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(54) Rudder for a ship

(57)  Disclosed herein is a ship rudder (4) disposed
behind a propeller (2) at a stern of a ship (1) to control a
movement direction of the ship. The rudder includes a
middle blade (4a) located around an axis of the propeller
and upper and lower blades (4b, 4c) located at upper and
lower sides of the middle blade. The middle blade has a
leading edge part having a bilaterally symmetrical shape
with respect to a plane passing through the axis of the
propeller and a perpendicular centerline of the rudder.
The upper blade (4b) has a leading edge part twisted
with respect to the plane passing through the axis of the
propeller and the perpendicular centerline of the rudder
to be biased in a reverse rotational direction of the pro-
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peller. The lower blade (4c) has a leading edge part twist-
ed with respect to the plane passing through the axis of
the propeller and the perpendicular centerline of the rud-
der to be biased in a forward rotational direction of the
propeller. The leading edge part of the middle blade does
not form a step, with respect to the leading edge parts of
the upper and lower blades, at sides of the rudder in
twisted directions of the upper and lower blades, but
forms steps, where the leading edge part of the middle
blade meets the leading edge parts of the upper and low-
er blades, at sides of the rudder in directions opposite to
the twisted directions of the upper and lower blades, re-
spectively.
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Description
BACKGROUND
Technical Field

[0001]
ships.

The present disclosure relates to a rudder for

Description of the Related Art

[0002] Generally, ship rudders are located behind a
propeller of a ship to control a movement direction of the
ship. In this case, the rudders are subjected to propeller
induced velocities and propeller induced flow angles that
vary along the rudder span. The induced flow generates
different pressures at right and left sides of the rudders
according to upper and lower locations on an axis of the
propeller. Viewing the rudder from behind the ship, a
right-hand rotating propeller will produce a pressure dis-
tribution on the rudder surface such that a pressure side
is created at a left upper portion and a right lower portion
of the rudder, and a suction side is created at a right
upper portion and a left lower portion thereof. According-
ly, when a rudder having a symmetrical cross-section is
located behind a high speed (20 Knots or more) or highly
loaded propeller of a ship, the suction pressure peak
causes cavitation on the surface of the rudder where the
suction side is created. In order to suppress the cavitation
on the rudder surface, asymmetrical rudders have been
developed which have leading edge parts, that is, front
parts of the upper and lower blades of the rudders on the
axis of the propeller twisted so as to have profiles along
its entire span that are aligned with the propeller induced
flow into the rudder. In other words, viewing the rudder
from behind the ship with the propeller rotating in the
right-hand direction about the rudder, the leading edge
parts of the upper and lower blades of such a conven-
tional asymmetrical rudder on the axis of the propeller
are twisted towards the port side and the starboard side,
respectively. In this structure, the leading edge parts of
the rudder are asymmetrically located on the axis of the
propeller. As a result, it is possible to reduce the lower
suction pressure region along the leading edge parts of
the rudder that normally causes the cavitation on the rud-
der surface, thereby solving the problems of the conven-
tional symmetrical rudders.

[0003] Since the leading edge parts of the upper and
lower blades of the rudder centered on the axis of the
propeller are twisted toward the port and starboard sides,
however, the conventional asymmetrical rudder has a
discontinuous cross-section and must include a scissors
plate for structural rigidity. Further, a leading-edge asym-
metrical rudder having the discontinuous cross-section
is liable to suffer cavitation on the discontinuous surfaces
of the leading edge parts and scissors plate due to a hub
vortex of the propeller.

[0004] Further, for the conventional twisted rudder
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having a single discontinuous cross-section, there is a
problem in that only a single scissors plate is used to
resist the twisting or shear load.

[0005] Furthermore, for the conventional twisted rud-
der that has a discontinuously asymmetrical cross-sec-
tion on the axis of the propeller, the overall section of the
leading edge parts has an asymmetrical shape, thereby
deteriorating productivity.

