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Connections

Integrated systems in an inter-
dependent world would not be
possible without connectivity. This
issue of ABB Review looks at ways
that some of those connections
come to be, and how they are
getting smarter and delivering
better results.

If you’d like to receive an email
notification when new issues of
ABB Review are published,
subscribe to the free print
edition, or get easy online access
to stories, please visit
abb.com/abbreview.
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Connections

Dear Reader,

Industrial processes rely on many different types
of connectivity. They need energy to power them,
data to steer them and human beings to main-
tain, control and op-erate them. If any one of
these connections is disrupted or fails, the con-
sequences can be costly and damaging, and in
the worst-case scenario, catastrophic.

In power delivery, protection algorithms are
becoming ever-more sophisticated. As well as
ensuring continuity of supply, they safeguard
people and equipment and optimize energy effi-
ciency. Increasingly, they are being applied across
the value chain from manufacturing and opera-
tions to recycling.

In this issue of ABB Review, we look at connec-
tions in typical industrial contexts as well as
more unusual settings, such as maritime trans-
port and the production and delivery of
hydrogen.

Enjoy your reading,

B

Bjorn Rosengren
Chief Executive Officer, ABB Group
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Energy distribution and use
relies on connections that
bring together the individual
parts to function as a whole.
Such connections can range
from power delivery to data
links and even monitoring and
analysis. ABB combines the
latest hardware and digital
technologies to give users the
ability to make their systems
safer as well as more
sustainable.
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ABB PRODUCTS ACCREDITED WITH PEP ECOPASSPORT®

Powering
sustainability

ABB’s power products are now accredited with the PEP Ecopassport®, a
recognition of sterling environmental performance throughout their life cycle;
this enables customers to make decisions about the sustainability of their
product choices.
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01 Growthin data
centers is resulting
inincreases in power
needs and with this
comes sustainability
challenges.

02 HiPerGuard MV UPS
was designed to meet
the requirements of
alarge data center:
availability, perfor-
mance, efficiency, cost
effectiveness, flexibility
and scalability while
offering grid support
functions; all with
maximum sustainability
throughout its entire
life cycle.

0412022

Achieving carbon neutrality is not simply a vision
at ABB, it is a commitment [1]. With global tech-
nology sectors accounting for three quarters of
global energy consumption, carbon reduction is
an issue that ABB can do something about. Not
only is ABB reducing its own operational carbon
footprint by continuing to transition to renew-
able energy and vastly improving energy efficiency
inhouse, it is also undertaking everything it can
to help customers reduce theirs, without dim-
inishing productivity.

How does ABB actually help customers achieve
sustainability targets? By partnering with
customers, suppliers and other leading organi-
zations to reduce emissions, ABB actively works
to implement sustainable practices across the

ABB implements sustainable
practices across the entire value
chain and the lifecycle of their
products.

entire value chain and the lifecycle of ABB’s prod-
ucts and solutions. Such practices are especially

important for industries such as global shipping

and mission critical facilities eg, data centers,

POWERING SUSTAINABILITY 9

that require vast supplies of clean and reliable
power; by reducing their carbon footprint these
industries can reduce their environmental impact
while lowering energy costs.

In 2021, two of ABB’s products: SureWave, a static
frequency converter (SFC), designed specifically
for the shipping industry, and HiPerGuard
Medium Voltage (MV) Uninterrupted Power
Supply (UPS), designed for data center use,
secured the Product Environmental Profile (PEP)
Ecopassport® accreditation; this assessment ver-
ifies the environmental performance of products
throughout their life cycle, within an international
reference framework [2]. With such accreditation,
ABB enables their customers to make better
decisions about the sustainability of power
conditioning products based on established and
verified criteria.

Partnerships for sustainability

Together with PEP, an association of manufac-
turers, users, institutions and professional orga-
nizations, ABB demonstrates its commitment
to sustainability and the ability to anticipate
essential legislation [2].

Recently recognized as a permanent member
of the Environmental Footprint (EF) sub-group
of the European Union, PEP implements the
Ecopassport® program; this initiative verifies
stringent performance criteria throughout the

02
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electric and electronic components of a heating,
ventilation, air conditioning (HVAC) product’s life
cycle: manufacturing, distribution, installation,
use, and end-of-life [2]. By meeting reliability,
transparency, comparability and verification

In 2021, SureWave SFC and
HiPerGuard MV UPS secured the
PEP Ecopassport® accreditation.

of environmental performance indicators,
accredited products are fully aligned with the UN
sustainability program and various international
standards such as 1ISO 14025 and 1SO14040. The
Ecopassport® is thus, an important tool to help
customers choose appropriate suppliers based
on sustainability.

