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Related research areas

AModel l ing of vessel dynami cs
AModel |l ing of crane dynamics
ACoupled dynamics (large crane, small
ADesign controllers for the interconne

-To compensate for vessel motions in poor sea environment
(crane control)
-To compensate for effects of heavy
lifting operations (vessel control)
-Coordination between vessel control
and the crane control
Al mpl ement simulationt e st
and experiment.
AObjective: increase
the crane and vessel, and ensure the
safety of operations
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Marine propellers

Fixed Pitch Propeller

Controllable Pitch Propeller
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Marine propellers
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Marine propellers

Velocityfi] (m/s)
-2.1000 -1.8400 -1.5800 -1.3200 -1.0600 -0.80000

Model scale CFD simulation of
single screw hull.

Velocity[i] (m/s)
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Marine propellers
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Marine propellers
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Marine propellers

Problems due to the propeller operating in a non-uniform wake field:

A Transient cavitation
A Noise
A Erosion
A Varying forces and moments on propeller
A Shaft vibrations
A Efficiency
A Pressure pulses
A Noise

Solution: A marine propeller where each blade can pitch individually
thereby adapting to local conditions in the wake field.

This is called a wake pitching propeller
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Principle of wake pitching propeller

3000
2000
10001
Chord line E ol
é \%
A L
v -1000
rot
-2000 r
-3000 : : :
-2000 0 2000
[mm]
25 - - - 1.5 ;
I
20 | L !
—_ 1
— 051 !
15t =
=] fa% c
— @
2 o S 0 .
[=)] A = 1
S 107 )
< §-05} I
1
5 [ . 1 : —CL 4
: —12 CD
0 -1.5 : ! :
0 90 180 270 360 -20 -10 0 10 20
f)b [deg] o, [deq]

Slide 10



Challenges in realizing the wake pitching propeller

A Determine a design procedure for the blades accounting for the
blade motion (Not included in the project).

A Determine the hydrodynamic loads on the blade due to the non-
uniform wake field and the blade motion.

A Determine an Ooptimumo pitch trajectc
for the power consumed during the pitching motion and the power
saved in propeller efficiency.

A Design an individual pitching mechanism that is able to pitch the
bl ades such that they foll ow the o0o0pt
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SFI

OFFSHORE Digital hydraulics AMoti vati ono
MECHATRONICS

Variable Bent Axis, RexrothAV6M250, Full Displacement Variable Bent Axis, RexrothAV6M250, 20% Displacement
m0.96-1 ‘ m0.96-1
m0.92-0.96 \ m0.92-0.95
[0.88-0.92 00.88-0.92

# m034088| = m0.84-088
E m08-084 | S m0.8-0.84
g m07608 | & m0.76-0.8
; : & 0072-076| & 00.72-0.76
Variable displacement 0066072 D068072
. m0.64-068 W0.64-0.68
t A g <064
en aXIS pump m <064
Speed % Speed %
Full displacement: 20% displacement:
Peak 93% Peak 81%
Large area > 80% Small area > 80%
Digital Displacement Pump, full displacement Digital Displacement Pump, 20% displacement

I 0.95-1.00 H0.95-1.00
W 0.90-0.95 m0.90-0.95
00.85-0.90 [J0.85-0.90
) ) = m080-085) = m0.80-0.85
Variable displacement morsos & 2075050
» W 0.70-0.75 0 W0.70-0.75

. : : ; 700,
digital hydraulic pump & oss070| & 0055070
[00.60-0.65 [10.60-0.65
W 0.55-0.60 [0.55-0.60
0 0.50-0.55 [00.50-0.55

Speed % Speed %

Full displacement: 20% displacement:
Peak efficiency 97% Peak efficiency 96%
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OFFSHORE Digital pump/motor technology

MECHATRONICS

Variable Variable displacement
displacement Radial digital hydraulic
piston motor pump/motor
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Digital pump/motor technology
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[Power point presentation: Staffa
Motor, by Kawasaki Precision
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SFI

OFFSHORE Digital pump/motor technology

MECHATRONICS

Motor Mode Pump Mode |dle Mode
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