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(54) System and method for indicating a pitch angle of a variable marine propeller

(57) The present disclosure relates to a system and
method for indicating a pitch angle of a variable marine
propeller of a vessel. The pitch angle indication system
(100) may comprise a first hydraulic cylinder (110) having
a first inlet (116) configured to receive hydraulic fluid and
a first outlet (118) configured to direct the hydraulic fluid
out of the first hydraulic cylinder (110), a first piston (112)
coupled to the at least one marine propeller blade and
movable disposed within the first hydraulic cylinder (110),

a first pressure detection device (138) configured to de-
tect a first pressure upstream of the first inlet (116) and
output a first pressure signal indicative of the first pres-
sure, and a processing unit (160) connected to the first
pressure detection device (138) and configured to, at
least partially based on the first pressure signal, indicate
the pitch angle of the at least one marine propeller blade
(18, 22).
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Description

Technical Field

[0001] The present disclosure generally relates to a
system and method for indicating a pitch angle of a var-
iable marine propeller having at least one adjustable ma-
rine propeller blade and, particularly, to a system and
method for accurately indicating a zero pitch angle posi-
tion of the at least one adjustable blade. The present
disclosure further relates to an adjustable marine propel-
ler arrangement used in, for example, a vessel.

Background

[0002] Floating vessels, in particular cargo vessels and
supply vessels, are generally furnished with a propulsion
system including an adjustable marine propeller arrange-
ment. The marine propeller arrangement includes a ma-
rine propeller with at least one marine propeller blade,
but often a plurality of marine propeller blades, wherein
the pitch of each one of the marine propeller blades is
controlled by a servo arrangement. The servo arrange-
ment generally is a hydraulic arrangement with fluid
chambers and a piston located in the boss of the marine
propeller. For changing the pitch of the marine propeller
blades, hydraulic fluid is supplied to the servo arrange-
ment for displacing the piston, which in turn changes the
pitch of the marine propeller blades.
[0003] At present, for detecting the zero pitch angle
position of an marine propeller blade of a marine propeller
of a vessel, an operater may visually look into the water
for identifying the current water jet of the marine propeller.
In dependency of the direction of the water jet output by
the marine propeller, the operator may adjust the pitch
angle of the at least one marine propeller blade until the
water jet is substantially zero which may indicate that the
at least one marine propeller blade is in the zero pitch
angle position and and, therefore, the marine propeller
may output substantially zero thrust.
[0004] For example, WO 2010/033060 A1 discloses
an adjustable marine propeller arrangement and a meth-
od for distributing fluid to and/or from such an adjustable
marine propeller arrangement. The adjustable marine
propeller arrangement disclosed therein includes a
measuring arrangement having a pin. The measuring ar-
rangement is operatively coupled to the piston, which is
configured to axially displace for changing the pitch of
the marine propeller blades. When being axially dis-
placed, the pin may indicate on a scale the current pitch
angle of the marine propeller blades.
[0005] The present disclosure is directed, at least in
part, to improving or overcoming one or more aspects of
prior systems.

Summary of the Disclosure

[0006] According to an aspect of the present disclo-

sure, a pitch angle indication system for indicating a pitch
angle of at least one marine propeller blade of an adjust-
able marine propeller arrangement used in, for example,
a vessel, is disclosed. The pitch angle indication system
may comprise a first hydraulic cylinder defining a first
longitudinal axis and having a first inlet configured to re-
ceive hydraulic fluid and a first outlet configured to direct
the hydraulic fluid out of the first hydraulic cylinder. The
pitch angle indication system may further comprise a first
piston disposed within the first hydraulic cylinder and
movable along the first longitudinal axis. The position of
the first piston relative to the first inlet may be associated
with the pitch angle of the at least one marine propeller
blade. The first piston may be shaped such that a position
change of the first piston relative to the first inlet changes
a first flow resistance between the first inlet to the first
outlet. The pitch angle indication system may further
comprise a first pressure detection device configured to
detect a first pressure upstream of the first inlet and out-
put a first pressure signal indicative of the first pressure.
The pitch angle indication system may further comprise
a processing unit connected to the first pressure detec-
tion device. The processing unit may be configured to
receive the first pressure signal and, at least partially
based on the first pressure signal, indicate the pitch angle
of the at least one marine propeller blade.
[0007] According to another aspect of the present dis-
closure, an adjustable marine propeller arrangement
used in, for example, a vessel, is disclosed. The adjust-
able marine propeller arrangement may comprise an ad-
justable marine propeller configured to be connected to
a drive shaft and having at least one marine propeller
blade rotatable connected to the adjustable marine pro-
peller, and a piston connected to the at least one marine
propeller blade. The piston may be configured to control
the pitch angle of the at least one marine propeller blade.
The adjustable marine propeller arrangement may fur-
ther comprise at least one pitch angle indication system
according to the present disclosure, wherein the first
and/or second pistons may be operatively coupled to the
at least one marine propeller blade.
[0008] According to another aspect of the present dis-
closure, a method for indicating a pitch angle of at least
one marine propeller blade of an adjustable marine pro-
peller arrangement used in, for example, a vessel, is dis-
closed. The method may comprise adjusting the pitch
angle of the at least one marine propeller blade, thereby
changing a first flow resistance between a first inlet of a
first hydraulic cylinder and a first outlet of the first hydrau-
lic cylinder. The method may further comprise directing
hydraulic fluid into the first hydraulic cylinder through the
first inlet and out of the first hydraulic cylinder through
the first outlet, detecting a first pressure upstream of the
first inlet, and indicating the pitch angle of the at least
one marine propeller blade at least partially based on the
detected first pressure.
[0009] Other features and aspects of this disclosure
will be apparent from the following description and the
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accompanying drawings.