Winning power condition products

In addition to participating in PEP, ABB has
secured Ecopassport® accreditation for two
power conditioning products: SureWave SFC
and HiPerGuard MV UPS that achieve superior
results in their specific target industries. Each
of these products provides the end-customer

with the means to use cleaner power, reduce
CO; emissions and lower their energy costs
throughout the products’ entire life cycle - all
without having to sacrifice reliability, productiv-
ity, and overall cost-effectiveness.

HiPerGuard MV UPS

Data centers and other mission critical facilities
are now, more than ever, in need of clean,
continuous, energy-efficient, and reliable power
— minimizing major losses both in terms of
performance and finance [3]. Switching from a
low voltage (LV) to a medium voltage (MV) design
approach can help to attain these goals. More
reliability results from the MV design of larger
protected load blocks, lower switchgear count
and the general operation of MV voltage systems.
Moreover, installing power protection at the MV
level, results in the most energy efficient config-
uration: Lower currents mean smaller cables and
lower losses [4].

ABB’s HiPerGuard MV UPS, which secured the
Ecopassport® label in 2021, is the first industry
MV UPS to provide continuous and reliable power
supply of up to 24 kV, per block, for mission
critical facilities, such as data centers, to protect
servers and mechanical loads [3].



03 SureWave SFC tech-
nology can be applied
to the marine and
industrial sectors, eg,
container cargo ships,
anywhere conversionis
appropriate.

04 SureWave SFC unit.
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This MV UPS solution, launched in 2021, achieves
the highest energy efficiency on the market
today, thereby supporting customers in their
quest for sustainability. HiPerGuard can reach 98
percent energy efficiency (for the load spectrum
from 50 percent up to full rated load; and above
96 percent for a 25 to 50 percent load') at a
voltage up to 24 kV while eliminating power
outages and reducing carbon emissions. Such
energy efficiency could translate to a potential
carbon emission reduction of 1,245 tons over a
typical 15-year product lifespan?[3].

Thanks to its high-performance converters -
designed using ABB proprietary power electron-
ics technology, combined with the impedance
(Z) isolated static converter (ZISC) architecture
— HiPerGuard MV UPS ensures the regulation

of output voltage even during input supply
disturbances [5] thus, providing continuously
regulated, filtered power.

PowerExchanger is a feature of HiPerGuard; this
allows the UPS to interact with the grid to sup-
port the energy transition toward renewables.
ABB'’s HiPerGuard has advanced integration
capabilities with a wide range of backup power
systems including generators, slow-paced gas
generators and turbines [3].

POWERING SUSTAINABILITY 11

Combining the best of both worlds

HiPerGuard delivers all the well-known benefits of

a classic dynamic rotary UPS, including protection
against major grid events, yet has all the flexibility
and capabilities associated with modern static con-
verter systems. HiPerGuard is a high-performance
medium voltage UPS that addresses power quality

HiPerGuard addresses power
quality issues: protection is of-
fered against voltage sags, swells,
spikes and power interuptions.

issues: Protection is offered against voltage sags,
swells, spikes, and power interruptions. Overall,
downtime and power outages are reduced [5].

Beyond massive energy efficiency, protection
benefits, and integration capability, HiPerGuard
is scalable (up to ten UPS units can be connected
in parallel); this increases the overall system
capacity without adding complexity [4]. Further,
HiPerGuard has been designed for long term
system availability, only requiring intrusive main-
tenance every seven years.

All about trust

With the Ecopassport® label, customers can

also be assured that when they choose HiPer-
Guard they are choosing a power protection
product that fulfills international standards of
sustainability (eg, ISO 14025 and 1ISO14040) in
addition to meeting the same high specifications
associated with all of ABB’s power electronic
technologies: high efficiency and availability;
minimal maintenance and cost-effectiveness.

