TM4

Cross-industry

innovation
As the automotive world continues to spearhead e-mobility development,
the marine industry is applying these pioneering technological
breakthroughs to advance its own e-propulsion solutions
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EXHIBITOR

A

s the high-tech electric propulsion
marine market moves from large
commercial applications to smaller,
more affordable systems, component suppliers
and systems integrators are teaming up to
offer a growing array of environmentally
friendly solutions to commercial fleet
operators as well as the recreational boater.
This shift is largely made possible via R&D
investments directed to the automotive and
other ground transportation vehicle markets,
as the marine industry alone would not be
sufficient to support the drive
to improve components and subsystems to
the level of performance required.
Most people are aware of the huge advances
the automotive world has made in the energy
storage field, however advances in the arena
of electric motors and power electronics are
equally impressive, and without them today’s
systems performance would not be possible.
Highly sophisticated technologies, such as
permanent magnet electric motors, are now
becoming increasingly popular and, even if
the cost still might come at a slight premium,
their long-term benefits at the operating and
maintenance cost levels are very attractive.
In fact, automotive components are
essential to the growth of the marine
e-propulsion sector in more ways than one.
In addition to the level of investment only
a high-volume market like the automotive
industry can dream of, the stringent quality
standards demanded by the car industry are
essential to the growth of marine e-power.
Unfortunately, in recent years the industry
has seen poorly integrated systems using
unsafe components cause serious incidents
that generate concern about high-powered
electric recreation vessels. Clearly, quality
components and dedicated systems

integrators are key to bringing safe and
reliable e-propulsion systems to the marine
industry. Moreover, even though a great
reduction in fuel consumption can be
obtained via the installation of hybrid
systems, the complexity of this kind of
architecture makes the technology a
latecomer in the recreational marine market,
as most small integrators do not have the
technical and engineering expertise to
integrate these systems into their products.
In addition to the availability of such
components, TM4 has noted the trend
of more elaborate e-propulsion system
architectures being adopted in the marine
market. For example, using a DC bus is
common practice in the automotive sector
and is a trend that is now being observed in
the marine market, thereby opening new
possibilities in energy management. Although
these sophisticated system architectures are
now being used mainly in larger vessels, TM4
anticipates that this knowledge will be put
to use in small and medium-size boats in the
near future.

A tradition of innovation
TM4 has been at the forefront of electric
traction system development since its
inception. The company’s quest for emissions
footprint reduction and improved
performance started more than two decades
ago with its first external rotor architecture
electric motor or, as it was called then, the inwheel motor. This early pioneering research
and development work by a team of dedicated
engineers and scientists opened the way for
lighter, more efficient motors to be realized
and led to the battery electric cars seen on the
road today – a trend that continues to grow in
all key markets.
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Optimizing critical technical characteristics, such as
weight, size and efficiency, has always been a priority at
TM4. In fact, the company exceeded the 2015 power
density and specific power objectives of the US
Department of Energy in 2011. TM4 holds numerous
patents in this field and its proprietary Reflex technology,
which gives better control of overvoltage across the
insulated-gate bipolar transistors (IGBTs) of the electronic
motor drive, has been key to bringing this kind of
performance to market. Reflex also helps to radically
reduce losses during switching, which permits optimized
use of the IGBTs.
E-motors are a niche market for transportation vehicles
and this is especially true in the marine industry. The
biggest challenge component manufacturers face is
justifying the cost of developing electric motors for a
low-volume market. TM4 is overcoming this important
challenge by implementing a family of products that have
common parts and hence a lower overall development
cost. In addition, optimizing material quantity and
improving its manufacturing methods are at the forefront
of TM4’s effort to reduce unit price.
After successfully bringing to market a high-speed
motor intended for light passenger car applications, TM4
entered into a new phase and set its sights on light- to
heavy-duty truck traction systems via the development of
the Sumo product family. This series consists of multiple
motor and controller combinations that offer cost-effective
solutions to vehicle electrification, therefore helping
OEMs to reduce emissions and improve fuel efficiency.
These high-torque/low-speed motors are also especially
suited to direct-drive configurations in the marine market