BRIEF SUMMARY

[0006] The present disclosure is directed to solve the
problems of the conventional techniques as described
above, and one embodiment includes a rudder, specifi-
cally, a leading-edge asymmetrical rudder, that can re-
duce influence acting on the rudder due to the acceler-
ated cross-flow induced by the rotating propeller while
preventing the risk of cavitation erosion on a discontinu-
ous surface of leading edge parts.

[0007] Inaccordance with one aspect, the present dis-
closure provides a rudder for a ship disposed behind a
propeller at a stern of the ship to control a movement
direction of the ship, including a middle blade located
around an axis of the propeller and upper and lower
blades located at upper and lower sides of the middle
blade, wherein the middle blade has a leading edge part
having a bilaterally symmetrical shape with respect to a
plane passing through the axis of the propeller and a
perpendicular centerline of the rudder, the upper blade
has a leading edge part twisted with respect to the plane
passing through the axis of the propeller and the perpen-
dicular centerline of the rudder to be biased in a reverse
rotational direction of the propeller, the lower blade has
aleading edge part twisted with respect to the plane pass-
ing through the axis of the propeller and the perpendicular
centerline of the rudder to be biased in a forward rota-
tional direction of the propeller, and the leading edge part
of the middle blade does not form a step, with respect to
the leading edge parts of the upper and lower blades, at
sides of the rudder in twisted directions of the upper and
lower blades, but forms steps, where the leading edge
part of the middle blade meets the leading edge parts of
the upper and lower blades, at sides of the rudder in
directions opposite to the twisted directions of the upper
and lower blades, respectively.

[0008] In the case where the forward rotational direc-
tion of the propeller is the clockwise direction when view-
ing the propeller from behind the ship, the leading edge
parts of the upper and lower blades are twisted towards
port and starboard of the ship on the axis of the propeller,
respectively.

[0009] Each of the leading edge parts of the upper and
lower blades may be twisted at an angle of 2 to 8 degrees
with respect to the plane passing through the axis of the
propeller and the perpendicular centerline of the rudder.
[0010] Each of the leading edge parts of the upper and
lower blades may be curvedly twisted with respect to the
plane passing through the axis of the propeller and the
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perpendicular centerline of the rudder.

[0011] The leading edge part of the middle blade may
have a vertical length corresponding to 15 to 30% of a
diameter of the propeller.

[0012] The leading edge part of the middle blade may
have a streamlined blunt cross-section.

[0013] Ineach of the upper and lower blades, an offset
distance of the leading edge part to a centerline of a sec-
tion of the rudder may be limited to within half of a max-
imum thickness of the section of the rudder.

[0014] Inaccordance with another aspect, the present
disclosure provides a rudder for a ship disposed behind
a propeller at a stern of the ship to control a movement
direction of the ship, wherein the ship rudder is divided
into upper, middle and lower blades, in which a leading
edge part of the middle blade has a bilaterally symmet-
rical cross-section on an axis of the propeller, and leading
edge parts of the upper and lower blades are twisted in
a reverse rotational direction and a forward rotational di-
rection of the propeller on the axis of the propeller, re-
spectively.

[0015] Assuch,inthe rudder according to one embod-
iment, the leading edge parts of the upper and lower
blades are twisted on the axis of the propeller, and the
leading edge part of the middle blade located around axis
of the propeller has a bilaterally symmetrical shape with
respect to the plane passing through the axis of the pro-
peller and the perpendicular centerline of the rudder,
thereby reducing the risk of cavitation erosion damage
due to the accelerated cross-flow induced by the rotating
propeller onto the rudder. Further, the rudder according
to the embodiment prevents the cavitation on the rudder
surface around the discontinuous plane at the asymmet-
rically located sections in the leading edge parts of the
upper and lower blades by a vortex generated at a hub
of the propeller.

[0016] Further, according to the embodiment, the dis-
continuous plane is divided into two parts, thereby dis-
tributing twisting or shear load.