SureWave SFC

Despite being a cost-effective way of shifting
goods over vast distances, shipping is a source
of greenhouse gases and pollutants, accounting
for approximately 30 percent of total global NOy
emissions and approximately 2.6 percent of total
global greenhouse gas emissions [6]. The mari-
time industry is clearly under consistent pressure
to reduce their environmental impact: cleaner
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Main incoming substation

05a

Shoresides
substation

Power cables

05b

and more efficient power conversion solutions
can contribute significantly to reduce emissions,
especially while ships are berthed —03.

Looking at ships that rely on diesel generators
while docked to run cooling, heating, ventilation,
etc, without the ability to switch to dockside power
supplies in port, these vessels will emit high levels
of CO,, generate noise and damaging vibrations
meaning ship owners will possibly incur penalties.

SureWave SFC ensures the static, seamless,
transfer of power from a ship’s onboard genera-
tor to an onshore power source, eliminating the
need to use diesel-burning generators in port.
Such a seemingly simple task is in actual fact
rather daunting because there are two different
supply frequencies across the world, varying
according to country. For example: power grids
in Asia and Europe typically operate at 50 Hz,
whereas power grids in North America operate
at 60 Hz. Ships therefore require the means to

Berth terminal

Onboard installation

convert frequency in order to use portside elec-
tricity while berthed —05.

Sustainability verified

Like HiPerGuard, ABB’s SureWave is accredited
with the PEP Ecopassport®, having scored
leading results for the frequency converter.

This assessment measures SureWave’s sterling
environmental sustainability across its entire
lifecycle - from its manufacture and distribution
to its installation and use, all the way to its end -
of- life, thanks to ABB. By choosing ABB’s static
conversion technology, ship operators can easily
lower CO, emissions, ship vibrations and noise
pollution while in port; and eliminate any penal-
ties associated with using diesel burning genera-

During SureWave’s lifetime it
could potentially reduce opera-
tors’ CO, emissions by approxi-
mately 350 tons.

tors while berthed. During SurewWave’s estimated
15-year lifetime, ship owners’ and operators
could potentially reduce their CO, emissions by
approximately 350 tons and deliver operational
cost savings of approximately 1.4M USD* (com-
pared to traditional rotary systems over the
same interval) [6-7].

More flexible, stable and greener
The ability to stabilize both frequency and
voltage allows the proper operation of sensitive



05 Avariety of possible
applications include
shore to ship power,
onboard frequency
conversion, different
frequency grid connec-
tions, electrification of
shipyards and drydocks
etc.

5a Anillustration of a
shore-to-ship power
connection.

5b Anillustration of
an onshore power
connection.

Footnotes

* Assuming 25 percent
of the time at 2 percent
load, 50 percent of the
time at 50 percent load
and 25 percent of the
time at 75 percent load,
with no time spent

at 100 percent, the
average efficiency is
97.5 percent, rounded
up to 98 percent.

2 Using the reference
value of 295.8 g CO,
per kWh.

04|2022

equipment even when the supply is not ade-
quately regulated; this is an advantage over
conventional rotary frequency converter systems
[7]. Further, SureWave SFC has, like HiPerGuard,
added flexibility compared to rotary counter-
parts. The modular design of SureWave allows
higher power to be reached with a capacity
rating from 250 kVA up to 2.25 MVA.

Thanks to the smart controller, SurewWave SFC
can be connected in parallel with other voltage
sources, either generators or multi-SFC units. If
required, SureWave SFC can also support higher

These products provide the
end-customer with the means
to use cleaner power, reduce
CO, emissions and lower their
energy costs.

loads up to 10 MVA with multiple system parallel
connections. Parallel load sharing is attained

by using frequency and voltage droop profiles
programmed into the converters [7] = 05.

References
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Added flexibility is assured as SureWave can

be installed on the vessel or portside. It is the
ultimate static frequency converter for small to
medium port- and shipyard installations, and
marine vessels ranging from super yachts to
super tankers.