Brief Description of the Drawings

[0010]

Fig. 1 shows a schematic side view of a vessel pro-
vided with an adjustable marine propeller arrange-
ment;
Fig. 2 shows a schematic side view of a partial cross-
section of an adjustable marine propeller arrange-
ment;
Fig. 3 shows a schematic illustration of an exemplary
disclosed pitch angle indication system of the marine
propeller arrangement of Fig. 2; and
Fig. 4 shows a sectional view of first and second
hydraulic cylinders of the pitch angle indication sys-
tem of Fig. 3 taken along line IV - IV of Fig. 3.

Detailed Description

[0011] The following is a detailed description of exem-
plary embodiments of the present disclosure. The exem-
plary embodiments described therein and illustrated in
the drawings are intended to teach the principles of the
present disclosure, enabling those of ordinary skill in the
art to implement and use the present disclosure in many
different environments and for many different applica-
tions. Therefore, the exemplary embodiments are not in-
tended to be, and should not be considered as, a limiting
description of the scope of patent protection. Rather, the
scope of patent protection shall be defined by the ap-
pended claims.
[0012] The present disclosure may be based at least
in part on the realization that movably providing a piston
within a hydraulic cylinder such that a flow resistance
may be changed by the position of the piston relative to
an inlet of the hydraulic cylinder may support in deter-
mining a current pitch angle of at least one marine pro-
peller blade based at least partially on a pressure detect-
ed upstream of the inlet. The detected pressure may be
associated with the current pitch angle of the at least one
marine propeller blade. Particularly, the piston may be
shaped such that the flow resistance is changed in ac-
cordance with the position of the piston relative to the
inlet. For example, the piston may have a tapered shape,
preferably a conical shape, such that the pressure up-
stream of the inlet is a function of a flow region within the
hydraulic cylinder at the inlet.
[0013] The present disclosure may be further based at
least in part on the realization that providing two hydraulic
cylinders with respective pistons movably disposed
therein may support in accurately determining the current
pitch angle, particularly in determining a zero pitch angle
position of the at least one marine propeller blade. Spe-
cifically, the two pistons may be oppositely arranged with
respect to one another and may be movable in depend-
ency of the current pitch blade. With such arrangement,

the current pitch angle may be determined without the
influence of hydraulic medium properties, such as, for
example, the type of hydraulic medium, the temperature
of the hydraulic medium, and the pressure of the hydrau-
lic medium, which may affect the viscosity of the hydraulic
medium and, hence, may distort the determination of the
current pitch angle. Thus, the environmental influence to
the hydraulic medium may be compensated such that
the determination of the current pitch angle may be more
accurate.
[0014] For example, the at least one marine propeller
blade may be in the zero pitch angle position when the
vessel is in a stationary state, that is when the vessel is
not moving. However, in such stationary state of the ves-
sel, the marine propeller may still be operating. Hence,
the thrust of the marine propeller should be zero, which
may be achieved by rotating the at least one marine pro-
peller blade into the zero pitch angle position.
[0015] Fig. 1 illustrates a schematic side view of a ves-
sel 10 comprising an adjustable marine propeller ar-
rangement 12. As may be gleaned from Fig. 1, the ar-
rangement 12 comprises a drive shaft 14 extending in a
longitudinal direction 13 and an adjustable marine pro-
peller 16 connected to the drive shaft 14. The adjustable
marine propeller comprises at least one marine propeller
blade, in the embodiment of the adjustable marine pro-
peller illustrated in Fig. 1, the marine propeller includes
four marine propeller blades three of which 18, 20, 22
are visible in Fig. 1. However, other implementations of
marine propellers with more or fewer marine propeller
blades may also be used with the marine propeller ar-
rangement. Furthermore, the vessel 10 may in some ap-
plications be provided with two or more adjustable marine
propeller arrangements 12.
[0016] Moreover, Fig. 1 illustrates that the vessel 10
includes an engine 24 which generally is connected to
the drive shaft 14 through a gear device 26. Additionally,
a part of a hydraulic fluid distribution system is illustrated
in Fig. 1, which part in the Fig. 1 embodiment of the hy-
draulic fluid distribution system is schematically illustrat-
ed by a housing 28 partly enclosing the drive shaft 14.
In Fig. 1, the housing 28 is located in a preferred location
in the marine propeller arrangement 12, namely around
the drive shaft 14 and between the gear device 26 and
the marine propeller 16. However, in other embodiments,
the housing 28 may be located at other locations in the
marine propeller arrangement 12. For instance, the hous-
ing 28 may be located on an extension of the drive shaft
14 extending through the gear device 26, such that the
housing 28 is located on the opposite side of the gear 26
than the marine propeller 16. This alternative location is
indicated by dotted lines in Fig. 1.
[0017] It should be noted that the drive shaft 14 does
not necessarily have to be made in one piece. In practice,
the drive shaft 14 may in fact often be constituted by a
plurality of shaft parts which are fixedly attached to one
another to form the complete drive shaft 14.
[0018] Fig. 2 illustrates a partial cross-section of the
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adjustable marine propeller arrangement 12 used in, for
example, a vessel of Fig. 1. As shown in Fig. 2, the ad-
justable marine propeller 16 includes a marine propeller
boss 32 which in turn comprises a hydraulic servo 34
including a forward pitch chamber 36, a backward pitch
chamber 38 and a piston 40. Depending on the fluid pres-
sure in the forward pitch chamber 36 and the backward
pitch chamber 38, respectively, the piston 40 may be
imparted a displacement either along the longitudinal di-
rection 13 (in Fig. 2 to the left) or counter the longitudinal
direction 13 (in Fig. 2 to the right). Such a displacement
will in turn impart a change in the pitch of each one of
the marine propeller blades 18, 22.
[0019] The piston 40 is fixedly attached to a fluid con-
veying member 43 accommodating, in the embodiment
shown in Fig. 2, two conduits, namely a forward pitch
chamber conduit 55 for feeding the forward pitch cham-
ber 36 with hydraulic fluid and a backward pitch chamber
conduit 56 for feeding the backward pitch chamber 38
with hydraulic fluid. In the embodiment of the marine pro-
peller arrangement 12 illustrated in Fig. 2, the forward
pitch chamber conduit 54 and the backward pitch cham-
ber conduit 56 are connected to a hydraulic fluid distri-
bution system 28 configured to provide hydraulic fluid to
the forward and backward pitch chambers 36, 38, re-
spectively, for changing the pitch of the marine propeller
blades 18, 22.
[0020] In the embodiment shown in Fig. 2, the fluid
conveying member 43 has a substantially L-shape ex-
tending through the circumferential wall of the drive shaft
14 through a slit 64 in the drive shaft 14. An inner sleeve
72 is fixedly attached to an end of the fluid conveying
member 43 which is opposite to the end of the fluid con-
veying member 43 to which the hydraulic servo 34 is
connected. The inner sleeve 72 provides conduits fluidly
connecting to the forward pitch chamber conduit 55 and
the backward pitch chamber conduit 56, respectively. An
outer sleeve 74 is rotatable connected to the inner sleeve
72 via a thrust bearing 96 adapted to not transmit a ro-
tation of the inner sleeve 72 to the outer sleeve 74. Also
the outer sleeve 74 provides conduits fluidly connecting
to the forward pitch chamber conduit 55 and the back-
ward pitch chamber conduit 56, respectively. The con-
duits of the outer sleeve 74 are fluidly connected to the
hydraulic fluid distribution system 28.
[0021] As further shown in Fig. 2, three sealing devices
88, 89, 90 are interposed between the inner sleeve 72
and the outer sleeve 74 for sealingly separating the en-
vironment, the forward pitch chamber conduit 55, the
backward pitch chamber conduit 56, and the thrust bear-
ing 96 from one another.
[0022] When the drive shaft 14 rotates around its lon-
gitudinal axis, which is parallel to the longitudinal direc-
tion 13, the fluid conveying member 43 and the inner
sleeve 72 also rotate whereas the outer sleeve 74 and
the sealing devices 88, 89, 90 remain stationary in rela-
tion to the vessel. If the pitch of the marine propeller
blades 18, 22 is altered by a change in the longitudinal

