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SHIP MOTIONS IN RESTRICTED WATERS 

-Tank Tests-

By Fukuzo TASAI*, Mikio TAKAKI** and Makoto 0HKUsu*** 

We measured radiation forces and wave exciting forces acting on a ship 
model in a canal and measured amplitudes of ship motions in regular 
waves. Those experimental results are compared with theoretical. ones 
obtained by so-called "New Strip Method". The reasons for the difference 
of response curves of ship motions in regular waves between restricted 
waters and open sea are mostly made clear by experiments and theoretical 
considerations done in this investigation. 

1. Introduction 

It has been well known since early time that motions of a ship model 
and hydrodynamic forces acting on her are affected by interference of tank 
wall due to reflection from tank wall of waves generated by her motions in 
an experimental long tank. It is an important problem to predict these 
interferences of tank walls quantitatively in order to know characteristics of 
ship motions in open sea from an experimental study at a long water tank. 
It is also necessary to take effect of water depth into account in addition 
to effect of water breadth, if a long tank is a shallow depth. The condition 
of restricted breadth and restricted water depth is equivalent to that for an 
actual ship operating in a canal or a channel. 
Hanaoka'l and Hosoda2J studied theoretically interference of tank wall 
affecting longitudinal motions of a ship in water of infinite depth, while 
Vossers & Swaan, 3> Murdy') and Takezawa & Jingu'> investigated experi-
mentally on it. Hanaoka evaluated hydrodynamic forces acting on a ship 
model and predicted longitudinal motions of a thin ship in regular waves by 
a method, m which three-dimensional effect on motions of a ship with a 
forward speed is taken into account and the boundary condition on tank 
walls is satisfied by taking virtual images of the ship model with respect to 
tank walls1). Takezawa and Jingu evaluated the angle between the direction 
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24 F. T ASAI, M. TAKAKI and M. OHKUSU 

of ship's advance and the direction of wave pattern's propagation which was 
generated by a bow of a ship according to Hanaoka's theory6>, and estimated 
a critical circular frequency at which interference of tank wall began to 
affect motions of a ship'). Isshiki theoretically computed waves generated 
in a long canal with a periodic source'). One of the authors measured waves 
diffracted by a pile standing in a.canal which is hydrodynamically equivalent 
to a row of infinitely many piles due to interference of tank walls and showed 
that his theory gives results in good agreement with the experimental ones凡
The purpose of the present investigation in this paper is to estimate the 
hydrodynamic forces and moments acting on a ship body and the amplitudes 
of ship motions in a canal with a finite depth and a finite breadth for 
investigating differences between ship motions in a. deep sea and a canal. 
We performed following three kinds of experiments in a water way const-
ructed in our deep water tank for doing these experiments: 
(i) Forced oscillating tests 
(ii) Measurements of wave exciting forces 
(iii) Measurements of ship motions in regular waves 
We compared results in each experiment with theoretically calculated ones 
obtained by so-called "New Strip Theory" which does not take an inter-
ference effect of tank walls into account and derived some useful conclusions 
from consideration on the results. 

2. Tank tests 

Tank tests were performed in a canal which was especially constructed 
in the deep water tank of the Tsuyazaki Sea Safety Research Laboratory, the 
Research Institute for Applied Mechanics of Kyushu University. 

2. 1 Construction of canal 

One way to make a shallow water condition in an existing deep water 
tank is to draw out water from a deep water tank and another is to build a 
false bottom in a deep water tank. In the former case we cannot use the 
existing experimental equipments to carry out forced oscillating test and to 
measure amplitudes of ship motions because of increasing distance between 
a surface of water and a towing carriage, and we have to make new experi-
mental instruments. On the contrary, in the latter we can use the existing 
experimental instruments. 
We adopted the latter plan and especially built a canal (Lx Bxd=50 m 
x4mx0.7m) in the deep water tank (LxBxd=80mx8mx3.5m) as shown 
in Fig. 2. 1. The water depth of the canal is variable from 0. 2 m to 0. 5 m 
by drawing or pouring water. And a wave making machine of flutter type 
was set at the end of the canal to generate waves with periods from 0. 6 
seconds to 3. 0 seconds. The view of the canal and the wave making machine 
are shown in Photes 2.1~2. 4. 
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SHIP MOTIONS IN RESTRICTED WATERS 

