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Abstract 

This study is focused on a maneuverability of a ship driven by POD propulsion systems which is widely used in 
recent cruise ships. Although the construction of these ships is not popular in Japan, many ships are coming to 
Japanese ports, which introduces the necessity to assess the maneuverability and fairway for the safety navigation. 
However, the maneuverability as well as the reliable prediction method are not sufficient comparing with the 
conventional propeller-rudder ships. A lot of numerical simulations were provided in the previous researches, 
however, there was little verification by model tests or full-scale trials.  

In this paper, the authors show the results of free-running model tests and investigations of the maneuverability 
with POD propulsion ships. For the free-running model tests, a compact POD propulsion and steering system has 
been developed. Then, the free-running model tests were performed varying the fin size and shape that is attached 
to the strut and/or bottom of POD and the location of propeller. The effects of them on the maneuvering performance 
are examined in detail. As the results, it is confirmed that the course stability and the steering quality are improved 
by the attachment of the fin. The effects of propeller location are small once fin is attached. 
Keywords : Maneuverability, fin shape in POD propulsion system, propeller arrangement in POD propulsion 

system, maneuverability test  
 

1．Introduction 
At the Japanese domestic ports, promotions of the 

welcoming the large cruise ships in line with the cruise 
promotion policy. Many recent large cruise ships equip 
two or more POD thrusters, and the investigation on the 
safety of such ships in ports is demanded (1). In this study, 
ships with two POD propulsion units at the stern is 
investigated. This ship is called as POD propulsion ships 
hereinafter. 

Basically, a ship equipped with a POD propulsion 
device changes the direction of thrust by rotating the POD 
in azimuth, and gives the ship a turning force by the lateral 
component of POD force. Therefore, if the thrust of the 
POD can be grasped, the turning force due to this can be 

clarified naturally. However, the stern shape is often cut 
up by equipping the POD propulsion device, which 
adversely affects the course stability of the ship, so 
research in this direction has been focused on (2), ( 3). 

In addition to the above-mentioned stern shape, 
previous studies have revealed that the fairing cover and 
fin shape of front and rear of POD strut have a 
considerable effect (4). 

In order to clarify the effects of these on maneuvering 
performance, free running model tests are effective. 
However, two POD propulsion devices that integrate the 
self-propelled motor and the steering unit are required, 
which introduces a problem that the model size becomes 
larger when these are mounted on the model as well as  
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the other measuring devices. Unless it is resolved, the 
maneuvering test cannot be easily carried out in the model 
basin, and the test will be carried out in a pond or lake (5). 
In this case, it would be considered about the influence of 
disturbance such as wind and some uncertainties in the 
test results. Therefore, the weight reduction and making 
compact devices are the key to realize the free-running 
model tests in a model basin. In such background, no 
results of the free-running model tests using the POD 
propulsion device can be seen as far as the authors have 
investigated. 

In this research, the authors developed a new self-
propelled model ship test system using compact POD 
propulsion unit and conducted maneuverability tests with 
the POD propulsion ship. The performed free-running 
model tests were conventional turning test, spiral/reverse 
spiral test, and 20° Z test. These experiments were carried 
out by changing the propeller position that is front or 
behind of POD (PULL state or PUSH state) and changing 
the fin size and shape on the strut as well as lower end of 
the POD. The results of the experiment and the effects of 
these parameters on the maneuvering performance are 
investigated here. 

 
2．Tested Ship Model 

The tested ship model is a large cruise ship with length 
over all of about 350 m and equipped with two POD 
propulsion units at the stern. Fig.1 shows the photograph 
of the model ship. The principal particulars of the ship 
model are shown in Table 1. The propeller diameter is a 
little bit larger for a cruise ship of this class. Since the 
model tests were performed in still water without wind, 
no superstructure was provided. 
 

 

Fig. 1  Overview of the tested ship model. 
 