Better decisions

With the Ecopassport® label, customers can not
only be confident that HiPerGuard and SureWave
meet established sustainability criteria, they can
also make better decisions about their choice of
products to ensure a more sustainable future,
even as ABB moves further along its path toward
carbon neutrality. ®
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SACE INFINITUS FOR THE FUTURE OF ELECTRICAL DISTRIBUTION

One of a kind

SACE Infinitus, the premier all-in-one certified solution, gives new protection
perspectives for DC grids today and in the future. With power electronic,
mechanics, cooling, control, sensing and communication included, low voltage
fault protection and isolation issues reach a new level.
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With the electrical transformation in full swing
and expected to expand, efforts to reach carbon
neutrality are intensifying. DC power solutions
are expected to play an increasingly important

DC solutions are enabling the
electrification of a variety of
loads, thereby fostering the
integration of renewables.

role in electrical distribution systems — especially
for low voltage (LV) systems. Characterized
by high efficiency, compared to AC solutions,

DC solutions are enabling the electrification

of a variety of loads, transportation, industry
automation, heating, etc. This will foster the
integration of renewables and the deployment of
energy storage in the grid [1].

With economic benefits possible in various
applications, DC technology has high growth
potential; especially due to higher efficiency
and reduced energy costs, which are improved
by DC-coupled energy storage. Because of this
efficiency edge, DC application solutions are
increasingly applied to the marine transport
sector »01. And yet, important hurdles remain:
adequate fault protection and isolation.

The major challenge stems from the low-in-
ductive nature of high-power DC applications



01 DC distribution is
gaining in popularity
within the marine
transport sector
ranging from cruise
ships (shown here) to
cargo ships.

02 From traditional
IGCT bi-directional
arrangement to the
novel RB-IGCT of SACE
Infinitus.

03 Comparision of loss
of RB-IGCT against
other semiconductors

[71.

Traditional IGCT bi-directional

arrangement

04|2022

combined with additional high-power, directly-
coupled, energy storage. In case of a short cir-
cuit, due to low inductivity (and low resistivity),
the rise-time of the fault current is dramatically
shorter than in AC applications: several micro-
seconds or less —a significant challenge for a
typical circuit breaker. To limit and extinguish the
fault current, the device must quickly build up a
counter voltage that matches, at least, the nomi-
nal operation voltage of the system. Existing DC
and AC systems with electromechanical circuit
breakers use arc quenching mechanisms to split,
cool and dissipate the arc energy generated, via
an arc chute. Despite this being an appropriate
current interruption for most applications,

this process requires tens of milliseconds to
clear a fault - too slow for these emerging DC
applications.

Instead, solid-state circuit breakers (SSCB) rely
on microsecond-fast power semiconductor
devices to achieve the required open-circuit dis-
connection and enable ultrafast and safe current
interruption suitable for the aforementioned
fast-rising current in DC [2-3].

Intended to enable the DC electrical systems of
the future, thereby paving the way for the sus-
tainable energy transition, ABB developed SACE
Infinitus, a unique solid-state circuit breaker —

Novel RB-IGCT
SACE Infinitus

Diode A-IGCT

A-IGCT Diode

RB-IGCT

RB-IGCT (single device)

02

—— IGBT+diode
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4,000
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the premiere, all-in-one-device that solves these
fault protection and isolation issues [1].

RB-IGCT - a winning solution

Compared to conventional circuit breakers,

one historical hurdle to the adoption of SSCBs has
been the higher on-state losses resulting from the
higher voltage drop across the power semicon-
ductor, compared to the typically small resistance
of the contacts inside an electromechanical
breaker. Apart from the impact on efficiency,

Adequate fault protection and
isolation is an important hurdle
to applying DC application solu-
tions to the marine sector.

another drawback of increasing losses is the need
to remove the dissipated heat; even an effective
cooling system will result in an undesired increase
of size, complexity and costs [3].

The insulated gate bipolar transistor (IGBT)
technology can turn on and off rapidly, making it
extremely effective at switching, as well as easy
to control; IGBTs are state-of-the-art in converter
technology. Nevertheless, they exhibit high
on-state losses in circuit breaker applications —

a serious challenge at high nominal currents.

ABB introduced the integrated gate-commutated
thyristor (IGCT) in 1996 in the context of MV
power converters [4]. The IGCT integrates a low-
inductance gate driver with a fully controllable
gate. This enables the semiconductor to conduct
current with very low losses, similar to a thyristor,
while being able to turn on and off like an IGBT or
a transistor [3-6]. This is a good foundation for a
solid-state circuit breaker.

