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(54) Method and apparatus for manufacturing propeller nozzle ring

(57) A method and apparatus is disclosed for man-
ufacturing a propeller nozzle ring (230), the method com-
prising forming a circular mould (220) having a side profile
(222) that widens towards one end (226) of the mould
(220), the mould (220) being arrangeable to the neck of
an end (204) of a cylinder (200) so that a first end (224)
of the mould (220) is towards the interior of the cylinder
(200) and a second end (226) of the mould (220) has a
cross-sectional surface greater than the end (204) in
question of the cylinder (200); and forcing the mould (220)
into the cylinder (200) for a predetermined distance so
that the outer surface of the side profile (222) of the mould
(220) runs against the inner surface of the cylinder (200)
and thereby widens at least part of the cylinder (200) to
match the widening shape of the side profile (222) of the
mould (220), the cylinder (200) thus reaching the shape
of the nozzle ring (230).
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Description
FIELD
[0001] The invention relates to a method and appara-

tus for manufacturing a propeller nozzle ring.
BACKGROUND

[0002] It is known in the art to manufacture a nozzle
by using a plurality, for example 6 to 10, metal plates or
sectors which are pressed into a mould and welded to-
gether. Before being brought together, these sectors
have been processed so that, when assembled, they
form a substantially ring-like structure having in the in-
coming water direction an open end having a cross-sec-
tional surface that is slightly larger than the cross-sec-
tional surface of the open end in the outgoing water di-
rection.

[0003] Problems with the above arrangement include
questionable nozzle strength and possible unevenness
of the nozzle, due to numerous welding seams and sec-
tors, and complicated manufacturing of the nozzle. Be-
cause of the manufacturing method, the nozzle is also
subjected to deformations, which make the shape of the
nozzle non-ideal. This is disadvantageous to the outer
appearance of the nozzle and to water flow in the nozzle.

BRIEF DESCRIPTION

[0004] The invention aims at providing an improved
method and apparatus for manufacturing a propeller noz-
Zle ring.

[0005] Asanaspectoftheinvention, a method accord-
ing to independent claim 1 is disclosed.

[0006] As an aspect of the invention, a device accord-
ing to independent claim 7 is disclosed.

[0007] The invention allows a strong nozzle ring with
a smooth surface to be provided. The nozzle ring has
good symmetry characteristics. Unlike prior art solutions,
the invention provides a nozzle with an optimal shape.
Moreover, the manufacturing method and apparatus are
cost-effective.

BRIEF DESCRIPTION OF THE FIGURES

[0008] In the following, the invention will be disclosed
in greater detail with reference to preferred embodiments
and the accompanying drawings, in which

Figures 1A and 1B illustrate examples of nozzle
shapes;

Figures 2A and 2B illustrate apparatuses for forming
a nozzle ring according to some embodiments;
Figures 3A and 3B illustrate apparatuses for forming
a nozzle ring according to some embodiments;
Figures 4A and 4B are cross-sectional views of ex-
amples of counter pieces;
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Figure 5 is a top view of a mould according to an
embodiment;

Figure 6 is a top view of a counter piece according
to an embodiment;

Figure 7 illustrates a method for manufacturing a
nozzle ring according to an embodiment; and
Figures 8A, 8B and 8C illustrate examples of nozzle
shapes.

DESCRIPTION OF EMBODIMENTS

[0009] Although the different embodiments may be im-
plemented to provide nozzles for example for ships, air-
crafts and submarines, the specification below relates to
a nozzle used in a ship. Nevertheless, this does not re-
strict the scope of protection to ship nozzles alone, but
also nozzles used in the above-mentioned other vehicles
and vessels are included. Moreover, a nozzle ring pro-
duced according to the different embodiments may also
be utilized in other apparatuses, such as wind genera-
tors.

[0010] Itis known in the art to provide propellers with
what is known as a nozzle, i.e. a propeller ring, which
substantially surrounds the propeller from the direction
of the blade tips. Accordingly, such propellers may be
called nozzle propellers or ducted propellers, as distinct
from open propellers. The purpose of the nozzle in ships
is to guide the water mass to the propeller. For this reason
the nozzle is typically slightly wider in the incoming water
direction than in the outgoing water direction, and is an
open frustoconical shape, for example, at both ends. This
forces the flow field around the propeller into a specific
shape. However, as a result, the nozzle is subjected to
a high pressure because the area it collects water from
is larger than the one behind the propeller, where water
is released. Similarly, in aircrafts a nozzle may guide the
flow of air. Moreover, the nozzle may protect the propeller
against external factors.

