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SHIP PROPULSION ARRANGEMENT

This invention relates to a main propulsion unit of a
high power ship or other large marine vessel according to
the preamble of clalm 1.

FPI-B-76977 - discloses a marine propulsion unit
comprising a casing turnably supported from the vessel which
casing encloses an electrical motor and a propeller shaft
and supports outside the casing a propeller on the shaft to
be driven by the electrical motor. However, FI-B-76977 is

‘silent on the practical realisation of the concept'of such

a propulsion unit particularly from the point of view of
structural strength and economic feasibility. One aim of
this invention is to provide a practical realisation of a
propulsion unit of the general kind shown in FI-B-76977 and
to creéfe thereby a high power main propulsion unit for a
large marine vessel that functions well in practice and 1is
economically and technically of a favourable design.

The invention is particularly well suited for marine
vessels the propulsion power of which-is of 10 Megawatts or
more because the higher the power output of the propulsion
unit the more advantageous becomes the ratio between the
maximum diameter of a bulbous lower portion of the
propulsion unit and the diameter of the propéller. When the
propulsive power is about 1.5 MW, the ratio of the diameters
of the widest part of the casing of the propulsion unit and
the propeller is typically about 0.65. When the power has
increased to about 10 MW the ratio in quéstion is likely to
be between 0.4 and 0.5. Desirably when applying the
invention, the said ratio should be 0.5 or less. '

- Because no conventiénally long propeller shaff' and

" corresponding equipment is needed in the hull of the vessel
~when applying the invention, extra space is released in the

hull for other uses. Furthermore the drive machinery of the
vessel gan be located in any place within the hull, because
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the transfer of energy from the drive machinerf to the drive
motor takes place via electrical cables and not via rigid
torgue-transmitting shafts. Further the vessel does not
need a rudder so that a rudder and its associated structures
are not required and there will be no vibrations transmitted
from the rudder to the hull of the vessel. At the same time
the manoeuvrability of the vessel will be improved by the
employment of a propulsion unit of the kind to which this
invention relates. '

In a propulsion unit according to the invention, the
structural strength of the outer casing including the
bulbous lower portion of the propulsion unit and its tubular
shaft and the cooling requirements of the propulsion
equipment located within +the casing could pose major
problems. These problems are solved by the invention in the
manner featured in the following claim 1.

The internal support of the outer casing of the
propulsion unit by means of -substantially vertical web
plates has the advantages that those web plates funection (a)
as attachment elements for the one or more drive motors, (b)
as torque-transmitting elements providing the reaction force
from the outer casing to the one or more drive motors and
(c) as wall elements of ducts for incoming and outgoing
gaseous coolant for the one or more drive motors. Utilising
the transverse web plates for ‘a plurality of uses in the
manner proposed by this invention has been found to make
possible significant reductions in the size and weight of
the propulsion unit which is of paramount importance for the
efficiency of operation of a marine vessel.

Because the strain acting on the web plates is greater
over the upper half of the drive motor than over its lower
half, it is advantageous to locate the drive motor in an
eccentric position in the bulbous lower portion, so that
there is more space in the radial direction of the motor for
the web plates holding the drive motor from above than from
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below. This also permits a smoother transition between the

bulbous lower portion of the propulsion unit, which houses
the drive motor(s), and its vertical tubular shaft, which is
of advantage, especially from a viewpoint of the structural
strength of the web plates.

Preferably the web plates form part of the stator of
the drive motor. 1In this way the web plates are integrated
as structural support elements of the stator of the or each
drive motor, yet also serve to support the casing.

A favourable cooling and supporting structure is
obtained by supporting the at least one drive motor by five
transversely extending web plates which are each arranged
substantially perpendicular to the axis of the propeller
shaft. Such an arrangement allows two ducts for outgoing
gaseous coolant to be located between outer ducts for
ingoing gaseous coolant. Conveniently a proportion of the
gaseous coolant can be fed to the or each drive motor to
flow between the rotor(s) and stator(s) and to leave the
stator(s) through radial openings to flow into the ducts for
outgoing coolant. PFor technical reasons the ducts provided
for the incoming coolant are conveniently narrower in the
axial direction of the drive motor than those provided for
the outgoing coolant, preferably in a manner such that the
width of the incoming duct, measured in the axial direction
of the drive motor, does not exceed 20 per cent of the
length of the drive motor.

