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By Mika Koli

ince the boom of the NdFeB mag-
Snets industry, the usage and po-

tential applications for permanent
magnet machines have grown exponen-
tially to the detriment of traditional in-
duction systems. [n special applications
like elevators, cranes, hybrid vehicles
or renewable energy, permanent mag-
net machines have already become the
preferred technology. In the marine sec-
tor, they are now starting to be the main
competitor to mainstream solutions,

The development of permanent magnet
materials has progressed quickly during
the past few decades. First, the materials
were based on cobalt-tungsten-chromi-
am iron alloys. Aluminium-nickel-co-
balt alloys were discovered in the 1930s,
but the development of samarium-cobalt
in the 1960s, and finally neodymium-
iron-boron based magnets (NdFeB mag-
nets) in the late 1970s, made it possible
for electrical motors to benefit from per-
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manent magnet materials.

Ever since, NdFeB magnets have been
generating a great amount of interest
among leading industrial players, thanks
to their high level of energy density as
well as other useful material properties,
like corrosion resistance and tempera-
ture tolerance. [n particular, the large
remanence and coercivity of SmCo and
NdFeB magnets have led to the applica-
tion of these materials in industrial mo-
tor and generator drives.

Although standard induction machines
(IM) have ruled the electric machine
business for years. the exceptional possi-
bilities offered by NdFeB magnets have
led to a consistent, spectacular growth of
their production and utilization around
the world.

A synchronous PM machine contains
Neodymium-Iron-Boron (NdFeB) mag-
nels, which are materials with a very
high flux density. This makes them ideal
for variable-speed motors and generators
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throughout the entire speed range, sig-
nificantly cutting back on fuel consump-
tion. A PM machine is typically 2—4%
more efficient at full load and 10% more
efficient at part load when compared
with induction machines. These efficien-
cies result from a lack of current losses
in the rotor, the absence of an exciter and
reduced winding losses.

Induction machines have relatively
good performance above ~ 1000 rpm, but
are typically not very good at low speeds
due to increasing rotor losses based on
the relative slip of the rotor. This slip is
dependent on the torque.

As an example, where a 50 rpm slip
with constant torque means, at 3000
pm, only a 1.7% relative slip causing
a ~1.6% reductjon in efficiency, it rep-
resents a 17% relative slip at 300 rpm,
dramatically reducing the efficiency by
17%. PM machines do not have slip and
thus the “slip-loss™ component of the ro-
tor is non-existent. In high-power appli-
cations at 300 tpm, it is therefore possi-
ble to achieve efficiencies of about 98%.
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Besides high efficiency for a large
speed range, the main reasons to select a
PM machine are low speed and the need
for speed control. To handle highly fluc-
tuating load cycles, guarantee longer en-
gine life, cut back on fuel consumption
and reach lower exhaust values, adjust-
able speed control is ideal. The Switch
integrates a frequency converter in the
drive train package to offer the accu-
rate and adjustable speed control needed
for dynamic positioning and demand-
ing load cycles in offshore and special
vessels. This avoids the low or no-load
running of generators, which minimizes
engine heat stress, reduces fuel con-
sumption and eliminates undesired start/
stop engine cycles.

Using adjustable supply frequency
also allows full speed control of the ma-
chine, Generally with 4Q control and an
external cooling arrangement, the speed
torque curve of a PMSM is a box (Fig-
ure 1) that covers the whole speed torque
range.




PM machines offer special seafaring
vessels the opportunity to lower opera-
tional costs by aptimizing the fiiel eqn-
sumption of the diesel engine. Ships
olten use diesel genertors, not only
to provide auxiliary power for normal
consuniption, but also indirectly for the
main propulsion. There are two different
main types of diesel engines: 2-stroke
and 4-stroke. The main difference from
the generator point of view is the rota-
tional speed. The 2-stroke engine has a
rated speed from 50 to 200 rpm, while
a 4-stroke engine is typically above 500
rpm.

Two-stroke engines in marine are
mainly used for propulsion. But as the
power generation may be integrated into
the main propulsion system, it has to ap-
ply the samie speed as the main engine or
the revalitions have to be mised with a
step-up gearbox.

The Switch manufactures both direct-
driven shaft generators in frame sizes
of 1000 and 1500 and high-speed gen-
erators in frame sizes from 450-710.
So-called shaft generators are direct
drives built around the main propulsion
shalt, which are part of the main propul-
sion line, High-speed machines (—| 500

1pm) are connected to the propulsion |

line through the gearbox. In addition to
power generation, machines may also be
used for electric propulsion. In such cas-
es, separate auxiliary generators produce
the propulsion power. These auxiliary
generators are typically 4-stroke diesel
engines.

At the end of February, WE Tech Solu-
tions placed orders for two PMM 1000
M shaft generators from The Switch
with the option for an additional two
to be used in future WE Tech Solutions
projects. WE Tech Solutions utilizes the
PM machine both as generator and mo-

nes. For this type of vessel, the ability (o
switch to the Take Me Home mode pro-
vides Auxilinry Propulsion Drive (APD)
in the same package is key, The solution
provides considerable fuel and service

cost savings achieved from having the
auxiliary generators turned off when in
sailing mode.

PM machines are also known for their
unmatched design flexibility. Thanks to
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the high power density, PM machines
can pack more power in a package that is
far more compact, lighter in weight and
smaller in size compared with induction
machines.
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tor in their direct-drive permanent mag-
net shaft generator solution. The solu-
tions will be delivered by WE Tech to
Besiktas Shipyard in Turkey for instal-
lation in two 15100 DWT asphalt car- |
rier new buildings recently ordered by

Canadian ship owner Transport Desgag-
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Mika Koli works as the Business De-
velopment Manager for Marine at The
Switch. One of his main responsibiiities
is to help develop the advanced drive [
train technology for marine applica- !
tions based on permanent magnet and
frequency converter technology. J
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