SACE Infinitus goes even further; it employs a
special reverse-blocking IGCT (RB-IGCT) that
integrates a thyristor and a diode in series for
protection against reverse voltage all within the
same silicon wafer. This wafer-level integration
results in a best-in-class low on-state voltage
drop. A second anti-parallel RB-IGCT is used to
enable conduction and turn off of bi-directional
currents »02 [6]. The result is 70 percent lower
power losses compared to an equivalent IGBT's
conduction—03 [7]. Consequently, ABB’s IGCT
solution features efficiency up to 99.9 percent,
at 1kA, 1kV compared to 99.5 percent for
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IGBT-based solutions —»03 [6]. This translates to a
70 percent reduction of power losses and related
carbon footprint.

Employing this optimized RB-IGCT solution, ABB
presented its ground-breaking solid-state circuit
breaker concept to the public at the Hanover Fair
in Germany in 2019 [7].

All-in-one design

Beyond overcoming the challenges of developing
an optimal semiconductor and cooling system,
integration is key. In 2022, ABB unveiled the
revolutionary SACE Infinitus - 04 — the premiere
all-in-one protection solution that achieves the
seamless integration of all necessary compo-
nents — power electronic, mechanics, cooling,
control, sensing and communication - to create
an installation-friendly and compact all-in-one
solution. Through simplicity of design, ABB
aimed to minimize efforts and thus, cost gen-

Unveiled in 2022, SACE Infinitus,
with an optimized RB-IGCT, is
an all-in-one protection solution
that resolves fault challenges.

erated during the product deployment phase,
compared to a custom-built complex and error-
prone compound device solution. With SACE
Infinitus, it is no longer necessary to provide
space, and logic to coordinate an external switch
for galvanic insulation, required for maintenance;
this significantly improves ease-of-installation
and safety, and lowers costs.

Despite significant challenges arising from the
integration of such a broad variety of technolo-
gies, ABB created the first-of-its-kind solid-state
breaker solution. The compartmentalized design
within a single frame means the footprint is
compact, and the breaker is easy to install, main-
tain and service. The well-established draw-out
racking system is deployed in two mobile parts:
one comprising the power electronics, with the
integrated liquid cooling and the quick shut-off
couplings; and the second containing the switch
for the galvanic isolation ~04.

SUPPLY & PROTECTION

Moreover, communication modules based on
ABB’s Ekip can be plugged-in, allowing inte-
gration of the SSCB into digital systems. The
integrated voltage and current sensors of the
breaker enable the continuous monitoring of the
electrical parameters, including power.

Cooling made simpler

While conduction losses are significantly lower in
SACE Infinitus compared to IGBT solutions, they are
not trivial, about 3 kW for a circuit rated at 2,500 A.
To keep the temperature of the semiconductor
junction (where the highest temperature occurs
during operation) in the safe operating area (SOA),
integrated cooling is essential. For the package of

a conventional IGCT, the power terminals also serve
as thermal interfaces, enabling the cooling of the
core. This comes at a cost; the cooling system must
be insulated; typically with an insulating cooling
fluid eg, deionized water for MV motor drives. But,
cooling with deionized water can be impractical
since it requires a purification circuit to be added to
the system.

In response, ABB developed an innovative
solution to alleviate space and weight issues yet
insulate and cool without the disadvantages of
the complexity of commonly-used approaches
—04. In SACE Infinitus, the thermal management
concept is based on aluminum-nitride cold plates
that combine electrical insulation and high
thermal conductivity, achieving properties close
to that of aluminum. Thus, the cooling liquid can
be the well-known mixture of water and glycol
obviating the need for additional equipment and
reducing complexity.

Establishing control and protection

The SACE Infinitus control and protection func-
tionality stems from a microprocessor-based trip
unit that fulfills both the conventional “slow” long
range, short range, instantaneous and ground
fault (LSIG) protection, in timescale of millisec-
onds and seconds, and the ultrafast short-circuit
protection in the timescale of microseconds
—04. Moreover, it ensures the crucial interplay of
the power electronic and the electromechanical
isolation switch of the SACE Infinitus. Ultrafast
current measurement, a prerequisite yet chal-
lenge in DC systems, required the development
of dedicated current transducers using Hall-
effect sensors: the bandwidth is high enough to
discriminate current transients up to 80 A/pus.
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One solution - unlimited protection — an eco-

nomic advantage

Deployment of SACE Infinitus as a highly inte-

grated protection device means:

- extremely fast breaking time — 100 times
faster than traditional protection systems, and
maximum service continuity

- isolation of the faulty zone - avoids full system
shut down

« near zero arc energy exposure; this mitigates
the risk of arc flashes

- maximal energy efficiency thanks to new
switching technology with the lowest power
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losses in the semiconductor-based breaker
category
« more than 100 times better endurance -
extraordinary electric life to match the future
demanding needs of microgrids
As aresult, ABB’s customers benefit from total
system efficiency with lower cost of ownership
and improved availability as they transition to
sustainable energy.