[0011] Ships are typically provided with at least one
propeller below the water surface to create a force that
moves the ship to a desired direction. According to a
propeller’'s operating principles, its rotating motion is con-
verted into thrust power. The propeller consists of a shaft
with two or more blades substantially perpendicularly at-
tached thereto. This is why propellers are also referred
to as wheels. Particularly in ships, such as ocean liners,
it is known to use a fixed propeller having a shaft that is
an extension of a propeller transmission shaft installed
to the lower part of the ship in the longitudinal direction
thereof. Inthat case the propeller end is typically provided
with a rudder, and by turning the rudder, the ship may be
driven to the desired direction. Today it is also known to
use turning propellers. A specific manufacturer produces
turning propellers under the name Azipod®. This type of
propeller does not necessarily need a rudder, because
it may be turned. This is possible because a turning pro-
pelleris typically mounted to a transmission and steering
shaftthatis substantially perpendicular to the longitudinal
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direction of the ship. When this vertically mounted shaft
is rotated about its longitudinal axis, the propeller turns
to the desired direction. In addition, this allows the ship
to be steered substantially in the lateral direction of the
ship. This is important in a harbour area, for example.
On the other hand, a fixed propeller may be similarly at
the end of a vertical shaft.

[0012] A nozzle to be used for a propeller may com-
prise an inner ring and an outer ring, such as an inner
and an outer cylinder (or a cylindrical piece) or an inner
and an outer cone (or a conical piece), and, when as-
sembled together, these may form a sidewall of the noz-
zle. Theinnerring may atleast partly determine the shape
of the nozzle’s inner surface, and the outer ring may at
least partly determine the shape of nozzle’s outer sur-
face. A nozzle ring, either an inner ring or outer ring,
according to the different embodiments may be utilized
both in fixed and turning ducted propellers. Ships may
be provided with a plural number of additional propellers,
all of which may be provided with a nozzle having a nozzle
ring manufactured by a method and apparatus of the dif-
ferent embodiments.

[0013] Figures 1A and 1B show a nozzle 100/120
around a propeller, or wheel, 108. The nozzle 100 may
also be referred to as the propeller ring. The nozzle
100/120 is open at both ends 102, 104 thereof to allow
water 110 to flow through the nozzle 100/120. Typically
the nozzle 100/120 comprises two rings, an inner and an
outer ring, facing each other and thus forming the inner
and outer surfaces of the nozzle 100/120 between the
ends 102 and 104. The nozzle ring may also be referred
to as the nozzle envelope or side profile. One end 104
of the nozzle 100/120 has typically a larger cross-sec-
tional area than the other 102 to allow the nozzle 100/120
to receive a larger water mass than it would otherwise
do. Depending on the shape of the inner surface of the
nozzle 100/120, this causes either a higher flow rate or
a higher pressure on the propeller. In Figure 1A the noz-
zle 100 has a frustoconical shape and thus causes a
higher pressure on the propeller, thereby slowing down
the water flow rate. This is advantageous for example
when the sound of a running engine is to be attenuated.
In Figure 1B the nozzle 120 is non-linearly widening, thus
increasing the flow rate to the propeller, which in turn
increases propeller efficiency. It should also be noted
that Figure 1 only shows two examples of the nozzle, the
different embodiments not being restricted to these, but
in addition to these two nozzle shapes, nozzles of differ-
ent shapes may be manufactured.

[0014] Figure 2 shows an apparatus for manufacturing
the nozzle ring, either the inner or the outer ring, accord-
ing to an embodiment. The manufacturing of the nozzle
ring starts with a cylinder 200. In Figure 2A the cylinder
200 may be a circular cylinder, polygonal cylinder (a pol-
yhedron), a cylinder with an oval circumference or with
a freeform circumference. In this context the cylinder may
also be referred to as a tunnel piece. The cylinder has
ends 204 and 206, and a sidewall 202 joining the ends
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204/206. The ends 204/206 are typically open apertures,
although in one embodiment one of the ends, the non-
modifiable end 206, may also be closed. In that case the
end 206 would, however, be opened by cutting, for ex-
ample, before the cylinder 200 is used in a nozzle around
a propeller. Moreover, although the ends 204 and 206 of
the cylinder 200 as shown here are equal in size, the
cylinder 200 does not necessarily need to be of this
shape. In other words, the ends 204 and 206 may be of
a different shape and/or cross-sectional surface from one
another. Also the sidewall 202 may be non-linear and/or
asymmetric, unlike in Figure 2A. However, for the sake
of clarity it is assumed that the cylinder 200 is a circular
cylinder open at both ends 204/206.