80,000 
50,000 

Fig. 2. 1 General arrangement of canal 

Photo 2.1 General view of canal before filling water 

2. 2 Methods and conditions of experiments 

For the purpose of evaluating the effects of tank walls and water bottom 
on hydrodynamic forces acting on a ship and on ship motions in a canal 
with a finite depth and breadth for investigating differences between ship 
motions in deep water and in a canal, we performed three kinds of experi-
ments mentioned in section 1 by using the ship model "Kasagisanmaru" for 
which hydrodynamic forces and response functions of motions in deep water 
had been studied. Experimental condition for the model is a full load condi-
tion and her principal dimensions are shown in Table 2. 1. The experiment 
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Photo 2. 2 Ge11eral view of ca11al with full water 

1‘
 

Photo 2. 3 Wave making machine 

Photo 2. 4 Regular wave generated in a canal 
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Table 2. 1 Principal dimensions of ship model 

Length between pependiculars 

Breadth of ship 

Draft 

Displacement 

Block coefficient 

Metacentric height 

Height of gravity from water line 

Distance of gravity from midship 

Radius of longitudinal gyration for yaw 

at forced yawing test 

Radius of transverse gyration for roll 

at forced rolling test 

Radius of longitudinal gyration for pitch 

at forced pitching test and ship motions 

Radius of transverse gyration for roll 

at test of ship motions 

With bildge keel and rudder 

Without propeller 

Lpp = 3. 00 m 

B = 0.493 m 

T = 0.194 m 

L1 =231.1 Kg 

立＝ 0.8243

（；M=  o. 045 m 
叩＝ 0.040 m 

豆＝ 0.089 m 

1知＝ 0.226 Lp11 

Ki = 0. 305 B 

Ki = 0. 210 Lpp 

Kt = 0. 316 B 

Table 2. 2 Conditions of forced oscillating tests 

I Mode i Amplitude I Ship Speed 
---- ー・

Forced Sway I JA=2 cm j F,,=0, 0.1 
ー・

| 

Frequency 

Ct)2 

g 
--=::.,--T=0.05 

Depth of water 

i （位＝5°,10°, i F,,=0, 0. 075, 
Forced Roll' , 12. 5 °, 15 ° I o. 10 : ~1.45 

h/T=l.3, 

1.8 

- •-

Forced Yaw :A=1口° | Fn=0, 0. 10 
------- ．．．．  ー・

Forced Heave ~ ZA = I. 5 cm 
---

Fn=O, 0. 075, 

Forced Pitch'I OA=l.43° 0.10 

w =l. 59 

~8.55 

(1/sec) 

Table 2. 3 Conditions of measurement of wave exciting forces 

Conditions I Ship Speed I Wave Frequency I Depth of water 

Head sea (p=180°)'Fn=O, 0. 075, 0.10 叫＿T =0.1 I h/T=l. 3, 
---- --- ---―--―---- ----l び

と

Bow sea (p=l35°) I Fn=O'~1.  l I 1. S 
(1) ＝2.24 

Beam sea (μ=90°) i F,し＝0 ~7.5 
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28 F. TASAI, M. TAKAKI and M. OHKUSU 

Table 2. 4 Conditions of ship motions 

Conditions I Ship Speed I Wave Frequency I 

Head sea (μ=180°) I Fn=O, 0. 075, 0.1 I ~ T=0.1 g 
Bow sea (μ=135°) I F,.=0 I O ~~- ~ 

a>=2. 24 
Beam sea (μ= 90°) j凡=0

~7.5 

Depth of water 

h/T=l.3, 

1.8 

was carried out in a water depth 1. 8 times and 1. 3 times (water depth: h= 
0. 349 m, 0. 252 m) as deep as draft of the.model since it had been shown in 
the previous papers1r-i2> that effects of water depth affected hydrodynamic 
forces on a ship and on ship motions in waves of water depth smaller than 
twice of a ship's draft. The experimental conditions are shown in Tables 
2.2~2.4. 

