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Summary 

 
Twin-propeller ships are widely used for from high-speed coastguard ships to low-speed wide beam cargo 

ships. One of the authors1) firstly proposed the simulation method for twin-propeller and twin-rudder ships by 
means of applying MMG’s mathematical model. After then, some experimental researches2)～4) have been done. 
However, the maneuvering prediction for these ships is not easy because propeller and rudder forces are different 
between port and starboard sides, which introduce the complicated yaw moment. Moreover, its mechanism is very 
complicated and the hydrodynamic data are also limited comparing with conventional single-propeller and single- 
rudder ships. 

In this paper, the authors have investigated again with the experimental data and propose the equivalent single-
propeller and single-rudder model for twin-propeller and twin-rudder ships. However, the characteristic of thrust 
coefficient as well as propeller load factor should not be changed by the use of above equivalent model since they 
strongly affect the characteristic of rudder force. In order to realize this, the propeller diameter is assumed to be 

2 times larger, propeller rps 21 times larger, and rudder area 2 times larger, respectively. This assumption can 
be also applied to the twin-propeller and single-rudder ship.  

This procedure makes very simple and easier prediction since the usual mathematical model as well as the 
hydrodynamic database for single-propeller and single-rudder ships can be used. In order to validate the above 
method, simulated results are compared with those of the original mathematical model as well as the free-running 
model tests. As the result, it is found that this simple mathematical model becomes very useful for the simulation 
of twin-propeller ships. 

 
 

1. Introduction 
 

Twin-propeller ships are widely used from high-speed 
coastguard ship to low-speed wide cargo ships. Several 
studies on the maneuverability of twin-propeller and twin-
rudder ships have been performed 1) -4). One of the authors 
also tried the research extending the MMG mathematical 
model5) that is developed in single-propeller and rudder 
ships to the twin-propeller and twin-rudder ships, and 
constructed a maneuvering prediction method for such ship1). 
However, in a twin-propeller and twin-rudder ship, the 
inflow velocity of propeller and rudder becomes different 
between port and starboard side depending on the turning 
and drift motion, besides the interaction force between hull, 
rudders and propellers becomes quite complicated compar-
ing with conventional single-propeller and rudder ships.  
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*4  Sumitomo Heavy Industries, Ltd.  

For such problems, Yasukawa et al.4) proposed an 
equivalent single-rudder model where the rudder force is 
expressed by combining both side rudder forces without 
taking account of the complicated each characteristic. 
However, the propeller thrusts were not combined because 
the difference of the thrust of each propeller makes the yaw 
moment and it affects the simulated maneuvering motion 
more or less. If the propeller force could be expressed as the 
single-propeller ship, the maneuvering prediction would be 
simple, and also the hydrodynamic database of single-
propeller and rudder ship could be applied for the 
maneuvering prediction of twin-propeller ships. 
  In this study, the authors try to express the propeller thrust 
of twin-rudder ships assuming that the propeller rotation 
speed is 21  times, and the propeller diameter is 2  times. 
As for the rudder force, above mentioned Yasukawa’s 
model is applied when twin-rudder is equipped. Using such 
procedures, maneuvering motions are predicted, and results 
are validated by comparing with the measured ship motions 
as well as the simulated result by the original complicated 
mathematical model. 

(Translated by Yasuo Yoshimura from original paper J. of JASNAOE vol. 24 pp.157-166, December 2016) 



 

                                              -158-  

As for the twin-propeller and single-rudder ship, since the 
rudder is not placed just behind the propeller, it is difficult 
to accurately identify the rudder inflow velocity including 
the effect of the propeller stream, and the mathematical 
model for such ruder force has not yet been established. The 
authors6) tentatively proposed the procedure for such ships, 
however the problems remained in the modeling. 
 

2.  Reanalysis of the Hydrodynamic Force of 
Twin-Propeller and Twin-Rudder Ship 

 
2. 1 Ship Models 
The ship models in reference 1) are low-speed type cargo 

ships equipped with twin-rudder and twin-propeller, one is 
a conventional twin ship and the other is a wide beam and 
shallow draft ship. The stern shape of both ships is the so-
called “twin skeg” or “split stern”, in which each propeller 
shaft is inside of the skeg and the stern shape is buttock flow 

 
Table 1 Principal particulars of ship models1). 

