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Introduction
Twin-screw and twin-rudder are the dominant design solutions 
for highly-manoeuvrable ships such as ferries. Such a configuration 
is chosen by designers because the combination of the propellers’ 
thrusts and the rudders’ side force is capable of providing a lateral 
force and a yawing moment at zero ship speed, which is very 
advantageous for harbour manoeuvres in proximity of quays. Setting 
the equal thrusts of propellers in opposite directions provides a side 
force and a yaw moment without a net surge force – in such a case 
the rudders’ deflection angles may be zero, so there will be almost 
no side force produced by the rudders. The way to control the 
magnitude of the side force and the yaw moment is to change the 
propellers’ differential thrusts (thrusts acting in opposite directions). 
By deflecting the rudders the ship pilot may also control the 
magnitude of the side force and the yaw moment – the rudders are 
usually used to increase these two things.

When the propellers produce thrust in opposite directions 
only one of the rudders receives the propeller’s slipstream and 
is capable of producing significant side force – it is the rudder 
located behind the propeller producing the ahead thrust. The 
other propeller sucks the water from the aft of the ship and 
this stream somehow flows around the other rudder. In such a 
situation the question from pilots arises – what should be the 
deflection angle of such a rudder located behind a propeller 
producing an astern thrust?

There are two designs of rudder control systems: the rudders 
working synchronously (coupled), i.e., being deflected in the same 
manner or the rudders working in a decoupled manner, each of 
them being deflected independently. In the first case the former 
question is irrelevant. In the second case the ship pilot asks whether 
it is more efficient to work both the rudders synchronously or to 
deflect only the rudder exposed to the propeller slipstream while 
keeping the other rudder – the one behind the propeller working 
astern - at some fixed deflection angle.

The information for the ship pilots with regard to the 
effectiveness of twin-rudder usage is important, since it provides 
the pilots with objective information affecting navigational safety. 
If any of the methods of rudder operation has an advantage then 
this method should be advised to be employed. Also, knowledge 
of the manoeuvring efficiency of each of the rudder usage 
methods is useful when other operational factors are considered, 
for example, the resulting load on the rudder steering gear (which 
may discourage the deflection of the rudder placed behind the 
propeller producing the astern thrust).

The estimation of rudder effectiveness in the described 
situation requires some mathematical modelling of rudder forces 
and hull forces. Unfortunately, the four quadrant models of hull-
propeller-rudder interactions are far from perfect. The situation is 
even worse for shallow water manoeuvring, when the presence 

of flow boundaries (bottom and quay) has significant effect on 
hydrodynamic forces and, precisely, the shallow waters are areas 
where the manoeuvring at zero speed is performed.

Therefore, we have designed a model ship experiment that 
would provide the data about forces and moments acting 
on a twin-screw, twin-rudder model ship of a ferry which 
manoeuvres in shallow water using propellers working with 
differential thrust and with synchronous or decoupled way of 
rudder operation. The data allows us to answer the question 
which of the rudder operation methods results in larger total 
yaw moment and side force.

Test objectives: The investigated hypothesis 
regarding the rudder operation efficiency
The possible operation methods for rudders on a twin-screw 
ship performing crabbing manoeuvres are shown in Figure 1. 
The port propeller produces ahead thrust, while the starboard 
propeller produces astern thrust. Case (A) shows the uncoupled 
mode, while case (B) shows the coupled (synchronous) mode. 
The model ferry ship has controllable pitch propellers rotating 
inward. The resulting directions of total side force and yaw 
moment are also shown.

The objective of the study is to determine which of the two 
modes of the rudders operation – synchronous or uncoupled – is 
more efficient in crabbing manoeuvres, i.e., which of the modes 
results in larger total side force and  yaw moment. The crabbing 
manoeuvre is defined as a manoeuvre where the propellers are 
producing thrusts acting in opposite directions and the ship may 
hover or move sideways.
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Figure 1. Modes of rudder operation for twin-screw ship in crabbing 
manoeuvre.
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The hypothesis is that it is more advantageous to use rudders 
in a synchronous mode – each of the rudders is deflected by 
the same angle (it moves in the same manner – case (B)). The 
opposite hypothesis is that the rudder placed behind the propeller 
working in astern direction should be deflected fully toward the 
opposite ship side (or kept at zero deflection angle). We want to 
investigate which of the two hypotheses produces a larger total 
yawing moment and side force on the ship when placed along a 
pier at some distance from it in shallow water.