[0015] The cylinder 200 may be manufactured by roll
forming a metal band into an open sidewall 202 and by
welding or other wise closing the open sidewall 202, thus
forming a cylinder 200 with at least one closure seam
208. Inrollforming the metal band is calendered between
at least one roll forming pair, in which the rolls are set so
that a sidewall 202 of a desired strength and curvature
is obtained. The position of the rolls with respect to each
other may be such that a desired, possibly curved shape
is obtained for the sidewall 202 of the cylinder 200. The
intended shape is one that allows the leading and trailing
ends of the open sidewall 202 to be brought together so
that they may be welded or otherwise joined. It is also
possible to manufacture the cylinder by bending a plate
in a pressing machine. According to an embodiment, the
cylinder 200 has only one closure seam. An advantage
of a single closure seam, such as a welding seam, is that
the structure becomes significantly more uniform and
strong than if the structure had a plural number of welding
seams. For this reason one welding seam is aimed at,
although it is also possible to use more plates to manu-
facture the cylinder 200.

[0016] The dimensions of the cylinder 200 may be de-
termined in advance. For example, the thickness of the
sidewall 202 may be in the order of 10 to 30 mm. The
height of the sidewall 202 of the cylinder 200 may be in
the order of 0.5 to 3 m, for example, and the diameter of
the cylinder 200 may be in the order of 2 to 10 m, for
example.

[0017] The material the cylinder 200 is manufactured
of may be a metal having a sufficient break elongation
and strength. A cylinder is usually made of structural steel
or stainless or acid-resistant steel.

[0018] According to an embodiment, the apparatus for
manufacturing the nozzle ring also comprises a circular
mould 220 having a side profile 222 that widens towards
one end 226 of the mould. The mould 220 is arrangeable
to the neck of the end 204 of the cylinder 200, a first end
224 of the mould 220 being towards the interior of the
cylinder 200 and a second end 206 of the mould 220
having a cross-sectional surface that is greater than the
end 204 of the cylinder 200. According to an embodiment,
the mould 220 comprises a first end 224 of a smaller
cross-sectional surface, a second end 226 of a greater
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cross-sectional surface and a side profile 222 that re-
mains between these two ends 224 and 226 and has an
outer surface that at least partly widens towards the sec-
ond end 226, as shown by reference numeral 223. In
other words, the mould 220 has a cross-sectional surface
which, when examined in the direction of the side profile
222, grows towards the second end 226, the growing
cross-sectional surface of the mould 220 being at least
at some point greater than the cross-sectional surface of
the end 204 of the cylinder 200. This ensures that the
mould 220 stays on the neck of the end 204 of the cylinder
200 without at least entirely sinking inside the cylinder
200. The pieces 200/220 may be arranged to each other
also in some direction than the one shown in Figure 2A,
where the mould 220 is placed on top of the cylinder 200.
In other words, the mould 220 may be underneath and
the cylinder 200 may be placed on top of the mould 220,
or the mould 220 and the cylinder 200 may be arranged
to each other on a horizontal plane.

[0019] However, the ends 224 and 226 do not need to
exist in a physical sense. For example, if the mould 220
is spherical, the ends may be thought of as virtual ends.
In that case the end 224, for example, is on the cross-
section of the sphere that is arrangeable to the neck of
the cylinder 200, the end 226 being the cross-section of
the spherical mould that is greater than the cross-section
of the end 204. The same applies to other figures where
ends in the physical sense are not shown.

[0020] The mould 220 may also be referred to as a die,
a forming structure, a bulging piece or a press or tension
mould. According to an embodiment, the mould 220 may
be a circular piece with closed ends 224 and 226 or, as
in another embodiment, a circular piece with open ends
224 and 226.

[0021] Figure 5 shows a circular mould 520 according
to the latter embodiment. Figure 5 is a top view of the
mould 520, which comprises a side profile of a specific
shape presented with diagonal lines and reference nu-
meral 522. The mould 520 may additionally contain at
least one connection point 528. Each connection point
528 may allow a connecting rod to be connected to the
mould 520. This at least one connecting rod may connect
the mould 520 to a counter piece, which will be described
later. The connecting point 528 may be just a partial
through-hole allowing, nevertheless, a stationary fasten-
ing of the connecting rod to the mould 520 or the con-
necting rod to be taken through the mould 520 without
stationary fastening. Stationary fastening in this context
means that the fastened parts do not move in relation to
one another.