    
Conventional 

Twin Ship 
Wide Beam  
Twin Ship 

L   (length of ship=LPP m) 3.213  2.906  
B  (breadth of ship   m) 0.5897  0.7839  
D   (mean draught    m) 0.1638  0.1463  
L/B  5.444  3.706  
Cb  (block coefficient) 0.750  0.800  
2yP/L (distance between  

propeller /L) 
 0.0552  0.1512  

DP(diameter of propeller m) 0.095×2  0.0648×2 
Propeller turning direction  inward    outward  
AR/Ld  (rudder area ratio) 1/74.0×2 1/61.5×2 
DP/h  (DP/rudder height) 0.8392 0.6310  

 

 
 

 
Fig.1 Ship models with twin-propeller and twin-rudder. 

type. The rudder is a conventional type with shoe piece 
called a “reverse G rudder”. Loading condition is full load 
and even keel for both ship models. The principal particulars 
are listed in Table 1, and photographs are shown in Fig.1. 

 
2.2  Method of Reanalysis 
When reanalyzing the results of the captive model tests, 

both side propeller thrusts and rudder forces are combined 
respectively. The coordinate system is shown in Fig.2.  

 
Fig.2 Co-ordinate system for twin-propeller and twin-rudder ship. 

 
In order to assume both propeller thrusts TS, TP to be one 

thrust T, propeller rotation speed n* is 21  times and the 
propeller diameter D*

P is 2  times, respectively as the 
equivalent single-propeller ship. Both rudder normal forces 
FNS and FNP are combined one force. The altered rudder A*

R 
is the sum of movable part of each rudder area as the 
followings. 
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Then the propeller advance constant J* as the equivalent 
single-propeller ship model is described as the following. 
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As the result, the advance constant of the equivalent single- 
propeller ship becomes the same as the original advance 
constant of twin-propeller. Moreover, the thrust coefficient 
of the equivalent single-propeller ship can be expressed by 
average thrust coefficient 

TK~  as the following.  
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where, ρ is density of water. Furthermore, the propeller 
loading factor ( )2JKT

 becomes the average of the twin-
propellers’, which makes the simple expression with the 
rudder inflow velocity. For the rudder normal force of the 
equivalent single-propeller ship, it is expressed by the 
average inflow velocity RU~  and the average inflow angle 

Rα~ . 
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where, fα is the gradient of rudder normal force coefficient 
and depends on the aspect ratio of a rudder. As mentioned 
before, A*

R becomes the twice area of each rudder area of 
twin-rudder ships, which makes the rudder height of the 
equivalent single-rudder ship 2  times larger if the aspect 
ratio of rudder is kept the same. Since the propeller diameter 
of the equivalent single-propeller and rudder ship is 2  
times larger, the ratio ** hDP =η becomes the same value as 
the original twin-propeller and twin-rudder ship, which 
makes advantage when expressing the rudder inflow 
velocity behand propeller. 
 

2.3 Evaluation of Yaw Moment caused by the 
Unbalance of Both side Propeller Thrust 

The turning moment induced by the unbalance of both 
side propeller thrust N'P can be described as the following in 
nondimensional form using the difference of thrust T∆ and 
distance between both propellers ( )LyP2 .  
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Fig.3 shows the above N'P is plotted against T∆ with the 
parameter of ( )LyP2 . Meanwhile, the nondimensional 
turning moment N'R due to steering can be predicted by 
Eq.(8) as shown later. This N'R for the conventional twin-
ship with rudder angles of 1° and 2° is shown by broken lines 
as the example. From this figure, N'P is roughly estimated to 
be the same order as the turning moment of 1° rudder angle. 
In particular, for the 35° turning motion of the conventional 
twin ship which ( )LyP2 =0.0552, T∆ was observed to be 
20%. This condition is marked by red ● in Fig.3, which 
shows that N'P becomes the yaw moment of 0.4° rudder 
angle. For the wide beam twin ship ( )LyP2 =0.1512, 
though T∆ was not measured, N'P may become the yaw 
moment of 1° rudder angle. Accordingly, it can be assumed 
that the yaw moment induced by the difference of the thrust 
is negligible small even for the wide beam twin-propeller 
ship. 

