB Corporate Research
Baden-Dattwil, Switzerland
christian.frei@ch.abb.com
hubert.kirrmann@ch.abb.com
tatjana.kostic@ch.abb.com

Tetsuji Maeda

Michael Obrist

Power Systems

ABB Switzerland

Baden, Switzerland
tetsuji.maeda@ch.abb.com
michael.obrist@ch.abb.com

Footnotes

A bay is the group of devices required to supervise,
control and protect a line in the grid.

2 GOOSE: Generic Object-Oriented Substation Event.

3 MMS: Manufacturing Message Specification. This
ISO protocol originally designed for a manufacturing
environment has been chosen for IEC 61850 as the
most appropriate existing standard for this type of
information flow.

4 SCADA: Supervisory Control and Data Acquisition.

9 SAS: Substation Automation System
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A new dimension of customer
care with remote service

Dominique Blanc, John Schroeder

Owners of industrial plants rightly expect their production
lines to operate at highest performance all the time. Any
outage of a component or system in the line directly trans-
lates into loss of profit. As technical equipment is not immune
to wear and tear, maintenance plant operators have had to
simply expect some downtime. But this is changing fast with
the ever-increasing drive for enhanced productivity to cope
with growing global competition.

With its remote service packages, ABB is now in a position
to keep production lines on track 24 hours a day, seven days
a week. ABB’s remote service combines a number of recent
technologies in creating a unique system for customer care.
In 2007 further innovative steps were taken to increase
ABB’s commitment to round-the-clock wellness of customer
equipment.
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Tilnes have changed, particularly in
an industrial plant — a plant oper-
ator who recognizes a failure in a pro-
duction line component no longer has
to wait for a service technician to fix
the problem. It used to take days to
inform the supplier that something
was wrong, for the supplier to send a
service technician to get an overview,
a service engineer to be contacted,
spare parts to be ordered and deliv-
ered, and the service itself to be done
at the customer site. With remote ser-
vice, most of these time-consuming
steps can be short-cut [1,2].

Remote services use existing and
cutting-edge technologies to support
field engineers, irrespective of loca-

tion, in ways only dreamed of as little
as five years ago. The Internet, to-
gether with advances in communica-
tions and encryption techniques, has
contributed enormously to this end.
Remote service developments are a
direct result of the changing needs of
customers — customers expect more
support at lower costs. Remote servic-
es are designed to maximize knowl-
edge bases in the most cost-effective
manner. The result ensures that the
best knowledge is in the right place,
at the right time, to support custom-
ers’ assets. With a large number of
different types of products, this can
be a complex undertaking.

Remote services use
existing and cutting-edge
technologies to support
field engineers in ways
only dreamed of as little
as five years ago.

Elements of remote service

Whether the service is organized in
a remote or on-site approach, the
equipment performance must be
monitored regularly. The traditional

way was to check critical operational

parameters, like oil pressure, wear of
parts or other conditions, and make
repairs if needed, or plan for preven-
tive maintenance within fixed inter-
vals.

With sophisticated sensor technology
and intelligence built into the device,

ABB Review 4/2007
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El Performance monitoring features of ABB’s System 800xA

System 800xA 800xA Asset

1 Optimization

Optimize™ Loop
Performance Manager

B DriveMonitor — Analyzing the system’s heartbeat. Drive information

can be utilized on various diagnostic levels — from the converter unit
to the process section

B

Plant
Information
Management
System (PIMS)

performance monitoring today is done
continuously and an analysis of the
monitored parameters is performed in
real-time. Most of ABB’s products are
equipped with such monitoring sys-
tems, and almost all parameters that
determine the performance of the
devices are permanently measured.

In process control systems like System
800xA, it is the utilization of the CPU
and memory, the functioning of alerts
and alarms or the network communi-
cation traffic, for example E. Pulp and
paper quality control systems are
checked for mechanical, electrical
and electronic performance and, for
example, for the reliability of the loop
controls [3,4]. Drive systems undergo
a continuous monitoring of voltage
and current, rotational speed, motor
torque and shaft power, to mention

a few. Rotating machines such as
motors, fans, blowers, pumps, com-
pressors or gear boxes are analyzed
for their vibration behavior, misalign-
ments or wear of bearings H. The
knowledge about the influence of
those disturbances is evaluated with
advanced lifetime prediction algo-
rithms [5].

Instruments to measure pressure,
temperature or flow are also devices
that need monitoring. Here, it is the
change of tolerances, communication
issues, sluggishness and stiction®, for
example, that need permanent check-
ing [6]. Circuit breakers are another
product to be mentioned in the list:
They record a number of operational
parameters essential to the service

ABB Review 4/2007

task and are able to communicate the
performance status to a remote center
[71.

Remote service includes the automatic
alert after a careful monitoring of the
performance. This sounds easy, as
most people are used to mobile
phones and high-speed Internet con-
nections. Reality is more complex,
however; as the communication from
the devices to a remote service center
passes the boundaries of the custom-
er’'s company and ABB, steps that
require high attention with regard to
data security. ABB has developed

processes to safely cross as many as
three firewalls to provide the highest
security H.

When the monitored signals arrive at
the service center, they are automati-
cally analyzed with the accumulated
knowledge of hundreds of years of
accumulated experience with the
devices in focus. ABB has organized
the knowledge about the equipment
performance in extensive databases
with algorithms to compare the actual
performance of a device with the
“normal” performance of a whole fleet
of devices in the field. This has the

B Remote access to devices and systems on site, and reporting relevant data

to the service engineer

Alarm via e-mail |
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advantage that the knowledge-based
system can also propose the best suit-
able strategies for preventive mainte-
nance, immediate maintenance or
repair.

Every new case adds to the knowl-
edge, and whenever the stored knowl-
edge is not sufficient to make an opti-
mum decision, the service center is
backed up with an expert team to
immediately analyze the situation.
Once the situation is clear and decid-
ed upon, requesting local service per-
sonnel and potentially ordering spare
parts, as well as generating appropri-
ate instructions for the actual service
operation, is a question of minutes
with the help of the knowledge-based
system.

Talking robots

ABB has a fleet of more than 150,000
robots in operation. These robots
weld car parts, fix metal pieces, grind
pieces from foundries or sort small
pieces of chocolate with very high
speed [8].

The robots play a crucial role for high
productivity and availability of a pro-
duction line. Any problem or reduced
performance of a robot has a direct
negative influence on the output of

B Robot controller data are available at the
remote service engineer’s personal
computer via a direct communication link

Now our robots

can speak

H Customers can track relevant data
of their robots on their personalized
MyRobot Web page

’6 8
Lo TEN
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the line. The end user’s expectation
is to avoid delays and disturbances
during production.

Still, in case of malfunctioning, a
service engineer would look into the
“logbook” of the controller and deter-
mine the cause of the reduced perfor-
mance. But this takes some time,
especially when the service engineer
first has to travel to the site to carry
out the diagnosis.

Remote service
significantly reduces
equipment downtime and
the customer’s on-site
maintenance effort.

ABB has developed a communication
module that can easily be plugged
into the robot controller for both

old and new robot generations. This
module reads the data of the con-
troller and sends them directly to a
remote service center, where the data
are automatically analyzed. This is
another example of the ever-growing
application of machine-to-machine
technology, which ABB has now
pioneered in the world of robots.

By accessing all relevant information
on the robot conditions, the support
expert can remotely identify the cause
of a failure and provide fast support
to the end user to restart the system.
Many issues can hence be solved
without a field intervention. In a case
where a field intervention is neces-
sary, the resolution at the site will be
rapid and minimal, supported by the
precedent remote diagnostics H.

This automatic analysis not only gives
an alert when a failure with the robot
occurs but also predicts a difficulty
that may present itself in the future.
For that, the robot performance is reg-
ularly analyzed and the support team
is automatically notified of any condi-
tion deviation. The customer benefit
achieved with this innovative para-
digm shift in the way service is per-
formed, is obvious, and ABB has an
impressive track record for realized
savings.

ABB is proud of its achievement of
providing efficient remote service to

its customers: a service that virtually
brings a crew of knowledgeable ex-
perts to the customer site in the most
cost-effective manner. At any time and
from anywhere, a user can verify ro-
bot status and access important main-
tenance information about that robot
system by logging into ABB’s MyRobot
Web page B.

Remote service significantly reduces
equipment downtime and the custom-
er’s on-site maintenance effort. With
the secure and proven remote connec-
tivity technology, the customer can be
sure to have the best experts available
24/7. Remote service is one of the
ABB showcases for innovative process
management. This new technology is
made available to customers as part of
a service agreement.

Dominique Blanc

ABB Robotics

Vasteras, Sweden
dominique.blanc@se.abb.com

John Schroeder

ABB Automation Technologies
Westerville, OH, US
john.schroeder@us.abb.com

Footnote
") Stiction is static friction.
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| TrafoSiteRepair™ combines the old with the Hev:
T to improve power transformer availability
e o Lars Eklund, Pierre Lorin, Paul Koestinget, Peter Werle, Bjérn Holmgren

Atransformer fails in an aluminum
smelter plant but production isn’t
immediately affected because the
plant owner had the foresight to build
redundancy into the system. However,
he knows that the loss of another

key component will be expensive in
terms of downtime and loss of output,
and therefore the transformer must

be repaired or replaced as soon as
possible.

Normally a power transformer can
be maintained and retrofitted on-site.
However, major repairs, such as

y é é -é f S repairing or replacing the windings,
A re“able Supply o.f.elect?ic ) ems ess e l f,aJqueb any,one Of & mean the transformer must be trans-
the mstalle‘d eqummgnt is expenswe not: only for ut'ht'as;but aLSO-foNhe RIS orted to a factory where the required

space and equipment are available.
If the transformer is large and the
distance to the factory great, the time
it takes the component to get there,
not to mention the costs and risks in-
volved, will strongly influence when

ty by mmlmlzmg th'e number of failures;and if one does oCcur by gettlng the transformer can resume normal

the-equipment back into service inithe.shortest possible time. & — operation. Unfortunately this could
&k { : R S x_ : take anywhere from 2 to 24 months

However, outage time has been reduced even further by newly developed before it is fully back up and running.

ABB processes which allow transformer repair, refurbishment or retrofit to To overcome these problems, ABB

be'carried out completely on-site. Packaged and marketed globally under began work some years ago to devel-

the name of TrafoSiteRepair™, it is a combination of years of experience

and state-of-the-art technology, and some 200 units in_ 25 countries are

evidence of its success. _ The result is an innovative process
that combines the old with the new.
With it ABB can now not only repair
and have the transformer back in op-

op processes that allowed engineers
to perform major repairs on-site.

eration, on average, in less than seven
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months, but the quality of the repair
work done can even be improved.
Known as TrafoSiteRepair™, it is a
solution for repairing, refurbishing
and retrofitting transformers on-site.
It includes verified repair processes
that are of the same quality and stan-
dard as those used in a factory envi-
ronment. To date, some 200 units,
which include utility, industrial and
HVDC transformers and reactors, have
been repaired or refurbished — and
in many cases the latest transformer
technology has also been applied,
resulting in devices with a higher
rating.

The TrafoSiteRepair™ process

A typical factory and workshop that
manufactures and repairs high voltage
equipment is characterized by its or-
derly layout, cleanliness and well-con-
trolled atmosphere. It also possesses
heavy lifting equipment, special tools
and fixtures, high voltage test labora-
tories, and experienced operators for
each step of the process. The same
indoor environment must exist on-site
if various transformer repair scenarios
are to be successfully carried out.

A temporary workshop, equipped
with the same type of tools and
equipment as used in a factory, will
be set up if a repair area is not imme-
diately available at a customer site.
Heavy lifting equipment, if needed,
will also be supplied. This is required
because the largest transformers, with
a weight of up to 400 metric tons,
need their active parts to be untanked
and tanked.

While the factory can be brought to
the transformer as opposed to the
other way round, certain obstacles
had to be overcome to make this pos-
sible. The first centered on the need

for reliable transformer testing during
the different stages of repair, refur-
bishment or retrofit. However it was
the high-voltage test, the final test
performed before installation and
commissioning, that created somewhat
of a challenge. In the past, motor-gen-
erator sets were used for high-voltage
testing of power transformers on-site.
Motor-generator sets are quite heavy
and therefore difficult to transport.
They also lack the flexibility to adapt
to the test frequencies of different
transformers, requiring instead a high
rating relative to the test power re-
quired. Additionally, on-site mainte-
nance requirements have to be taken
into consideration. To overcome the
portability and flexibility problem,
ABB has developed a sophisticated
Mobile High-Voltage Test System to-
gether with test system suppliers and
suppliers of high power electronic
converters.