[0022] The mould 220 may be manufactured by cast-
ing metal to produce a uniform mould. According to an
embodiment, the mould 220 is a nickel aluminium bronze
casting. The advantage of nickel aluminium bronze is
that it is strong and anti-frictional. Moreover, since many
propellers are made of nickel aluminium bronze, it is ad-
vantageous to use the same material for the mould. The
anti-frictional property of the material is advantageous in
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the manufacture of the nozzle ring. A further aspect hav-
ing an effect on the strength of the material is that in an
embodiment the mould 220 is a uniform cast piece.
[0023] Inaddition, the apparatus for manufacturing the
nozzle ring from the cylinder 200 comprises means for
forcing the mould 220 into the cylinder 200 (tunnel piece)
for a predetermined distance so that the outer surface of
the side profile 222 of the mould 220 runs against the
inner surface of the cylinder 200, thereby widening at
least part of the cylinder 200 to match the widening shape
of the side profile 222 of the mould 220, the cylinder 200
thus reaching the shape of the cylinder ring. The reached
nozzle ring shape may be the shape of the inner surface
of the nozzle ring or the shape of the outer surface of the
nozzle ring. In other words, the reached nozzle ring may
be an inner cylinder or an outer cylinder of the nozzle.
According to the embodiments, the manufactured ring
may thus be applied both as an outer nozzle ring and an
inner nozzle ring. After the forcing the mould 220 is de-
tached from the cylinder 200. The mould 220 may be
given a desired shape at the very beginning, and by mak-
ing the mould 220 enter the cylinder, the mould 220 forces
at least part of the cylinder 200 to widen. According to
anembodiment, the entire mould 220 runs along the inner
surface of the cylinder 200, whereby the entire sidewall
202 of the cylinder 200 widens.

[0024] The shape of the mould 220 is not restricted to
that shown in Figure 2A, but different kinds of shapes
may be manufactured. The purpose of the mould is to
widen at least part of the sidewall 202 of the cylinder 200.
According to an embodiment, at least part of the outer
surface of the side profile 222 of the mould 220 widens
non-linearly towards the second end 226 of the mould.
Non-linearity is advantageous in order for good propeller
energy efficiency to be achieved. The outer surface 222
of the side profile may widen exponentially, for example,
towards the end 226 of a greater cross-sectional surface
inthe mould 220. According to an embodiment, the height
of the side profile 222 is selected to match the length of
the part that is to be modified on the side profile 202 of
the cylinder 200. This allows an economical material so-
lution to be obtained, because the mould 220 is precisely
of the desired length.

[0025] The obtained nozzle ring may thus be a part of
the nozzle 100/120 shown in Figure 1, for example. Fig-
ure 2B shows another possible nozzle ring 230. The en-
tire sidewall 202 of the nozzle ring 230 in the figure has
widened symmetrically at the cylindrical nozzle ring 230
from point 203 to match the non-linear widening of the
side profile 222 of the mould 220 (point 223 on the mould).
As the cylinder 200 widens to match the desired shape
of the nozzle ring 230, thinning of the sidewall 202 may
occur. However, this thinning does not markedly impair
the strength of the sidewall 202 of the nozzle ring 230 or
its applicability to a propeller nozzle.

[0026] As stated, the mould 220 is forced into the cyl-
inder 200. The forcing comprises compression, pressing
or drawing, for example. According to an embodiment,
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pressing means may comprise a large mass, for exam-
ple, to be placed on top of the mould end 226 (or the ring
of the end 226) to cause the mould 220 to sink inside the
cylinder 200 by the force of gravity. In that case the cyl-
inder 200 may be on top of hard soil or on a support
structure, for example. According to another embodi-
ment, the compression means comprise a at least one
high-force press, among other things. The press may be
a hydraulic press or a screw press, for example. The
press may be placed on the ring of the ends 226 and 206
and may cause the mould 220 to be forced into the cyl-
inder 200 for a predetermined distance. If the mould 220
and the cylinder 200 are open at their ends, the press
may be inside the mould 220 and the cylinder 200. On
the other hand, if the mould 220 is closed, the shaft of
the press may run outside the mould 220 and the cylinder
200.

[0027] According to an embodiment, grease is used
on the side profile 222 of the mould 220 and/or on the
sidewall 202 of the cylinder 200 so that friction between
the sidewalls 202 and 222 would be as low as possible.
This is advantageous in order to minimize the energy
needed for the forcing. The grease to be used may be a
lubricant, for example.