3. Equations of ship motions 

As shown in Fig. 3.1, O'-Xぷ Z1is a coordinate system fixed in space 
with O'X1 parallel to the canal, in which a regular wave progresses to the 

x, 

wave 

y.y,yb 

V 

Zb 

Zb z.z 

z z 

Fig. 3. 1 Coordinate system 

Y,y 

Yb 

X,x 
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SHIP MOTIONS IN RESTRICTED WATERS 

direction of X1. Let O'-XYZ be another coordinate system fixed in space 
in which O'X coincides with a centerline of a ship and. directs forward, and 
let o-x0y0zb be a coordinate system fixed in a ship body, where o is the inter-
section of the centerline in a water plane of a ship and the midship. And 
let o。-xyzbe a coordinate system which is moving with a ship with a cons-
tant forward speed. 
Suppose that a ship is making small motions in regular waves. The 
linear coupling equations for longitudinal motions and the linear coupling 
equations for lateral motions in regular waves can be expressed respectively 
as follows. 
The equation for longitudinal motions: 

・・ (M+Aふ＝F加 ・・・・・・・・・・・・(3.1)

(M+Aa3)Z+Bふ C33Z+ A350 + B358 + C35(}＝Fge 

(J55+A贔＋B550+C55(}＋A泣＋B立＋C53Z=M。e] 
...... (3. 2) 

The equations for lateral motions: 

(M+A追＋B辺＋A贔＋B峠＋A品＋Bふ F-v.

(I44+A甚＋Bふ＋C碍＋A42升 B心＋A遥＋B46¢＝叩（3.3) 

(J66山）□＋B贔＋Aふ＋B贔＋A62夕＋Bg=M¢e ] 

The hydrodynamic coefficients AiJ, B.1 and Ci1 in the left hand sides of 
the equations (3.1) (3. 2) and (3. 3) represent inertia terms, damping terms 
and restoring terms respectively. And the subscript of each coefficient 
denotes oscillating mode, i=l: surging mode, i=2: swaying mode, i=3: 
heaving mode, i=4: rolling mode, i=5: pitching mode and i=6: yawing mode. 
The hydrodynamic coefficients and the wave exciting force in the equations 
(3.1), (3. 2) and (3. 3) obtained by so-called "New Strip Method" are des-
cribed in Appendix I. 

4. Forced oscillating tests 

Forced oscillating tests were performed in the canal shown in Fig. 2.1. 
The forced heaving test and the forced pitching test were carried out with 
a ship model set on the center of the canal parallel to it. The ship model 
was set perpendicular to the canal for the forced swaying, rolling and yaw-
ing oscillating tests with no forward speed in order to make interference 
effects of tank walls as small as possible. With forward speeds, however, 
the forced swaying, rolling and yawing tests were performed with a ship 
model set on parallel to the. canal but away 0. 17 m from the centerline of 
the canal because of convenience of forced oscilating machine mechanism. 
We measured displacements of the ship model and hydrodynamic forces 
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30 F. TASAI, M. TAKAKI and M. OHKUSU 

and moments acting on the ship body. These data were compiled by means 
of data recorder, and were analyzed with aid of Fourier analysis. Fourier 
component of frequency of ship oscillation were compared with the numerical 
results obtained by strip theory. 