TrafoSiteRepair™ is a
solution for repairing,
refurbishing and retrofitting
transformers on-site and
is a combination of years
of experience and state-
of-the-art technology.

The second hurdle concerned the
drying system. Moisture is the enemy
of organic insulation (eg, insulation
paper) in power transformers because
it speeds up the degradation process,
which in turn affects the reliability of
the transformer and reduces its tech-
nical lifetime. It is therefore of the
utmost importance to dry the insula-
tion paper in a transformer whenever
it has been exposed to air. To do this

successfully, ABB developed an inno-
vative on-site transformer drying sys-
tem based on a low frequency cur-
rent. Known as the Zow Frequency
Heating drying system, it is used in
combination with the hot oil spray
method, and when compared to other
drying methods it reduces drying time
considerably to provide a more than
satisfactory moisture level of below
one percent.

These two innovations are discussed
in greater detail in the following para-
graphs.

Mobile High-Voltage Testing System
ABB’s Mobile High-Voltage Testing
System can be used to test even the
largest power transformers available.
A complete testing laboratory is con-
tained within a 40-foot (about 12m)
container that can easily be transport-
ed over land sea and air EEEH. At the
heart of the system is a powerful
static frequency converter which can
generate the required test power in
the frequency range between 40 and
200 Hz. This enables tests to be per-
formed at the most favorable frequen-
cy — as determined by internationally
agreed-upon standards to minimize
the required power for the test. The
mobile test system performs applied
and induced voltage tests, which can
be combined with the partial dis-
charge (PD) measurements to evaluate
the integrity of the equipment. In ad-
dition, measurement of no-load losses
and impedance may also be per-
formed.

The set-up of an induced voltage test
is shown in B. In this scenario the
frequency converter can be tuned to
the self-compensating frequency of
the test set-up, and in the case of a

A The Mobile High-Voltage Test System, built
into a 12m container, arrives on-site
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[ A typical set-up for transformer testing at a
nuclear power plant

B Mobile High-Voltage Test System control
room

ABB Review 4/2007
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B Induced voltage test set-up
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power transformer, this is normally

in the range between 70 and 120 Hz.
By performing the test at this frequen-
¢y, the power required for the test
circuit will be limited only to the
active losses. The adaptation trans-
former is designed to match the nor-
mal voltage range applied to the
tertiary voltage windings of power
transformers.

For an applied voltage test, a reso-
nance circuit is formed by the capaci-
tance of the test object and the reso-
nance reactor of the test set-up H.
These two components define a
certain resonant frequency which

is automatically detected by the

static frequency converter control
system.

Drying power transformers

on-site

Maintaining the dryness of the insula-
tion is of the utmost importance.
Windings and insulation components
are manufactured at one of

of the transformer as water droplets
can lead to an internal short-circuit.

A typical drying process for power
transformers uses vacuum and heat,
ideally at the same time. But a vacu-
um thermally insulates the inner part
of the transformer (much like the
workings of a thermos flask) making
heat transfer to the windings virtually
impossible with external heating. In-
stead, conventional site drying pro-
cesses normally include a heat cycle
followed by a vacuum cycle. These
processes can last up to several weeks
before the correct moisture content
is reached. Other disadvantages
include:
m Limited drying temperature as the
heat transfer media is oil.
® A substantial temperature drop dur-
ing the vacuum cycles because of
the energy needed to evaporate the
moisture.
m Several heating cycles are needed
which expose the insulation paper

to heat and oxygen, stressing the
insulation.

m Oil spray processes cannot reach the
inner part of the windings because
of a protective cover.

To overcome these disadvantages,
ABB developed its new on-site trans-
former drying system known formally
as Low Frequency Heating (LFH).
LFH, together with the hot oil spray
method B and B, uniformly heats the
transformer low- and high-voltage
windings in a vacuum using a low fre-
quency (of approximately one hertz)
current. The LFH system heats the
windings from the inside while the
hot oil spray method heats the outer
parts of the insulation system. The
main advantage of this process is the
speed at which drying can be
achieved. When compared with effec-
tive systems like hot oil circulation or
hot oil spray, LFH increases drying
speed by a factor of between two and
four. The hot oil and vacuum or hot
oil spray processes are still

ABB’s transformer factories
and are then vapor-phased
and impregnated. Prior to

B Plant concept for a mobile LFH drying process in combination with
hot oil spray

used with TrafoSiteRepair™
and add to the quality of the
repair work, but LFH is con-

shipping and assembly, they
are carefully packed to main-
tain the required level of dry-
ness. However, during the
repair process, the insulation
paper and cellulose compo-
nents are affected by expo-
sure to air during assembly
and must therefore be proper-
ly dried. Moisture not only
speeds up the degradation
process but it can also have a
direct impact on the reliability

Vacuum control

Vacuum
pumps

Short circuit LV IR

@

75

valve

Spray
nozzles

LFH Converter

0

w

[@ Oil treatment plant

sidered the most effective
solution when repair time is
critical.

The DFR method

Once drying has taken
place, the remaining mois-
ture level in the cellulose
insulation of a transformer
needs to be determined.
This has traditionally been
done on samples and test
blocks taken out of the

ABB Review 4/2007
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transformer using the Karl
Fisher method (KF). ABB
has developed an alternative
method using a recently
developed diagnostic tool,

[ Graphical representation of a Dielectric Frequency Response (DFR)
test for a transformer with 0.5 and 3 percent moisture. The model is

fitted to the transformer with 3 percent moisture

also proved useful in discov-
ering other transformer
insulation defects such as bad

core grounding or carbon
tracking deposits. For these

a Dielectric Frequency Re-

sponse test (DFR) for trans-

former insulation system
testing. This new method
compares power factor mea-
surements over a wide fre-

m— Totant
i —
(B M- g (o
e —— T
(20 e i [y |
==

CEE MR

!

quency range — provided by
the DFR test — with a trans-
former model that is based

on the dielectric properties
of oil-impregnated cellulose
at various conditions. The
detailed information re-
quired for the model is
obtained from transformer
insulation system manufac-
turing drawings.
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reasons, ABB uses DFR as a
quality control tool after
repair.

The on-site advantage
Repairing, refurbishing or
retrofitting power transform-
ers on-site, irrespective of
whether they are located in

Faa J Wet transformer

- "t " slo’ o' =
Fream ot

transmission or distribution
substations, power generators
or power-consuming indus-
tries, has long been accepted
as the best method of getting

units back into service in the

Since the effect of moisture and ionic
contamination on the dielectric prop-
erties of the insulation system is more
pronounced at low frequencies, the
preferred measurement frequency
range is between 1mHz and 1kHz.

The dielectric properties evaluated by
the DFR test are the real and imagi-
nary capacitances (or permittivities)
and the dissipation factor. In B, an
example of a DFR measurement for a
transformer with 0.5 and 3 percent
moisture is shown.

This DFR measurement is then com-
pared to the model that represents the
transformer insulation materials and
structure that has been measured. In
the modeling procedure, the design
information and DFR test data de-

H On-site drying of a 750 MVA/500kV core
type autotransformer with LFH heating
combined with hot oil spray
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scribed above are the inputs. An algo-
rithm calculates the response of the
composite system model and the
“moisture in cellulose” and “oil con-
ductivity” values are then optimized
to form a best-fit of the calculated
response curve to the measured DFR
data.

The two main advantages of this

method over the KF one are:

m The condition of the insulation may
be assessed without having to open
the transformer.

B Measurements taken at multiple fre-
quencies provide more information
which makes it possible to distin-
guish properties of both the cellu-
lose and oil insulation separately.

In addition, DFR is a non-destructive
test that provides an overall evalua-
tion of the moisture within the bulk
insulation more precisely than KF
tests on local paper samples. The as-
sessed moisture is more representative
than that of a dew point measure-
ment, which is sensitive to surface
moisture rather than the moisture of
the bulk insulation. The DFR test,
when compared with a power factor
test, can better differentiate between
moisture versus contamination, and
moisture in the paper versus higher
oil conductivity. And finally, assessing
the moisture on a unit after repair and
before it is put back into service is
difficult with an oil sample since the
accuracy of the evaluation is poor at
low temperatures. The DFR test has

shortest possible time. ABB’s
TrafoSiteRepair™ offers greater speed
than ever before by minimizing the
outage time of the transformer, the
unavailability of the power supply
and more importantly, the loss of
revenues for the owner. It is the result
of innovative processes created in an
innovative environment by innovative
people.

Lars Eklund

ABB Power Products
Ludvika, Sweden
lars.i.eklund@se.abb.com

Pierre Lorin

ABB Power Products
Geneva, Switzerland
pierre.lorin@ch.abb.com

Paul Koestinger

ABB Power Products

Baden, Switzerland
paul.koestinger@ch.abb.com

Peter Werle

ABB Power Products
Halle, Germany
peter.werle@de.abb.com

Bjorn Holmgren

ABB Corporate Research
Vasteras, Sweden
bjorn.holmgren@se.abb.com

ABB Review 4/2007



Process Innovations

INntegration
Uaranteeo

Taking Process Analytical Technology (PAT) to the next level
Chris Hobbs

In the pharmaceutical industry, it takes approximately 12 years to bring a new drug to market

at a cost in excess $800 million! While this is without doubt a staggering figure, it looks set to
increase because new pharmaceutical products, which are more focused on what they can
treat, cost more to develop. The overall result is increased development costs with less return.
However this increase in investment does not seem to have had any impact on the number of
New Chemical Entities (NCE) being approved. In fact, the approval rate is in decline. In addition,
increasing costs have forced the industry to look at new and innovative ways of becoming more
efficient, both in the creation of new drugs and the production of existing drugs. One of the
leading initiatives, which does seem to making an impact, was launched in 2002 and is called
Process Analytical Technology (PAT). At the heart of any PAT system is the process analyzer.
However, the availability of multiple analyzer platforms and the absence of some form of
standard for exchanging data has resulted in the creation of “islands of PAT.”

The problem - until now that is — has been the lack of any form of integrated solution. Over the
last few years ABB has worked closely with leading pharmaceutical companies culminating, in
the release of the ABB’s Industrial IT for Process Analytical Technology in 2007. This scalable

purpose-built solution meets the key requirements of a truly integrated PAT solution.
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harmaceutical manufacturing pro-

cesses are highly complex. Quali-
ty, yield and the cost of operation are
affected by the interaction of many
variables. Yet performance improve-
ment has never been more critical to
success and survival, and achieving
this depends largely on how well the
complex variability of the process is
understood. In the pharmaceutical in-
dustry, process analyzers are used for
this purpose, as well as to ultimately
control quality variations in the pro-
duction process. Analyzer technology
has been used successfully in both the
R&D and production life cycles on
single-unit operations, such as blend-
ing and drying, and it is playing an
increasingly important role in identify-
ing and understanding the variations
that occur between laboratory and
production equipment during scale-
up. Such is the impact of this technol-
ogy that it became a central feature
of the PAT (Process Analytical Tech-
nology)? initiative launched by the
Food and Drug Administration (FDA)
in 2002.

Five years on and this initiative has
resulted in analyzer companies and
third-party integrators providing their
own stand-alone PC solutions capable
of controlling single-unit operation,
and which can export predicted val-
ues (such as moisture content or aver-
age particle size) to third-party DCS
and SCADA systems. To put it another
way, various PAT analyzers exist that
can be used in unit operations such as
reaction monitoring, fermentation,

blending and drying. However, the
availability of multiple analyzer plat-
forms and the absence of any real
standard for exchanging data has led
to the creation of “islands of PAT.”
Gathering information from separate
unit operations is complicated by the
fact that all analyzers have different
user interfaces and data formats. To
overcome this, there is a need for new
tools to execute complex PAT meth-
ods using a standard and PAT-friendly
interface.

PAT - the next level

Recently, pharmaceutical companies
have been investigating the possibility
of using analyzer-based control so
that traditional batch processes can be
run in a continuous manner. For this
to work successfully, the coordination
of multiple analyzers measuring differ-
ent types of data from multiple unit
operations is required. Tight integra-
tion with existing control and infor-
mation technology is needed to con-
trol and maintain an electronic record
of the production process.