[0028] According to an embodiment, the means for
forcing the mould 220 into the cylinder 200 for a prede-
termined distance comprise the counter piece shown in
Figure 6 against which the cylinder 200 may be placed.
The counter piece shown in Figure 6 from above com-
prises at least one connecting point 602, each one of
which may allow the lead-through or fastening of the con-
necting rod in the counter piece 600. The at least one
connecting rod may connect the mould 220 to the counter
piece. In other words, the connecting rod may be placed
between the counter piece 600 and the mould 220 to
connect the counter piece 600 and the mould 220 togeth-
er. The connecting point 602 may be just a partial lead-
through enabling, nevertheless, stationary fastening of
the connecting rod to the counter piece, or an complete
lead-through enabling stationary fastening of the con-
necting rod to the counter piece 600 or the lead-through
of the connecting rod in the counter piece 600 without
stationary fastening. Stationary fastening in this context
means that the fastened pieces do not move in relation
to one another.

[0029] Figure 6 alsoshows a setting base 604 depicted
with diagonal lines. Hence the counter piece may com-
prise a counter piece 600 of the setting base 604, the
ring of the end 206 of the cylinder 200 setting against the
setting protrusion. This is illustrated in Figure 4 by a
cross-sectional view of an example of two counter pieces
400A and 400B. The cross-sectional view is taken from
the point depicted with broken lines in the counter piece
of Figure 6 as seen from the direction of the arrows. Fig-
ures 4A and 4B illustrate counter pieces 400A and 400B
of some embodiments. The counter pieces 400A and
400B comprise setting bases 404A and 404B and pro-
trusions 401 A and 401 B, the protrusions 401 A and 401
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B comprising at least one connecting point 402A and
402B.

[0030] According to an embodiment, the counter piece
600 is a cylindrical piece having a diameter which is
smaller or larger than the diameter of the cylinder 200 to
be modified into the nozzle ring 230 to the extent that
when the cylinder 200 is placed around or inside the
counter piece 600 part of the sidewall 202 of the cylinder
200 sets against the sidewall of the counter piece 600.
The counter piece 600 may be arranged fixedly in place,
thus preventing at the same time the movement of the
cylinder 200 which is at least substantially in contact with
it. Hence the counter piece 600 produces an effect of
supporting the cylinder 200.

[0031] The counter piece is usually made of structural
steel using ordinary manufacturing methods applied in
an engineering workshop. It is also possible to make the
counter piece by casting material of a sufficient strength
property. Accordingly, a counter piece of an embodiment
is made by casting. The manufacturing material may be
nickel aluminium bronze.

[0032] Let us examine Figures 3A and 3B, which are
cross-sectional views of the mould 220 or 520, the cyl-
inder 200 and the counter piece 600, 400A or 400B. The
figures also show means for forcing the mould 220 into
the cylinder 200. Figure 3A illustrates an initial situation
and Figure 3B a moment where the mould 220 has been
forced into the cylinder 200. These means for forcing the
mould 220 into the cylinder 200 for a predetermined dis-
tance comprise in this embodiment at least a connecting
rod 300 fastened in a stationary manner either to the
mould 220 or the counter piece 600. In the example of
Figure 3, the stationary fastening has been implemented
to the counter piece 600 by fastening means 302, which
may comprise screws and a nut, for example. If a counter
piece of Figure 4B is concerned, the connecting rod 300
may be provided with a threading, which is screwed to
the counter piece 600 and thus forms a stationary fas-
tening.

[0033] According to an embodiment, the mould 220
has at least one connecting point 528 allowing the con-
necting rod 300 to be connected to the mould 220. In this
embodiment the connection is a lead-through from the
mould 220. The mould 220 is thus movable in relation to
the connecting rod 300. Movability may mean that the
mould 220 may move (slide) up and down on the con-
necting rod 300.

[0034] Inaddition, the means for forcing the mould 220
into the cylinder 200 comprise, according to the embod-
iment, a hydraulics arrangement 310 fastened to each
connecting rod 300 by fastening means 304. When pres-
sure is supplied to the hydraulics arrangement 310, at
least one part of the hydraulics arrangement which is at
least indirectly in contact with the mould 220 or the coun-
ter piece 300 moves in relation to the connecting rod 300,
forcing at the same time the mould 220 towards the in-
terior of the cylinder 200. In this example the hydraulics
arrangement 310 is at least indirectly (directly or through
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an intermediate piece) in contact with the mould 220.
Hence, when pressure is produced into the hydraulics
arrangement 310, a specific part of the hydraulics ar-
rangement 310 moves in relation to the connecting rod
300 pressing at the same time the mould 220 towards
the cylinder 200, as shown in Figure 3B. When the mould
220 is pressed into the cylinder 200, the side profile of
the cylinder 200 widens at 203 to match the profile of the
outer surface of the mould.

