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Subject to changes and errors. The information given in this document only contains general descriptions and/or performance features
which may not always specifically reflect those described, or which
may undergo modification in the course of further development of
the products. The requested performance features are binding only
when they are expressly agreed upon in the concluded contract.

2 SPEEDS,
1 STEP AHEAD
Switch to efficiency during every journey
with NAVILUS 2-speed gearboxes.
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2-SPEED MARINE GEARBOXES
OF THE 3RD GENERATION

Flender offers NAVILUS
2-speed gearboxes for ships which …
• need different driving modes,

Flender 2-speed gearboxes have been in operation for many
years now. Because the demands vary, making almost every
gearbox one of a kind, the experience gained designing different
solutions for different types of ships flows into the design of the
next gearbox.
There are now 38
Flender 2-speed
gearboxes running
reliably worldwide.

Flender’s reference solutions comprise
gearboxes between 1,800 and 10,800 kW
with center distances ranging from 710 to
1,250 mm. These are 2-speed gearboxes
for product tankers with class n
 otation
APS, research vessels, fishing vessels
and rescue ships in either single or
double gearbox versions.
It is important to understand the require
ments and turn these into solutions.
Flender has been building high-quality,
reliable, standardized and specialized
gearbox solutions for a wide range of
applications for decades. These are developed on the basis of the well-known
and established NAVILUS® gearbox and
its high level of quality.

In doing so, Flender places great value
on the dialogue with its customers (shipyards and OEMs) and operating companies. At the same time, it recognizes that
it is important to pool, retain and expand
its expertise. Flender customers know
that it takes their demands seriously and,
in addition to standard solutions, can
develop customized solutions based on
its tried-and-true quality.
In the marine propulsion technology
sector, one gearbox with two operating speeds helps a ship’s main engine
to o
 perate over long periods at the most
efficient operating point possible and
at the same time reduce emissions to a
minimum. This is especially important for
applications with multiple uses, i.e. different propulsion profiles. The central
objectives are the lowest possible operating and life cycle costs, minimum
environmental impact, smooth and quiet
operation, reliability and safety.

• require an alternative drive system (redundant system, emergency system),
• are to be propelled by a hybrid drive (parallel drive consisting of a diesel engine
and an electric motor).
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2-speed gearbox solutions
for the reference customer MAN.
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REDUNDANT SYSTEMS AND
VARIABLE-PITCH PROPELLERS

We have been at home in the
marine propulsion technology
sector for decades and offer
innovative solutions based on
our vast experience.

A “hybrid solution” using a PTH (power
take-home) presented itself early on as a
way of keeping a ship maneuverable in an
accident or other emergency situation.
In the case of an engine failure, the e
 ngine
can be disconnected from the propeller
shaft and the propeller driven by redundancy from the on-board power supply.
But the power supply in this case is admittedly not uniform with that from the
main engine. Given the heavy weight, high
reaction torque and non-homogeneous
wake field of the propeller, the smaller
electric motor quickly reaches its limit.
As a result, the variable-pitch propeller is
forced to work in an unfavorable range, as
it achieves optimal efficiency only at one
specific operating point. Without an adjustment of the step-down gear ratio in
relation to the lower PTH output, the output speed is too high.
For Flender the solution lies in the separation of the PTO and PTI/PTH stages.
This is achieved by having two different stages with different step-down gear
r atios. Due to its higher step-down gear
ratio, the PTH stage allows the variablepitch propeller to be operated closer to
the characteristic curve of a fixed-pitch
propeller. This is a major advantage for
ships with the class notation Redundant
Propulsion System or Alternative Propulsion System. A second drive not only
guarantees maneuverability but also
makes the ship more flexible and more
efficient. It is important that ships with
two propulsion profiles, i.e. two d
 ifferent
operating points, travel at maximum
efficiency, thus reducing engine loading.
To achieve this, the variable-pitch propeller should be operated as close as
possible to the characteristic curve of a
fixed-pitch propeller.
Hybrid drives
On ships that rarely require full power at
the propeller, the resulting overdimensioned main engine usually doesn’t operate at its optimum operating point. This
places stress on the engine, pollutes the
environment and increases the running
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costs. A parallel drive system consisting of a main engine and an electric motor makes day-to-day operation flexible,
efficient and economical: during normal
operation the diesel engine and the propeller operate within their optimum performance maps. If greater propulsion is
required, the electric motor provides the
additional necessary power. Alternatively,
the electric motor can be used to optimize
the efficiency when moving slowly (loitering). In this operating point the ship is
only driven by the electric motor to prevent the diesel engine operating in an
unfavorable range.