Joint ventures between process con-
trol and analyzer companies have re-
sulted in bespoke solutions that have
contributed to achieving this goal.
However, fundamental differences in
data types as well as the quantity of
data collected have stressed the tradi-
tional control and data management
environments. Analyzer platforms pro-
duce large amounts of data of differ-
ing formats (eg, spectra, bar graphs,
chromatographs and images). These

in turn require large array-storage
facilities that are over and above that
which is normally available on a DCS
or SCADA historian. The acquisition
of knowledge data from different ana-
lyzer platforms must be synchronized
with data from other third-party sys-
tems, such as DCS, SCADA and LIMS,
and stored in a structure that is de-
fined by a particular production mod-
el (eg, $88% Batch control standard).
Finally, the data needs to be easily
accessible to third-party manufactur-
ing management systems as well as to
other lifecycle management and regu-
latory systems to create what is
known as a Collaborative Production
Management (CPM) environment, link-
ing the process through to the pro-
duction management system. In short,
an integrated and flexible IT environ-
ment is needed to make this possible,
and the good news is that such a so-
lution now exists.

Just what the industry ordered

ABB is both a control system and ana-
lyzer solution supplier, and over the
last few years the company has used
its knowledge and expertize in these

Footnotes

I “PAT is a system for designing, analyzing, and con-
trolling manufacturing through timely measurements
(ie, during processing) of critical quality and perfor-
mance attributes of raw and in-process materials
and processes with the goal of ensuring final prod-
uct quality.” (www.fda.gov/Cder/OPS/PAT.htm,
October 2007)

2 588 is a standard addressing batch process con-
trol. It is a design philosophy for software, equip-
ment, and procedures.

Despite a massive build-up in research funding, the number of new

treatments approved each year has fallen.
(Source: Datamonitor, PhRMA)
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areas to form successful collaborations

with leading pharmaceutical compa-

nies. These collaborations have culmi-
nated in the release of ABB’s Industri-
al IT (IIT) for Process Analytical Tech-
nology in 2007. This scalable purpose-
built solution meets many of the key
requirements of a truly integrated PAT
solution including:

® A common Human Machine Inter-
face (HMD for all analyzer types.

m A data exporter, which allows the
extraction of synchronized single-
point and array data collected from
multiple analyzer platforms by spec-
ified equipment or the direct trans-
fer of data to third-party modeling
packages.

B A universal adaptor to allow for
ease-of-interface to new and exist-
ing analytical devices.

m A central PAT configuration method
including version control.

m A central S88-type data storage for
all data and data types including
array (eg, spectral or histogram),
predictions, statistics, alarm, event
and audit trail.

m The ability to operate multiple
analyzers/analyzer channels at the
same time over multiple unit opera-
tions.

m The ability to pause and reconfigure
an analyzer during the execution of
a PAT procedure, while other ana-
lyzers remain operational.

m Supports the use of electronic signa-
tures.

m It is aligned with ICH guidelines 8, 9
and 10 (drafv.

A truly integrated approach

With ABB’s solution, a user can start
with a single-unit operation before
scaling-up to accommodate multiple
analyzer platforms distributed over
multiple unit operations and produc-
tion plants. It can function stand-alone
or with existing DCS/SCADA plat-
forms. In addition it can integrate
seamlessly with ABB’s own System
800xA Distributed Control and Safety
System.

To overcome the problem of interfac-
ing to many disparate analyzer data
formats, ABB has created standard
drivers to allow existing and new
analytical devices to connect to the
FTSW800 Analyzer Controller Plat-
form. This is further enhanced by a
tool kit enabling third-party integra-
tors or other analyzer platform ven-
dors to create their own interface to
the ABB standard.

ABB'’s Industrial'™ for
Process Analytical
Technology eliminates
the so-called “islands

of PAT” by creating
integrated process based
solutions.

Developing data standards

For a truly integrated solution, the da-
ta exchange between analytical devic-
es and third-party platforms needs to
be seamless. This can be achieved if a

a common standard exists that defines
the approach. ABB has been behind
the formation of an OPC® Foundation
Working Group whose purpose is to
define a standard approach of inter-
facing analyzers over OPC UA (Uni-
fied Architecture). The vision of the
group is to provide a means for ven-
dors to write standard device drivers
that publish the capabilities of process
and laboratory analyzers over OPC UA
data links. These drivers will allow
complete access to all low-level and
high-level data, and will be compati-
ble with regulated manufacturing
environments. In particular the OPC
working group has been formed to
focus on the PAT requirements for the
life sciences industry.

Managing the data

If PAT data is to be useful, it should
be stored in a structured and regulato-
ry compliant manner so that it can be
easily viewed, exported and validated.
Typically this requires knowledge of
what stage the process is at, and
which process equipment, equipment
port, analyzer and analyzer channel is
in use. Because not all analyzers func-
tion in real time — and those that do
may be sampling at different time pe-
riods — the data must be synchronized
to provide a common time-frame ref-
erence.

In order to achieve this, ABB has
included a Data Manager within its

Footnote
3 OPC is a standard communication protocol.

B Preconfigured trend displays allow easy access to model predictions

and their associated scores and statistics

El The PAT Data Analysis tool can display data in 2D and 3D views
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IIT PAT solution. This Data Manager
ensures that all data is stored in an
S88-type manner. Adhering to S88
guidelines means the information con-
cerning the location of an analyzer
probe, as well as the batch the analyt-
ical data belongs to, is also included.
Data is stored by time and date using
an enhanced history engine which is
capable of storing a mix of formats,
including array (spectral, chromato-
graph), single-point (predictive values
and their associated statistics) and
event (alarms, audit trail) information.
Such a combination ensures that PAT
Method data can be easily identified
by batch, equipment, analyzer and
channel. Finally, the addition of a
dedicated export engine allows the
user to export data, using the same
S88-type structure, in formats that are
compatible with third-party modeling
packages.

The PAT Method

A PAT Method H is a set of instruc-
tions that dictate the operation, devel-
opment and validation of the analyz-
er- based models. These models in
turn monitor, predict and control the
Critical Quality Attribute (CQA).

The PAT Method is configured graphi-
cally B. A PAT Method describes the
production area and analyzer equip-
ment that will supply the data, and dic-
tates the data storage structure and ana-
lyzer configuration required. It is ver-
sion-controlled, and a standard set of
libraries based around analyzer types
enables quick and efficient configura-
tion. The PAT Method can operate as a

B A typical data selection screenshot from
the PAT Data Export Tool
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stand-alone feature or it can be exter-
nally triggered from third-party plat-
forms, such as existing DCS/SCADA
systems or batch managers.

Data visualization

The PAT Method can be scheduled or
triggered remotely by OPC tags, and
once running, its progress may be fol-
lowed using the Procedure Function
Chart tool. Analyzer information is
then forwarded to standard library
face-plates and graphical displays®.
As well as raw data values, meta data
such as PAT Method name, version,
equipment name, port name and key
diagnostics from the analyzer are also
displayed. Preconfigured trend dis-
plays allow easy access to model pre-
dictions and their associated scores
and statistics Bl. Preconfigured warn-
ing and alarm levels are trended to
give an early indication of quality
deviation.

Data analysis and model building

ABB provides its own PAT data analy-

sis tool and the ability to export data

to third-party tools. This data analysis

tool:

m Provides data mining of PAT Method
data

m Displays analytical data

m Provides 2D and 3D views of the
data B

m Provides wizard-driven univariate
and multivariate model builders

m Supports MLR, PLS1, PLS2, PCA and
PCR models

Exporting data

There are a number of different mod-
eling and analytical packages avail-
able that will only accept data con-
forming to some common synchro-
nized format. Achieving compatibility
entails some form of manual and time
consuming data extraction and align-
ment activities which, most likely, re-
quires the use of additional software.

ABB’s Data Export tool overcomes
this problem by exporting PAT data
from running or completed PAT Method
procedures in formats that are com-
patible with existing packages, such
as ASCII (tab or comma separated)

or GRAMS SPC. This flexible tool is
designed to run locally on the Data
Manager or on a third-party remote
PC platform, and the exported data

may be sent to one or multiple files.
Navigation displays, like the one
shown in B, allow the user to select
data from multiple analyzer platforms
— by choosing either unit procedure,
equipment, analyzer channel or data
tag — across one or multiple produc-
tion batches. Additionally it is possible
to extract different parcels of data by
selecting different time slices.

Still much to do

Although still in its infancy, many of
the benefits of PAT can be seen as
new techniques and analyzers are
developed. However, if the full bene-
fits of the FDA initiative for PAT are
to be realized, recognition by many
existing roles (QC, automation, valida-
tion, etc.) is required together with
the appropriate training and the abili-
ty to identify opportunities for using
PAT in their processes. ABB’s engi-
neering services for PAT support users
in these areas, along with validation,
regulatory compliance and other busi-
ness improvement consultative servic-
es. In any case, a standardized global
approach is still needed. System sup-
pliers must help to create this stan-
dardization, especially in key areas
such as data handling. In addition, a
solution is needed to break down the
barriers created by multiple disparate
systems. ABB is such a supplier and
ABB’s IIT for PAT is such a solution.

Chris Hobbs

ABB Ltd.

IIT PAT MEC (Europe)

St. Neots, UK
chris.hobbs@gb.abb.com

Footnote

4 These may vary depending on the analyzer type but
not between analyzer products. In other words, an
NIR (Near Infrared) faceplate is the same for both
an ABB and Bruker NIR analyzer.

Further reading

Roy, J., “Process Analytical Technology,”

ABB Review Special Report on Instrumentation and
Analytics, 2006, 61-64.
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Multi—variable model predictive
control (MPC) is a technology
with superior performance over tradi-
tional single-input/single-output con-
trol strategies MEETM. Originally de-
veloped for petroleum refineries, MPC
has become common in process in-
dustries over its 30 years in applied
practice. Only recently, however, has
MPC found its way to power plant
control and optimization.

This slower progress in the power
sector can be partially explained by
higher performance requirements.
The dynamic behavior of power plant
components is usually much faster
than that found in petrochemical pro-
cesses, and it requires computing
power that until recently was either
not available or not cost-effective.

In times of low primary energy cost
and less strict requirements on envi-
ronmental issues, the eco-

More recently, MPC-based solutions
have been deployed in other areas of
the plant, such as main and reheat
temperature control and boiler-turbine
coordination. ABB’s OPTIMAX® port-
folio addresses these solutions and
contains a variety of technologies,
such as the Predict & Control soft-
ware, which is among the most ad-
vanced MPC solutions applied in both
industrial and utility power plants.

Performance improvement with MPC
The primary objective of advanced
process control is to reduce process
variations. For power plants, this
means improved process stability
and reliability, and reduced thermal
cycle stress on the high pressure
parts.

With reduced variance, the power
generation process can also be oper-

ated closer to the given plant’s opti-
mum. In many cases, this optimum is
defined by constraints. By minimizing
variations, the process can be pushed
closer to its limit without violating the
constraint E.

In a utility power plant, a large num-
ber of possible process constraints
exist. Some of these are listed in H.
The benefits from operating closer to
the limits include improved heat rate,
higher generation capacity and lower
emissions.

Multi-variable model predictive con-
trol also facilitates faster ramp rates,
while keeping the plant within the
acceptable operating envelope in the
ramp-up. This can be very beneficial
for units in cycling operation, and in
boiler runback situations.

ABB’S Predict & Control

nomic advantage was also
not as substantial.

Multi-variable model predictive control (MPC)

Historically available MPC
packages, often used to im-

The increasing performance
of computers has now made
it possible to apply MPC to
demanding large power
plant applications. For in-
dustrial power plants, small-
er in size, MPC solutions
have already been imple-
mented, focusing on coordi-
nated control and optimiza-
tion of multiple boilers,
fuels, turbines, steam head-
ers and power flows to and
from the grid. The range

of benefits in industrial
power plants, such as
improved plant stability,

MPC is a common name for control technology using dynamic pro-
cess models representing the relationship between independent
variables (model inputs) and dependent variables (model outputs).
The inputs include manipulated variables (MV) and disturbance
feed-forward variables (FF). The model outputs are called controlled
variables (CV). The models predict future outputs based on 1) past
values of manipulated variables, 2) calculated future values of ma-
nipulated variables and 3) past values of the feed-forward variables.

A multi-variable MPC algorithm uses inherent knowledge of the pro-
cess dynamic behavior. All the interactions between the process
quantities are considered in the simultaneous solution of many
equations. This is different from traditional control (eg, PID control),
where each controller has one input and one output. With the many m The controllers work poorly
constraints and complex interactions involved in power plant con-
trol, multi-variable MPC is well suited to provide advanced control
and optimization in the power industry.

plement advanced control so-

lutions in process industries,

show a number of serious

deficiencies [3].

m There are limitations in the
choice of control models.
The commonly available
impulse and step response
models can only be applied
for inherently stable pro-
cesses, and they handle
integrating processes
poorly

in the presence of signifi-

cant measurement noise or

unmeasured disturbances
m Model identification relies

higher availability and lower

on open loop step testing,

overall energy costs, have
paved the way for a wider

El Reduced variance of steam temperature allows an operation closer
to the limit

and only single-input/sin-
gle-output (SISO) models
can be identified

application in large power
plants [1].