[0035] According to an embodiment, the hydraulics ar-
rangement 310 is of a size that one fastening and pres-
sure supply to the hydraulics arrangement 310 enables
the hydraulics arrangement 310 to produce a movement
of the mould 220 into the cylinder 200 for the predeter-
mined distance required. According to another embodi-
ment, the hydraulics arrangement 310 is of a size that
one fastening and pressure supply to the hydraulics ar-
rangement 310 enables the hydraulics arrangement 310
to cause the mould 220 to enter the cylinder 200 for only
a part of the predetermined distance required. In that
case a need may arise to detach the hydraulics arrange-
ment 310 from the connecting rod 300, to move the po-
sition of the hydraulics arrangement 310 on the connect-
ing rod 300 and to fasten the hydraulics arrangement 310
to a new position on the connecting rod 300. In this new
position the hydraulics arrangement 310, when subject-
ed to pressure, is capable of causing the mould 220 to
move in relation to the connecting rod 220 towards the
interior of the cylinder 200.

[0036] According to an embodiment, the hydraulics ar-
rangement comprises a cylinder 312 and a piston 314
around the connecting rod 300 and, further, means for
producing pressure 316 to the cylinder-piston pair, in
which either the cylinder 312 or the piston 314 is at least
indirectly in contact with the mould 220 or the counter
piece 600. In the example of Figure 3, the piston 314 of
the hydraulics arrangement 310 is fastened with fasten-
ing means 304 to the connecting rod 300 in a stationary
manner. When pressure, such as oil or compressed air,
is supplied to the cylinder-piston pair of Figure 3A through
pressure generating means 316, such as a valve and a
pump, the piston 314 is pushed out of the cylinder 312.
The produced pressure, such as oil or compressed air,
in the cylinder 312 is illustrated by a mesh pattern. Since
the piston 314 is fastened to the fastening rod 300 in a
stationary manner with fastening means 304, such as a
nut, the cylinder 312 moves on the connecting rod 300
and pushes at the same time the mould 220 that is in
contact with the cylinder towards the interior of the cyl-
inder 200. Hence, the mould structure 220, which s larger
than the cylinder 200, provides the sidewall of the cylinder
200 with the desired nozzle ring shape.

[0037] According to another embodiment, the hydrau-
lics arrangement 310 is at least indirectly in contact with
the counter piece 600, and the connecting rod 300 is
fastened to the mould 220 in a stationary manner and to
the counter piece 600 through a lead-through only. This
means that the counter piece 600 may be brought into
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movement by the hydraulics arrangement 310 by press-
ing the counter piece 600 and the mould 220 towards
each other and, at the same time, into the mould 220.
Finally the hydraulics arrangement 310, the connecting
rod 300 and the mould are detached from the nozzle ring
(from the original cylinder 200).

[0038] Instead of the hydraulics arrangement 310 and
the piston 314, the cylinder 312 could be fastened to the
connecting rod 300 in a stationary manner, the piston
314 being the part of the hydraulics arrangement 310
that would move in relation to the connecting rod 300.
[0039] Although in Figure 3 the hydraulics arrange-
ment 310 is illustrated as being on the side of the mould
220 not provided with the counter piece 600, the hydrau-
lics arrangement 310 could also be placed and fastened
between the counter piece 600 and the mould 220. In
that case the hydraulics arrangement 310 could have
protrusions fastened thereto to connect the hydraulics
arrangement 310 either to the counter piece 600 or to
the mould 220. Upon pressure supply, the part of the
hydraulics arrangement 310 that moves in relation to the
connecting rod 300 would draw either the mould 220 or
the counter piece 600 towards each other with the pro-
trusions, thus causing the mould 220 to press into the
cylinder 200. Alternatively, the hydraulics arrangement
310 mentioned above or disclosed in Figure 3 could be
provided and fastened also to the side of the counter
piece 600.