For hydrodynamic reasons, it is of advantage that the
drive motor be spaced at a considerable distance from the
propeller, because the maximum diameter of the casing of the
propulsion unit is likely to be at the location of the drive
motor. At the same time it is desirable that the mass of
the propulsion unit should be distributed substantially
uniformly relative to the turning axis of the propulsion
unit. Due to this, the centre of gravity of the drive motor
cannot be spaced too far from the turning axis of the
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propulsion unit but we have found it desirable to have the
centre of gravity of the drive motor diéplaced into that
half of the vertical cross-section of the tubular shaft
which is furthest away from the propeller.

- 4 -

Also for hydrodynamic and electrotechnical reasons, the
drive motor (which is preferably an alternating current
motor) is built so that the ratio between its length and
outer diameter is between 0.5 and 1.8, preferably between
1.0 and 1.6. In this way the optimum design with respect to
dimensions and power appears to be obtainable.

A propulsion unit according to the invention is
normally located at the rear end of the hull of a marine
vessel in a location where the bottom of the hull is
considerably higher in the water than the bottom of the
centre part of the vessel's hull, so that the propulsion
unit is in a protected location and the propeller cannot
extend below the deepest point of the hull. This
arrangement requires that the bottom surface of the hull,
forwardly of the propulsion unit, rises from its greatest
depth to the point of attachment of the propulsion unit.
This is normally via an obliquely upwardly sloping bottom
surface of the hull which is located immediately fo:wardly
of the propulsion unit. When the vessel moves forward, with
an arrangement as above described, the flows of water over
the obligque surface are substantially in the direction of
that surface (i.e. they flow obliquely upwards) where they
meet the propeller. When a pulling-propeller is used located
at the front end of the propulsion unit, to make the
propeller function as efficiently as possible it is
advantageous for the propeller shaft to be sensiblj parallel
with the water currents flowing past the outer casing of the
propulsion unit. For this reason the casing of the
propulsion unit is conveniently located so . that the
propeller shaft is at an angle to the turning axis of the
tubular shaft, this angle typically being between 89" and
70°, preferably between 85° and 75°. Mounting the
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propulsion unit at an angle as described has a further
advantage of reducing the length of the tubular turning
shaft which yields benefits from a structural strength point
of view. It is not impossible to align the propeller shaft
with the hull-induced water flows where the angle between
the axis of the propeller shaft of the propulsion unit and
its turning axis is 90°, but in that case the turning axis
would have to be obligquely mounted within the hull if the
propulsion unit is +to effectively have an oblique
orientation relative to the surface of the water. This
solution is, however, inferior to an arrangement which

-5

employs a sensibly vertical turning axis and a propeller
shaft inclined obliquely thereto.

When the propeller for normal propulsion of the vessel,
acts as a pushing-propeller, its propuisive power can be
increased by providing longitudinal, somewhat obliquely
mounted, guide vanes on the outside casing of the propulsion
unit to force water flowing past the propulsion unit into a
rotational movement opposite to the rotating direction of
the propeller. In this way the guide vanes function in
principle in the same way as the guide vanes of turbine
machinery, which as known, increases the turbine's, and in
this case the propeller's, power. In addition to this
effect, the presence of guide vanes reinforces the outer
casing of the propulsion unit and thus increases its
strength. Particularly in ice conditions, the enhanced
structure provided by guide vanes has a particularly
favourable effect because the guide vanes also act to keep
large pieces of ice away from the propulsion.unit so they
are not crushed against the outer casing which could easily
cause such a large localised strain as to deform the casing.
This usé of longitudinal guide vanes is also of advantage
when the propeller works as a pulling-propeller for the
normal propulsion of a vessel, but the possibility for using
the vanes to enhance the propulsive power is smaller when
the propeller works as a pushing-propeller. The term
"normal propulsion"” of the ship as mentioned herein means
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the propulsion situation for which +the ship has been
designed for normal transport. Specific manoeuvring
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operations may of course require operating the propeller(s)
in ways that differ from the normal propulsion situation.