The most common applica-
tion of MPC for large utility
power plants today is com-
bustion optimization, deal-
ing with optimum distribu-
tion of fuel and air in the
boiler to reduce emissions
(particularly NOX), while
improving combustion effi-
ciency [2].
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Without a more comprehen-
sive commercial software solu-
tion, ABB began work on a
full-fledged MPC-based system.
The new product, Optimize'™
Predict & Control (P&C), could
overcome the shortcomings

of the previous solutions. P&C
is based on new technology
that replaces the typical collec-
tion of SISO step response
models with a true multiple-in-
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put/multiple-output (MIMO) state space
model [4].

The new ABB algorithm identifies
accurate state space models from
plant test data. The ability to identify
MIMO models from a single set of
closed-loop tests reduces the required
testing time and greatly simplifies the
modeling task.

The Kalman filter is a
mathematical technique
that utilizes all available
information to develop
the best estimate of the
process state and the
disturbances affecting it.

The state space modeling approach
permits P&C to use a Kalman filter for
state estimation as part of the feedback
control algorithm. The Kalman filter is
a mathematical technique originally
developed for trajectory estimation of
space craft. It utilizes all available infor-
mation to develop the best estimate of
the process state and the disturbances
affecting it. Besides the controlled vari-
ables, additional process measurements
can be included in the model, provid-
ing the Kalman filter with more infor-
mation and further improving state and
disturbance estimation.

B Examples of process constraints for utility
power plants

= Maximum live steam temperature
= Maximum live steam pressure
= Maximum steam flow
= Maximum reheat temperature
= Minimum flue gas O, content
= Maximum opacity of flue gas
= Maximum NO, emissions
= Maximum generator power
= Minimum condenser vacuum
= Maximum fan capacities
(amps or dampers)
= Windbox pressure differential dampers

Footnote
T A state space model describes a physical system
with a number of differential equations.
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The basic principle of the P&C con-
troller is shown in E. At each pre-
defined time interval, the controller
reads actual process variable values
and uses the process inputs (u) and
outputs (y) to estimate the current
process state (X), input disturbances
(w) and output disturbances (h). This
approach is different from standard
MPC packages that can estimate the
output disturbances only (h). This
leads to far better estimates of the
state (X) and better control of y.

Optimum MPC design

In a power plant, a large number of
inputs (manipulated variables that can
be set, and feed-forward variables
generated by disturbances) and out-
puts (controlled, constraint and addi-

tional state-estimation process vari-
ables) exist that can be used for the
control model. The selection of the
model scope with the required inputs
and outputs depends on the project
objectives, plant configuration, and
the specific local economic factors.

The MPC inputs and outputs for a
typical combustion optimization task
are illustrated in B. The manipulated
(MV), feed-forward (FF), and con-
straint (CV) variables for this divided
furnace boiler are indicated.

The relationships between these pa-
rameters are shown in B. The differ-
ent rows of the matrix represent mod-
el inputs; the columns define outputs.
The matrix elements with a check-

HE Basic principle of ABB’s Predict & Control controller
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mark indicate physical relationships
included in the overall model.

The above scope represents tradition-
al combustion optimization systems,
where the attemperator® spray flows
are included as process constraints.
The purpose is to keep the base con-
trols for main and reheat temperatures

within a favorable control range, and
to minimize reheat spray flow.

Once the model scope has been de-
fined, the engineering tools within
P&C can be used to create and modify
the structure of the multivariable con-
troller. A user-friendly application
browser is available to define the

H Combustion optimization control matrix of input and output relationships

BALANCE DMD DMD
MV ppm % % (0,) % %
02 SP BIAS 02 Setpoint Bias - -
WB FURN BIAS Windbox DP Setpoint Bias -
AA FF BIAS Aux Air East-West Bias =
AA AH BIAS Aux Air Elevation A-H Bias = =
AA BG BIAS Aux Air Elevation B-G Bias -
MILL H BIAS Mill Feeder H Bias =
MILL G BIAS Mill Feeder G Bias -
MILL B BIAS Mill Feeder B Bias -
MILL A BIAS Mill Feeder A Bias -
TILT DMD E Burner Tilt East Demand - - -
TILT DMD W Burner Tilt West Demand - - -
OFA DMD Overfire Air Demand = =
OFA FF BIAS Overfire Air East-West Bias -
A7
GENERATOR MW Unit Load Demand -

A Comparison of model predicted and measured temperatures in a power plant
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manipulated, controlled (or constraint)
and the feed-forward variables. Prop-
erties associated with these variables
are also defined using the configura-
tion tool.

Predict & Control is typically imple-
mented at the supervisory level to
manipulate set points of multiple base
control loops implemented in the
digital control system (DCS). Exam-
ples of such set points include fuel
flow, attemperator flow and oxygen
set points. For best results, it is impor-
tant to have the base loops — includ-
ing sensors, actuators and other field
instrumentation — properly tuned and
in good working order. ABB’s Loop
Performance Manager (LPM) is part of
the same Advanced Process Control
Suite as Predict & Control, and the
loop tuning and auditing capabilities
of LPM improve the base loops prior
to the MPC commissioning.

The engineering tool has a powerful
data processing capability for import-
ing, trending and filtering the collect-
ed process data, including automatic
outlier identification and removal.
The computational core of the model-
ing tools is the parametric identifica-
tion tool that is used to build state
space models. The state-of-the-art
algorithm combines ease of use with
the ability to utilize both open- and
closed-loop test data in the model
identification. Trend displays are pro-
vided to illustrate the fit of the identi-
fied models to the actual measure-
ment. A boiler main steam tempera-
ture control example is shown in B,
comparing the actual temperatures
(red) to the values predicted from the
attemperator spray moves (blue).

The final step in MPC design is the
tuning of the controller to the specific
plant. With the help of weight param-
eters for the various feedback loops,
the MPC is tuned to produce the de-
sired dynamic response of the plant.
The tuning includes setting weights
on control errors and drifts of the
different variables. A large weight is
set when a small control error or drift
is allowed, and vice versa. Priorities
are also assigned to the various con-
straints. In case of conflicting con-
straints, the one with higher priority is
satisfied first. If adequate degrees of
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freedom and control capacity
exist, additional constraints
are resolved in rank order.

Single-window overview of the status of a
boiler-turbine optimization

resulting heat rate improve-
ment was 1.2 percent, which

The whole plant at

a glance

Operators of power plants
need a fast and complete
overview of the plant status
with all details available on
request. There are two ways
to monitor and access the
P&C-based advanced control
system. The controller may
use OPC to link all operating
parameters to a DCS console,
facilitating true single-window
operation of the plant, or the

adds up to approximately
10,000 MWh per year of
additional power generated
from the same fuel input.

Heat rate improvements can
also be achieved by adjust-
ing reheat spray flows as
constraint variables. Because
of the reduced variations in
the flow rate through MPC
control, they can be reduced
and operated closer to the
limit. By cutting the spray
flow rates to one-half of the

original, the corresponding

operator can use the P&C

heat rate improvement in

Operator Interface client.

A typical optimization over-

B Improving heat rate through better main steam
temperature control

another application was
0.36 percent, providing ap-
proximately 25,000 MWh of

view is shown in H. It can
be used to monitor the status
of the advanced control and
optimization, and to enable
or disable optimization for
any given component.

A track record of impressive

savings with P&C

Advanced model predictive
control systems have estab-
lished a track record for im-
proving plant operations.

additional power per year
with the same fuel consump-
tion. At the same time, NO
emissions fell by 10 percent.

As the examples show,
MPC-based control systems
have a significant impact
on power plant operations,
energy efficiency and emis-
sions. MPC is a powerful
instrument to meet a fast
growing need in the utility

Some of the improvements

include the following:

m Typical NO, reductions of 8 percent
at base load, and up to 40 percent
at swing load

m Heat rate improvements of
= 0.25 — 1.5 percent at base load
= 1.5 — 2.5 percent at swing load

® Reduction of unburned carbon in
ash by 1 — 5 percent

m Reduced CO, generation per MWh
generated

m Maintenance of CO at desired levels

m Improved availability

m Accelerated ramp rates

A significant improvement of the boil-
er performance can be achieved with
an operation at the highest possible
main steam temperature. B illustrates
how temperature variations can be
reduced by means of multi-variable
MPC, the precondition for a safe oper-
ation at the maximum temperature.

In this case, the improved control

of a pulverized coal boiler reduced
the standard deviation of the main
steam temperature by 80 percent,
allowing a set point increase of 10°C.
While 10°C may sound small, the

Footnote

2 The attemperator is a device that adjusts the temperature of the spray flow to the required value.
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business — that is, simultane-
ously achieving both economic and
environmental benefits.
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Green ships on the high seas

R&D focus

large proportion — about 25 per-

cent — of fuel energy is lost
through exhaust gas dissipation. High-
efficiency turbochargers for two-stroke
marine engines allow some of the
exhaust gas from the engines to be
used for other work. One obvious
use is to divert the “surplus” gas to a
power turbine (connected to a genera-
tor), which converts it into useful
electrical energy. This additional on-
board energy translates into fuel sav-
ings and, as a result, lower operating
costs.

Shipowners have, of course, long rec-
ognized the cost and efficiency bene-
fits of this approach, and numerous
waste heat recovery (WHR) systems
have been installed on large vessels in
the past. Between 1985 and 1994,
ABB Turbo Systems delivered more
than 130 power turbines with electri-
cal power of up to 1200kW. Many of
these early systems are still successful-
ly operating on various types of ships
and continue to save money and pro-
vide ABB with an important experi-
ence base.

The shipping industry’s interest in
fuel-savings, however, waned in the
1990s. Increased demand for higher
diesel engine output for the ever-big-
ger ships required engine builders

to focus their development efforts
primarily on larger, more powerful

units. Oil prices, which had stabilized
at a relatively low level, contributed
to the declining interest in fuel econo-
my.

Energy efficiency is back on stage
Rising oil prices and a stronger de-
mand for environmental sustainability
led to a renewed interest in energy-
efficient systems in the shipping in-
dustry. In line with this clear trend,
ABB began to take a fresh look at the
untapped potential of WHR systems
in 2001. An internal study examined
the whole range of two-stroke diesel
engines, with special reference to
ABB’s high-efficiency TPL..-B turbo-
chargers E introduced in 1999.

The TPL series was greatly appreciat-
ed by the market — by the end of
20006, more than 3500 units had been
delivered or specified for over 2100
two-stroke diesel engines with a total
engine output in excess of 67 million
bhp?.

Increasing the fuel efficiency was,
however, only half the battle. Environ-
mental issues related to exhaust gas
emissions from marine engines had
begun to take precedence. As a result,
ships will have to further reduce their
exhaust emissions to comply with
even more stringent legislation in the
future, on top of their compliance
with already strict IMO? regulations.

B PTL power turbines are built in ABB’s modern factory in Switzerland

El ABB’s TPL..-B turbocharger for two-stroke engines

Footnotes

' Bhp, or brake horsepower, is the power delivered directly to the crankshaft of an engine.
2 IMO, or International Maritime Organization, is the United Nations agency concerned with the safety of shipping and cleaner oceans.
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The market success of the TPL..-B
turbochargers, and the end-users’
growing interest in vessels being
“green” as well as cost-effective, pro-
vided the rationale for developing a
new power turbine incorporating
state-of-the-art turbocharger technolo-
gy. The result was the market launch
in 2005 of ABB’s new-generation
PTL3200 power turbines, designed for
an electrical output range of 1500 to
3200kwW H H.

Tailor-made solutions for WHR systems
There are two types of WHR systems
with power turbines for improving the
fuel efficiency of a ship’s main en-
gine. The power turbine can be used
in a stand-alone configuration, with its
rotational energy directly used to pro-
duce electricity via a reduction gear-
box and generator. The power turbine
also can be integrated into a steam
cycle. Waste heat recovery units with
ABB power turbines are packaged by

B Waste heat recovery (WHR) with ABB’s stand-alone power turbine
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the U.K. engineering company Peter
Brotherhood in close cooperation with
ABB Turbo Systems.

WHR with stand-alone power turbine
The layout of a WHR system with a
stand-alone power turbine is shown
in A. The power turbine and genera-
tor unit operate in a fully automated
way, feeding electrical power directly
to the grid or to an optional shaft
motor. Besides ensuring a supply of
additional electrical energy on the
ship, this configuration allows an
up-to-four-percent savings in fuel con-
sumption and exhaust gas emissions.