[0017] Further, according tothe embodiment, the lead-
ing edge part of the middle blade has a bilaterally sym-
metrical shape, thereby improving productivity as com-
pared with the conventional rudder, the overall section
of the leading part of which has an asymmetrical shape.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

Figure 1 is a partial side view of a ship including a
rudder according to one embodiment of the present
disclosure;

Figure 2 is a perspective view of a rudder according
to one embodiment of the present disclosure;
Figure 3 is a front view of the rudder according to
the embodiment of the present disclosure; and
Figure 4 is a plan view of the rudder according to the
embodiment of the present disclosure.
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DETAILED DESCRIPTION

[0019] Exemplary embodiments of the present disclo-
sure will now be described in detail with reference to the
accompanying drawings.

[0020] Figure 1is a partial side view of a ship including
a rudder according to one embodiment, Figure 2 is a
perspective view of a rudder according to one embodi-
ment, Figure 3 is a front view of the rudder according to
the embodiment, and Figure 4 is a plan view of the rudder
according to the embodiment. Referring to Figure 1, a
ship rudder 4 according to one embodiment is provided
behind a propeller 2 located at the stern of a ship 1 to
control a movement direction of the ship 1.

[0021] In this embodiment, a full-spade rudder will be
illustrated as one example of the rudder 4. The rudder 4
is provided to a rudder trunk 3 located at the stern of the
ship 1. Figure 1 shows the rudder connected to the rudder
trunk 3, and Figures 2 to 4 show only the rudder.
[0022] Recently, full-spade rudders have been devel-
oped for large vessels.

[0023] The full-spade rudder is formed at an upper sur-
face thereof with a rudder stock, which is inserted into a
lower surface of the rudder trunk at the stern via bearings
such that the full-spade rudder can be rotatably support-
ed by the rudder trunk. Such a full-spade rudder is well-
known in the art and details thereof are not shown in
Figure 1.

[0024] The rudder 4 is generally divided into a middle
blade 4alocated around an axis L1 of the propeller 2 and
upper and lower blades 4b and 4c located at upper and
lower sides of the middle blade 4a, respectively. Each of
the middle, upper and lower blades 4a, 4b, 4c is also
divided into a leading edge part 41a, 41b, 41c corre-
sponding to a front part of the rudder 4 and a trailing edge
part 42a, 42b, 42¢ corresponding to a back part of the
rudder 4. Referring to Figures 2 to 4, the terms "leading
edge part" and "trailing edge part" herein refer to the front
and back parts of the rudder 4 with reference to a max-
imum thickness spanwise centerline L3, respectively.
[0025] Referringto Figure 3, the axis L1 of the propeller
2 is indicated by a dotted line. A perpendicular centerline
L2 of the rudder 4 is a spanwise centerline orthogonal to
the rudder 4 and crosses the axis L1 of the propeller 2
and the maximum thickness spanwise centerline L3.
[0026] In the rudder 4 according to this embodiment,
the leading edge part 41a of the middle blade 4a has a
bilaterally symmetrical shape with respect to a plane
passing through the axis L1 of the propeller 2 and the
perpendicular centerline L2 of the rudder 4. The leading
edge part 41b of the upper blade 4b is twisted at a pre-
determined angle with respect to the plane passing
through the axis L1 of the propeller 2 and the perpendic-
ular centerline L2 of the rudder 4 to be biased in areverse
rotational direction of the propeller 2. The leading edge
part 41c of the lower blade 4c is twisted at a predeter-
mined angle with respect to the plane passing through
the axis L1 of the propeller 2 and the perpendicular cen-
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terline L2 of the rudder 4 to be biased in a forward rota-
tional direction of the propeller 2. Here, the forward rota-
tional direction of the propeller 2 is a rotational direction
of the propeller when the ship is advancing, and the re-
verse rotational direction of the propeller 2 is a rotational
direction of the propeller 2 when the ship is reversing.
[0027] More specifically, in the case where the forward
rotational direction of the propeller is the clockwise direc-
tion (when viewing the propeller 2 from behind the ship),
the leading edge part 41b of the upper blade 4b is twisted
towards the port of the ship on the axis L1 of the propeller
2, and the leading edge part 41c of the lower blade 4c is
twisted towards the starboard of the ship on the axis L1
of the propeller 2.