Setting the standard

The SACE Infinitus circuit breaker is the world’s
first breaker certified according to IEC 60947-2
based on semiconductor interruption technology.
Intensive work is underway to develop further
specific standards. With their SACE Infinitus
solid-state breaker project experience, ABB is
co-driving the development of a new specific IEC
standard - project PT60947-10 - for solid-state
breaker technology (DC and AC applications)
with an expected release in 2025.

ABB’s technology is the world’s
first IEC circuit breaker based on
solid-state technology; it offers
nearly infinite possibilities.

Marine application

The marine segment is an early adopter of DC
onboard grids with ABB at the forefront of this
enabling technology. With energy savings up to
20 percent, ever more vessels are being designed
with DC distribution systems.

In »06 a bus tie breaker connects the starboard
and portside sections; this typically allows an
optimal usage of the power generators. If a fault
occurs, the sections must be protected by the
circuit breaker to prevent a total outage and
ensure service continuity by disconnection of the
faulty section. In situations that are too challeng-
ing for traditional technology due to the high and
fast rising (in milliseconds) short circuit currents,
ABB’s SACE Infinitus excels.

With low losses, arc-free, ultrafast current inter-
ruption speed, SACE Infinitus is ideal for prevent-
ing severe risks to people and assets. Elsewhere,
when fault current is not the only major concern,
it provides the fast protection needed to prevent
the DC bus voltage from dropping to a level at



05 Ultra-fast fault
current interruption
principle based on
SSCB technology.

06 Example of aDC
distribution grid in
amarine vessel with
SSCB as bus-tie circuit
breaker.
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which the system becomes inoperative, ie, by the
capacitors of the DC bus discharging. The DNV
certification, relevant for marine applications, will
be available for the circuit breaker.

With DC toward the future

The applications for ABB’s new solid-state

circuit breaker go beyond the marine transport
sector, enabling a new level of sustainability. This
revolutionary breaker will impact the evolution

SACE Infinitus has the potential
to generate new perspectives
for building DC grids in a safe
and economical manner.

of electrical systems for ground transportation.
The pilot installation of dynamic road-side
EV-charging and a novel industry application
that improves energy efficiency are some of the
examples currently underway.

SACE Infinitus is a core component for mastering
the challenges of DC protection; it has been cre-

ated for high current DC applications with a view
to the future; providing switching, insulation and
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With power electronics and advanced software
algorithms that control the power, interrupting
extreme currents lightning-fast, ABB’s customers
will be positioned to address the challenges of
future energy requirements. With its simple and
safe design, allowing ease of system integration,
and ultrafast protection, SACE Infinitus satis-
fies the needs of new emerging applications
economically.

By introducing an ultra-fast breaker solution
that enables next-generation DC architectures,
ABB demonstrates their commitment to the
sustainable transformation of electrical energy.
SACE Infinitus is the world’s first IEC circuit
breaker based on solid-state technology, and it
has the potential to generate new perspectives
for building DC grids in a safe and economical
manner; this innovative all-in-one device offers
customers nearly infinite possibilities. ®

DC protection in a single compact device up to
arating of 2.5 kA at a rated voltage of 1000 VDC.
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INVESTIGATING THE AZIPOD® PROPULSION SEALING SYSTEM

Sealing the future
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01 Azipod® propulsion
(shown here) does

not require a separate
shaftline, rudder, stern
thrusters or associated
auxiliary systems; it

is suitable for vessels
ranging from ferries, to
cruise ships, cargo car-
riers and icebreakers.

Using multiphysics mod-
eling to understand the
operation of the current
Azipod® sealing system,
ABB is able to create
guidelines to help propel
the design of this world-
class propulsion system
to the next level.