WHR with power and steam turbines
The saving in fuel and emissions can
be increased to over ten percent with
the WHR system shown in B. In this
arrangement, which makes full use of
the waste heat’s energy potential,
superheated steam is produced in the
exhaust gas boiler after leaving the
turbochargers and is fed to a steam
turbine, which drives the generator.

ABB’s PTL power turbines
address two of the most
pressing issues in shipping
today — fuel economy and
environmental compliance.

The first WHR system combining ABB’s
PTL3200 power turbine with a steam
turbine was installed on the recently
launched M/S EMMA MARSK from
MARSK LINE B. With an official
capacity of 11,000 TEU®, she and her
seven sister vessels are the largest con-
tainer vessels in the world. The giant
vessel’s Doosan-Wirtsild 14RTFlex96C
engine, which is fitted with four ABB
TPL85-B turbochargers, develops
80,000 kW and sets new standards for
environmentally friendly sea transpor-
tation. The installed WHR system deliv-
ers an additional maximum output of
8500 kW, which translates to a more-
than-ten-percent reduction in fuel con-
sumption and engine emissions at
maximum continuous rating (MCR).

Finding the optimum design

While the operating cost reduction
and environmental benefits of install-
ing a WHR system are undisputed,
shipbuilders must consider how de-
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sign, operating and other parameters
will affect profitability and payback
for each individual ship. The pre-
ferred design depends on the type of
vessel and its main operating condi-
tions.

The required turbocharger efficiency
for the specific ship also affects the
WHR layout. The setup is greatly in-
fluenced by a) whether a turbocharger
provides only the minimum efficiency
a two-stroke engine requires for accept-
able thermal loading of the engine
components and for proper scaveng-
ing®, or b) whether higher efficiencies
are targeted.

Finally, there are economic consider-
ations — the cost of the fuel, the in-
vestment cost and the size of the ves-
sel’s power plant with its indirect in-
fluence on the electrical energy gener-
ated by the WHR system. The payback
time for WHR installations is shorter
when it is used in combination with
large diesel engines.

Matching of the main engine and the
power turbine can be further opti-
mized by replacing the standard fixed
nozzle ring with variable turbine
geometry (VITG). VTG allows the per-
formance of the main engine to be
improved; eg, by reducing the nozzle
area for use in hot tropical areas H.
Alternatively the turbine area can be
increased at low ambient temperatures
or at reduced vessel speed to maxi-
mize the power turbine’s output.

The economic way to reduce emissions
ABB’s calculations show that a signifi-
cant reduction in CO, emissions is
achieved with the stand-alone power
turbine configuration. These reduc-
tions can even be doubled when a

Variable turbine geometry (VTG) allows
optimal matching of the main engine
and power turbine

ABB Review 4/2007

A n April 2007 M/S EMMA MARSK was awarded “Ship of the Year” by Lloyd’s List as one of the
most environmentally friendly container vessels ever built

WHR system with a power and steam
turbine is used.

The additional electrical energy for a
large container vessel with a typical
load profile would allow more than
2300 tons of fuel oil to be saved an-
nually with the stand-alone arrange-
ment and almost 5000 tons annually
with the WHR system with steam
cycle. In each case, the assumption is
made that the additional electrical
power is used to replace the power
normally produced by the auxiliary
diesel engines.

There are two types of
WHR systems with power
turbines for improving the
fuel efficiency of a ship’s
main engine.

“Green ships” point the way forward

ABB’s PTL power turbines address

two of the most pressing issues in

shipping today — fuel economy and
environmental compliance.

While the direct economic benefits of
fuel savings mainly depend on the
development of fuel oil prices, the
tightening of regulations for reduced
emissions of vessels remains a major
driving force for energy efficiency
investments. The combined benefit of
cost reduction and environmental

compliance will pay off for shipown-
ers. As in other industries with in-
creased environmental focus, the
value of “green shipping” should not
be underestimated.

Another strong inducement to invest
in waste heat recovery could be eco-
nomic instruments such as differenti-
ated port dues and tonnage taxes,
already in place in several ports
around the world.

In the highly competitive environment
in which shipowners operate, the
combination of fuel-savings and emis-
sions reduction make heat recovery
systems with power turbines an attrac-
tive business proposition.

Markus Rupp

ABB Turbo Systems Ltd
Baden, Switzerland
markus.rupp@ch.abb.com

Footnotes

9 TEU, or twenty-foot-equivalent-unit, is a unit that
indicates the transport and storage capacity of
ships and harbors, with one unit equivalent to
approximately 38.5m?,

4 Scavenging is the expulsion of exhaust gases from
the cylinder of an internal-combustion engine.

Further reading

Summers, M. ABB turbochargers — history and
milestones. ABB Review 2/2007, 85-90.
Turbocharging in Switzerland (2005). Turbo Magazine,
2, 1-36.
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Captive power plant-smelter interface for increased power plant efficiency

Max Wiestner, Georg Képpl

As aluminum smelters use vast quantities of electricity in the electrolysis
of alumina and carbon, it makes sense to build them where electrical
power is available at a reasonable price. Generating utilities like to have
smelters on their grids as they provide stable clean loads. However, with
increasing power demand, utilities are finding that they can no longer feed
today’s smelters from the grid and therefore co-generation is required.
This means dedicated or “captive” power plants are now being built close
to the smelter to supply it with the required power. But what if a smelter is
located in a remote area where there is a weak or even no utility grid?
Finding ways of successfully interfacing the power plant and the smelter
has become somewhat of a challenge. The key to finding the most optimal
interface solution involves meeting the requirements of both, and many of
these are outlined in the following article.

Smelter potline power ratings have
reached 600 MW and utilities are
under increasing pressure to meet the
grid requirements of many smelter
owners. The solution for many owners
has been to install “captive” power
plants. However, new smelter projects,
with or without captive power plants,
are often located in weak power grid
locations, and interfacing the smelter
and the power plant to ensure adequate
power requirements are met is a very
challenging task. Many issues such as
power demand and fluctuations, power
quality, potline start-up and trip need
to be considered. Other critical issues
include the power plant efficiency dur-
ing normal operation or the conse-
quences of a generation unit trip when
it is in island operation mode. It is also
important to note that load shedding
with a diode rectifier only occurs at a
maximum rate of 5MW/3 seconds.

Many smelter owners are
now installing “captive”
power plants because of
the pressure utilities are
under to meet the grid
requirements of many

aluminum smelters.

Meeting the requirements from both
the smelter and power plant sides, as
outlined in the I is key to finding
the most optimal interface solution,
which needs to be found very early in
the project planning stage. In the long
run, early optimization of the project
design may reduce the capital invest-
ment cost of the power plant and
smelter substation. An ABB develop-
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IZET Power plant and smelter requirements

The following points show interface issues

that must be addressed to the power plant if

the demands of the smelter substation are to

be met. In particular, parameters that need to

be defined include:

m Short Circuit Capacity (SCC) for all power
plant operation conditions.

® The maximum allowable Total Harmonic
Distortion (THD).

m Maximum possible power swings and rate
(in MW).

B Maximum reactive/active power swing.

B The maximum allowable harmonic current
loading of the cables.

m The power factor required.

B Maximum power (delta versus phase)
unbalance.

Other points the power plant needs to

consider include:

m Voltage dips are to be expected and
allowed.

m Grid codes must be complied with.

m Second order harmonic current loading as
large transformers are being energized.

m A generator synchronizing procedure and
minimal block load must be specified.

M The variation in grid and island operation
SCC is available on the smelter HV substa-
tion busbar.

The power plant must be able to cope with the

following smelter issues:

m Power swings: Daily anode effects create a
sharp 15 MW power swing.

H The potline may trip more than 5 times in the
first year (forcing a 600 MW immediate drop).

m The potline initial start-up power demand
increases by 3.5 MW/day.

m A potline ramp-up of 20 MW/min is the
preferred restart rate after a trip.

m A power factor of 0.82 is required for a short
time during restart.

H The voltage dips to 70 percent on the smelter
bus when rectiformers are energized without
synchronizing the feeder breakers.

m The higher the SCC, the lower the required
efforts to meet power quality demands.

m If the maximum allowable THD is two per-
cent, smelter tertiary filters are required if the
SCC is less than ten times the smelter rating.

In the overall system design, the following

smelter/power plant parameters must be

considered:

| s island operation required? If yes, a detailed
study containing information about power
flow, power quality and transient stability is
needed.

m Diode rectiformers can only shed their load at
a maximum rate of 5 MW/3 sec.

m Synchronized switching of transformers re-
duces power disturbances and voltage dips
as well as mechanical stress on rectiform-
ers and harmonic current filters. In any case
the island mode of operation may not be
possible without synchronized switching.

m GIS or AIS breakers must be able to switch
between phases with an accuracy of +1ms.

m To comply with the international standard
|IEEE 5192, tertiary filters are required for
the rectiformers in island mode.

m Harmonic current filters on the high voltage
(HV) side may need to be studied as they
are loaded with the harmonic currents,
which may be in the grid.

B Power plant control systems need to be
able to generate and send a high-speed
load-drop signal.

Footnote

2 |EEE 519 is the international standard that
describes acceptable limits of harmonics in
electrical systems.

ment known as Blackout Protection
Control (BPC)" also plays a critical role
in ensuring stable smelter operation.

Bl shows typical smelter voltage and
current load curves that are seen by the
power plant and which have to be con-
sidered in the overall system design.

B shows the load that the smelter sub-
station can shed with and without
ABB’s BPC. The diagram in H

same power factor also applies after a
potline restart. The design of the rectifi-
er needs to be selected based on the
power supply agreement as well as the
power quality during such operations.

Voltage drops during rectiformer
energizing

Within captive power plant smelter
systems, there may be some operation

scenarios where the power plant feeds
the smelter in island operation. Dur-
ing these scenarios, the available SCC
may be considerably reduced. As rec-
tiformers become ever larger for these
large smelters, their impact on the
network during energizing is in turn
quite substantial. @ shows this impact
with and without controlled energiz-
ing. The voltage dips may result in the
tripping of already energized

shows the smelter substation

El Active power demand during potline trip and start-up

consumers, and may be very

power quality versus the
strength of the feeding grid.
This must be considered
should the grid be disconnect-
ed and for island operation to
continue. Some of the big
smelter power consumers,
such as the Uninterruptible
Power Supply (UPS), inverters
and AC drives, are very suscep-
tible to high harmonic current
distortions. In B, the power
factor of a smelter during ini-
tial start-up is shown. This

Jan 03 Jan O
181133

Puiline 5 152 Dreerlen

Jan 03 Jan 03
192028 184520

critical for captive power
plant smelter projects. To be
ﬁ| more specific, the medium

g voltage value may drop by

up to 25 percent of the
nominal rating, which is way
beyond the allowed value of
10 percent.

Footnote
" Information concerning ABB’s Black-
out Protection Control (BPC) is propri-

el etary and will only be made available
at a later stage.
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B Load shedding capabilities of a smelter sub-
station with and without ABB's Blackout
Protection Control (BPC)

600MW " |

|
- TOMW
~ 'tap down

. I
Initial 120 MW load drop i
I

I

I

L

[}

300 MW

200ms 1Sec 2.5Sec (tap down)
— Diode Rectiformer
~ Diode Rectiformer with ABB’s

Blackout Protection Control (BPC)

El Power quality versus grid
power strength

Total Harmonic Distortion (THD)

THD 8% |

2%

3000MVA 6000MVA SCC

— 4 Rectiformers in operation resulting
in 48 pulse Harmonic Currents

— 5 Rectiformers in operation resulting
in 60 pulse Harmonic Currents

The following five case studies of cap-
tive or semi-captive smelters illustrate
the wide variety of overall system
designs and complexities that can be
achieved. For these projects, ABB
either supplied equipment or per-
formed system studies.

cern, and auxiliaries are fed from a dif-
ferent grid supply.

Nordural, Iceland
The Icelandic grid is becoming increas-
ingly stronger. However, most of the

power generated comes from low
inertia geothermal steam turbines and
from the non-industrial power demand
fluctuations between day and night.
Aluminum smelters create an ideal
load. The large daily change in grid
stability requires a very flexible smelter
substation design to allow for high-
speed load shedding and the highest
power quality performance. Due to this
requirement, Nordural decided to use
tertiary filters on the regulation trans-
formers as well as thyristor rectiformers
for high-speed load shedding. The
highest power quality has been achieved
by control switching the rectiformers as
well as the tertiary filters B.

Fjardaal, Iceland

This single 500 MW potline smelter

will be fed from a captive hydro
power plant is located ap-

ALBA, Bahrain

B Power factor during potline start-up

proximately 60 km away.