3．POD Propulsion Device 

As shown in Fig. 2, each POD propulsion unit consists 
of a propeller, POD, struts (including fins). For the 
propulsion motor, 60 W DC motor was used for driving 

propeller. In each POD propulsion unit, their azimuth 
rotation axes are connected to the 2-component force 
gauge and measured horizontal force components of POD. 
The rotation of this units are driven by the other steering 
device via a pulley, and the azimuth rotation angle of the 
POD (hereinafter referred to as "POD angle") is controlled 
by the steering signal. By adopting such a mechanism, it 
was possible to realize a compact 2-POD propulsion 
device. Details of this unit is shown in the Appendix. 
 

Table 1  Principal particulars of ship model. 
  Full scale Model(1/ 88.5) 
Length between 
perpendiculars: Lpp 

m 324.000 3.6608 

Breadth: B m 41.400 0.4678 
Mean draft: dm m 8.500 0.0960 
Displacement: ∇ t 78,130 0.10997 
Block coefficient: Cb -  0.6686 
xG (=- lcb) m -5.238 -0.0592 
Propeller Diameter: DP m 7.080 0.0800 
 
 

 

Fig. 2  Schematic view of the POD device system. 
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4．Experimental Parameters 
In this study, as described above, the parameters were 

the propeller position and the fin size and shape on the 
strut. For the propeller position, there are two conditions, 
one is the propeller is mounted in front of the POD 
(PULL) and the other is the propeller mounted behind the 
POD (PUSH). For the fin size and shape, only cylindrical 
struts (F0), small fins attached to the front and back of the 
struts (F1), small fins also attached to the lower end of the 
POD (F2), and large fins attached to the front and back of 
the struts which denotes (F3), and (F4), respectively. 
Therefore, the experiments were carried out for 10 states 
that combined these. Fig. 3 shows an example in which 
the propeller is in the PULL condition and the fin shape is 
F4, and Fig. 4 shows an example in which the propeller is 
in the PUSH condition and the fin shape is F2. The 
propeller rotating direction was set to outward for all cases. 
 

 
Fig. 3  Photograph in case of the propeller position 

PULL and the fin shape F4. 
 

 
Fig. 4  Photograph in case of the propeller position 

PUSH and the fin shape F2. 
 

Table 2 shows the principal particulars of the fins. F1 
and F3 are conditions each bottom fin is removed from F2 
and F4, respectively. Therefore, the height of the fin 
becomes low, which makes the aspect ratio of F1 and F3 
become small. 

Table 2  Particulars of Fin 

fin 
shape 

fin area (m2) aspect ratio Total area  
with POD (m2) 

F0 0. - 0.00292 
F1 0.00192 0.834 0.00484 
F2 0.00255 1.624 0.00547 
F3 0.00281 0.500 0.00573 
F4 0.00376 1.101 0.00668 

 

 
Fig. 5 Side view in case of the propeller position PULL 

and the fin shape F4. 
 

 

Fig. 6 Side view in case of the propeller position PUSH 
and the fin shape F2. 
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5．Free running Model Tests 
5.1 Summary 

Free running model tests were carried out in the Sea-
keeping and Maneuvering model basin of Japan Marine 
United Co., Ltd. The two POD propulsion motors were 
precisely set to the predetermined propeller rotation speed 
by the servo motor controller, which will be described 
later. The POD angle was driven by the steering unit, and 
steering speed was also set to the corresponding turning 
speed of 65°/28sec for full-scale ship. In each experiment, 
the model ship was towed up to the initial speed of 0.82 
m/s by the towing carriage precisely. 0.82 m/s is the 
equivalent model speed to 15 knots of full-scale ship. 
Then, the ship model was released from towing carriage 
and the various tests were performed by the automatic 
steering controller installed on the model. 
5.2 Measuring Devices 

The heading angle of the model ship was measured by 
an optical fiber gyro, and the rolling angle was measured 
by another 6-axis inertial gyro. The propeller rotation 
speed, POD angle, and horizontal force components of the 
POD propulsion unit were recorded in a small data logger 
mounted on the model ship. The sampling frequency was 
set to 20 Hz according to the position measuring device 
described below. 