position of the piston 40, that is a longitudinal displace-
ment. Such longitudinal displacement is transmitted to
the fluid conveying member 43 and subsequently to the
inner sleeve 72 and the outer sleeve 74.
[0023] As further indicated in Fig. 2, a pitch angle in-
dication system 100 is provided in the drive shaft 14 and
rigidly attached to the fluid conveying member 43 via a
transmission device 102, for example, a rigid rod assem-
bly. In some embodiments, the transmission device 102
may be any device capable of transmitting the longitudi-
nal displacement of the fluid conveying member 43 to
the pitch angle indication system 100. In some further
embodiments, the transmission device 102 may be con-
figured to transmit the longitudinal displacement of the
fluid conveying member 43 to the pitch angle indication
system 100 with a predetermined transformation ratio.
Such transformation ration may be configured to, for in-
stance, increase the longitudinal displacement of the
pitch angle indication system 100.
[0024] The pitch angle indication system 100 is con-
figured to detect and indicate the current pitch angle of
the marine propeller blades 18, 22. The current pitch an-
gle of one of the marine propeller blades 18, 22 may be
defined as the angle between a plane spanned by one
of the marine propeller blades 18, 22 and a longitudinal
axis of the drive shaft 14. In Fig. 2, the pitch angle indi-
cation system 100 is indicated with a box in dash- two-
dot lines and will be described in more detail with respect
to Figs. 3 and 4.
[0025] The marine propeller blades 18, 22 may be con-
figured to have its default (standard) position at a pitch
angle of 0° (which will in the following be referred to as
"zero pitch angle position"). When being in the zero pitch
angle position, the marine propeller blades 18, 22 may
be substantially perpendicular to the longitudinal direc-
tion 13 and, thus, substantially perpendicular to the drive
shaft 14. When supplying hydraulic fluid to, for example,
the forward pitch chamber 36, the marine propeller
blades 18, 22 may rotate relatively to the marine propeller
boss 32 in a first direction, thereby ensuing a positive
pitch angle. To the contrary, when supplying hydraulic
fluid to the backward pitch chamber 38, the marine pro-
peller blades 18, 22 may rotate relatively to the marine
propeller boss 32 in a second direction counter to the
first, thereby ensuing a negative pitch angle.
[0026] With respect to Fig. 3, the pitch angle indication
system 100 of Fig. 2 is illustrated in greater detail. In the
exemplary embodiment shown in Fig. 3, the pitch angle
indication system 100 includes a first hydraulic cylinder
110 extending along a first longitudinal axis 114 and a
second hydraulic cylinder 120 extending along a second
longitudinal axis 124. A first piston 112 is movable dis-
posed within the first hydraulic cylinder 110, and a second
piston 122 is movable disposed within the second hy-
draulic cylinder 120. Both the first and second pistons
112, 122 are movable along the first and second longi-
tudinal axes 114, 124, respectively, which are parallel to
one another. In another embodiment, the first and second
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longitudinal axis 114, 124 may be angled to one another,
such that the first and second cylinders 110, 120 are not
parallel to one another. For example, the first and second
cylinders 110, 120 may have inner diameters of about
100 mm to about 200 mm or more.
[0027] Although shown with two hydraulic cylinders
110, 120, in some embodiments, the pitch angle indica-
tion system 100 according to the present disclosure may
include only one hydraulic cylinder 110 for indicating the
current pitch angle. In such embodiment, the current pitch
angle may be determined at least partially based on the
first pressure detected upstream of the first inlet 116.
[0028] The first hydraulic cylinder 110 includes a first
inlet 116 and a first outlet 118. As depicted in Fig. 3, the
first inlet 116 is disposed in a circumferential wall of the
first hydraulic cylinder 110 and the first outlet 118 is dis-
posed at an end side of the first hydraulic cylinder 110.
The first inlet 116 is configured to receive hydraulic fluid
from a first hydraulic supply line 130. The first outlet 118
is configured to direct the hydraulic fluid out of the first
hydraulic cylinder 110 via a first hydraulic drain line 132
into a fluid reservoir 150.
[0029] The second hydraulic cylinder 120 includes a
second inlet 126 and a second outlet 128. As depicted
in Fig. 3, the second inlet 126 is disposed in a circumfer-
ential wall of the second hydraulic cylinder 120 and the
second outlet 128 is disposed at an end side of the sec-
ond hydraulic cylinder 120. The second inlet 126 is con-
figured to receive hydraulic fluid from a second hydraulic
supply line 140. The second outlet 128 is configured to
direct the hydraulic fluid out of the second hydraulic cyl-
inder 120 via a second hydraulic drain line 142 into the
fluid reservoir 150.
[0030] The first and second hydraulic supply lines 130,
140 may be connected to the hydraulic fluid distribution
system 28 for receiving hydraulic fluid. Hence, fluid con-
veying member 43 may be provided with respective fluid
channels (not shown in the drawings) for providing the
hydraulic fluid from the hydraulic fluid distribution system
28 to the first and second cylinders 110, 120. The addi-
tional fluid channels may also extend through the inner
and outer sleeves 72, 74 similarly as described above.
[0031] In some embodiments, for example, the first
and/or second outlets 118, 128 may have a size substan-
tially corresponding to the diameter of the first and/or
second cylinders 118, 128. In such case, the hydraulic
fluid may freely stream out of the first and/or second cyl-
inders 118, 128, as only the pressures detected upstream
of the first and second inlets 116, 126 may be relevant
for indicating the current pitch angle of the marine pro-
peller blades 18, 22. The first and second outlets 118,
128 are configured to substantially not affect the flow
resistance of the hydraulic fluid flowing from the first and
second inlets 116, 128 to the first and second outlets
118, 128, respectively.
[0032] The first piston 112 has a substantially tapered
shape. In Fig. 3, the first piston 112 has a conical shape
with a first piston end 112A sealingly contacting the inner