Irrespective of whether the propeller works as a
pulling- or pushing-propeller, the propeller shaft should be
so journalled within the propulsion unit that there is a
thrust bearing receiving the axial 1load. In a preferred
embodiment the thrust bearing is located at the opposite end
of the propulsion unit to the propeller and is desirably
cooled by the surrounding water (e.g. via lubricating oil
circulating in the bearing). The rotational movement taking
place in the bearing can be used to circulate lubricating
oil past suitably arranged cooling areas of the outer
casing. The thrust bearing and its oil-circulating
arrangement is favourably located in a closed space at one
end of the propulsion unit.

It may be convenient to operate the space within the
casing of the propulsion unit at a pressure which is higher
than that of the water outside the casing. This has the
advantage of ensuring that water cannot leak into the
internal space of the unit but it requires the closure of
the space within the casing and the provision of some
compressor arrangement and a pressure control unit attached
to it. It may be necessary to provide a heat exchanger for
cooling the pressurised gas within the interior of the
casing.

Cooling of the bearings of the propeller shaft and at
least partial cooling of the rotor of the drive motor (or
motors) can also be arranged via the propeller shaft by
providing a longitudinal cooling duct in the propeller shaft
through which water can flow when the ship is moving. 1In
this way the cooling power is at its greatest when the ship
is moving at its fastest and this is also the condition when
the greatest cooling power is needed.
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The invention will now be further described, by way of

example, with reference to the accompanying drawings, in
which:

Figure 1 is a schematic perspective view, partly in
section, of a propulsion unit according to the invention
without the propeller,

Figure 2 is a schematic longitudinal section of a
propulsion unit according to the invention utilising a
pushing-propeller,

Figure 3 is a simple schematic cross-sectional view of
a preferred embodiment of propulsion unit according to the
invention,

‘Figure 4 is a perspective view of a further embodiment
of propulsion unit according to the invention,

Figure 5 is a schematic side view of a ship equipped
with a propulsion unit according to the invention,

Figure 6 shows a pressurised propulsion unit of the
general type shown in Figure 2, and

Pigure 7 is a longitudinal section through a twin-
engined propulsion unit according to the invention.

In the drawings, 1la indicates the outer casing of a
main propeller-driven propulsion unit-l, 2 an electrical
A.C. drive motor inside the casing la, 3 a propeller shaft
directly driven by the motor 2 and 4 a propeller attached to
the propeller shaft 3 and directly driven thereby. The
propeller 4 is attached to the propeller shaft 3 external of
the casing 1la. In Figure.l, the propeller is not shown and
in Figure 4 the propeller 4 is shown only schematically.

" The propeller 4 may be a pulling- or pushing-propeller. The

30 embodiments shown in Figures 1 and 5 use a pulling-
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propeller, the embodiments shown in Figures 2, 4 and 6 a
pushing-propeller. The drive motor 2 is attached to the
outer casing 1la of the propulsion unit 1 by means of a
number of transverse web plates 5. These web plates are
attached directly to the stator of the drive motor 2, so
that they form the supporting structure of the stator and at
the same time attach the drive motor 2 to the outer casing
la. Purther, the web plates 5 transmit the reaction forces
to the torque developed by the motor 2 to the casing la. At
the same time the plates 5 function as stiffeners for the
casing la. Furthermore, the plates 5 form walls of incoming
and outgoing ducts for gaseous coolant (cooling air) needed
to cool the drive motor 2 as indicated by the arrows 6a and
6b in Figures 1, 2, 6 and 7. The outer casing la and the
drive motor 2 are also supported by at least one
longitudinal web plate 5a (shown in Figures 1 and 4).