4. 1 Analysis of forced oscillating tests 

The coefficients in right hand side of equations (3. 2) and (3. 3) are 
derived respectively from amplitudes of hydrodynamic forces (F,A> Mぃ FYA,
M~A• M¢A) and phases (e., eu, ey, e:~, e:~) measured in the forced oscillating test 
as follows. 
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 ............ (4.1) 

............ (4. 2) 

where 
F.A : amplitude of radiation force for heave, 
M,A: amplitude of radiation moment for pitch, 
FYA : amplitude of radiation force for sway, 
M圧 amplitudeof radiation moment for roll, 
M~A: amplitude of radiation moment for yaw, 
e. : phase lag between heaving displacement and radiation force of 
heaving, 

e。:phaselag between pitching displacement and radiation moment 
of pitching, 

ey : phase lag between swaying displacement and radiation force of 
swaymg, 

e~ : phase lag between rolling displacement and radiation moment of 
rolling, 

e~ : phase lag between yawing displacement and radiation moment of 
yawmg. 

There exist following relationships among these coefficients of equations 
(3. 2), (4.1), (3. 3) and (4. 2). 12> 

(i) Forced heaving test 

[M+A33=＿ F悶2度戸＋号，

B33= 
F,A sine, 
(1)Z.4. 

............ (4. 3) 
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SHIP MOTIONS IN RESTRICTED WATERS 31 

［心ー号＝＿M.ふ笠se°,

B53= 
Mo A sine:, 
a>ZA. 

(ii) Forced pitching test 

［ム＋A55=-M，芯゚ASe゚＋合，
B55= 
MoA sine。
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(iii) Forced swaying test 

[M+A22=_ F1I;f;:1I' 

B22= 
F11A sins11 ． 
WYA 
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［知＝＿M¢芯°ASe¢’

B62= 
M.,A sine., 
(L)YA. 

(iv) Forced rolling test 

［ム＋A44=＿M公°/＋臼
B44= 
MPAsine,j 
c釦・

............ (4. 4) 

............ (4. 5) 

............ (4. 6) 

............ (4. 7) 

・・・・・・・・・・・・ (4. 8) 

............ (4. 9) 

・・・・・・・・・・・・(4.10) 
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・・・・・・・・・・・・(4.13) 

・・・・・・・・・・・・(4. 14) 

［心＝`り，
B45= 
M,:,A sin匂
叫 A • 

As shown in the above relationships, the coefficients of equations (3. 2) and 
(3. 3) can be obtained by performing the five kinds of the forced oscillating 
tests (heaving, pitching, swaying, rolling and yawing). 

・・・・・・・・・・・・(4.15) 

4. 2 Expression of experimental results 

Non-dimensional coefficients of A.,j and B.，j obtained in 4. 1 section are 
shown as follows: 
(i) Coefficients obtained by forced heaving test 

恥心＝—M]炉， 尻＝仇33✓BI2g, 

心＝ A53-C53工こ
pL', 瓦3

B 
＝』Lい／瓦涵

(ii) Coefficients obtained by forced pitching test 

j55＋心＝ J55+A55 
叩'

B =-B55 55 p万✓BI2g,

＾ 心ーC35位）2A35= ＾ pL4 B 35 =g35 pLハ／BI2g.

(iii) Coefficients obtained by forced swaying test 

M+A22=_._ ^ M+A22 
PA'  

B2,= B22 
pJ 一✓且壺，
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SHIP MOTIONS IN RESTRICTED WATERS 

＾ B42= B42 pJB✓13]2¢, 心＝闊，

ふ，＝fjt-, 瓦＝力L疇 2g.
(iv) Coefficients obtained by forced rolling test 

＾ ＾ J44―|-A,4= J44+A44 四B2, 瓦4=
B44 
p4B2 ✓E2g, 

ふ＝闊， 応＝ PB」五 ✓BI2g,

＾ A6,= 
A 64 
pdLB' B64=-B64 p£1LB ✓犀元

(v) Coefficients obtained by forced yawing test 

where 

J66+A66= 
J66+A砂
pJL2 9 

心＝-~闊，
心＝凸＿＿
pLJLB' 

L : length of ship, 
B : breadth of ship, 
M: mass of ship (= pLI), 
,d : displacement of ship, 

恥＝［信喜／2¢,

B26= 
B26 
p,aL 《B/2g,

瓦6=-B46 肛LB✓BI2g.