circumferential wall of the first hydraulic cylinder 110 and
a second piston end 112B opposite to the first piston end
112A. The first piston end 112A divides the first hydraulic
cylinder 110 into a first fluid chamber 113 and a first non-
fluid chamber 115. The second piston end 112B has a
diameter smaller than the diameter of the first piston end
112A. The tapered first piston 112 substantially extends
along the first longitudinal axis 114.
[0033] The second piston 122 has a substantially ta-
pered shape. In Fig. 3, the second piston 122 has a con-
ical shape with a first piston end 122A sealingly contact-
ing the inner circumferential wall of the second hydraulic
cylinder 120 and a second piston end 122B opposite to
the first piston end 122A. The first piston end 122A di-
vides the second hydraulic cylinder 120 into a second
fluid chamber 123 and a second non-fluid chamber 125.
The second piston end 122B has a diameter smaller than
the diameter of the first piston end 122A. The tapered
second piston 122 extends along the second longitudinal
axis 124.
[0034] In some embodiments, the first and/or second
pistons 112, 122 may have any tapered shape, such as,
for example, a stepped like shape. In such embodiments,
the first piston ends 112A, 122A may be substantially
cylindrical with a first diameter and the second piston
ends 112B, 122B may be substantially cylindrical with a
second diameter smaller than the first diameter. In such
case, the first and/or second pistons 112, 122 may have
at least one further cylindrical portion between the first
ends 112A, 122A and the second ends 112B, 122B with
a third diameter smaller than the first diameter and great-
er than the second diameter.
[0035] As indicated in Fig. 3, the first piston 112 is ta-
pered in a first direction, and the second piston 122 is
tapered in a second direction opposite to the first direc-
tion. Thus, the tapered first and second pistons 112, 122
are disposed in the first and second hydraulic cylinders
110, 120, such that the tapered first piston 112 is oppo-
sitely arranged with respect to the tapered second piston
122. In the embodiment shown in Fig. 3, the first and
second pistons 112, 122 are identical in shape, but op-
positely arranged to one another.
[0036] The second piston end 112B of the first piston
112 is connected to the transmission device 102 via a
first rod 117 sealingly extending through the first hydrau-
lic cylinder 110. Similarly, the second piston end 122B
of the second piston 122 is connected to the transmission
device 102 via a second rod 127 sealingly extending
through the second hydraulic cylinder 120. Therefore,
when the marine propeller blades 18, 22 experience a
pitch angle change, the fluid conveying member 43 is
also displaced (see Fig. 2). The displacement of the fluid
conveying member 43 is transferred to the first and sec-
ond pistons 112, 122 via the transmission device 102
and the first and second rods 117, 127, respectively.
[0037] In the embodiment shown in the drawings, the
amount of displacement of the piston 40, the fluid con-
veying member 43 and the first and second pistons 112,
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122 are substantially equal. However, in some embodi-
ments, the transmission device 102 may transmit the
amount of displacement of the fluid conveying member
43 to the first and second pistons 112, 122 with a prede-
termined transmission ratio.
[0038] In some embodiments, the first and/or second
rods 117, 127 may be connected to the first piston ends
112A, 122A of the first and second pistons 112, 122 re-
spectively. In some further embodiments, the first and
second rods 117, 127 may be each directly connected
to the fluid conveying member 43.
[0039] A hydraulic pump (not shown in the drawings)
may be connected to the first and second hydraulic sup-
ply lines 130, 140 for supplying hydraulic fluid to the first
and second hydraulic cylinders 110, 120, respectively.
In some embodiments, there may be two hydraulic
pumps configured to provide hydraulic fluid to the first
and second hydraulic cylinders 110, 120, respectively.
The engine 24 may be configured to drive the hydraulic
pump(s).
[0040] For ensuring that the amount of hydraulic fluid
supplied to the first hydraulic cylinder 110 is substantially
equal to the amount of hydraulic fluid supplied to the sec-
ond hydraulic cylinder 120, a first hydraulic throttle 134
is disposed in the first hydraulic supply line 130 and a
second hydraulic throttle 144 is disposed in the second
hydraulic supply line 140. The first and second hydraulic
throttles 134, 144 may, for example, be variable throttles
for adapting the amount of hydraulic fluid supplied to the
first and second hydraulic cylinders 110, 120 via the first
and second hydraulic supply lines 130, 140, respectively.
[0041] The first hydraulic cylinder 110 further includes
a first venting valve 119 configured to vent the first non-
fluid chamber 115. For example, during movement of the
first piston 112 towards the first venting valve 119, the
air within the first non-fluid chamber 115 may freely exit
the first non-fluid chamber 115, such that the first piston
112 can freely and smoothly move within the first hydrau-
lic cylinder 110.
[0042] The second hydraulic cylinder 120 further in-
cludes a second venting valve 129 configured to vent the
second non-fluid chamber 125. For example, during
movement of the second piston 122 towards the second
venting valve 129, the air within the second non-fluid
chamber 125 may freely exit the second non-fluid cham-
ber 125, such that the second piston 122 can freely and
smoothly move within the second hydraulic cylinder 120.
[0043] In some embodiments, the first and/or second
pistons 112, 122 may allow fluid from the first and/or sec-
ond fluid chambers 113, 123 to stream into the chambers
115, 125, respectively. In such embodiments, the first
and/or second venting valves 119, 129 may not be nec-
essary.
[0044] The pitch angle indication system 100 further
includes a first pressure detection device 138 configured
to be fluidly connected to the first hydraulic supply line
130 via a first detection line 136. The first detection line
136 fluidly connects to a portion of the first hydraulic sup-