[0040] According to an embodiment, a large quantity
of cylinder-piston pairs is provided for forming sets of
cylinder-piston pairs of a specific size, the sets being con-
trolled by one pump. A set may comprise six cylinder-
piston pairs, for example. Thus, one pump allows a large
quantity of cylinder-piston pairs to be controlled. An ad-
vantage of controlling only a sub-quantity of all cylinder-
piston pairs with one pump is that the requirements set
for the pumps with regard to production of pressure oil
are less strict than if all cylinder-piston pairs were con-
trolled with one pump. A set of smaller pumps is also
more economical to purchase than a single, large pump
that is subject to high requirements. Moreover, risks of
malfunction of the apparatus and any repair costs are
smaller for an apparatus in which multiple pumps with
relatively loose requirements are used. However, the dif-
ferent embodiments are not restricted to this, but each
cylinder-piston pair may be controlled by a separate
pump, or all cylinder-piston pairs may be controlled by
pressure produced with a single pump.

[0041] According to an embodiment, the hydraulics ar-
rangement provides a force of several dozens of tons,
for example 60 tons, the force being applied to forcing
the mould 220 into the cylinder 200. Because of the re-
quirement for high force production, it is advantageous
to use a plurality of hydraulics arrangements 310. Ac-
cording to an embodiment, as shown in Figures 5 and 6,
the apparatus is provided with eight connecting rods,
each one of which has a cylinder-piston pair. However,
all the connecting rods do not need to be provided with
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a hydraulics arrangement, but a connecting rod may be
left without one. Since the apparatus is used for drawing,
in @ manner of speaking, the counter piece 600 and the
mould 220 towards each other, the method in which the
apparatus is used may be referred to as a deep draw
method.

[0042] As stated earlier, the different embodiments al-
low the manufacturing method to be utilized in the man-
ufacture of both the nozzle inner ring and the nozzle outer
ring. Figure 8 shows in greater detail what is meant by
the inner and outer ring of the nozzle. Figures 8A to 8C
show different nozzles consisting of an inner ring 202A,
202B and 202C and an outer ring 800A, 800B and 800C.
The inner and outer rings are between the ends 204 and
206. Although the manufacturing of the inner rings 202A
and 202C of Figures 8A and 8C has been disclosed ear-
lier in this specification, the manufacturing methods and
apparatuses of the different embodiments may be used
for producing also an inner ring 202B of Figure 8B. In
addition, the manufacturing methods and apparatuses
of the different embodiments may be used for producing
outer ring shapes 800A, 800B and 800C of Figures 8A,
8B and 8C, respectively. A feature common to the struc-
ture of the rings 202A to 202C and 800A to 800C is that
each of them has at least partly widening side profile.
This widening may be achieved by the manufacturing
methods and apparatuses of the different embodiments.
However, the different manufacturing methods and em-
bodiments are not restricted to these shapes, but also
nozzle rings of other shapes may be manufactured, pro-
vided that the side profile of the ring has at least partly
widening shape.

[0043] In the end, the manufactured inner and outer
rings may be joined together, as shown in Figures 8A to
8C. This may be performed by welding, for example. Any
hollow space between the welding points may be
strengthened, if desired, by adding steel plates, for ex-
ample, to support the structure.

[0044] On the other hand, the nozzle may be made of
a single ring manufactured according to the different em-
bodiments. In addition, the sidewall of the nozzle may be
reinforced by providing it with predetermined additional
structures to obtain the final nozzle shape. Nozzles thus
obtained may have a smooth inner surface, which is par-
ticularly advantageous in terms of flow.

[0045] Figure 7 illustrates a method for forming the
nozzle ring from a cylinder. The method starts at step
700. In step 702 a circular mould is formed, the mould
having a side profile that widens towards one end thereof
and the mould being placeable to the neck of the cylinder
with a first end of the mould oriented towards the inner
space of the cylinder and a second end of the mould
having a cross-sectional surface greater than the cylinder
end in question. In step 704 the mould is forced into the
cylinder for a predetermined distance, the outer surface
of the side profile of mould running against the inner sur-
face of the cylinder and thus widens at least part of the
cylinder to match the widening shape of the side profile
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of the mould, the cylinder thus reaching the shape of the
nozzle ring. The method ends at step 706.

[0046] A nozzle ring manufactured according to this
method may be used in ships or airplanes, for example.
The method and apparatus have a number of advantag-
es. The manufacturing of the nozzle does not require
forging or heating of the material. In addition, the nozzle
ring is strong because, according to an embodiment, it
has only one closure seam. The nozzle ring has an op-
timal shape. Because of the material selected, there is a
slide effect between the mould and the cylinder that re-
duces the friction between them. Rings of different sizes
may be easily manufactured by changing the diameters
of the mould and the cylinder. Moulds of different sizes
may be manufactured by changing the width parameters
of the mould.

[0047] A person skilled in the art will find it apparent
that as technology advances, the basic idea of the inven-
tion may be implemented in various ways. The invention
and its embodiments are therefore not restricted to the
above examples, but may vary within the scope of the
claims.