Experiment design
The experiment was designed and performed in August 2006, 
using the set-up prepared for a research grant dealing with 
manoeuvring in the proximity of quays (see Acknowledgement). 
It took place at a measurement stand located on Silm Lake, Ilawa, 
on the premises of the Foundation for Safety of Navigation and 
Environment Protection. The experiment was performed in 
shallow water, with the presence of a vertical wall placed parallel 
to the model ship’s side.

A model ship of a twin-screw, twin-rudder ferry was used 
(originally a ferry “Stena Germanica”). The scale of the model 
was 1:16, which translated to the Lpp of 9.64 m. The ship model 
was equipped with two controllable pitch propellers and two 
horn-type rudders placed behind the propellers.

The model ship was fixed to the two measurement 
dynamometers in a manner that allowed for pitch, heave and 

roll motion. The model was constrained in surge, sway and 
yaw motion. Total force was measured as well as the total yaw 
moment necessary to keep the model ship in place. The rudder 
deflection angles were varied, while keeping the propeller’s 
settings at either dead slow or slow (ahead/astern).

Manoeuvres to be modelled – the action of propellers and 
rudders in designed manoeuvres
The modelled manoeuvres were crabbing manoeuvres 
and the propellers were set to produce thrusts in opposite 
directions (differential thrust). This caused a yaw moment 
due to the propeller thrusts, propeller side forces and forces 
due to the interaction of water flow with flow constrains 
(bottom and vertical wall). The rudders’ deflection angles 
were also changed, producing rudder side forces and yaw 
moment. The rudders were operated in either synchronous 
mode or uncoupled mode; in the latter case the rudder 
behind the propeller working astern was deflected to the 
opposite ship side (full rudder). Figure 2 shows the modes 
of propeller and rudder operations during the experiment.

Experimental set-up
Figure 3 shows the mechanical set-up of the experiment. It also 
shows the convention of signs used during the experiment.

Figure 2. Modes of propeller and rudder operations during experiments with 
crabbing manoeuvre.

Figure 3. Mechanical set-up of the crabbing experiment.

Figure 4. Measurement system during crabbing experiments.
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Figure 4 shows the measurement system used in the 
experiments. Two tensometer-type dynamometers produced by 
AMTI were used. The signals from dynamometers were amplified 
using AMTI amplifiers and sent to an A/D converter in the 
computer. An in-house developed data-collection software (V-
Basic) was used for data collection and processing.

The position of the model ship with regard to the wall was 
fixed using pantographs and the bow and stern distances (y1 and 
y2) from the vertical wall were measured using scales. The set-
up of the propellers’ thrusts was done using on-board engine 
telegraphs and the propeller RPM and propeller blade pitch were 
measured using on-board meters. The rudder deflection angle was 
also set on-board and measured using rudder angle indicators.

Experiment conditions
Table 1 shows the conditions set-up during the experiments. 
The tests were performed at the following water depth and the 
distance from the vertical wall:

End of part 1. Part 2 of this article will discuss the results of the 
experiment comparing forces due to the propellers’ action alone as well 
as forces due to the combined propellers’ and rudders’ action. This will be 
followed by conclusions and further discussion. 
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Water depth – ship Distance y1/B and y2/B Notes 
draft ratio (H/d) from the vertical wall 

1,25 (H = 0,50 m, 1,5 and 1,5 (ship side   Most tests 
d = 0,40 m) parallel to the wall, wall on    
 port side, clearance side-wall  
 equal to ship beam B)

3,0 (H = 1,20 m) As above  Side force and yaw 
moment due to 
differential thrust at 
zero rudder angle
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                                           Rudder deflection angles

  Synchronous Uncoupled

Engine Command Port & Starboard Port Starboard

Port Dead Slow Ahead -35, -20, 0, 20, 35  

Starboard Dead Slow Ahead   

Port Dead Slow Ahead -35, -20, 0, 20, 35 -35, -20, 0, 20, 35 -35 (to Port)

Starboard Dead Slow Astern  35 (to Starboard) -35, -20, 0, 20, 35

Port Dead Slow Astern -35, -20, 0, 20, 35 -35, -20, 0, 20, 35 -35 (to Port)

Starboard Dead Slow Ahead  35 (to Starboard) -35, -20, 0, 20, 35

Port  Slow Ahead -35, -20, 0, 20, 35 -35, -20, 0, 20, 35 -35 (to Port)

Starboard Slow Astern  35 (to Starboard) -35, -20, 0, 20, 35

Port Slow Astern -35, -20, 0, 20, 35 -35, -20, 0, 20, 35 -35 (to Port)

Starboard Slow Ahead  35 (to Starboard) -35, -20, 0, 20, 35

TABLE 1.