ply line 130 upstream of the first inlet 116 and down-
stream of the first hydraulic throttle 134.
[0045] The pitch angle indication system 100 further
includes a second pressure detection device 148 config-
ured to be fluidly connected to the second hydraulic sup-
ply line 140 via a second detection line 146. The second
detection line 146 fluidly connects to a portion of the sec-
ond hydraulic supply line 140 upstream of the second
inlet 126 and downstream of the second hydraulic throttle
144.
[0046] The first and second pressure detection devices
138, 148 are configured to detect a first pressure in the
first hydraulic supply line 130 upstream of the first inlet
116, and a second pressure in the second hydraulic sup-
ply line 140 upstream of the second inlet 126, respec-
tively. The first and second pressure detection devices
138, 148 are further configured to generate and output
a first and second pressure signal indicative of the first
and second pressures, respectively.
[0047] The first and second pressure detection devices
138, 148 are in communication with a processing unit
160 configured to receive the first and second pressure
signals. The processing unit 160 is further configured to
determine a pressure difference between the first pres-
sure and the second pressures and, at least partially
based on the pressure difference, output a signal indic-
ative of the current pitch angle of the marine propeller
blades 18, 22.
[0048] The processing unit 160 may output the pitch
angle signal as, for instance, an electric signal provided
to a control unit for further processing. However, in some
embodiments, the processing unit 160 may output the
pitch angle signal as, for example, a mechanical signal
indicating the pitch angle on, for instance, a pointer-
scale-apparatus.
[0049] In some embodiments, instead of providing first
and second pressure detection devices 136, 138, there
may be a differential pressure gauge fluidly connected
to the first and second hydraulic supply lines 130, 140
via the first and second detection lines 136, 146, respec-
tively. The differential pressure gauge may be configured
to directly detect the pressure difference between the
first pressure and the second pressure and output a sig-
nal to the processing unit 160 indicative of the pressure
difference. In some embodiments, the differential pres-
sure gauge may visually indicate the detected pressure
difference on a scale, such that an operator may check
the differential pressure for associating the differential
pressure with the current pitch angle.
[0050] Referring to Fig. 4, a sectional view of the first
and second hydraulic cylinders 110, 120 taken along line
IV - IV of Fig. 3 through the first and second inlets 116,
126, respectively, is shown. As can be seen in Fig. 4, the
first hydraulic cylinder 110 and the first piston 112 define
a first annular flow region 170 extending about the first
piston 112. The first annular flow region 170 is further
defined by the width of the first inlet 116, which extends
along the first longitudinal axis 114 (see Fig. 3). Thus,
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the first annular flow region 170 includes a first volume
at the first inlet 116.
[0051] The second hydraulic cylinder 120 and the sec-
ond piston 122 define a second annular flow region 180
extending about the second piston 122. The second an-
nular flow region 180 is further defined by the width of
the second inlet 126, which extends along the second
longitudinal direction 124 (see Fig. 3). Thus, the second
annular flow region 180 includes a second volume at the
second inlet 126.
[0052] In Figs. 3 and 4, the positions of the first and
second pistons 112, 122 relative to the first and second
inlets 116, 126, respectively, are off-center. That is, the
first and second pistons 112, 122 are displaced from re-
spective center positions to the left. The center positons
of the first and second pistons 112, 122 relative to the
first and second outlets 118, 128 may be defined by po-
sitions at which the first and second flow regions 170,
180 at the first and second inlets 116, 126 are substan-
tially equal. With the first and second pistons 112, 122 in
the center positions relative to the first and second inlet
116, 126, respectively, the marine propeller blades 18,
22 may be in the zero pitch angle positions.
[0053] The first and second pistons 112, 122 are con-
figured to have a length in the first and second longitu-
dinal directions 114, 124, respectively, which is at least
greater than half the length of the first and second hy-
draulic cylinders 110, 120, respectively. Due to this con-
figuration, it may be ensured that the first and second
pistons 112, 122 affect first and second flow resistances
between the first and second inlets 116, 126 and the first
and second outlets 118, 128, respectively, irrespective
of the position of the first and second pistons 112, 122
relative to the first and second inlets 116, 126.
[0054] The first and second flow resistances are a func-
tion of the current pitch blade. Particularly, the first and
second flow regions 170, 180 at the first and second inlets
116, 126 may be a function of the current pitch blade,
respectively. Moreover, the first and second flow resist-
ances, the first and second flow regions 170, 180, the
first and second pressures, and the current pitch angle
may at least partially depend on one another.
[0055] In some embodiments, the first and second cyl-
inders 110, 120 may have open longitudinal ends. In such
case, the hydraulic fluid supplied into the first and second
cylinders 110, 120, respectively, may exit the first and
second cylinders 110, 120 at both longitudinal ends and
may flow into the fluid reservoir 150, as it is only the pres-
sure(s) upstream of the first and second inlets 116, 126
that indicate the current pitch angle.