J';,: : mass moment of inertia of 
ship for the i-th mode, 

p : density of water, 
g : gravitational acceleration. 

4. 3 Comparison of theoretical predictions with experimental results 

The comparisons of experimental results with theoretical ones obtained 
by new strip theory which does not take interference effects of tank walls 
into account are shown in Figs. 4. 1 ~4. 40. In this paper all theoretical 
computations are done with making use of new strip method which does not 
take effects of tank walls into account but effects of finite water depth. 

4. 3. 1 Coefficients for heaving and pitching motions 

(i) Inertia terms: A33,心
Measured values of A33 and A55 without a forward speed (F,,=0) show 
hump and hollow variations around theoretical curves. The non-dimensional 

frequencies（戸） atwhich humps and hollows of experimental values appear 
are shown in Table 4. I. 
Whe11__ a forward speed is not. zero (F況＝0.10), experimental values of 
ふ3 and Ass do not show a hump and a hollow variation, and are in agree-
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(1)2 

ment with the theoretical ones in high frequency (-f T>l. 1). 
. (l) 

g )  
low frequency(f-T <l. 1), measured values ofふ takeminimum or maxi-
mum value at the frequency shown in Table 4.1 (Fig. 4. 2), while humps of 
Ass with forward speeds appear at the same frequencies as hollows of Ass 
without a forward speed appear as shown in Table 4. 1 (Fig. 4. 4). These 
humps and hollows appearing in experimental results are considered to be 
interference effects of tank walls due to reflection from tank walls of waves 
generated by the motions of the ship. 

But in 

(ii) Damping terms: Baa,尻
Without a forward speed, experimental values of和 and尻 showlarge 
humps and hollows and take maximum values or minimum ones at frequencies 
shown in Table 4. 2. The minimum values of Baa and B55 in low frequencies 
are much smaller than theoretical values, while in high frequencies they are 
larger than theoretical ones (Fig. 4. 5). Comparing Table 4. 1 with Table 4. 2, 
we can see the maximum values ・ ofふ and尻 appearat almost the same 
frequencies. The same tendencies as those in heaving mode appear also in 
pitching mode, but those in pitching mode are not so explicit as those in 
heaving mode. 

Wit~ a forward speed (F,,.=0.10), the humps and hollows of experimental 
values Baa appear at the frequencies as shown in Table 4. 2 (Fig. 4. 6). Humps 
of experimental values B55 with a forward speed appear at the same frequen-
cies as hollows of B55 without a forward speed appear as shown in Table 4. 2. 
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(iii) Cross coupling terms: A53, A35; ^ ^ B53,B35 
Experimental values of Asa, Aas,尻 and尻 withouta forward speed 
fluctuate around the mean line given by theoretical calculations respectively 
at overall experimental frequencies. However these experimental values 
almost satisfy the symmetric relationships (A53=A3s, Bs3＝尻） as shown in 
Figs. 4. 9~4. 12. 
In case of a f n case of a forward speed (F,.＝0. 10), experimental values of Asa, Aas, 
B 53 and Bas also fluctuated around the mean line given by new strip method 
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／＼三賃f:.f3humpsandhollows in A38 

Freq. of humps I 0. 1, O. 4~0. 5, 0. 85, 1. 3 
Freq. of hollows | o. 2, 0. 6, 1. o 
Freq. of humps I 0. 4, O. 5, 0. 85 
Freq. of hollow_sj 0. 3, O. 6"'0. 7, 1. 0 
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and show hump and hollow variations at almost the same frequency as those 
without a forward speed (Figs. 4.13~4, 16). 