The position of the ship model was measured using a 
laser beam tracking system (Total Station) at a sampling 
frequency of 20 Hz. 

To synchronize the inboard data and the model ship 
position data on shore, the reflection prism of the above  

 
 

 
Fig. 7 Prism lifting device and controller. 

position measurement device was attached to the lifting 
device shown in Fig.7, and the prism was just raised up at 
the start time of test, then the model ship position at the 
start time can be clarified by the vertical movement record 
of the prism. In such way, the synchronization error 
between two data could be less than the sampling period. 
5.3 Analysis of Ship speed and Drift angle 

The coordinate system for data measurement and 
analysis in the free-running model test is a right-
handed system with the coordinate origin as the 
ship's CG, and x,y is positive for bow and starboard 
side, respectively. This system is shown in Fig.8. As 
mentioned above, the position of the model ship can 
be measured by the total station, and the ship speed 
U can be calculated by Eq. (1) time-differentiating 
the ship position. The drift angle β is the difference 
between the heading angle ψ and the ship speed 
vector direction, and this is calculated by Eq. (2). 

 

2 2dx dyU
dt dt

   = +   
   

   (1) 

1 0

0

tan dy dt
dx dt

β ψ −  
= −  

 
  (2) 

 
Fig. 8 Co-ordinate system for the measurement and the 

analysis 
 
5.4 Propeller rps by the Speed Trials 

Before carrying out a series of maneuverability tests, 
speed trials were performed to determine the propeller 
speed (rps) to achieve the specified ship speed (0.82 m/s). 
The results are shown in Table 3. From this, it can be seen 
that in the PULL condition, the propeller rps decreases 

G Fx(P) 

Fx(S) Fy(S) 

Fy(P) 
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when fins are attached, and the larger fin area, the smaller 
propeller rotation speed (rps). This is because the 
propeller stream hits the strut in the PULL condition, and 
the resistance of strut becomes large and the propulsion 
performance becomes lower when the strut has no fins. 
Then, it is considered that the reduced strut resistance 
makes the propulsion efficiency improved by attaching 
the fins. However, in the PUSH condition, little 
differences can be seen in the propeller rotation speed. In 
this case, the strut in front of the propeller makes the 
effective wake larger, by which the significant change of 
propulsion performance cannot be seen. The propulsion 
performance with fins is better in the PULL condition. 

 
Table 3 Propeller revolution at the speed trial 
 Arrangement of propeller 

fin shape PULL PUSH 
F0 16.97 rps 16.41 rps 
F1 16.30 rps 16.47 rps 
F2 16.34 rps 16.45 rps 
F3 16.17 rps 16.48 rps 
F4 16.08 rps 16.40 rps 

 
6．Experimental results and discussion 
6.1 Effects of Fin Size and Shape 

Fig. 9 shows the right turning trajectories with a POD 
angle of 35° in the PULL condition. For F0 condition 
(without fin), the advance becomes large and the turning 
radius is extremely small, 

 

 

Fig. 9 Turning trajectories of POD angle 35° for various 
fin shape (propeller: PULL condition). 

which means the course stability of this condition inferior. 
When fins are attached to the strut and bottom of POD (F1 
to F4), the advances become short and small difference 
about the turning trajectories. These results show the fins 
attached to the strut and bottom of POD make the course 
stability better. 

Fig.8 shows the right turning trajectory with a POD 
angle of 35° in the PUSH condition. Similar with PULL 
condition, the advance becomes large for F0 condition, 
and the advance becomes short when attaching fins (F1 to 
F4), and also small difference with each advance. From 
this figure, it can be seen that the course stability is well 
improved by attaching the fins. For the turning radius of 
F0 condition, PUSH condition’s is larger than that of 
PULL condition. 

From these results, it can be said that the course 
stability of the ship can be improved by attaching fins to 
the struts and lower ends of the POD for both PULL and 
PUSH conditions. 