[0028] When the leading edge parts 41b, 41c of the
upper and lower blades 4b, 4c are twisted at a predeter-
mined angle on the axis L1 of the propeller 2, the leading
edge parts 41b, 41c of the upper and lower blades 4b,
4c must be twisted towards the port and the starboard of
the ship, respectively, in order to counterbalance the
asymmetrical pressure acting on the rudder surface due
to the trailing flow induced onto the rudder and rotating
in one direction by the propeller rotating in one direction
(right-screw direction).

[0029] The middle blade 4a may have a vertical length
corresponding to 15 to 30% of the diameter of the pro-
peller 2.

[0030] Further, as illustrated in Figure 4, the leading
edge part41b of the upper blade 4b and the leading edge
part 41c of the lower blade 4c may be twisted at an angle
(a,B) of 2 to 8 degrees with respect to the plane passing
through the axis L1 of the propeller 2 and the perpendic-
ular centerline L2 of the rudder 4. Here, it should be noted
that the angle oo may be the same as or different from the
angle B.

[0031] Further, in this embodiment, on a cross-section
of the upper and lower blades 4b, 4c of the rudder 4,
each of the leading edge parts 41b, 41c is twisted, from
a point through which the perpendicular centerline L2 of
the rudder passes, at a predetermined angle with respect
to the plane passing through the axis L1 of the propeller
2 and the perpendicular centerline L2 of the rudder 4, as
shown in Figure 4.

[0032] Inthisembodiment, the leading edge parts 41b,
41c of the upper and lower blades 4b, 4c of the rudder 4
are illustrated as being linearly twisted with respect to
the plane passing through the axis L1 of the propeller 2
and the perpendicular centerline L2 of the rudder 4 (see
Figure 3). In another embodiment, however, the leading
edge parts 41b, 41c of the upper and lower blades 4b,
4c of the rudder 4 may be curvedly twisted with respect
to the plane passing through the axis L1 of the propeller
2 and the perpendicular centerline L2 of the rudder 4.
[0033] Further, in this embodiment, the leading edge
part 41a of the middle blade 4a does not form a step,
with respect to the leading edge parts 41b, 41c of the
upper and lower blades 4b, 4c, at sides of the rudder in
twisted directions of the upper and lower blades 41b, 41c,
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but forms steps, where the leading edge part 41a of the
middle blade 4a meets the leading edge parts 41b, 41¢c
of the upper and lower blades 4b, 4c, at sides of the
rudder in directions opposite to the twisted directions of
the upper and lower blades 4b, 4c, respectively.

[0034] In this embodiment, the leading edge part 41a
of the middle blade 4a is illustrated as having a stream-
lined blunt cross-section. Although many cavitation ex-
periments have clearly shown that the leading edge parts
having a blunt cross-section are effective in reducing in-
fluence of avortex at a propeller hub, the existing rudders
are still formed to have sharp leading edge parts due to
inherent purpose of the ship rudder. In this embodiment,
in the middle blade 4a which is affected by the vortex at
the propeller hub, the leading edge part 41a is formed to
have the blunt cross-section, thereby minimizing the in-
fluence by the hub vortex.

[0035] As such, in the rudder 4 according to the em-
bodiment, each of the leading edge parts 41b, 41¢ of the
upper and lower blades 4b, 4c is twisted at a predeter-
mined angle with respect to the plane passing through
the axis L1 of the propeller 2 and the perpendicular cen-
terline L2 of the rudder 4, and the leading edge part 41a
of the middle blade 4a located around the axis L1 of the
propeller 2 has a bilaterally symmetrical shape with re-
spect to the plane passing through the axis L1 of the
propeller 2 and the perpendicular centerline L2 of the
rudder 4. Accordingly, the rudder 4 can reduce the risk
of cavitation erosion damage due to the accelerated
cross-flow induced by the rotating propeller 2 onto the
rudder 4. Further, the rudder 4 prevents the cavitation on
the rudder surface around the discontinuous plane at the
asymmetrically located sections in the leading edge parts
41b, 41c of the upper and lower blades 4b, 4c by a vortex
generated at a hub 2a of the propeller 2.