- 8 -

In Figure 2, the position of the transverse web plates
5 can be seen clearly. The ducts for the incoming cooling
air 6a are located at the ends of the drive motor 2 and the
ducts for the outgoing cooling air 6b are located in the
central area of the drive motor. The arrows 6c in Figures
2 and 6 indicate how part of the cooling air fed to the
motor 2 is led to an end portion of the motor, where it
passes into the air gap between the stator and the rotor and
flows through that gap and through radial slots in the
stator out into the duct for the outgoing cooling air 6b.
As shown, the width of the ducts of the incoming cooling air
6a can be noticeably smaller in the axial direction of the
motor than the corresponding width of the ducts éb for the
outgoing cooling air. '

It can also be seen from Figure 2 that the drive motor
2 is not centrally located below the turning axis 7 of the
propulsion unit 1. The centre of gravity of the drive motor
2 or its central point, is located within that half of a
vertical cross-section of the propulsion unit 1 which is

‘furthest away from the propeller 4. This arrangement
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provides a favdurable mass distribution of the unit 1
relative to the turning axis 7 provided by a tubular shaft
8 of the unit 1. This disposition is also favourable for a
good streamlined shaping of the unit 1. In Figure 2 the
ratio of the diameter 4 of a bulbous lower portion 1b of the
unit 1 to the diameter D of the propeller 4 is less than
0.5, which is relatively favourable.

- 9 -

If the centre of gravity of the bulbous lower portion
1b is significantly displaced from the axis 7 of the tubular
shaft 8 it may be necessary to increase the weight of the
unit 1 to strengthen the shaft against the strain acting on
it when full propulsion power is being applied.

Figure 2 shows a pushing-propeller 4 so that the main
moving direction of the ship is in the direction of the
arrow 9. The cooling effect of the surrounding water can be
utilised to cool the bearings of the propeller shaft 3 by
arranging an axial cooling duct 10 in the propeller shaft.
Since the ship is moving in the direction of the arrow 9,
the surrounding water is pushed into the duct 10 at the
upstream end as shown by the arrows 11. These water
currents 11 are stronger the faster the ship moves and the
faster the ship moves the greater the need for cooling. The
flow of the water current 11 can be increased by arranging
radial ducts at the downstream, or propeller, end through
which ducts a flow enhanced by centrifugal force will occur
as shown by the arrows 1lla. Where the propeller 4 is a
pulling-propeller, the arrow 9 will be reversed and the
simplest solution is to arrange a cooling duct 10 that
extends in a 1linear manner axially through the entire
propeller shaft 3 and the hub of the propeller 4.

In Figure 2 the axial thrust of the propeller shaft 3
is taken up by a thrust bearing 12, which is the bearing
requiring the greatest degree of cooling. This bearing 12
is shown separated by means of walls 13 from the rest of the
internal space of the propeller unit 1. A closed space 14
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is thereby formed at one end of the unit 1, which space is
strongly cooled by the surrounding water. The cooling
effect can be enhanced by circulating the lubricating oil of
the bearing 12 in the space 14 in such a way that it is
subject to a strong cooling effect from the surrounding
water.

Figure 3 schematically shows a main engine M of a ship
and an electrical generator G driven by it. This
combination is connected to a central control device 15,
which transmits the power produced by the generator through
electrical cables 16 to the drive motor 2. The cables 16
are only schematically shown. Because the drive motor 2 is
in a turnable unit 1, the electrical power has to be led to
the drive motor 2 via a slip-ring device 17. The turning of
the propulsion unit 1 is carried out by means of a steering
motor 18, which, via a pinion 19, acts on a gearing 20
attached to the tubular shaft 8 of the propulsion unit 1.
Structures forming part of the ship's hull have been
indicated by numeral 21 in Figures 2, 3 and 5-7.