 
Fig.3 Comparison of yaw moment induced by rudder and the 

difference of propeller thrusts 
 
2.4 Rudder Force Including Interaction between Hull 

and Propeller 
From the previous examination, the difference in thrust 

and rudder force between port and starboard can be 
neglected. Then the previously measured propeller and 
rudder forces are reanalyzed using above Eqs.(1) to (4). 

The equation of maneuvering motion is described by Eq. 
(6) using the coordinate system as shown Fig.2 
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(6) 
where, ( ), ,G G Gu v r  are the velocity components at CG of 
ship. m denotes the mass of ship, Izz the moment of inertia of 
ship in yaw motion. mx and my denote the longitudinal and 
lateral added mass. Jzz denote the added yaw moment of 
inertia. xG is the longitudinal location of CG of ship. Each 
right-hand side of the equation is the hydrodynamic force 
component. The subscripts (H), (P) and (R) refer to hull, 
propeller and rudder respectively. X'H, Y'H and N'H are 
hydrodynamic force components acting on hull and not 
affected by the arrangement of propeller and rudder. 
  X'P is the propeller force and it is expressed as the 
equivalent single-propeller ship. 
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Rudder force (X'P, Y'P, N'P) are expressed by the following 
Eq.(8) as the equivalent single-propeller and rudder ship.  
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Rudder normal force is expressed using Eq.(4) and Fujii’s 
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Fig.4 Analyzed coefficients (1-tR), (1+aH), x'H .. 

 

 

 
Fig.5 Analyzed parameter ε and kx in uR model. 

empirical formula of fα as the following. 
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where, λ is the aspect ratio of rudder, 

22 ~~~
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and RR vu ~,~  can be expressed by the following Eq.(10). 
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Since most of the analysis of the rudder force comes from 

the results of rudder test in straight running, the difference 
in thrust between port and starboard is very little, and 
satisfies the Eq.(1) to Eq.(4). The reanalyzed interaction 
coefficients (1-tR), (1+aH) and x'H in Eq.(8) are shown in 
Fig.4. In this figure, ▲ mark shows the result of these twin-
propeller and twin-rudder ship models, and compared with 
the results of single-propeller and rudder ships (○ mark: 
mariner rudder, ● mark: conventional rudder with shoe 
piece). The result of the regression analysis is shown by the 
straight line (solid line) from reference 7. (1-tR) and x'H are 
almost the same as the results of single-propeller and rudder 
ships. (1+aH) of the twin-propeller and twin-rudder ships are 
shown against Cb/(L/B). In this figure, the results of single-
propeller and rudder ships are compared, where it is found 
that the results of these twin-propeller ships and those of 
single-propeller and rudder ships with conventional rudder 
have almost the same characteristics and generally larger 
than the mariner rudder ships. This is because that the force 
acting on the large horn is included in the hull force for the 
mariner rudder. As the result, (1+aH) depends on the rudder 
type regardless of the number of propeller and rudder. 

Fig.5 shows the results of reanalysis of the parameters ε 
and kx (=κε) in the longitudinal rudder inflow velocity in 
Eq.(10). These are also compared with the results 7) of the 
single-propeller and rudder ship. The straight line in each 
figure shows the result of regression analysis. The parameter 
ε as shown in the upper figure has a strong correlation with 
the effective wake coefficient (1-w) of the propeller, and the 
parameters of the twin-propeller ships have good agreement 
with those of single-propeller and rudder ships. For the 
propeller stream ratio kx in the lower figure, it is shown to 
be almost constant 0.55 in reference 7) in regardless the hull 
forms, results of twin-propeller ships are also the same 
results. Accordingly, it is confirmed that the interactive 
force coefficients and parameters of rudder force at the 
straight running condition are almost the same character-
istics as those of the single-propeller and rudder ships. 
  Next, the parameters of lateral rudder inflow velocity vR 
is considered. Generally, vR is obtained from the offset 
rudder angle and the gradient of the rudder normal force  
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    (Conventional Twin Ship: inward rotation)                  (Wide Beam Twin Ship: outward rotation) 