In recent years, Aluminium
Bahrain (ALBA) experienced 0.93

PFMV []

—o-loading -=-logging

A weak 132kV grid inter-con-
nection is possible at the
power plant substation.

The auxiliary power for the

smelter will be taken from the

same power lines feeding the

smelter rectiformers. Should

the potline trip, the power

plant will to be idled because

some blackouts that were 0.88
attributed to a variety of Qe
reasons. Due to the mix in g';g
generation and five potlines, 0.63
the de-energizing or re-ener- 0.58
gizing of the potlines is not 0.53
so critical as load drops are 048 3

smaller and can be shared
by a high number of gener-
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the Icelandic grid will not be
able to take the extra power.
The available SCC has to be

ating units. Therefore

considered low to very low

ALBA’s operation mode is
such that the smelter auxilia-

B Switch synchronization at the Nordural (Iceland) plant

during initial start up and nor-
mal operation.

ry consumers are operated
on different grids to the
smelter potlines, thus mak-
ing the system immune to
voltage dips or load drops.
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DUBAL, Dubai

Dubai Aluminum (DUBAL)
has a large number of pot-
lines. Some are rated at less
than 100MW and have a
good mix of generation.
Therefore the grid can easily
compensate should one pot-
line trip. In addition, the large
number of potlines as well as
their low power rating have

OB AFR.1GS10M«—— TCHSYNC F236 |
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N

an easier effect on the power
quality level, as the harmonic
currents are compensated for
with a multi-pulse operation.
Start-up power demand and

load rejection are of no con-

C-fitter ~ BP-filter ~ BP-filter
7.5 Mvar 5.05 Mvar 4.95 Mvar 16.0 Mvar
3rd harm. 5th harm. 7th harm. 11th harm.

Sohar, Oman

This new smelter is designed
to accommodate up to three
550 MW potlines and is fed
from a captive combined cycle
power plant. A 220kV grid
inter-connection is possible at
the power plant substation
and the distance between the
power plant and the smelter
is approximately 12km. The
auxiliary power for the smelt-
er will be taken from the
same power lines feeding the
smelter rectiformers. As in the
previous case study, if the
potline trips, the power plant
will need to be idled, and the
available SCC must be consid-
ered low to very low during
initial start-up and normal
operation.

HP-filter
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Final thoughts

With an available SCC of 2500 MVA
from a power plant and a 600 MW
smelter load, the corresponding ratio
of four represents a very weak system
— a ratio of 10 or higher is preferable.
It is therefore estimated that if one gas
turbine were to trip at the power plant
this would in turn trip the smelter.
Diode rectifier systems cannot shed
loads, and island operated Gas turbine
(GT) power plants may trip on under-

frequency in less than two seconds. To
avoid this, a “dummy” load may be re-
quired, which would protect the pow-
er plant from being completely discon-
nected in the event of a potline trip,
and allow the smelter to start. There
are two possible ways to protect the
smelter from tripping after a GT trip:

m The power plant is designed such
that the smelter load ramp and trip
can be followed (ie, using ABB’s
BPO).

[ Voltage dips on the medium voltage power energizing transformers, with and without

controlled switching
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m The smelter is equipped with thyris-
tor rectifiers which allow immediate
load shedding.

The key to finding the
most optimal interface
solution between a power
plant and a smelter
involves meeting the
requirements of both.

If a total harmonic distortion (THD) of
two percent or power factor correction
to 0.98 is required, and the power
contract is such that a high power fac-
tor is always needed, then harmonic
current filters connected to the regu-
lating transformer tertiary is the most
economical method. This method is
also required if the power system is
weak. Synchronized switching should
be used on the filter banks to reduce
inrush current stress and over-voltag-
es. Nordural’s (Iceland) new converter
station is the most advanced in this
respect with:

m A full range regulation transformer
with tertiary filters, which always
allows for the most optimal power
factor

m Thyristor rectifiers that follow the
grid power capabilities

m Synchronized switching of trans-
formers and filters for (a) minimal
network distortion in a very weak
grid and (b) minimal stress on fil-
ters, switchgear and transformers.

Max Wiestner

ABB Switzerland, Primary Aluminum
Baden-Dattwil, Switzerland
max.wiestner@ch.abb.com

Georg Koppl
Power consultant to ABB

Reference publications

= Metal Events Conference, Reykjavik Iceland 2004
= Metal Bulletin Conference, Oslo Norway 2004

= Metal Events Conference, Muscat Oman 2005

= Aluminium World, Bahrain Feature 2006/1

= Metal Events Conference, Dubai UAE 2006
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eSS waste

ABB'’s workout program realizes sustainable energy

savings and reduces costs in process plants
Jim McCabe

Maintaining the good health of a process plant is prime to
securing its long-term profitability. With concerns over energy
prices on the rise, operators are finding that it pays to invest in
ways of slimming their consumption. But what is the best way
to optimize efficiency?

Wasted energy can take many forms. These can include such
widely different causes as inadequate scheduling and planning,
suboptimal setpoints in control loops or inappropriate or incor-
rectly used equipment. It is often accentuated by leaks or the
inadequate lagging of boilers and pipes.

ABB’s Energy Improvement Program is designed to identify and
deliver energy savings in process plants, achieving sustainable
savings of up to 20 percent.
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n the face of fluctuating fuel prices
Iand tightening legislation on emis-
sions, reducing energy consumption
and greenhouse gas emissions are two
of the biggest concerns affecting com-
panies in the process industry today.
Energy and utility systems provide
manifold opportunities for savings —
especially when it is the entire system
rather than just some individual sub-
systems that are available for scrutiny.
Considerable potential for savings
is possible by reducing the consump-
tion of process utilities (such as
steam, chilled water and compressed
air), minimizing distribution losses
and improving generation efficiency.
In fact, a successful implementation
of these measures can yield up to
20 percent reduction in energy con-
sumption.

But what is a successful implementa-
tion? The dangling carrot of potential
benefits is only part of the equation.
An informed decision on optimization
must weigh such gains against the
costs and possible risks.

Enter ABB

Energy is a fundamental ingredient
in almost any manufacturing process.
In a process plant, the principal
means of delivering energy are elec-
tricity and the process utilities men-
tioned above. As energy represents
an increasing proportion of the oper-
ating costs of many companies, the
focus of optimization is increasingly
shifting towards these utilities and
where they are consumed in the
production process.

Drawing on years of experience in
process operations, ABB Engineering
Services supports plant operators in
their efforts by identifying improve-
ment opportunities and implementing
a program to make sure these benefits
are delivered — and this as quickly as
possible. More than 50 companies
around the world have already bene-
fited from this support. In such a pro-
gram, ABB’s experienced energy and
utilities consultants apply a structured
process to assess the overall potential
of energy savings at a manufacturing
site before developing and imple-
menting energy conservation projects
E. As well as the huge energy savings
that were attained in these projects,
many companies have through this
process acquired the skills and moti-
vation necessary to develop their own
sustainable improvements in energy
efficiency.

The dangling carrot of
potential benefits is only
part of the equation.

An informed decision on
optimization must weigh
such gains against the
costs and possible risks.

Identifying opportunities

An efficiency improvement process
begins with an overview of the site’s
energy balance and an assessment of
the savings potential. All aspects of
the energy chain are considered; from
utility generation through distribution

to consumption. Improvements can
range from low- or no-cost “quick
wins” to the implementation of energy
efficient technologies. Quick wins
may involve simple housekeeping
activities such as maintaining insula-
tion and repairing leaks or may re-
quire more fundamental challenges to
“the way we've always done it”; eg,
turning off main plant items instead of
keeping them running, or challenging
the set points of process control loops
in utility distribution temperatures,
pressures or flowrates.

When it comes to efficiency-boosting
technologies, numerous options are
available: These range from variable
speed drives to advanced process
control. The larger challenge lies in
identifying which of these are suitable
for the situation in question — and this
requires a careful analysis of benefits
and risks. Benefits are usually related
to the delivered energy savings but
may include other non-energy related
advantages such as improved reliabili-
ty or increased capacity.

ABB frequently receives praise from
its customers for the pragmatic nature
of its analyses. In the words of the
director of a UK ingredients company,
“We’ve had no end to audits that
either tell us to turn the lights off or
invest millions of pounds. What I like
about [ABB’s] approach is that [they]
concentrate on the practical.”

The practical approach
A preliminary audit carried out for a
European chemicals manufacturer B

El The steps of an energy efficiency improvement program

Energy map

Rapid
assessment
of energy
generation,
distribution and
consumption
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B A preliminary audit carried out for a European chemicals
manufacturer predicted savings equivalent to ten percent of
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predicted savings equivalent to ten
percent of the total site utility costs.
The following section investigates in
more detail how this figure was
achieved.

To start, numerous opportunities for
utility cost reduction were identified
during a review of the site’s energy
consumption. A benefit and risk anal-
ysis narrowed these down to four
priority areas: tariff management,
steam distribution, heat recovery and
the application of variable speed
drives.

Tariff management

ABB engineers observed that during
the winter months, the electricity sup-
ply tariff structure for the site includ-
ed a very high rate for a period of
three hours every day. The total cost
of electricity consumed during these
three hours was equivalent to that
consumed during the rest of the day.
Significant savings potential at no
capital cost were identified by sched-
uling production to minimize the
operation of processes with high elec-
trical demand during this period.

A further interesting savings potential
was obtained in the area of two 160 kW
pumps for cooling water. These are
backed up by diesel-driven pumps.
The spare pumps were tested for two
hours every week and this test oc-
curred outside the high-cost electricity
period. It was shown that reschedul-
ing the test to coincide with this peri-

od had the potential to save £3,000
per annum. Increasing the operating
hours of the diesel pumps to cover
the high-rate period five days a week
could deliver annual savings of
£14,000.

Steam distribution

Steam leakage was reduced by im-
proved maintenance of steam traps.
Overall steam consumption was fur-
thermore reduced through enhanced
heat recovery. Heat exchangers using
the hot effluent from a steam stripping
column to preheat the feed to the
column were found to be undersized
with the result that not all of the avail-
able heat was being recovered.

A preliminary audit

carried out for a European
chemicals manufacturer
predicted savings equiva-
lent to ten percent of the
total site utility costs.

Variable speed drives

Engineers found that slurry pumps
and air fans around the drying plant
were oversized: In many cases they
were operating at less than half their
nominal load. Such situations are an
ideal application area for variable
speed drives. These can reduce the
energy consumed by the pump

and fan motors by as much as 60 per-
cent?.

A successful project

In another example, a specialized
chemical manufacturer B required
reliable low-temperature refrigeration
capacity for the manufacturing of
several key products. As the cooling
capacity of the installed refrigeration
system deteriorated, production vol-
umes were limited and energy effi-
ciency was reduced because it was
necessary to run two compressors
instead of one.

The original installation comprised
two reciprocating compressors (one
operating, one standby) with R22 as
the primary refrigerant, an oil separa-
tor, a throttle valve and evaporator
with an oil rectification system, and
an additional oil separator. The system
was designed to operate at tempera-
tures down to —48°C.

ABB carried out a detailed review of
the process and mechanical perfor-
mance issues. Following plant trials
and data analysis, the problems were
traced to mechanical faults and heat
exchanger fouling. Cleaning these ex-
changers immediately increased plant
capacity. ABB also specified mechani-
cal modifications for phased imple-
mentation in order to prevent future
fouling. In the final phase of the im-
provement program, an up-rated heat

Footnote

I See also Wikstroem, P., Tolvananen, J.,
Savolainen, A., Barbosa, P., Saving energy through
drive efficiency, ABB Review 2/2007, 73-80.

El Fine chemical plant: Energy optimization
methods permit significant cost savings
1 : By s
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exchanger was installed to increase
the capacity of the refrigeration sys-
tem.

The improvements to the refrigeration
capacity have allowed shorter batch
cycle times and increased production
rates and reaction yields. Refrigeration
system reliability has also improved
and the use of a single compressor
has delivered energy savings to the
tune of £48,000 per annum.

Targets and improvements

As with any improvement program, it
is important to be able to set perfor-
mance targets and verify progress
against those targets. As the program
is developed, the scope, budget, tim-
escale and expected returns for each
energy conservation project are
agreed upon with the client and a
means of performance verification is
put in place. When possible, an ener-
gy management system is installed
including metering, data collection
and analysis.

