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Mar ine  Prope l le rs

D ig i ta l  Hydrau l i cs  in  a  Hydrau l i c  Winch  

Secondary  Cont ro l  in  o f  Mu l t i -Chamber  Cy l inders  Cy l inders

Opt ima l  Se lec t ion  o f  Dr ive  Tra ins

Agenda



Related research areas
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ÅModelling of vessel dynamics

ÅModelling of crane dynamics

ÅCoupled dynamics (large crane, small vessel, heavy payloads)

ÅDesign controllers for the interconnected systems

-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

ÅImplement and test in simulation

and experiment.

ÅObjective: increase the performance of 

the crane and vessel, and ensure the 

safety of operations



Fixed P i tch  Prope l le r

Marine propellers

Cont ro l lab le  P i tch  Prope l le r
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Marine propellers
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Model  sca le  CFD s imu la t ion  o f  

s ing le  sc rew hu l l .

Marine propellers
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Marine propellers
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Marine propellers

CFD s imu la t ion  o f  

4 -b lade prope l le r  in  

non-un i fo rm wake 

f ie ld .

Prope l le r  D iameter :

5 .4  meter

Rota t iona l  speed:

121 rpm
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Prob lems due to  the  p rope l le r  opera t ing  in  a  non -un i fo rm wake f ie ld :

Å Trans ien t  cav i ta t ion

Å Noise

Å Eros ion

Å Vary ing  fo rces  and moments  on  prope l le r

Å Shaf t  v ib ra t ions

Å Eff i c iency

Å Pressure  pu lses

Å Noise

So lu t ion :  A mar ine  p rope l le r  where  each b lade can p i tch  ind iv idua l l y  

thereby  adapt ing  to  loca l  cond i t ions  in  the  wake f ie ld .

Th is  i s  ca l led  a  wake p i tch ing  prope l le r

Marine propellers
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Principle of wake pitching propeller
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Å Determine  a  des ign  procedure  fo r  the  b lades  account ing  fo r  the  

b lade mot ion  (Not  inc luded in  the  p ro jec t ) .

Å Determine  the  hydrodynamic  loads  on  the  b lade due to  the  non -

un i fo rm wake f ie ld  and the  b lade mot ion .

Å Determine an òoptimumò pitch trajectory for the blade accounting 

fo r  the  power  consumed dur ing  the  p i t ch ing  mot ion  and the  power  

saved in  p rope l le r  e f f i c iency.

Å Des ign  an  ind iv idua l  p i t ch ing  mechan ism tha t  i s  ab le  to  p i t ch  the  

blades such that they follow the òoptimumò pitch trajectory.

Challenges in realizing the wake pitching propeller 
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Digital hydraulics ñMotivationò

Variable displacement 

digital hydraulic pump

Variable displacement 

bent axis pump
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Digital pump/motor technology

HP

LP

Variable 

displacement Radial 

piston motor

Variable displacement 

digital hydraulic 

pump/motor
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Digital pump/motor technology

Variable 

displacement Radial 

piston motor

Variable displacement 

digital hydraulic 

pump/motor

Motor Mode

[Power point presentation: Staffa 

Motor, by Kawasaki Precision 

Machinery]Slide 14



Digital pump/motor technology

Motor Mode Pump Mode Idle Mode

HP

LP
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