Fig.6 Analyzed vR characteristics for various sway and turning motion. 
 

coefficient under the constant sway and yaw motion. In the 
exact analysis1) for the twin-propeller and rudder ships, vR 
should be obtained individually for each side rudder normal 
force. The obtained vR is shown in Fig.6 for both ship models 
citing from reference 1). The □ ■ marks represent the 
starboard side rudder’s, and the □ mark indicates the 
characteristics in the pure swaying condition and the ■ mark 
in the pure turning condition, respectively. These 
characteristics have some offset and nonlinearities 
depending on the propeller rotation. Similarly, the ◇ ◆ 
mark represent the port side rudder’s, which principally 
becomes point-symmetric with the starboard rudder’s, since 
the propeller rotation is symmetric.  

These are the results of the exact analysis in the previos 
research. When both side rudder forces are combined and 
reanalyzed as if the ruuder is single, the obtained vR is shown 
by the ○●marks in Fig.6, where it can be seen that the above 
bius and nonlinealities are cancelled in each othe and vR 
becomes almost linear against the ship motion. 

From the above characteristics of v'R, the flow straitening 
coefficients γR and l'R can be easily obtained based on 
Eq.(10). Obtained results for both twin-puropeller and twin-
rudder ship models are plotted by ▲mark in Fig.7. The 
upper figure shows γR, where the reanalyzed γR is almost half 
of the conventional single-propeller and rudder ships’. This 
may comes from that the flow straightening effect becomes 
larger by the twin-skegs of the split stern. In this figure, the 
analyzed γR is also plotted by □ mark with the twin-propeller 
and single-rudder ship model shown later, which shows that 
γR is almost the same as the single-propeller and rudder ships. 
This is considered that the ship model has the conventional 
stern shape using the blaket suspension of propeller shafts 
instead of twin-skeg, which does not make the flow 
straiitening effect stronger.  

  

 

 

 

 

 

 

 

Fig.7 Analyzed flow straitening factor γR and l'R 

 
Table 2 Analyzed coefficients regarding to rudder force 

using equivalent single-propeller and rudder model. 

 Conventional Twin 
Ship 

Wide Beam Twin 
Ship 

1-t 0.836 0.788 
1-w 0.663 0.523 
1-tR 0.830  0.662  
aH 0.181  0.386  
x'H -0.428  -0.426  
γR 0.204  0.242  
l'R -0.994 -0.858 
ε 1.022 1.301 
κ 0.591 0.332 
kx 0.605 0.432  

-0.4

-0.2

0

0.2

0.4

-60 -30 0 30 60
β  -l' Rr' (deg)

-v' Rpure yaw (Stb. side)
pure sway(Stb. side)
pure yaw (Port side)
pure sway(Port side)
pure yaw (assumed single P&R)
pure sway(assumed single P&R)

pl,

-0.4

-0.2

0.0

0.2

0.4

-60 -30 0 30 60
β  -l' Rr' (deg)

-v' Rpure yaw (Stb. side)
pure sway(Stb. side)
pure yaw (Port side)
pure sway(Port side)
pure yaw (assumed single P&R)
pure sway(assumed single P&R)

0.0

0.2

0.4

0.6

0.8

0.0 0.1 0.2 0.3

Cb/ (L/B )

γ R

Twin P&R(Split Stern)
Twin P&Single R

Cnventional Single

-1.5

-1.0

-0.5

0.0
0.0 0.1 0.2 0.3

Cb/ (L/B )

l' R

Twin P&Single R
Twin P&R

Cnventional Single



 

                                              -162-  

Meanwhile, the analyzed l'R is almost the same as that of 
the conventional single-propeller and rudder ships, and it is 
approximately -0.9 as in reference 7).  

All the reanalyzed coefficients with two twin-propeller 
ship models are summarized in Table 2. 

 
3. Maneuvering Simulation by the Equivalent 

Single-Propeller and Rudder Model 
 

Using the above-mentioned equivalent single-propeller 
and rudder model and reanalysis results, the maneuvering 

simulations are performed, and results are compared with 
the simulation results by the exact mathematical model and 
measured results in reference 1).  