Setting the right improvement targets
is a key element of most energy effi-
ciency programs. If goals are unachiev-
able, the motivation for improvement
is quickly lost. On the other hand,
unambitious targets compromise cost
and emissions reduction. The problem
is particularly acute for operators of
plants in which utility demands are
strongly time-variant; for example,
batch production of fine chemicals or
pharmaceuticals. In such facilities, the
load profile of the utility infrastructure
will vary from hour to hour and from
day to day, depending on the mix of
products and the specific cycle time,
and the utility requirements of each
batch. There is no straightforward
answer to the question “how much
utility?” in multi-product plants. This
makes setting effective targets a tough
challenge.

Targets are often based on historical
energy and utility consumption, an
approach referred to as Monitoring
and Targeting (M&T). One weakness
of this approach is that it is highly
dependent upon the quality of the
input data, and in particular the con-
ditions when the historical data was
collected. A steam trap may have
been passing or there may have been
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a significant leak from a compressed
air line during the data collection
period. Because these inefficiencies
are not apparent from the data, this
inefficient performance becomes the
baseline for future comparison. In
addition, M&T does not take the ca-
pacity of the current utility infrastruc-
ture into account and cannot identify
bottlenecks in the utility distribution
network.

Minimum Practical Energy is a robust
method used by ABB to determine
benchmarks for energy and utility
consumption and to set improvement
targets based both on sound theory
and real production schedules. Areas
where actual energy use is significant-
ly different from the minimum practi-
cal requirement — eg, where a process
is consuming more steam than expect-
ed — are identified quickly. This allows
improvement targets to be pinpointed
and provides a basis for tracking per-
formance against the target. The de-
mand profile for a particular produc-
tion slate is compared to the capacity
of the utilities infrastructure, highlight-
ing bottlenecks and allowing the utility
plant to be operated for maximum
efficiency. Careful scheduling can
reduce peaks in utility demand and
eliminate the need for capital expen-
diture.

Setting the right improve-
ment targets is a key
element of most energy
efficiency programs.

ABB has used this concept to identify
annual savings of around & 100,000 for
the operator of an active pharmaceuti-
cal ingredient (APD) plant. A simula-
tion model of the utility infrastructure
calculates the minimum practical
energy requirement. Mass flows and
pressure drops are rigorously modeled
throughout the site distribution net-
works for each fluid utility (eg, steam,
compressed gases and water). The
dynamic utility system model predicts
flows, pressures and velocities based
on the time-dependent demand pro-
file B arising from the daily activities
in each unit. Production and non-pro-
duction areas such as reservoirs, efflu-
ent plants and electricity for offices

and canteens are included in the anal-
ysis.

The utility demand can be entered
manually for each unit operation —
heating or cooling, mixing or adding
reactant — or calculated from the se-
quenced activities in the batch recipe.
Individual batches can be combined
to simulate a complete production
schedule, and the demand profile
calculated over a time period lasting
from one day to five years. Climatic
data are also incorporated to account
for the demand from space heating or
air conditioning.

This model of expected utility demand
is compared with the known capacity
of the utility systems, facilitating the
identification of instantaneous or sus-
tained capacity constraints. Process-
control schemes for the utility systems
can be incorporated, allowing differ-
ent utility sources to be brought on-
line to meet demand fluctuation. The
simulation allows the operator to pre-
dict the level of utility required to
meet the production schedule — for
instance, how many boilers need to
be fired at any one time. Future pro-
duction schedules can be optimized to
minimize excessive fluctuation in utili-
ty loads and to prevent them from
creating peak demands that exceed
utility system capacity. The model also
allows the user to identify areas
where the actual energy and utility
consumption exceeds the minimum
practical energy value and hence
identify opportunities and targets for
future energy conservation efforts.

The ABB Energy Improvement Pro-
gram is a structured process with well-
developed tools that identify and deliv-
er energy savings to operators of pro-
cess plants while they concentrate on
core activities. Participating companies
can realize savings of up to 20 percent
of energy costs and develop their own
capability to make sustainable im-
provements in energy efficiency.

Jim McCabe

ABB Engineering Services
Daresbury Park, UK
jim.mccabe@gb.abb.com
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Busch—]aeger, an ABB com-
pany, offers a broad range

of motion detectors for use in

El The new wireless motion detector excels through its high reliability
and innovative design

electric infrared sensor (PIR)
B3 that captures the moni-
tored movements, and trans-

homes, offices and outdoor
environments. These Busch
Watchdogs are characterized
by their high reliability and
innovative design. However,
in some cases the installation
effort required, especially in
existing buildings where no
extra cabling has been placed,
can be quite high. Therefore,
to reduce this effort as well as
allowing for additional placing
freedom, Busch-Jaeger, work-
ing together with ABB’s Cor-

forms them into infinitesimal
electrical signals. Because
small signals are particularly
prone to electromagnetic in-
terferences, they need to be
amplified as close to their
source as possible. There-
fore, an ultra-low power am-
plifier B3 has been mounted
directly beside the PIR sen-
sor connections. The sensor
has been taken from the
Busch Watchdog Profession-
al product series and adapt-

porate Research Center and
another company MEMS Inc.”, has
developed a new wireless motion
detector EL.

Low power consumption was one of
the fundamental demands of the new
wireless motion detector, and it had to
be provided without compromising
reliability. This demand was met using
low power-consuming components
and embedded system technologies.
Electromagnetic susceptibility, which
increases with a rise in system imped-
ance, had also to be addressed. To
avoid this, all sensitive signal lines
were kept short. So, not only have the
cables disappeared making installation
easier, but the end result is a reliable
and inexpensive motion sensor that
consumes, on average, less than 20 pA
of current! In addition, it allows for

seamless integration into the existing
Busch-Jaeger product portfolio in
terms of cost, design and performance.

ABB’s wireless motion
detector uses embedded
system technologies, is
flexible, reliable, compact
and inexpensive.

Detector design

To carry out the different functions
of the detector, three interconnected
modules have been developed — the
sensor, radio and controller modules.

The sensor module
This is the most delicate part of the
system as it contains the passive pyro-

ed to the stringent power
consumption requirements of the new
device.

The radio module

The radio module ensures communi-
cation between the wireless motion
detector, and one or several actuators
(ie, radio-controlled light switches).
To fulfill the low power consumption
requirements in this module, only
one-way communication from the
motion detector to the actuator is
used to avoid permanent reception
readiness. A typical transmission takes
place in the ISM-Band (industrial,

Footnote

" MEMS Inc. is an engineering company whose
founding members are former ABB research engi-
neers. For further information see www.memsag.ch
(September 2007).

B On the sensor module, the amplifier and the PIR sensor have been mounted in a way that avoids electromagnetic interferences
B Front fitted with PIR sensor
B Back with electronics and amplifier (these pictures taken during production show several sensors)
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scientific and medical) at 868 MHz
(KNX-RF protocol), and a range of up
to 300 meters is possible out in the
open.

The controller module

The radio and sensor modules are
mounted on the controller module E.
This module also contains a power
supply and provides the means for
background illumination sensing and
parametrization. Its core component
is a mixed-signal microcontroller that
processes all sensor signals and sys-
tem parameters, finally generating
the binary presence signal that is
transmitted to the actuator by the

radio module. The microcontroller
supports several power down modes
that allow the temporary shutdown of
individual processor functions, and
their subsequent recovery within a
few microseconds. By operating only
the necessary circuitry needed to per-
form a particular function, additional
— in fact substantial — power savings
are achieved.

Finding an appropriate power supply
Ultimately, the success of a wireless
appliance depends as much on its
innovative design as it does on the
choice and availability of an appropri-
ate power supply. Users demand en-

IZEE Power supply possibilities for the wireless motion detector

Power supply Source of energy Suitability
Batteries Electrochemical Suitable
Solar cell Sun Suitable

Thermoelectric
generator

Temperature difference

Possibly suitable —
Low performance

Fuel cell

Electrochemical

Not suitable — Expensive,
limited long-term stability

Piezoelectricity

Wind ( von Karman effect )

Not suitable — Very low
performance

Wireless energy
transfer

Power supply system

Not suitable — Expensive,
acceptance issues

El Controller module fitted with three sensor modules and one radio module
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ergy sources that are cheap and com-
pact, and which function for a very
long time. Therefore, a variety of
power supply solutions were investi-
gated as to their suitability in a wire-
less motion detector. Some of the
criteria that had to be met included:
m A potential source should function
uninterrupted for at least ten years.
m It must be able to deliver an average
current of 20 pA and sustain current
peaks of 25mA. These typically
occur during radio communications.
m The temperature range should
extend from at least —20 to +60°C.

Six possible candidates are listed in
the IZET.

Batteries

Batteries constitute the most obvious
solution. Four 1.5V alkaline cells en-
sure a lifespan of five to seven years,
just a little short of the ten year goal.
Moreover, this option is very cheap
and batteries can be acquired virtually
anywhere. The downside, however, is
their limited temperature range® and
self-discharge rate, which happens to
be quite significant. To overcome
these disadvantages, the more expen-
sive but longer lasting lithium iron
disulphide cells (Li-FeS2) could be
used instead.

Users demand energy
sources that are cheap
and compact, and which
function for a very long
time. Therefore, the
success of a wireless
appliance also depends
on the power supply
used.

Solar cells

A power supply based on solar cells is
ideal for the wireless motion sensor.
Solar cells constitute an ecological
alternative to a battery supply. They
require no maintenance or replace-
ment and are particularly suited for

Footnote

2 The typical temperature range for alkaline batteries
extends from —10 to +50°C, while it can range from
—40 to +85°C for Li-FeS2 cells.
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self-sufficient working. In
fact, a solar cell-based power
supply prototype for the wire-
less motion detector has

E Principle of the solar cell supply. Solar cells produce power during
daylight, and additional energy storage for night operation is provided

Wireless energy transfer
Wireless energy transfer
works by transmitting elec-
tromagnetic energy from an

already been designed by
ABB engineers. Photovoltaic in
cells produce most of their
energy during daylight, and
therefore some energy storage
is required for night opera-
tion. This principle is illustrat-
ed in B: The electric double
layer capacitor (EDLC), C1,
stores the energy generated
by the solar cell during the
day. These capacitors, also
known as Gold Caps, deliver

external power source to the

Uow receiver. This would require
the mounting of an expen-
sive and space-consuming
emitter coil in the actuator.
In any case, customer accep-
tance of such technology is
still low.

Where customers benefit

The wireless motion detector
developed by ABB combines
the well-established reliabili-

energy densities that are 300

ty of Busch Watchdogs with

by C1 and C5
U —>
LDO o —>
D1
— -
O =
ZD1 C1 TC5
I @ L 4 @
Fuel cell

times that of conventional capacitors.
They can be recharged hundreds of
thousands of times, unlike conven-
tional batteries which last for only a
few hundred, or at most a thousand,
recharge cycles. However, loading the
EDLC can take several hours. There-
fore, another smaller capacitor, C5, is
normally connected in parallel to
reduce the initial start-up time of the
powered device.

The solar cells consist of amorphous
silicon. This type is much cheaper
than crystalline cells, and its effective-
ness does not depend on even illu-
mination. This is important because
motion sensors are often operated

in partially shaded locations. With

the above solution, a cell of size

57 x50 mm suffices to reliably power
the wireless motion detector.

Thermoelectric generators
Thermoelectric generators use the
Seebeck Effect to create power from
temperature differentials. The Seebeck
Effect is defined as the open circuit
voltage produced between two points
on a conductor, where a uniform tem-
perature difference exists between
those points. This effect is usually
very small, but recent generators have
achieved as much as 20 pW on a sin-
gle chip with a temperature difference
of 5°C. In order to apply the thermo-
electric principle to the wireless mo-
tion detector, a sufficient temperature
gradient must be attained inside the
device. While solar energy could be
used to this end, thermoelectric gen-
erators are not yet suitable for indoor
applications.
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A fuel cell is an electrochemical
device similar to a battery, but it is
designed to continuously replenish
the reactants consumed. In other
words, while a battery has limited
internal energy storage capacity, the
fuel cell produces electricity from an
external fuel supply of hydrogen and
oxygen. Research has shown that the
development of fuel cells for portable
computers and cellular phones is
possible, but high costs and a limited
lifespan currently prevents their use in
wireless motion detectors.

The wireless motion
detector combines the
well-established reliability
of Busch Watchdogs
with ultra-low power
consumption, and it can
be placed anywhere and
is easy to install.

Piezoelectricity

With piezoelectricity, certain crystals
generate a voltage in response to an
applied mechanical stress, for exam-
ple one generated by wind or by any
other form of thermal airflow with
the aid of the von Karman effect. This
principle, which notably describes

the flapping of a flag, states that flow
around a bluff body will generate vor-
tices on alternate sides of the body.
The effectiveness of this method how-
ever is insufficient for powering the
wireless motion detector.

ultra-low power consumption. It can
be placed anywhere and is easy to
install. Normal off-the-shelf alkaline
batteries ensure a lifespan of at least
five years, and this is extended to
more than ten years when lithium iron
disulphide cells are used. The detector
complies with all current EMC regula-
tions.