4. 3. 2 Coefficients for swaying, yawing and rolling 

(i) No forward spee1 
Radiation forces (.422, B22), wave exciting force and response curve for 
swaying mode without a forward speed are shown in Figs. 4.17~4. 20. It 
is clear that when the ship model is set in the tank so that her center line 
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is perpendicular to the tank wall, the hydrodynamic forces and moments on 
the ship model and the amplitudes of the ship motions are scarcely affected 
by interference effects of tank walls. Consequently the results obtained 
when the ship model is at this position are not shown hereafter, and the 
results alone for the ship model set with her centerline parallel to the tank 
wall are described in this paper. 

(ii) Principal terms for swaying: A2,, B2, 
Experimental values of A,2 and B,2 fluctuate around their theoretical 
values as shown in Fig. 4. 21 and Fig. 4. 22. These humps and hollows appear 

at the frequencies ( 
(l)2 

tuencies (-f-r) shown in Table 4. 3, 
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心

如

Table 4. 3 Fre:_uencies ~ 1-T) when humps and hollows appear 
in A22 and B22 

h/T=l. 3 h/T=l. 8 
‘¥  

- ～ - - " ̀ ―・----C1)2 CJ)2 
¥ー------| g T l g T 

Freq. of humps o. 1, 0. 4~0. 5, 1. 0 0. 2, 0. 4~0. 5, 1. o 
I 

Freq. of hollows I 0. 2~0. 3, 0. 6, 1. 1 I 0. 3, 0. 6, 1. 1 
I 

I Freq. of humps I 0. 2, 0. 6, 1. 1 I 0. 3, 0. 6 1. 1 

j Freq. of hollows j 0. 3, 0. 85 j 0. 4, 1.0 

From the above table, it is seen that the values of心 areabove the 
theoretical values at the frequ~ncies when the values of応 areunder the 
theoretical ones and ones of A,2 are under the theoretical ones at the fre-
quencies when the values of恥 areabove the theoretical ones. 

(iii) Principal terms for rolling: A44, B 44 
The experimental values of virtual mass moment of inertia for roll心
are scarcely affected by interference effects of tank walls. It is because 
the wave amplitudes generated by rolling motion are smaller than those 
generated by other mode and the amplitudes of reflection wave from the 
tank walls consequently are very small. This tendency is different from 
that of other modes. 
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Fig. 4. 23 ]44 -|＿心： Virtualmass moment of,_inertia coeff. for roll at Fn=O. 075 
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Experimental values of A44 are in agreement with theoretical ones in 
high frequencies, while in low frequencies the experimental values become 
larger than the theoretical ones (Figs. 4. 23, 4. 24). As the water depth 
becomes more shallow and the forward speed of ship becomes larger, the 
experimental values of the virtual mass moment of inertia (]44 +A,.) for 

library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked

library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked



48 F. T ASAI, M. T AKAKi and M. OHKtJSlJ 

0
 

0

0

 

5

4

3

 

0
 

0
 

0
 

Q

o

o

 

:、
8＜
 

A 

A △ 

公△

公
A 

△
 

A 

0.020 
△ 

公 △

＆ 

Fn=O. I, Exp.（如＝10°)

h/T=/.8 o 

h/T=/.3 △ 

0.010 
公合

。。
゜
゜゚ ゜8 ， ゚

。。

0 0.2 0.4 0.6 0.8 I、0 1.2 /.4 /.6 

研
g T 

Fig. 4. 26 尻： Dampingmoment coeff. for roll at Fn=0.10 

Table 4. 4 Frequencies（三T)when humps and hollows appear in B44 g 

¥ - h/T=l. 3 h/T=l. 8 
(1)2 a)-r) 

¥‘¥¥、- T T 
＼ 

び゚
g 

Fn=0.075 I 0.2 0.3 
~~ 

L 

Fn=0.10 0. 2 0.3 

rolling mode become larger than theoretical ones at overall frequencies where 
experiment were done (Fig. 4. 24). 
Experimental values of damping moment for rolling瓦 haveonly one 
hump due to interference effects of tank walls at the frequency shown in 
Table 4. 4 and are scarcely affected 9y interference effects of tank walls in 
other frequencies as in the case of A44. 