With capability to sustain performance
even under the harshest marine envi-
ronments, ABB’s Azipod® propulsion
system represents the best-in-class

in propulsion technology on the
market today. The performance of the
sealing system is crucial to the reliable
operation of this system. Recognizing
this, ABB’s experts are working
together to push the boundaries of
seal performance beyond current
limits. Azipod® experimental experts
and multiphysics modeling research
scientists embarked on a collaborative
investigation to dive deeply into the
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complicated physics of the sealing system; this is
the account and the results of their journey with
a view to the future.

Azipod® propulsion: a history of innovation
Launched more than 30 years ago, ABB’s Azipod®
propulsion system leads the global marine pro-
pulsion shipping market today. With the electric
drive motor situated in a submerged pod outside
the ship hull »01-2, the Azipod® system can
rotate 360 degrees; this significantly increases
the maneuverability and operating efficiency of

SUPPLY & PROTECTION

a vessel and reduces fuel consumption by up to
20 percent compared to conventional shaft-line
systems. Because both the pod motor and its
shaft are located completely outside of the ship‘s
hull, the pulling propeller receives a steady undis-
turbed wake field; there is practically no vibration
during maneuvering, and both noise and vibra-
tion from a stern thruster are eliminated.

For example, the hybrid-electric exploration
cruise vessel, Le Commandant Charcot fitted
with two ABB’s Azipod® propulsion units -01-3,
is not only the first exploration cruise vessel to
reach the geographic North Pole, this vessel ini-
tiates a new era of sustainable and comfortable

ABB’s Azipod® propulsion
system represents the best-in-
class in propulsion technology
on the market today.

cruising in extreme environments, eg, icy waters.
Eliminating noise and reducing vibrations,
increases passenger comfort and safety; and
thanks to the enhanced Azipod® system’s maneu-
verability, the vessel navigates smoothly, cruising
in zero-emissions mode while exploring remote
locations (here, the Azipod® propulsion system
has a combined power of 34 megawatts).




©Nicolas Dubreuil

Photo fig. 03:

02 Azipod® propulsion
is shown.

03 Le Commandant
Charcot with ABB’s
Azipod® propulsion
system is the first
exploration cruise
vessel to reach the

geographic North Pole.
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Exemplary performance

To ensure the smooth performance of Azipod®
systems, the condition of the sealing system
requires regular intense scrutiny, as vibration can
have an effect on the sealing system. The sealing
system comprises a series of elastomer seals
mounted on the propeller shaft, which contain
sealing oil between adjacent seals; this ensures
high quality lubrication and cooling of the sealing
system — so necessary for superior performance.

Although the currently used sealing technology
for ABB’s Azipod® propulsion system exhibits
high performance even under adverse condi-
tions, eg, during the vibration imposed by ice
formations encountered by vessels, such as that
experienced by ice-going vessels like Le Com-
mandant Charcot and ice breakers, it is worth-
while to push the boundaries of safe and reliable
performance to the highest possible limits. Given
the ever-worsening and unpredictable climatic
conditions observed [1], coupled with today’s
stringent global norms [2], ABB believes this to
be essential.

Innovative approach

Whereas much of ABB'’s expertise concerning
Azipod® sealing systems is based on experience,
advanced computational techniques, eg, multiph-
ysics modeling, can help garner insight into seal
physics for improvement. In mid-2021, ABB began
to delve into the advanced physics and functional
aspects that underly the Azipod® sealing system.
ABB set out to pinpoint the parameters that
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influence performance, through experimental
tests and modeling, to understand the factors
that impact operation of the current sealing

To ensure smooth performance
of Azipod® propulsion systems,
the condition of the sealing sys-
tem requires intense scrutiny.

system; to develop guidelines to optimize oper-
ational parameters and to improve the sealing
system for the future.

ABB’s holistic approach

Extensive tests were designed and performed

on a sample Azipod® sealing system, housed

in an ABB testing facility which would yield
realistic information about the parameters that
influence performance. In parallel, multiphysics
models, which comprised a sequence of CFD
(computational fluid dynamics) and structural
dynamics modeling, were developed to simulate
the performance of the sealing system under
various, yet, specific conditions. In this way, ABB
sought to bring forth a holistic view of critical
parameters, such as oil flowrate, pressure,
temperature and structural stresses. Critical
analysis of the modeling results would yield
invaluable knowledge regarding the complicated
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SMART TEMPERATURE MONITORING RELAY

Taking the
temperature

Continuous temperature monitoring with ABB’s new CM-TCN relays helps
protect critical assets from expensive failures. The CM-TCN sets a new
benchmark in ease of use and efficient setup. An embedded communication
interface means the relay can be enabled easily in ABB Ability™ Energy and
Asset Manager.