The wireless Busch Watchdog® was
successfully presented at the “Elektro-
technik” fair in Dortmund, Germany
in September 2007.

Olivier Steiger

Richard Bloch

ABB Corporate Research
Baden-Dattwil, Switzerland
olivier.steiger@ch.abb.com
richard.bloch@ch.abb.com

Beat Kramer

Daniel Matter

Philippe Prétre

MEMS AG

Baden-Dattwil, Switzerland
beat.kramer@memsag.ch
daniel.matter@memsag.ch
philippe.prétre@memsag.ch

Christian Heite
Busch-Jaeger Elektro GmbH
Ltdenschied, Germany
christian.heite@de.abb.com

Footnote

3 More detailed product information can be found at
http://www.busch-jaeger.de/de/bewegung-
smelder/1836.htm (September 2007)
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ABB celebrates a century of presence in China
Franklin-Qi Wang

ABB'’s relationship with China dates back to 1907, when it delivered
the country’s first steam boiler. Today ABB has established a full
range of business activities in China, including R&D, manufacturing,
and sales and service, with more than 12,000 employees, 25 joint
ventures and wholly owned companies, and an extensive sales and
service network across 38 cities. In 2006, total orders in China rose
to $3.1 billion with revenues of $2.8 billion, turning China into ABB’s
number-one market in terms of revenues.
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he ABB Group uses its more than

100 years of experience in electri-
cal engineering to pioneer processes
for the power and automation indus-
tries. Many ABB companies in China
are best in class, setting benchmark
standards for their peer groups, while
serving a wide range of industries.

In 1974, ABB’s China operation was
established in Hong Kong. This was
followed by its first permanent office
in Beijing in 1979. In 1994, ABB deci-
sively moved its China headquarters
to Beijing, and in 1995, ABB’s holding
company, ABB (China) Ltd., was for-
mally established HI.

ABB’s product portfolio in China in-
cludes the full range of power trans-
formers and distribution transformers;
switchgear technologies for high-,
medium- and low-voltage applica-
tions; electrical drives and motors;
and industrial robotics products.
These products are widely used now
in industrial, commercial and utility
applications.

In China, ABB has participated in
many key state projects, such as the
Three Gorges power plant and its
power transmission to Shanghai,
Changzhou and Guangdong H; the
south-to-north water diversion project;
and many projects in connection with
a major international sports event in
2008, including stadium constructions
H, the Beijing International Airport
expansion, and substation and metro
construction.

In addition, ABB also provided power
equipment to Lianyungang Nuclear
Power Plant, water quality monitoring
and analysis systems to Chinese envi-
ronmental authorities, and power and
automation technology solutions to

Asia’s largest petrochemical complex
(SECCO) in Shanghai, the Great Hall
of the People, Shanghai and Guang-
zhou Metro, Shanghai GM, Baosteel,
and others.

In 2003, ABB was rated one of the
top ten employers in China via the
survey conducted jointly by Fortune
Magazine, Yahoo and other organiza-
tions. In early 2006, ABB (China) Ltd.
was rated one of the ten “favorite
employers” by university students in
China.

ABB has committed to
helping China achieve its
goal of energy efficiency
and environmental
sustainability.

Localizing operations

With a commitment of long-term de-
velopment in China, ABB has steadily
been transferring more businesses and

technologies to the country to expe-
dite its localization process and pro-
vide products that better meet cus-
tomer demands, shortening the deliv-
ery cycle and improving its technical
service capabilities.

In March of 2005, ABB opened a Cor-
porate Research Center in Beijing with
a branch in Shanghai, a concrete step
forward to understand, foresee and
support China’s future in the power
and automation industry. As an inte-
gral part of ABB’s global research net-
work, the center in China is focused
on power transmission and distribu-
tion, manufacturing and robotics. In
early 2006, ABB moved the headquar-
ters of its global robotics business to
Shanghai, reflecting market trends
and the strategic importance of the
company’s operations in China. ABB
has also established research teams in
each business division in China to
maintain its leading position in the
market. In addition, each ABB enter-
prise in China has a technical team to
cater to the needs of local markets.

Three Gorges Lake

El Timeline of ABB in China

Set up China holding

Moved its global

Set up permanent

company, ABB

Won major Three

robotics division

office in Beijing (China) Ltd. Gorges orders HQ to Shanghai
1979 1995 2004 2006
0 I I I
I I I
1907 1974 1992 2003 2005
Delivered first Set up first China Set up first manufac- ABB rated one of Set up research
steam boiler office in turing joint venture China’s top ten center in Beijing
to China Hong Kong employers
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B Three Gorges Dam

At present, ABB’s Powertrain Assem-
bly global lead center, ABB Asia
Metals, and Center of Excellence for
Processing Lines and Tube Rolling
Mills are both located in Shanghai.

Over the years, ABB has developed a
close relationship with key government
ministries and major customers. In
China, as well as in the global market,
ABB aims to be a supplier that helps
customers achieve their business goals.
The company’s ability to accomplish
this derives from the intimate under-
standing of its customers’ businesses,
the ability to anticipate changing needs
and shifting market demands, and to
deliver innovative products and com-
plete system solutions in the fastest
possible way, including financing and
strong after-sales service support.

Continuous improvement in customer
satisfaction has become a way of life.
ABB is working to set up more opera-
tions in China to provide customers
with a broader range of advanced,
energy-efficient, reliable and environ-

mentally friendly products and services.

ABB’s technologies in China
Energy efficiency is a priority on
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China’s current agenda. As the world’s
fastest growing economy, China is
increasing its power capacity while
using power more sparingly. Its 11th
five-year plan highlights the impor-
tance of energy efficiency in building
a resource-efficient society in China.
ABB has committed to helping China
achieve its goal of energy efficiency
and environmental sustainability?.

With a commitment of
long-term development in
China, ABB has steadily
been transferring more
businesses and technolo-
gies to the country.

Efficient power transmission

HVDC (high-voltage direct current),
pioneered by ABB in 1954, is a cost-
effective and environment-friendly
technology for bulk transmission of
electricity over long distances with
low power losses. In China, ABB has
built three HVDC lines, each about
1000 km long. The savings achieved
with each line, as compared to AC
transmission, corresponds to the con-

sumption of about 160,000 house-
holds.

ABB i-bus intelligent installation system
ABB i-bus intelligent installation sys-
tems meet the highest requirements
for applications in modern home and
building control while offering sub-
stantial reductions in power consump-
tion. For instance, an ABB i-bus EIB
system helped one of Ito Yodado’s
stores in Chengdu save about
$250,000 on its power bill upon one
year of operation.

Cutting-edge turbocharging technology
ABB is the world’s leading supplier of
turbochargers for large diesel engines
used in ships, power plants and loco-
motives. ABB’s turbochargers have
raised the bar for engine output and
efficiency, thus reducing power con-
sumption and environmental impact.
Customers in China and all over the
world rely on ABB'’s first-class turbo-
charger service provided by a network
of more than 86 service stations
around the globe.

Energy-saving drives
Energy-efficient drives ensure that
motors run in the most efficient way
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in each application. ABB’s total in-
stalled base of AC drives is estimated
to save about 100 million MWh of en-
ergy per year worldwide. In China,
ABB’s drives have saved ten million
MWh of power in the past ten years —

IZET Remarkable contracts in China

m $390 million for the Three Gorges-Shang-
hai HVDC project, the world’s largest
power transmission project in 2004

m $360 million for the Three Gorges-
Guangdong HVDC project

m Electrical equipment for metro systems
and light rails in Beijing, Shanghai,
Guangzhou and Tianjin

= $40 million to supply process automation,
drive, quality control and electrical sys-
tems and related services for Asia Pulp &
Paper in China

m $24 million to supply hoist equipment for
eight mines of Huainan Mining Group

= $60 million to supply one 500kV gas
insulated switchgear (GIS) and 12 power
transformers for the Right Bank Power
Plant at Three Gorges

m $11 million to supply high-voltage GIS for
the Phase Il project of Jiaxing Power
Plant in Zhejiang Province

= $200 million from Shanghai SECCO Petro-
chemical Company to provide an innova-
tive propylene process technology that
cuts energy consumption and reduces
greenhouse gas emissions; it is the first
time this technology has been used in
China

= $56 million to provide automation equip-
ment and electrical systems for a high-ef-
ficiency steel mill to be built by Zhangjia-
gang GTA Plate Co.

equivalent to two years’ power output
from a nuclear power plant.

High-efficiency motors

Electrical motors consume about

65 percent of the total electricity used
in industry. The efficiency level of
ABB’s motors sold in China is 1.5 to

2 percent higher than the average, thus
greatly reducing power consumption.
ABB’s motors help save 1500 MWh of
power in China each year.

Advanced marine propulsion system

In Aug 2005, ABB celebrated the de-
livery of China’s first independently
designed 3000-ton research and ex-
ploration vessel. Equipped with ABB’s
Compact Azipod® propulsion system,
the vessel consumes 10 to 15 percent
less fuel than comparable vessels
without Azipod®. ABB’s Compact Azi-
pod® propulsion system also powers
the three vessels in the new train ferry
line between Yantai and Dalian with
corresponding fuel savings.

Business achievements

ABB’s contribution in China has been
recognized by the country’s important
figureheads. In 1999, China’s former
president Jiang Zemin visited ABB’s
facilities in Switzerland. In 2004,
China’s vice premier Zeng Peiyan paid
a visit to ABB’s Corporate Research
Center in Switzerland, and in 2007,
Chinese President Hu Jintao visited the
ABB Chongging Transformer factory.

ABB has a long track record in China,
having earned a number of remark-
able contracts A,

The commitment to China
ABB remains committed to China, and

E Bird nest - a Beijing stadium
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to the long-term sustainable develop-
ment of the country. Chinese utilities
continue their expansion plans at an
expected growth rate of eight to ten
percent of the Chinese economy. In
the period up to 2011, $335 billion is
earmarked for major projects in rail,
wind, oil, gas and water infrastructure.

Industrial production also is expected
to grow strongly. The steel capacity
alone will increase by 45 percent to
600 million tons by 2015. The indus-
trial sector is focusing on energy effi-
ciency, productivity and product qual-
ity — a perfect fit of the demand with
ABB’s offerings.

Rapid urbanization, an increase in the

standard of living and the need for

country-wide power distribution is

another strong market requirement.

To serve this rapidly growing market,

ABB follows a five-point strategy:

m Strong organic growth of ABB in
China

® Major investments in new product
lines and factories as well as the
formation of more joint ventures

m Taking full advantage of cost migra-
tion for ABB

m Continuous support of research and
development centers as part of
ABB’s global network of corporate
laboratories

m Develop highly talented and well-
educated local talents

After 100 years of business in China,
ABB can look back with pride on its
contribution of a broad range of prod-
ucts and services to the Chinese mar-
ket and looks forward to further coop-
eration to help meet the country’s
energy efficiency and environmental
sustainability goals.

Franklin-Qi Wang

ABB (China) Ltd.

Beijing, China
franklin-gi.wang@cn.abb.com

Footnote

' For more information on ABB's work in China, see
Eliasson B., & Lee Y. Y. (Eds.). (2003). Integrated
Assessment of Sustainable Energy Systems in
China: The China Energy Technology Program.
Dordrecht: Kluwer Academic Publishers.
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Preview 1/2008

The technology behind the plug

Have you ever stopped to think about
what goes on behind the electric
plug? From mining the coal or running
a wind turbine to running a train or
switching the light on, ABB’s technol-
ogies are involved every step of the
way to support both the provision of
electrical energy as well as its efficient
use. The next issue of ABB Review
will address how ABB is facilitating
this provision; that is, the value chain
“behind the plug.”

We will share the state-of-the art and
new achievements in electrical instal-

lations for all voltage levels. Advanced
circuit breakers and transformers will
be shown, and trends in modern
transmission and distribution systems
will be discussed. Efficient power
generation with sophisticated process
control within power plants is also on
the slate for the next issue.

A visionary view for the value chain
from primary energy exploitation

to the delivery of electrical energy

“at the plug” will be given, addressing
smart distribution systems and ad-
vanced transmission technologies.
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ABB is a leader in energy-saving technology:
minimum energy, maximum result!

ABB’s energy-saving automation solutions support our goal to build a resource efficient society, whilst improving productivity.
For further information, please visit www.abb.com
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