Industrial Applicability

[0056] In the following, the exemplary disclosed pitch
angle indication system 100 during operation of the ma-
rine propeller arrangement 12 is disclosed with respect
to the drawings.
[0057] When supplying hydraulic fluid to, for example,

the backward pitch chamber 38 via the backward pitch
chamber conduit 56, the piston 40 is displaced in the
longitudinal direction 13, that is to the left in Fig. 2. Dis-
placement of the piston 40 causes the marine propeller
blades 18, 22 to rotate relatively to the marine propeller
boss 32, thereby changing its pitch angle. Moreover, dis-
placement of the piston 40 causes the fluid conveying
member 43 to displace in the longitudinal direction 13,
that is to the left in Fig. 2.
[0058] Due to the transmission device 102 connected
to the fluid conveying member 43 and coupled to the first
and second pistons 112, 122 via the first and second
rods 117, 127, also the first and second pistons 112, 122
are longitudinally displaced relative to the first and sec-
ond inlets 116, 126 along the first and second longitudi-
nally axes 114, 124 (see Fig. 3). Particularly, with the
transmission device 102 and the first and second rods
117, 127 as shown in Figs. 2 and 3, the first and second
pistons 112, 122 are also displaced to the left.
[0059] As already described above, the first piston 112
is oppositely arranged with respect to the second piston
122. Therefore, referring particularly to Fig. 4, the first
flow region 170 is smaller than the second flow region
180 and, hence, the first flow resistance between the first
inlet 116 and the first outlet 118 is higher than the second
flow resistance between the second inlet 126 and the
second outlet 128. Specifically, as the distance from the
first inlet 116 to the first piston 112 is smaller than the
distance from the second inlet 126 to the second piston
122 (see Fig. 4), the hydraulic backlog in the first hydrau-
lic supply line 130 is greater than the hydraulic backlog
in the second hydraulic supply line 140. The different first
and second backlogs lead to different first and second
pressures upstream of the first and second inlets 116,
126, which can be detected by the first and second pres-
sure detection devices 138, 148, respectively.
[0060] The first and second pressure detection devices
138, 148 each generate a first and second pressure sig-
nal indicative of the detected first and second pressures,
respectively. The first and second pressure signals are
then provided to the processing unit 160 for further
processing. For example, the processing unit 160 may
determine a pressure difference based on the first and
second pressure signals. The processing unit 160 may
subsequently determine the current pitch angle at least
partially based on the determined pressure difference.
[0061] For example, the processing unit 160 may in-
clude a look-up table pre-stored in a memory. The look-
up table may associate the pressure difference with the
pitch angle. In some embodiments, the processing unit
160 may determine the current pitch angle based on the
first and second pressure signals using, for instance, a
pre-stored algorithm.
[0062] For pitching the marine propeller blades 18, 22
to the zero pitch angle, hydraulic fluid is supplied to the
forward pitch chamber 36 via the forward pitch chamber
conduit 55. This causes the piston 40 to be displaced in
a direction opposite the longitudinal direction 13, that is
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to the right in Fig. 2. Displacement of the piston 40 causes
the marine propeller blades 18, 22 to rotate relatively to
the marine propeller boss 32, thereby changing its pitch
angle. Moreover, displacement of the piston 40 causes
the inner and outer sleeves 72, 74 to displace in a direc-
tion opposite the longitudinal direction 13, that is to the
right in Fig. 2.
[0063] Due to the transmission device 102 connected
to the outer sleeve 74 and coupled to the first and second
pistons 112, 122 via the first and second rods 117, 127,
also the first and second pistons 112, 122 are longitudi-
nally displaced relative to the first and second inlets 116,
126 along the first and second longitudinally axes 114,
124 (see Fig. 3). Particularly, with the transmission de-
vice 102 and the first and second rods 117, 127 as shown
in Figs. 1 and 2, the first and second pistons 112, 122
are displaced to the right.
[0064] During displacement of the first and second pis-
tons 112, 122, the first and second pressure detection
devices 138, 148 continuously detect the first and second
pressures, respectively, and provide corresponding first
and second pressure signals to the processing unit 160
for further processing. When the processing unit 160 de-
termines a pressure difference of zero, the processing
unit 160 may output a signal indicative of the zero pitch
angle. The zero pitch angle signal may then be provided
to, for instance, a control unit of the vessel for further
processing. For example, the zero pitch angle signal may
indicate that the marine propeller blades 18, 22 are in a
position perpendicular to the drive shaft 14. In this pos-
tion, the marine propeller 16 has not thrust and the vessel
10 may be stationary.
[0065] Although the preferred embodiments of this in-
vention have been described herein, improvements and
modifications may be incorporated without departing
from the scope of the following claims. For example, in
some embodiments, the pitch angle indication system
may further comprise a second hydraulic cylinder defin-
ing a second longitudinal axis and having a second inlet
configured to receive hydraulic fluid and a second outlet
configured to direct the hydraulic fluid out of the second
hydraulic cylinder. In such embodiments, the pitch angle
indication system may further comprise a second piston
disposed within the second hydraulic cylinder and mov-
able along the second longitudinal axis. The position of
the second piston relative to the second inlet may be
associated with the pitch angle of the at least one marine
propeller blade. The second piston may be shaped such
that a second flow resistance between the second inlet
to the second outlet may correspond to the position of
the second piston relative to the second inlet. The first
pressure detection device may be further configured to
detect a second pressure upstream of the second inlet
and output a second pressure signal indicative of the
second pressure. The processing unit may be further
configured to receive the second pressure signal and, at
least partially based on the first and/or second pressure
signals, determine the pitch angle of the at least one ma-