 
3. 1 Mathematical Model for Simulation 
The mathematical model is the MMG type model for the 

single-propeller and rudder ships as shown Eq.(6) to (10) for 
propeller and rudder forces. Hull forces XH, YH and NH are 
shown in Eq.(11) cited from reference 1). The hydro-
dynamic derivatives in Eq.(11) are used in the reference.  

 

 

      

       
   (Conventional Twin Ship)        (Wide Beam Twin Ship) 

Fig.8 Comparison of turning trajectories and spiral curves, original and proposed equivalent single-prop. and rudder model. 
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            (11) 
 
3. 2 Result of Simulation 
The results of the simulation are shown in Fig. 8. The 

upper figures are comparisons of 35° turning trajectories, 
which are shown dimensionless by ship length L. The 
lower figures show the comparisons of steady turning 
characteristics. The solid line in each figure is the 
calculation result of this paper, and the broken line is the 
calculation result by the exact twin-propeller and twin-
rudder model shown in reference 1). Although there are 
some differences between the simulation results and the 
free-running model test results, the simulation results for 
the equivalent single-propeller and rudder model are 
almost the same as the original exact model, and it is 
found that the calculation method in this paper is 
generally valid. 

 
3. 3 Summary of Equivalent Single-Propeller and 

 Rudder Model 
From the investigation into the proposed equivalent 
single-propeller and rudder model, the following remarks 
are summarized. 
1) Equivalent single-propeller and rudder model where 

the propeller diameter is 2  times, the propeller 
rotating speed 21  times and the rudder area as 
twice as much as one side, has high calculation 
accuracy and is very effective for a maneuvering 
simulation of a twin-propeller and twin-rudder ship. 

2) The hydrodynamic force coefficients analyzed by 
this equivalent model fit well with the database of 
single-propeller and rudder ships, which suggests 
that the hydrodynamic database can be available for 
the maneuvering simulation of twin-propeller and 
twin-rudder ship. 

3) However, for the flow straitening factor γR, it should 
be evaluated depending on the stern shape.  

 
4.  Mathematical Model of Twin-Propeller 

and Single-Rudder Ship 
 

The mathematical model of twin-propeller and single-
rudder ship becomes more complicated. Since the rudder 
is not placed directly behind the propeller, it is difficult to 
specify how much propeller stream attacks the rudder.  

In response to this problem, the authors 6) tried that the 
twin-propeller stream can be expressed by adjusting the 
propeller stream ratio kx (or κ ) in Eq.10.  

However, the above treatment is not suitable because  

Table 3 Principal particulars of ship model.6) 

    Passenger Ferry 
L   (ship length Lpp  m) 2.344  
B  (breadth        m) 0.356 
d   (mean draught   m) 0.100 
L/B  5.444  
B/d  3.600  
Cb  (block coefficient) 0.750  
2yP/L (distance between  

propeller /L) 
 0.0422 

2yP/DP   1.31   
DP  (propeller diameter m) 0.0756×2  
propeller turning direction  outward  
AR/Ld  (rudder area ratio) 1/46.7  
DP/h 0.879  

 

 
Fig.9 Twin-propeller and single-rudder ship model. 

 
the actual propeller stream does not change depending on 
the location of rudder. It is more appropriate to assume 
the rudder area attacked by the propeller stream should be 
adjusted. 

From the consideration, the captive model test results 
of Reference 6) were reanalyzed, and the hydrodynamic 
force coefficient of the ship model was re-evaluated, and 
then the maneuvering simulation method was examined. 
 

4. 1 Ship Model 
The model ship is a passenger ferry equipped with 

twin-propeller and single-rudder. The particulars are 
shown in Table 3 and the photograph is shown in Fig.9. 
This ship has a conventional stern shape in which both 
side propeller shafts are supported by shaft brackets. This 
stern shape is similar with that of the single-propeller and 
rudder ships. The rudder is a marine type of rudder 
supported by a large horn. The rudder aspect ratio is 1.47. 