Fig.11 shows the results of the steady turning 
characteristics obtained by spiral or reverse spiral tests, 
and compares F0 and F4 in the PULL condition. In this 
figure, the left side is the result of F0 and the right side is 
the result of F4. Each horizontal axis shows the POD 
angle, and the vertical axis is the ship speed (mark ◇) 
and the dimensionless turning angular velocity (mark ○). 
From these figures, the loop width can be seen almost 5° 
for F0 condition, while the course stability becomes stable 
 

 
Fig. 10 Turning trajectories of POD angle 35° for various 

fin shape (propeller: PUSH condition) 
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Fig. 11 Comparison of steady turning characteristics 

between F0 and F4 (propeller: PULL condition). 
 

 

Fig. 12 Comparison of steady turning characteristics 
between F0 and F4 (propeller: PUSH condition). 

 
when maximum size of fin is fitted (F4). Comparing all 
the fin with the PULL condition, it is confirmed that the 
course stability can be improved as the fins become larger. 

Fig.12 is an example of the steady turning character-
istics by spiral or reverse spiral tests, and compares F0 and 
F4 in the PUSH condition. The left side is the result of F0 
and the right side is the result of F4. From these figures, it 
can be seen that the loop width can be seen about 5° for 
F0 condition, and the course stability becomes stable for 
F4 fin. Similar with PULL condition, it is confirmed that 
the course stability can be improved as the fins become 
larger. 

From these results, it can be seen that by attaching fins 
to the POD, the course stability can be improved, and the 

size of the fin has an important factor in the improvement. 
It can be also found that the effect of improving course 
stability by the fins does not depend so much on the 
propeller position PULL or PUSH. 

Fig. 13 compares the measured time histories of 20° Z 
test with the PULL condition. In this figure, the horizontal 
axis is the time from the start of the 1st steering, and the 
vertical axis denotes the heading angle and POD angle. 
Differences in parameters are indicated by the color of the 
curve. Similarly, Fig. 14 compares the turning motion 
during the 20° Z test with the PUSH condition. Similarly, 
the difference in parameters is shown by the color of the 
curve.  

From these figures, it can be seen that the overshoot 
heading decreases as the fin area increases, and the period 
of Z test becomes shorter as the fin size becomes larger, 
which the attached fin significantly improves the course 
stability and quick response. 

From these results, it can be seen that by attaching fins 
to the POD, course stability of ship can be improved, and 
the fin size remarkably contributes to the improvement. It 
can also be found that the effect of improvement of the 
course stability by the fins does not depend on the 
propeller position PULL and PUSH. 
 

 

Fig. 13 Results of 20° Zig-Zag test, for various fin shape 
(propeller PULL condition). 

 

 

Fig. 14 Results of 20° Zig-Zag test, for various fin shape 
(propeller PUSH condition). 
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6.2 Effect of Fin 
Regarding the effect of fins on the maneuvering 

performance, it cannot always be improved only by the fin 
size, and it depends on the aspect ratio of fin, too. Then, 
the gradients of lift coefficient with fins are measured by 
the open tests of POD. The results of the open tests are 
shown in the column (1) of Table 4. The fin area including 
the projection area of POD shown in the column (2) of 
Table 2. Since the magnitude of lift force of fin is 
represented by the product of the lift coefficient and fin 
area, the product (1)×(2) is shown in the right side column 
of Table 4, normalizing by that of F4 fin. The normalized 
product is defined as “a”. This value decreases in the 
order of F2, F1, F3, F0. 

 
Table 4 Measured lift force coefficients by open test 

fin 
shape 

(1) Gradient 
 of CL (open test) 

(2) lateral 
area (m2) 

ratio 
a=(1)×(2) 

F0 0.916 0.00292 0.194 
F1 1.636 0.00484 0.575 
F2 2.162 0.00547 0.859 
F3 1.370 0.00573 0.570 
F4 2.060 0.00668 1. 

 
Fig. 15 shows the first overshoot of heading angle at the 

Z test are plotted against the above normalized magnitude 
of fin lift. The blue “□” mark in this figure is the result of 
PULL condition, and the red “□” marks show the result of 
PUSH condition, respectively. The first overshoot angle 
of Z test is generally related to the course stability of the 
ship and increases as the course stability decreases. From 
this figure, it can be seen that the measured first overshoot 
angle of the Z test decreases as the increasing of the 
magnitude of fin lift force with both PULL and PUSH 
condition, which shows that the lift of the fins attached to 
the POD improves course stability well. 

