


WARTSILA TECHNICAL JOURNAL 01.2008

The study indicated that the response
of the CPP system is slow, mainly because
of the fact that oil has to be compressed
prior to each pitch change. The oil must
be compressed to the point that the hub
pressure reaches the threshold level of the
Coulomb friction. The dead time before
pitch change can easily vary from 0.5
seconds to 3.0 seconds. Figure 3

shows modeled and measured results

for the pitch change. The results show
good correlation between the model

and the actual response as measured.

Pressure control

In the controllable pitch propeller, a
counter balance valve is installed in the
shaft line in order to maintain the pitch
should the hydraulics fail. In the new
controller, the counter balance valve is
kept open whilst there is no change in
pitch. This required the control strategy to
be changed. Whilst there was no change
in pitch position, the hydraulic pressure
had to ensure that the pitch could not
change, but as soon as a change of pitch
becomes necessary, the position control
actuates the yoke so that the desired pitch
is achieved. Then it is switched back to
differential pressure control to maintain
the pitch. Figure 4 shows the new control

strategy [5], which will be described below. |

When the pitch setpoint o, changes,
the pitch error increases so that condition
C or D becomes true as soon as the pitch
error exceeds a certain value. Condition C
indicates that the pitch error is negative,
meaning that the pitch o, _ has to be
decreased, while condition D indicates
the opposite. Assuming that the pitch
has to be increased (condition D is true),
the pressure controller will increase the
differential pressure in the hub-cylinder to
the upper limit of the friction band. This
is ensured by condition D switching $4 to
set the upper part of the curve. In this way,
the Coulomb friction band in the system is
quickly crossed as pressure buildup is more
efficient when carried out by a pressure
controller than by a position controller.

When the required differential pressure
is set by the pressure controller CA
with certain accuracy, condition E
becomes true, so that S6 switches from
pressure control to pitch position control.
At the same time, S2 activates the
electronic load-sensing to ensure a load-
independent yoke speed when the pitch
is changed, which is done by the pitch
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position controller C; ;.. The reference
pitch is set 8 more accurately than an

{ error in the pitch is detected to prevent

chattering and unwanted switching

between the pressure and position control.
When the required pitch is achieved,

S6 switches back to pressure control and

i load sensing is turned off by §2. Now the

pressure controller sets the differential
pressure needed to hold the pitch, given by
the mean between the upper and the lower
part of the exemplified curve of Figure 2.
When the pitch set point changes, or
when the pressure difference set to hold
the pitch is not adequate due to changes in
the seaway or weather leading to a change
in pitch, the same procedure starts again to
match the actual pitch with its set point.
Note that the validity of Figure 2 can
be extended by taking shaft speed /V and
ship speed through water # into account,
as pitch, shaft speed, and ship speed
define the thrust and the hydrodynamic
forces acting on the blades, thus the pitch
actuating force. This extension would
make the pressure controller more reliable.

In house tests

In order to verify the model shown in

Figure 4, a special test set-up has been

constructed in Wirtsild in the Netherlands.

Figure 5 shows the test bench set-up.
Results obtained from the workshop test

bench indicate a better performance with

the new control strategy and a reduction in

dead time, Figure 6 shows the results from

the new and old controllers. With the

new controller, it appears to be possible to

follow seaway, because a sine as a pitch set

point having a frequency of 0.1 Hz (wave

encounter frequency) and an amplitude

of 10% of the stroke, can be tracked.
During the test bench measurements,

it became clear that the non-linear

differential pressure controller is

substantially faster than a linear differential

pressure controller. Furthermore, with

the new control strategy switching

between pressure and position control,

the pitch can be set in a system with

high Coulomb friction and a load

force while no instability occurs. -
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B Fig. 6 — Seaway simulation for a pressure (up) and position (bottom) controller.
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B Fig. 7 — Operating envelope of a propulsion plant.

CONCLUSION

There are two main applications that can
benefit from the present work, but both
have the same starting point. The work
presented above is an attempt to make the
pitch control faster and more dynamic,
thereby giving a reduced service margin.
The first application is for dredgers, where
the reduced service margin results in
more power for the dredging equipment,
and quicker suppression of disturbances.
The second application is for cargo ships
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sailing in rough seas. Figure 7 shows the
| operating envelope of a propulsion plant,

with the old control system propulsion
plant operating in the red point. With the
new control system, the service margin
would be smaller and the operating point
will go up. These effects result in higher
speed and lower fuel consumption, a
rough estimate of which is between 2 and
5% of the specific fuel consumption.
However, besides the benefits, there

| are several issues to be considered with

respect to the reliability of the mechanical

system. The dynamics of the oil pipes
and the response of the hydraulic system
are shifting towards a resonant frequency.
Friction in the system introduces

i non-linear effects and makes tuning of
i the controller very difficult. Last but not

least, tribology and reliability aspects
of the bearings have to be considered.
More active pitch control means more
movement and would therefore result
in higher wear. In [6] the big amplitude
sliding has been reported as not being a
problem for conventional use of a CPP
under designed conditions. However,
this high control means more small
amplitude and (relatively) high frequency
sliding, which should be done in such
a manner that fretting will not occur.

On the other hand, the operation of
a CPP in seaways is easily carried out
in an improper manner causing control
movement due to a mismatch between
the seaway and the actuator. From several
references (vessels which are currently
in operation) where a more active pitch
control has been used, the indication is
that this has never led to increased wear
problems. Also, the misuse of the CPP will
lead to increased dynamic loads. Without

| improvements to the hydraulic system,

the use of the CPP in seaways would be
too slow to follow the wave and would
lead to increased dynamic loads. For new
ship systems where such a solution needs

{ consideration, the consequence of the

increased use should be studied as well.
When done properly, it is expected that the
new solution will contribute to fuel savings
by a factor of several percentage points. ®
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