01 The CM-TCN relay.
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Temperature measurements are of interest in
almost every industry because they help users
understand and predict asset health. To help
extend the advantages of temperature monitor-
ing to more equipment and installations, ABB has
introduced the CM-TCN temperature monitoring
relay »01. The CM-TCN is equipped with up to
three sensor circuits that accommodate inputs
from common temperature sensor types and pro-
vide a convenient way to measure temperature
locally. Relay outputs can execute appropriate
actions when a particular temperature threshold
is crossed. The relay can be set up via a smart-
phone or the integrated LCD and can connect

to the cloud and ABB Ability Energy and Asset
Manager to provide complete remote visibility

of asset and electrical system behavior.

LCD for easy reading and parametrization
Ease of readout and setup were main consid-
erations in the CM-TCN design philosophy. A
back-lit LCD mounted on the front of the relay
displays the currently measured values and
maintenance data. The unit’s symbol-based
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menu structure can be accessed by depressing
and turning the push-rotate button below the
display with a screwdriver -»02. A symbol-based
interface eliminates language localization issues,
increases efficiency in after-sales support and
makes it easy to set thresholds and parameters.
Password-protected access and a parameter lock
improve security.

Event history, an operating hours counter, device
statistics and other data are accessible from the
menu. The relay offers predefined factory profiles
(settings) to shorten installation times for fre-

Temperature measurements are
of interest because they help
users understand and predict
asset health.

quently used applications such as temperature
monitoring of transformers, or bearings and
windings of electric motors. Parameters can also
be individually set and saved in one of four user
profiles. Further, an inbuilt simulation function
lets the customer check that the relay setup is
correct before it goes live.

Parametrization via a smartphone app
ABB'’s Electrification Products intuitive Configu-
rator (EPiC) is a free smartphone app that allows






02 The CM-TCN relay
can be configured from
asmartphone. The LCD
home page displays
current readings. Any
data available via the
LCD is also available via
the app.
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+850 °C covers almost all conceivable applica-
tions. The relay itself can withstand an ambient
temperature range of -25 to 60 °C.

The relay’s threshold settings are very flexible.
Pre-alarm and alarm thresholds may be set
according to application needs. For example, the
first relay circuit can be assigned as a pre-alarm,
the second as an alarm and the third as a sensor
error alert. Nine signals are available for assign-
ment to allow various combinations of tripping
thresholds.

CM-TCN relays offer seven preconfigured factory

profiles for the following applications:

- Motor winding protection with Pt100 sensors
(factory profile 1 and factory profile 3)

« Motor bearing supervision with Pt100s (factory
profile 2)

- Motor winding protection with PTCs (factory
profile 4)

« Transformer supervision with Pt100s (factory
profile 5)

« Transformer supervision with PTC thermistors
(factory profile 6)

« Individual temperature supervision with
PT100s

For example, factory profile 5 allows trans-

former supervision with three escalation steps.
Threshold 1 is set to 130 °C and if the threshold
is reached, relay 1 trips, which starts ventilation

Temperature monitoring en-
sures that applications remain
operational and asset lifetime is
improved.

for cooling the transformer. Additionally, a cyclic
switching function is assigned to relay 1 to
switch the relay once a week for 15 min to keep
the fan from clogging.

Threshold 2 is a pre-warning at 140 °C and a trip
of relay 2. In addition to the threshold config-
uration, the sensor error signals are assigned

to relay 2. A wire break or short-circuit in the
measuring circuits will then cause relay 2 to trip.
Threshold 3 is a critical temperature of 155 °C,

at which value the transformer will power off by
means of relay 3. Relays 1 and 3 operate as nor-
mally open contacts (ie, an open-circuit principle)
and relay 2 as normally closed (closed-circuit).
All relays automatically reset when temperatures
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drop below the threshold values, taking hystere-
sis into account.

The operating logic and the settings are dis-
played in »03.

If the factory profile settings do not fully 