Claims

1. A method for manufacturing a propeller nozzle ring
(230), characterized by comprising the steps of
forming a circular mould (220) having a side profile
(222) that widens towards one end (226) of the mould
(220), the mould (220) being arrangeable to the neck
of an end (204) of a cylinder (200) so that a first end
(224) of the mould (220) is towards the interior of the
cylinder (200) and a second end (226) of the mould
(220) has a cross-sectional surface greater than the
end (204) in question of the cylinder (200); and
forcing the mould (220) into the cylinder (200) for a
predetermined distance so that the outer surface of
the side profile (222) of the mould (220) runs against
the inner surface of the cylinder (200), thereby wid-
ening at least part of the cylinder (200) to match the
widening shape of the side profile (222) of the mould
(220), the cylinder (200) thus reaching the shape of
the nozzle ring (230).

2. A method according to claim 1, characterized by
further comprising the steps of
forming a cylinder (200) by roll forming a metal band
into an open side profile (222); and
welding the open side profile (222) to close it and to
thereby form a cylinder (200) with one closure seam
(208).

3. A method according to any one of the preceding
claims, characterized in that at least part of the
outer surface of the side profile (222) of the mould
(220) is widens non-linearly towards the second end
(226) of the mould (220) and the height of the side
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profile (222) is selected to match the length of the
part to be modified of the sidewall (202) of the cylin-
der (200).

A method according to any one of the preceding
claims, characterized by further comprising the
steps of

placing the cylinder (200) against the counter piece
(600); and placing at least one connecting rod (300)
between the counter piece (600) and the mould
(220), thus connecting the counter piece (600) and
the mould (220) to each other, and fastening the con-
necting rod (300) in a stationary manner either to the
mould (220) or the counter piece (600);

fastening a hydraulics arrangement (310) to each
connecting rod (300) by fastening means (302);
supplying pressure to the hydraulics arrangement
(310), whereby at least one part of the hydraulics
arrangement (310) that is at least indirectly in contact
with the mould (220) or the counter piece (600)
moves in relation to the connecting rod (300), forcing
atthe same time the mould (220) towards the interior
of the cylinder (200).

A method according to any one of the preceding
claims, characterized by further comprising the
step of
casting a uniform mould (220) of nickel aluminium
bronze.

A water-craft, characterized in that a nozzle ring
(230) manufactured according to any one of the pre-
ceding claims 1 to 5 is used in it.

An apparatus for manufacturing a propeller nozzle
ring (230), characterized in that the apparatus
comprises

acircular mould (220) having a side profile (222) that
widens towards one end (226) of the mould (220),
the mould (220) being arrangeable to the neck of an
end (204) of a cylinder (200) so that a first end (224)
of the mould (220) is towards the interior of the cyl-
inder (200) and a second end (226) of the mould
(220) has a cross-sectional surface greater than the
end (204) in question of the cylinder (200); and
means for forcing the mould (220) into the cylinder
(200) for a predetermined distance so that the outer
surface of the side profile (222) of the mould (220)
runs against the inner surface of the cylinder (200)
and thus widens at least part of the cylinder (200) to
match the widening shape of the side profile (222)
of the mould (220), the cylinder (200) thus reaching
the shape of the nozzle ring (230).

An apparatus according to claim 7, characterized
in that at least part of the outer surface of the side
profile (222) of the mould (220) widens towards the
second end (226) of the mould (220) and the height
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10.

of the side profile (222) is selected to match the
length of the part to be modified of the sidewall (202)
of the cylinder (200).

An apparatus according to any one of claims 7 to 8,
characterized in that the means for forcing the
mould (220) inside the cylinder (200) comprise

a counter piece (600) against which the cylinder
(200) is placeable;

atleast one connecting rod (300) placeable between
the counter piece (600) and the mould (220) to con-
nect the counter piece (600) and the mould (220) to
each other, the connecting rod (300) being fastened
in a stationary manner either to the mould (220) or
the counter piece (600); and

a hydraulics arrangement (310) fastened to each
connecting rod (300) by fastening means (302), sup-
ply of pressure to the hydraulics arrangement caus-
ing at least one part of the hydraulics arrangement
(310) that is in at least indirect contact with the mould
(220) or the counter piece (600) to move in relation
to the connecting rod (300), forcing at the same time
the mould (220) towards the interior of the cylinder
(200).

An apparatus according to any one of claims 8 to 9,
characterized in that the mould (220) is uniformly
cast in nickel aluminium bronze.
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