This tendency also can be seen in the results of K-T 
analysis of the Z test. T' is a nondimensional time constant 
and an index of course stability and response speed, and 
the smaller value, the better maneuvering. Fig. 16 shows 
the T' of the 20° Z test, where almost the same tendencies 
as the overshoot can be seen for both PULL and PUSH 
condition. From these figures, it is shown that course 
stability can be improved by attaching fins to the struts 
and the lower end of POD. 

 

Fig. 15 Comparison of the first overshoot heading angle 
in the results of the Zig-Zag test 

 

 

Fig. 16 Comparison of T' of the Zig-Zag test 
 

 

Fig. 17 Comparison of the turning trajectory with POD 
angle 35°, between PULL and PUSH conditions in case 

of the fin F4. 
 

F0       F3,F1      F2   F4 

F0       F3,F1      F2   F4 
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6.3 Difference between PULL and PUSH when 
equipped with fins 

As mentioned above, the maneuvering performance 
with F0 condition is slightly different between the 
propeller position PULL and PUSH condition. However, 
when equipped with fins, the maneuvering performance is 
not so much different from each other. Fig.17 shows the 
comparison of the right turning trajectory of POD angle 
35° with F4 fin between PULL and PUSH condition. The 
green colored line in the figure shows the result of PULL 
condition, and the red colored line of PUSH condition. 
From this figure, it can be seen that the advance and the 
transfer are almost the same, although there is a slight 
difference in the trajectories. That is, it can be said that the 
larger the fins to be attached, the less differences between 
PULL and PUSH condition. 

 

7． Conclusion 
In this study, the authors developed new devices for 

free-running model test with POD equipped ship, and then, 
conducted free-running model tests for POD propulsion 
ship. From the results of the effects of the propeller 
position and fin shape at the strut and/or lower end of the 
POD on maneuvering performance were investigated in 
detail. The obtained concluding remarks are summarized 
as the followings. 
(1) From the results of the speed trials conducted prior 

to the free-running model test, it is found that the 
propulsive efficiency is improved by attaching fins 
to the strut and lower end of the POD for the PULL 
condition. However, for the PUSH condition, the 
effect on the propulsive efficiency is small. 

(2) Regardless of the propeller position is PULL or 
PUSH, the course stability can be improved by 
attaching fins to the struts and/or lower ends of the 
POD. The fins also have the better effect not only on 
the maneuvering performance but also on the 
propulsive performance. 

(3) When fins are attached to the struts and/or lower 
ends of the POD, the effect of fins on the 
maneuvering performance become almost the same 
between PULL and PUSH condition. 
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Appendix：POD propulsion unit for free-
running model test 
The details of the developed POD propulsion unit for 

free-running model test are described here. Fig.A-1 is a 
photograph of the developed POD propulsion unit. As 
mentioned in this paper, 60W DC motor for driving the 
propeller is mounted on the upper part of the strut of the 
POD unit, and a 2-component force gauge (load cell) is 
connected to the upper end. This unit can be freely rotate 
by the steering gear unit. The weight of the POD unit 
including the self-propelled motor is only 1.64 kg, which 
can make it easier to arrange the ballast weights in the ship 
model. These POD propulsion units are installed on both 
sides of the stern and connected to the steering unit via 
pulley. Then, the POD units can be azimuthally rotated by 
the steering unit. Fig.A-2 shows the 60 W DC motor for 
driving a propeller and its control unit. Fig. A-3 shows the 
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steering unit and its control device for rotating the POD 
propulsion units. 
 

 

Fig.A-1 Constructed POD propulsion system of ship 
model. 

 

 
Fig.A-2 DC propulsion motor and its controller. 

 

 
 
 
 
 
 

Fig.A-3  Steering gear and its controller for PODs. 
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