 
4. 2 Reanalysis of effective rudder inflow velocity 
In the effective rudder inflow velocity model as shown 

in Eq. (10) has three parameters: ε, κ and η which is the 
rudder area ratio in propeller stream. Generally, η 
becomes hDP=η  (h: rudder height) for single-propeller 
and single-rudder ships or twin-propeller and twin-rudder 
ships, then ε and κ are analyzed using above η. 

shaft brackets 

bossing 

Propeller shaft 

rudder 
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Table 4 Analyzed parameters in rudder inflow velocity model. 

 Twin-Prop. & 
Single-Rudder 

Twin-Prop. & Twin-Rudder 
 

 
Passenger Ferry 

Conventional 
Twin Ship 

Wide Beam  
Twin Ship 

1-w 0.859 0.663 0.523 
η 0.140 0.839(given) 0.631(given)  
ε 0.740  1.022 1.301 
κ 0.810  0.591 0.332 
kx 0.6(given) 0.605 0.432  

 
Table 5 Analyzed parameters in rudder inflow velocity model, 

applying to Yumuro’s experimental results8). 

 2yP/DP 
 1.1 1.3 1.5 2.0 

η 0.399 0.176 0.036 -0.030 
ε 1.026 1.022 1.013 0.999 
κ 0.585  0.587 0.592 0.600 
kx 0.6(given) 

* note DP/h= 0.786 
 

For the twin-propeller and single-rudder ships, 
however, η cannot fixed because the rudder is not just 
behind the propeller. Then η becomes unknown 
parameter and identified from the measured data as well 
as ε and κ. However, Eq.(10) is a nonlinear function for 
the parameters, so the usual least squares method cannot 
be applied, then it is advantageous to have a small number 
of unknowns. In the analysis of this model ship, since the 
propeller acceleration rate kx is approximately 0.5 to 0.6 
as shown in Fig.5, this value is fixed and the remaining 
parameters ε and η are analyzed. As for the value, it is 
fixed kx=0.6 from the Fig.5 in the small range of Cb/(L/B). 
The results of the analysis are summarized in Table 4 
comparing with the results of the previous twin-propeller 
and twin-rudder ship models. Since this model ship is 
twin-propeller and single-rudder ship, η is significantly 
smaller. In addition, since both propeller shafts are 
supported by shaft brackets, the effective wake of the 
propeller (1-w) is small, while the rudder is on the center 
line, so the wake of the rudder position becomes large 
(that means smaller (1-wR)). As the results, ε=(1-wR) 
/(1-w) becomes smaller than those of twin-propeller and 
twin-rudder ship models. 

In order to investigate whether the value of η is 
appropriate, Yumuro’s experimental results8) is applied. 
In this experiment, the single-rudder test was performed 
behind two propellers without hull model varying with 
the distance between two propellers (2yP). From the 
experimental results of propeller thrust and rudder normal 
force, ε and η can be reanalyzed, and shown in Table 5 
and Fig.10, respectively. The horizontal axis of Fig.10 is 
the distance between two propellers that is made non-
dimensional by the propeller diameter, and the vertical 
axis represents η. From this result, when the distance of 
two propeller is about the propeller diameter, it decreases 

 
Fig.10 Analyzed parameter η for propeller shaft interval, 

applying to Yumuro’s experimental results8). 
 
to the half of DP/h, and when the distance is 1.3 times of 
the propeller diameter like the twin-propeller and single-
rudder ferry, it becomes about 1/4 of the DP/h. Until at last, 
when the distance becomes more than twice of the 
propeller diameter, it is hardly affected by both side 
propeller stream. 
  The above change of η with respect to the distance of 
two propellers can be expressed by the following logistic 
function. Using this function, η is DP/h at x=0, 1/2 DP/h 
at x=a, and zero at x>>a. 
 

( )( )
( )( )xac

xac
h

DP

−+
−







=

exp1
expη         (12) 

where,   PP Dyx 2=  
DP: diameter of propeller 
h: height of rudder 

Applying the nonlinear analysis, a and c in the Eq.(12) 
are identified as a=1.046 and c=6.22, and identified η is 
plotted and compared with measured Yumuro’s 
experimental result in Fig.10. It is found that Eq.(12) well 
expresses the change of η with respect to the distance of 
propellers. Appling this function to the twin-propeller and 
single-rudder ferry model, dotted line can be expressed in 
Fig.10. In the figure, the previously shown analysis result 
of η is plotted with “●” mark, which shows good 
agreement with Eq.(12). As the results, η of twin-
propeller and single-rudder ship can be easily estimated 
for various (2yP) by Eq.(12). 