Main image: LTS
Marine has proved its
application design and
integration skills on
more than one occasion,
such as with a fully
electric wakeboard boat,
the Super Air Nautique
230 E, which has
been developed in full
collaboration with boat
maker Correct Craft
Inset above: The Sumo
MD, one of the new
direct-drive powertrains
launched by TM4
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and, by directly driving the propeller, aspects such
as efficiency, reliability and maintainability are
greatly improved.
Being designed for hybrid buses, trucks and other
heavy-duty applications, these motors are highly
suitable for pleasure craft and the commercial boating
sector. In fact, TM4’s leading marine systems integrator,
LTS Marine, now offers powertrain solutions with outputs
as high as 280kW and 3,400Nm of torque on a single
propeller shaft.
Having been involved in electric propulsion systems
development for more than five years, LTS Marine has had
the opportunity to work with multiple technologies and
has always focused on partnering with dynamic and
forward-looking component suppliers involved in the
automotive market. As such, the advent of the Sumo
product family is opening new horizons for the
organization. And with the transversal shaft option that
TM4 offers on some models, these motors benefit from
the possibility of being coupled in an in-line architecture,
therefore providing high continuous power potential and
greatly increasing the top speed capabilities of medium to
large vessels. Workboats such as ferries, trawlers, crew
ships and tugboats are just some of the vessels for which
the Sumo product family is particularly well suited. As
regulations around the world become more stringent and
environmental concerns more immediate, the need for
green propulsion alternatives in the marine industry is
becoming increasingly urgent. It is here that LTS Marine
foresees great opportunities.
Even vessels with high-speed requirements that use gas
turbines for their main propulsion could benefit from the

TM4
Sumo product family. Increasing fuel efficiency is
imperative, as the cost of fuel is continually rising and
vessels like these suffer from a huge efficiency loss when
operated at low speed. What’s more, this type of usage
counts as a large percentage of their overall use. Thus,
taking advantage of the in-line coupling capability of
Sumo makes it possible to shut down the main engine at
low speeds and operate the ship on full electric power.
Hybrid propulsion can also be interesting for dieseldriven ships, as diesels tend to have coking problems
when operated at low speeds for an extended period
of time, therefore reducing overall maintenance costs
resulting from the deposits.

are greatly minimized, therefore resulting in lower failure
and maintenance. The maintenance aspect is also reduced
greatly because of the simplicity of an electric powertrain;
it essentially has very few moving parts. Additionally,
cooling liquid can be maintained at a much lower
temperature in a marine environment. This is an
important fact since cooling has a direct influence on
the performance of the powertrain. By reducing liquid
temperature to 25-30°C, LTS Marine has been able to run
TM4 motors continuously at their peak performance
rating. In some cases, twice the amount of continuous
power is available. This is an important fact to consider
and is exactly why electric powertrain systems need to be
promoted differently in the marine market.
As technologies that will make the marine industry
more energy efficient are continuously developing and
becoming more cost-effective, it is important that boat

Proven technologies
LTS Marine has been very successful in developing highspeed motors by coupling two motors to a single
proprietary gearbox to provide a maximum output of
160kW and 900Nm. Even though this architecture is very
compact and perfectly suited to smaller craft, the extra
torque and slower rotation speeds of the Sumo product
family are also ideally suited to larger vessels. Every motor
in this family can also be used as part of an extremely
efficient and compact in-line hybrid system by coupling
it to a generator. Such systems and setups are key to
entering the commercial market by offering the autonomy
for long cruises and, depending on the installed battery
capacity, the capability for extended full electric use.
Further more, these systems provide not only better fuel
efficiency but also all the other advantages of operating a
vessel on full electric power.
In fact LTS Marine is actively engaged in many projects
that use the Sumo product family. One such example
is the development of a 30- to 50-people aluminum
catamaran propelled by two Sumo motors. This vessel will
be outfitted to the particular needs of each client and be
able to cruise on full electric power at 15kts for three
hours under full load. Should the autonomy provided by
the installed battery capacity not be sufficient, it can also
be configured as a hybrid vessel to deliver extended range.
One aspect often not considered is that operating
conditions inside the boat are far less demanding than
inside ground vehicles. For instance, vibration and shock

Right: Sumo systems
are optimized for high
efficiency at low rpm. The
chart shows the combined
efficiency map of the
LSM280 motor and the
CO300 inverter. As
outlined, greater than
90% combined efficiency
is achieved on a large part
of the operating cycle

manufacturers develop the necessary know-how required
to keep up with this technological shift. By pooling its
state-of-the-art technologies with LTS Marine’s industry
expertise, TM4 is proving that a strong partnership and
a committed team can successfully bring new powertrain
technologies to the marine industry. Both companies
have always been committed to a greener tomorrow by
designing, developing and building products as well as
delivering services in harmony with nature and the
environment. As partnership opportunities expand, other
companies that share the same values are welcome to
come onboard.
TM4’s products are currently manufactured on its
multipurpose semi-automated production line in
Boucherville, Canada, as well as in Beijing through its
Chinese joint venture Prestolite E-Propulsion Systems,
which has just commissioned a high-volume production
line for the Sumo powertrain systems.
Left: A printed
circuit board in one
of TM4’s inverters
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