rine propeller blade.
[0066] In some embodiments, the first pressure detec-
tion device may be a differential pressure gauge config-
ured to detect a differential pressure between the first
pressure and the second pressure. In such embodi-
ments, the differential pressure gauge may be configured
to output a differential pressure signal indicative of the
differential pressure between the first pressure and the
second pressure.
[0067] In some embodiments, the first flow resistance
may be a function of a first flow region delimited by the
first hydraulic cylinder and the first piston at the first inlet.
The second flow resistance may be a function of a second
flow region delimited by the second hydraulic cylinder
and the second piston at the second inlet.
[0068] Within the meaning of the present disclosure,
the zero pitch angle postion of the at least one marine
propeller blade may be defined as an orientation of the
at least one marine propeller blade in which the marine
propeller does not provide any thrust. For example, the
zero pitch angle position of the at least one marine pro-
peller blade may be defined as the orientation of the at
least one marine propeller blade in which the at least one
marine propeller blade is substantially perdendicular to
a drive shaft of the marine propeller.
[0069] Within the meaning of the present disclosure, a
flow resistance may be defined as the capability of hy-
draulic medium to stream along a predefined flow path.
The more or greater bstacles within the flow path, the
higher the hydraulic resistance and, therefore, the higher
a pressure upstream of the obstacles. Particularly, the
flow resistance within the meaning of the present disclo-
sure may be defined as the capability of hydraulic medi-
um to enter a hydraulic cylinder through an inlet of the
hydraulic cylinder and to flow out of the hydraulic cylinder
through an outlet of the hydraulic cylinder. Due to the
specific shape of the piston disposed within the hydraulic
cylinder, the flow resistance between the inlet and the
outlet may depend on the position of the piston relative
to the inlet, which may lead to a change of pressure up-
stream of the inlet.

Claims

1. A pitch angle indication system (100) for indicating
a pitch angle of at least one marine propeller blade
(18, 22) of an adjustable marine propeller arrange-
ment (12) used in, for example, a vessel (10), the
pitch angle indication system (100) comprising:

a first hydraulic cylinder (110) defining a first lon-
gitudinal axis (114) and having a first inlet (116)
configured to receive hydraulic fluid and a first
outlet (118) configured to direct the hydraulic flu-
id out of the first hydraulic cylinder (110);
a first piston (112) disposed within the first hy-
draulic cylinder (110) and movable along the first
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longitudinal axis (114), wherein the position of
the first piston (112) relative to the first inlet (116)
is associated with the pitch angle of the at least
one marine propeller blade (18, 22), the first pis-
ton (112) being shaped such that a position
change of the first piston (112) relative to the
first inlet (116) changes a first flow resistance
between the first inlet (116) to the first outlet
(118);
a first pressure detection device (138) config-
ured to detect a first pressure upstream of the
first inlet (116) and output a first pressure signal
indicative of the first pressure; and
a processing unit (160) connected to the first
pressure detection device (138), the processing
unit (160) being configured to receive the first
pressure signal and, at least partially based on
the first pressure signal, determine the pitch an-
gle of the at least one marine propeller blade
(18, 22).