It is also evident from Figure 3 that the drive motor
2 is eccentrically mounted in the bulbous lower portion 1b
of the casing 1la of the propulsion unit 1. The centre point
of the motor 2 is shown at 22 and this is lower than the
centre point of the bulbous portion 1b of the casing 1la
which is shown at 23. Because of this, part of the
transverse web plates 5 surrounding the motor 2 are wider
(i.e. at 5b) over the upper half 6f the motor than over the
lower half, an arrangement which is favourable from the
point of view of the structural strength of the unit 1. The
eccentricity between points 22 and 23 can be between about
3 and 5 per cent of the diameter of the stator 2.

Figure 4 shows how longitudinally extending, slightly
obliquely mounted, guide vanes 24 can be provided on the
outside of the propulsion unit 1. These guide vanes are
angled in such a way that they impart to the water flowing
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past the unit 1 a rotational movement in the direction of
the arrow 25, that is, in a direction opposite to the
rotational direction (see the arrow 4a) of the propeller 4.
This has an enhancing influence on the propulsive power of
the propeller. At the same time, the vanes 24 act as outer
stiffeners for the casing 1la.

Figure 5 shows how a propulsion unit 1 according to the
invention can be mounted on a ship. According to Figure 5
the propeller 4 is a pulling-propeller and the propulsion
unit 1 has been mounted obliquely so that the angle "a"
between its turning axis 7 and the axis of the propeller
shaft 3 is about 80°. This is a favourable solution,

- especially when the propeller is a pulling-propeller, in

15

20

which case the propeller is close to an upwardly rising
bottom rear portion 26 of the ship's hull, where the water
flows mainly in the direction of the arrow 27. The obligue
positioning of the propulsion unit 1 has the effect that the
propeller works substantially in line with the direction of
the water flowing up past it, which is favourable from the
point of view of maximising propulsion efficiency. Angling

_ the unit 1 relative to the surface of the water as described

25

30

35

above reduces the 1length of the tubular shaft 8 of the
propulsion unit 1 which gives noticeable advantages with
regard to structural strength.

In the embodiment according to Figure 6, the entire

“internal space of the propulsion unit 1 with its tubular

shaft 8 is closed and maintained under pressure. The
pressure is kept above that of the highest pressure of the
surrounding water, so that water cannot leak into the motor
space and thus cannot cause damage to the equipment in the
propulsion unit. This over-pressure is maintained by means
of a compressor 28 controlled by an automatic control device
29. Required gauge- or supervision-equipment 30 is
connected to the system. In order to ensure that the
cooling of the drive motor 2 functions properly, a heat

~exchanger 31 is shown, to which coolant streams (such as
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water or air) are fed as indicated by arrows 64. For the
forced circulation of the pressurised gas inside the closed
space one or more fans 32 can be used. Cooling of the drive
motor 2 can be effected by the use of one or more heat
exchangers even in a case where the internal space of the |
propulsion unit is not pressurised or closed for other

reasons.

In the embodiment according to Figure 7, two
independently operating drive motors 2a and 2b are shown in
the propulsion unit 1. The drive motor 2a is connected to
a propeller 4b and the drive motor 2b is connected to a
propeller 4c. In the embodiment illtistrated the propellers
4b and 4c are at the same end of th_e propulsion unit 1.
However, it is also feasible to locate the propellers at
opposite ends of the propulsion unit 1. The propellers 4b
and 4c can rotate in opposite directions. Two thrust
bearings 12a and 12b would, of course, be needed in a
propulsion arrangement that has two propellers. The air
cooling of the drive motors 2a and 2b can be arranged
substantially in the same way as described with reference to
Figures 1 and 2, but there are only four web plates 5
arranged perpendicularly to the shafts of the drive motors
in the embodiment according to Figure 7. The use of two or
more propellers rotating in pairs in different directions is
known per se from, for example, FI-B-75128. However, we
have found there to be a significant advantage in propulsion
efficiency by having two propellers each driven from a
separate electrical motor and this is particularly true at
high propulsion powers where a significantly more favourable
solution (both in terms of economy and technology) is
possible. |