 
4. 3 Maneuvering Simulation of Twin-Propeller 

 and Single-Rudder Ship 
Using the above-mentioned rudder inflow velocity 

model, maneuvering simulations are performed with the 
twin propeller and single-rudder ferry model, and these 
are compared with the results of free-running model test. 
The mathematical model is the equivalent single-
propeller and rudder model as shown in Eqs.(6) to (10).  
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Fig.11 Comparison of turning trajectory, measured and 

simulated by presented mathematical model. 
 

 
Fig.12 Comparison of spiral characteristics, measured and 

simulated by presented mathematical model. 
 
However, since the maneuvering motion of this ship 
model is strongly affected by roll motion, the roll angle 
effects are considered by following to the reference 9).  

The simulated turning trajectory with a rudder angle of 
35° is shown by the solid line in Fig.11. In this figure, the 
result of free-running test is marked with “□”. The 
simulated trajectory is in good agreement with the 
experimental results.  

Fig.12 shows a comparison of spiral characteristics 
between simulated and measured. The results of free-
running test are marked with “□”.  

 
Fig.13 Comparison of 20°Z-test, measured and simulated by 

presented mathematical model. 
 

From these comparisons, it can be said that the simulated 
results are in good agreement with the free-running model 
test results.  

Fig. 13 shows the comparisons of time histories of the 
rudder angle and heading angle in the 20°/20° Z test. From 
these comparisons, it can be seen that the simulated 
results well agree with free-running test results. 

From the above comparisons, it can be confirmed that 
the maneuvering motion of the twin-propeller and single-
rudder ship can be well estimated with sufficient accuracy 
by using the proposed rudder inflow velocity model as 
well as the equivalent single-propeller and rudder model. 

 
4. 4 Summary of mathematical model of Twin- 

Propeller and Single-Rudder ship 
In the case of a twin-propeller and single-rudder ship, 

it was the problem how evaluate the propeller stream on 
the rudder. It is clarified that the contribution of propeller 
stream can be expressed by the logistic function as shown 
Eq.(12) depending on the distance of propellers. This 
model as well as the equivalent single-propeller and 
rudder model are useful for the maneuvering prediction of 
twin-propeller and single-rudder ships. The results of the 
investigation are summarized below. 
1) Regarding ε and η become smaller in the twin-

propeller and single-rudder ship than those of 
conventional single-propeller and rudder ship. ε 
becomes small because the wake of the rudder 
position is larger in the twin-propeller and single-
rudder ship. 

2) η depends on the distance between the propellers. 
This change can be expressed by the logistic function 
of Eq. (12). η becomes 1/2 DP/h when the distance 
between propellers is about propeller diameter.  
 

5. Conclusion 
 

The authoes tried to predict the maneuvering motion 
by using the equivalent single-propeller and rudder model. 
Specifically, the propeller rotatiing speed is 21  times, 
the propeller diameter is 2  times, and in case of the 
twin-rudder ship, twice rudder areas are considered as the 
total area. Then they investigated how accurately the 
maneuvering motion can be estimated when navigating at 
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the same rotatiing speed. As a result, it is clarified that the 
calculated results using the equivalent single-propeller 
and rudder model are almost the same as those of the 
exact mathematical model, and also the proposed model 
is usefull for the maneuvering prediction of twin-
propeller and single-rudder ship by using the modeified 
rudder inflow velocity model. 

However, it is desirable to apply a exact mathematical 
model such as reference 1) because the details of the 
hydrodynamic force can be grasped when simulating the 
maneuvering motion through conducting the pricice 
captive model tests. This is the principle, but when 
predicting maneuvering performance by database without 
conducting model experiments at the earry design stage, 
the proposed mathematical model becomes the powerfull 
tool. Furthermore, it becomes possible to utilize the 
hydrodynamic database of the single-propeller and rudder 
ships for the maneuvering prediction of twin-propeller 
ships. 
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