2. The pitch angle indication system (100) of claim 1,
further comprising:

a second hydraulic cylinder (120) defining a sec-
ond longitudinal axis (124) and having a second
inlet (126) configured to receive hydraulic fluid
and a second outlet (128) configured to direct
the hydraulic fluid out of the second hydraulic
cylinder (120); and
a second piston (122) disposed within the sec-
ond hydraulic cylinder (120) and movable along
the second longitudinal axis (124), wherein the
position of the second piston (122) relative to
the second inlet (126) is associated with the
pitch angle of the at least one marine propeller
blade (18, 22), the second piston (122) being
shaped such that a second flow resistance be-
tween the second inlet (126) to the second outlet
(128) corresponds to the position of the second
piston (122) relative to the second inlet (126),
a second pressure detection device (148) con-
figured to detect a second pressure upstream
of the second inlet (126) and output a second
pressure signal indicative of the second pres-
sure; and
wherein the processing unit (160) is further con-
figured to receive the second pressure signal
and, at least partially based on the first and/or
second pressure signals, determine the pitch
angle of the at least one marine propeller blade
(18, 22).

3. The pitch angle indication system (100) of any one
of the preceding claims, wherein
the first flow resistance is a function of a first flow
region (170) delimited by the first hydraulic cylinder
(110) and the first piston (112) related to the first inlet

(116), and/or
the second flow resistance is a function of a second
flow region (180) delimited by the second hydraulic
cylinder (120) and the second piston (122) related
to the second inlet (126).

4. The pitch angle indication system (100) of any one
of the preceding claims, wherein the at least one of
first piston (112) and the second piston (122) has a
substantially tapered shape, preferably a conical
shape.

5. The pitch angle indication system (100) of claim 4,
wherein
the first piston (112) is substantially tapered along
the first longitudinal axis (114) in a first direction, and
the second piston (122) is substantially tapered
along the second longitudinal axis (124) in a second
direction, the second direction being opposite to the
first direction.

6. The pitch angle indication system (100) of any one
of the claims 2 to 5, wherein the first piston (112) and
the second piston (122) are substantially identical in
shape.

7. The pitch angle indication system (100) of any one
of claims 2 to 6, wherein the processing unit (160)
is further configured to, at least partially based on
the first and second pressure signals, determine a
pressure difference and, at least partially based on
the determined pressure difference, indicate the
pitch angle of the at least one marine propeller blade
(18, 22).

8. The pitch angle indication system (100) of any one
of the preceding claims, wherein the first pressure
detection device is a differential pressure gauge
(138, 148) configured to detect a pressure difference
between the first pressure and the second pressure
and to output a signal indicative of the pressure dif-
ference.

9. The pitch angle indication system (100) of any one
of the preceding claims, further comprising a trans-
mission device (102) configured to transmit a rota-
tional pitch movement of the at least one marine pro-
peller blade (18, 22) into a translational movement
of the first and/or second pistons (112, 122).

10. An adjustable marine propeller arrangement (12)
used in, for example, a vessel (10), comprising:

an adjustable marine propeller (16) configured
to be connected to a drive shaft (14) and having
at least one marine propeller blade (18, 22) ro-
tatable connected to the adjustable marine pro-
peller (16), and a piston (40) connected to the
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at least one marine propeller blade (18, 22), the
piston (40) being configured to control the pitch
angle of the at least one marine propeller blade
(18, 22); and
at least one pitch angle indication system (100)
according to any one of the preceding claims,
wherein the first and/or second pistons (112,
122) are operatively coupled to the at least one
marine propeller blade (18, 22).

11. A method for indicating a pitch angle of at least one
marine propeller blade (18, 22) of an adjustable ma-
rine propeller arrangement (12) used in, for example,
a vessel (10), the method comprising:

adjusting the pitch angle of the at least one ma-
rine propeller blade (18, 22), thereby changing
a first flow resistance between a first inlet (116)
of a first hydraulic cylinder (110) and a first outlet
(118) of the first hydraulic cylinder (110);
directing hydraulic fluid into the first hydraulic
cylinder (110) through the first inlet (116) and
out of the first hydraulic cylinder (110) through
the first outlet (118);
detecting a first pressure upstream of the first
inlet (116); and
indicating the pitch angle of the at least one ma-
rine propeller blade (18, 22) at least partially
based on the detected first pressure.

12. The method of claim 11, wherein adjusting the pitch
angle of the at least one marine propeller blade (18,
22) includes changing a second flow resistance be-
tween a second inlet (126) of a second hydraulic
cylinder (120) and a second outlet (128) of the sec-
ond hydraulic cylinder (120); the method further com-
prising:

directing hydraulic fluid into the second hydrau-
lic cylinder (120) through the second inlet (126)
and out of the second hydraulic cylinder (120)
through the second outlet (128);
detecting a second pressure upstream of the
second inlet (126); and
indicating the pitch angle of the at least one ma-
rine propeller blade (18, 22) at least partially
based on the detected first and/or second pres-
sures.

13. The method of any one of claims 11 and 12, wherein
adjusting the pitch angle of the at least one marine
propeller blade (18, 22) includes positioning a first
piston (112) movable disposed within the first hy-
draulic cylinder (110) relative to the first inlet (116),
thereby changing the first flow resistance; and/or
adjusting the pitch angle of the at least one marine
propeller blade (18, 22) includes positioning a sec-
ond piston (122) movable disposed within the sec-

ond hydraulic cylinder (120) relative to the second
inlet (126), thereby changing the second flow resist-
ance.

14. The method of any one of claims 12 and 13, further
comprising determining a pressure difference be-
tween the detected first and second pressures,
wherein indicating the pitch angle of the at least one
marine propeller blade (18, 22) is at least partially
based on the determined pressure difference.

15. The method of claim 14, wherein a pressure differ-
ence of zero is indicative of a zero pitch angle of the
at least one marine propeller blade (18,22).
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