[0036] Further, according to the embodiment, the dis-
continuous plane is divided into two parts, thereby dis-
tributing twisting or shear load.

[0037] Further, according to the embodiment, the lead-
ing edge part 41a of the middle blade 4a has a bilaterally
symmetrical shape, thereby improving productivity as
compared with the conventional rudder, the overall sec-
tion of the leading part of which has an asymmetrical
shape.

[0038] The various embodiments described above can
be combined to provide further embodiments. Aspects
of the embodiments can be modified, if necessary, to
employ concepts of the various patents, applications and
publications to provide yet further embodiments. These
and other changes can be made to the embodiments in
light of the above-detailed description. In general, in the
following claims, the terms used should not be construed
to limit the claims to the specific embodiments disclosed
in the specification and the claims, but should be con-
strued to include all possible embodiments along with
the full scope of equivalents to which such claims are
entitled. Accordingly, the claims are not limited by the
disclosure.
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Claims

Arudder (4) for aship (1) disposed behind a propeller
(2) at a stern of the ship to control a movement di-
rection of the ship, characterized by comprising:

a middle blade (4a) located around an axis of
the propeller; and

upper and lower blades (4b, 4c) located at upper
and lower sides of the middle blade,

wherein the middle blade (4a) has a leading
edge part (41a) having a bilaterally symmetrical
shape with respect to a plane passing through
the axis (L1) of the propeller and a perpendicular
centerline (L2) of the rudder,

wherein the upper blade (4b) has a leading edge
part (41b) twisted with respect to the plane pass-
ing through the axis of the propeller and the per-
pendicular centerline of the rudder to be biased
in a reverse rotational direction of the propeller,
wherein the lower blade (4¢) has a leading edge
part (41c) twisted with respect to the plane pass-
ing through the axis of the propeller and the per-
pendicular centerline of the rudder to be biased
in a forward rotational direction of the propeller,
and

wherein the leading edge part of the middle
blade does not form a step, with respect to the
leading edge parts of the upper and lower
blades, at sides of the rudder in twisted direc-
tions of the upper and lower blades, but forms
steps, where the leading edge part of the middle
blade meets the leading edge parts of the upper
and lower blades, at sides of the rudder in direc-
tions opposite to the twisted directions of the up-
per and lower blades, respectively.

The rudder (4) according to claim 1, wherein, in the
case where the forward rotational direction of the
propeller is a clockwise direction when viewing the
propeller from behind the ship,

the leading edge part (41b) of the upper blade (4b)
is twisted towards port of the ship on the axis of the
propeller, and

the leading edge part (41c) of the lower blade (4c)
is twisted towards starboard of the ship on the axis
of the propeller.

The rudder (4) according to claim 2, wherein each
of the leading edge parts of the upper and lower
blades (4b, 4c) is twisted at an angle of 2 to 8 degrees
with respect to the plane passing through the axis of
the propeller and the perpendicular centerline of the
rudder.

The rudder (4) according to claim 2 or 3, wherein
each of the leading edge parts of the upper and lower
blades (4b, 4c) is curvedly twisted with respect to
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the plane passing through the axis of the propeller
and the perpendicular centerline of the rudder.

The rudder (4) according to any one of claims 1 to
4, wherein the leading edge part of the middle blade
(4a) has a vertical length corresponding to 15to 30%
of a diameter of the propeller.

The rudder (4) according to any one of claims 1 to
5, wherein the leading edge part of the middle blade
has a streamlined blunt cross-section.

The rudder (4) according to any one of claims 1 to
6, wherein, in each of the upper and lower blades,
an offset distance of the leading edge part to a cen-
terline of a section of the rudder (4) is limited to within
half of a maximum thickness of the section of the
rudder.
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FIG. 1
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FIG. 4
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