The invention is not restricted to the embodiments
shown, since several modifications are feasible within the
scope of the following claims.
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1. A main propulsion unit (1) of a high power ship or
other large marine vessel (21) comprising an outer casing
(la) defining a tubular shaft (8) turnable about an axis
substantially normal to the water surface and a bulbous
lower portion (1b) connected to and turnable together with
the tubular shaft (8), said casing (la) defining in the
bulbous portion (1b) an internal space containing an
electrical drive motor (2) and a propeller shaft (3)
connected to at least one propeller (4) extermnal of the
outer casing (1a), characterised in that the outer casing
(la) is, on its inside, supported by a plurality of web
plates (5), which are arranged to act, simultaneously, as
structural elements stiffening and supporting the outer
casing (la), as elements securing the drive motor (2) in
place and trénsmitting to the casing (la) reaction forces to
the torque developed by the drive motor (2) as well as
acting as wall elements of ducts for incoming and outgoing
gaseous coolant for the drive motor.

2. A propulsion' unit (1) according to claim 1,
characterised in that the centre (22) of the drive motor (2)
is below the centre (23) of the bulbous lower portion (1b)
of the casing (la) so that the drive motor (2) has an
eccentric position in the bulbous lower portion (1b)
providing more space in the radial direction of the motor
above the level of the centre (22) of the drive motor than
below that level.

3. A propulsion unit (1) according to claim 1 or claim
2, characterised in that the web plates (5) holding the
drive motor (2) are connected directly to the stator of the
motor, thereby forming part of the structural framework of
the stator. '

4. A propulsion unit (1) according to any preceding
claim, characterised in that the drive motor (2) is

O O O
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suppprted by five web plates (5) each arranged substantially
perpendicular to the axis of the propeller shaft (3).

- 14 -

5. A propulsion unit (1) according to any preceding
claim, characterised in that the centre of gravity of the
drive motor (2) is within that half of a vertical cross-
section of the propulsion unit (1) which is furthest from
the propeller (4). '

6. A propulsion unit (1) according to any preceding
claim, characterised in that the ratio of the length of the
drive motor to its outer diameter lies between 0.5 and 1.8
and preferably between 1.0 and 1.6.

7. A propulsion unit according to any preceding claim,
characterised in that the angle between the axis of the
propeller shaft (3) and the turning axis (7) of the
propulsion unit (1) relative to the vessel (21) is between
89° and 70°, preferably between 85° and 75°, whereby the
axial direction of the propeller shaft (3) substantially
corresponds to the flow direction of water flowing past the
casing (1la). '

8. A propulsion unit (1) according to any preceding
claim, characterised in that guide vanes (24) are provided
on the casing (la) to deflect water flowing past the casing
(1a) to thereby increase the propulsive power of the
propeller (4) and at the same time stiffen the outer casing
(1a) of the propulsion unit (1).

9. A propulsion unit according to any preceding claim,
characterised in that an oil-lubricated thrust bearing (12)
for absorbing axial load from the propeller shaft (3) is
located at the opposite end of the propulsion unit (1) from
the propeller (4), and in that the cooling effect of water'
on the casing is arranged to cool the lubricating oil of the
bearing (12).

T
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10. A propulsion unit (1) according to any preceding
claim, characterised in that the internal space of the
casing (la) is pressurised to a level above that of the
water surrounding the drive unit, and in that cooling of the
drive motor (2) is effected via a heat exchanger (31).

- 15 -

11. A propulsion unit (1) according to any preceding

"claim, characterised in that a cooling duct (10) is arranged

axially in the propeller shaft (3) through which duct (10)
surrounding water may flow.

12. A propulsion unit (1) according to any preceding
claim, characterised in that there are at least two
independently functioning drive motors (2a, 2b) in the
propulsion unit (1), each of which motors (2a, 2b) is
connected to drive its own propulsion propeller (4b, 4c).

13. A rudderless marine vessel characterised in that
it incorporates a propulsion unit (1) as claimed in any
preceding claim and includes an electrical generator (G), an
engine (M) for the generator and electrical cables (16) for
feeding electrical power from the generator (G) to the at
least one drive motor (2) in the propulsion unit (1) via the
tubular shaft (8).

* [ L L S *