WHY 2-SPEED?
• Greater efficiency
• Fewer pollutant emissions
• Lower noise emissions
•G
 reater safety due to
maneuverability

On ships with two propellers a main
engine can drive one propeller and a
generator when travelling at reduced
speed. The generated current is used to
power the electric motor on the PTI of
the gearbox of the other shaft line. This
ensures that the main engine is also used
efficiently at slow speed. Another advantage is that the operating hours of the
main engine can be reduced.
Why reference solutions are so
important
For the development of marine gearboxes,
the experience gathered from actual reference solutions is decisive, as real conditions at sea can only be simulated to
a limited extent: To which natural influencing factors are ships and drives subject over the years? Which application
requires stage separation, how often,
when and why? How do the stages need to
be defined in order to meet the demands
posed by the hydrodynamic conditions?
Which step-down gear ratio should be
selected in order to adapt the power and
engine speed to the propulsion profiles?
Flender constantly confronts new challenges and provides answers and new
solutions based on extensive experience.
It is our reference solutions as well as
the combination of gearbox expertise and
maritime know-how that make our solutions so special.
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ENGINE PERFORMANCE MAP AND PROPELLER
PERFORMANCE MAP
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SMOOTH RIDE WITH
CONCURRENT
ELECTRICITY GENERATION
2-speed gearbox with separate PTO and PTI stages
Low-stress operation is ensured when
the diesel engine is able to operate as
close as possible to its optimum operating point. To operate at the same speed
but with reduced power, the variable-pitch
propeller must be operated with reduced
pitch and thus also at lower efficiency.

The option of having a second gearbox
stage allows the propeller speed to be
reduced in order to minimize the disadvantage of off-design operation.

Smooth ride with concurrent electricity generation – 2-speed gearbox with separate PTO and PTI
stages.
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➊

FLENDER IS LOOKING AHEAD.
HOWEVER, THE COURSE
CAN ONLY BE CORRECT IF
YOU KNOW WHERE YOU ARE
COMING FROM.
For these types of ships Flender profits from
numerous reference solutions.

➋

1. Seismic vessels can select between
two speeds
Research vessels generally undergo a
long journey in high-speed mode from
the port to their operating area. They only
switch over to slow-speed mode when
they are on-site with the hydrophones or
towing gear laid out – a constant operating condition at low output speed that
needs to be as efficient and silent as possible. The right task for our NAVILUS
2-speed gearboxes.

2. Chemical tankers must remain
maneuverable
Ships that transport dangerous goods
must always remain maneuverable in
order to reach a safe harbor in an emergency and not risk being subject to
adverse weather conditions at sea. These
ships require efficient and effective
redundant systems to guarantee propulsion by an alternative system.

The double gearboxes used allow constant engine speed to be combined with
smooth running properties. At the same
time, current can be produced via a PTO.
The research vessels equipped by Flender
do not require a hybrid drive. They switch
smoothly back and forth between the
operating modes and excel due to their
exceptionally smooth running properties.
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3. Rescue vessels rarely use
the main engine
In the case of the propulsion profiles of
rescue vessels, there is always a significant difference between patrolling
speed and maximum speed. Patrolling
speed is provided by an electric motor,
whereas the main engine is engaged to
enable maximum speed in an emergency.
N AVILUS 2-speed gearboxes are designed
to match the special characteristic curves
of the ship in question.

➌

4. Fishing vessels have two equally
important operating modes
Fishing vessels also travel to their fishing grounds at top speed before changing modes on arrival. It must be possible
to travel with maximum efficiency and the
lowest level of noise generation at both
top speed and at slow speed during trawling operations. NAVILUS 2-speed gearboxes were used in a special application
to guarantee both maximum power during trawling operations and economical
operation in 100% diesel-electric mode.
With its gearboxes, Flender always has
the right answer to the questions posed
by shipyards and owners.

➍
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5. Superyachts can also be economical
In the world’s first superyacht with hybrid
drive, three generators produce electric
current that is stored in lithium-ion batteries. This enables the large variablepitch propeller and the Azipod system
with rotatable drive nacelle to be driven
by electric motors. Alternatively, the main
engine can be engaged. The use of the
Flender gearbox solution allows the ship
to be operated in four different propulsion modes and one PTO mode. According
to the owner, the flexible design of the entire system in the operating modes Range,
Diesel-Electric, High-Speed, Boost and
PTO allows savings of up to 30%.

NAVILUS 2-SPEED GEARBOXES
ARE AVAILABLE IN THE
FOLLOWING VERSIONS:
• Single-engine gearboxes
• Multiple-engine gearboxes
• Horizontal version
• Vertical version
• All common classifications / design regulations
• All power classes up to 20 MW
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