(iv) Principal terms for yawing: Ass, 1366 
Experimental values of A66 and B66 fluctuate around their theoretical 
values respectively as shown in Fig. 4. 27 and Fig. 4. 28. These humps and 

hollows appear at the frequencies(―-(L)2 g T) shown in Table 4. 5. 
From the above table it is seen that the tendencies of humps and hollows 
for Ass and B66 are similar to those ofふ andB22 (Figs. 4. 21, 4. 22). 

(v) Cross coupling terms: A.1, Bii, Af,,恥

A42, B 42, A24, B 2• 
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Fre:uencies ~一竺こ T) when humps and hollows appear g 

in A66 and B邸

＼ 

¥、、~ I h/T=l. 3 [ h/T=l. 8 
-̀`` 
―――― ~-~----

| (1)2 ~ I (1)2 

----—•—_ | g 
. --T --1‘ 

g 
-- -- ,  - -- ---. ---. `——— | Freq. of humps o. 1, 0. 3, 0. 6, 0. 85, 1. 15 0. 2, 0. 4, 0. 8, 1. 15 
--.- -- -

I Freq. of hollows j 0. 2, 0. 5, 0. 7, 1. 0 j 0. 3, 0. 6, 1. 0 

Freq. of humps I 0. 5, 0. 85, 1. 3 I 0. 4, 0. 7, 1. 0, 1. 3 

Freq. of hollows I 0. 2, 0. 7, 1. 15 I 0. 5, 0. 85, 1. 15 

Table 4. 5 

ふ6

B60 

The subscript i=2, j=4 of each coefficient denotes coupling term from 
rolling mode into swayinf mode ?r from swaying mode into rolling mode. 
Experimental values of.A4, and瓦 fluctuate-and re叫chto the maximum or 
minimum value at the same frequencies as A22 and B22 do as shown i町Table
4. 3 (Fig. 4. 29, 4. 30). While interference effects of tank walls on A,4 and 
B,4 are not so strong as ones on A42 and J342 (Fig. 4. 31, 4. 32), because 
the wave amplitudes generated by rolling motion are smaller than those due 
to swaying motion. 
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The subscript i=2, j=6 of each coefficient denotes coupling term bet-
ween swaying and yawing mode. Experimental values of A'ij, fJij fluctuate 
around the theoretical ones obtained by new s!rip met加d(Figs. 4. 33~4. 36). 
It is seen from these figur~s that h_umps of A62 and B62 appear at the same 
frequencies as hollows of A26 and B26 appear respectively, while hollows of 
ふ2and恥 appearat the same frequencies as humps of A26 and恥 appear
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respectively. Similar tendency appears in the principal terms of swaying 
and yawing mode. 

心，恥，心，似
The subscript i=4, j=6 of each coefficient denot~s coupli~g term between 
yawing and rolling mode. Experimental values of心 andB,6 fluctuate and 
show hump and hollow variations (Fig. 4. 37, 4. 38). Since the wave heights 
generated by rolling moti~n are sp1aller than ones due to yawin¥ motio:1-, 
effects of tank walls on A64 and B64 are not so strong as ones on A,6 and B,6 
(Figs. 4. 39, 4. 40). 
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5. Measurement of wave exciting forces 

Regular waves were generated by wave making machine installed at the 
end of tank and wave exciting forces and moments about the center of gra・ 
vity of the ship model were measured by means of the instrument of strain 
gauge type. Table 2. 3 shows the experimental conditions, three kinds of 
ship speeds, two kinds of water depths and three heading angles, for which 
the measurements were done. Wave exciting forces measured in beam sea 
condition are not shown here, because interference effects of tank walls have 
a little influence on these forces. 

5.1 

5.2 

Expression of results 

Non-dimensional expressions of experime__ntal results are shown as follows: 
Amplitude of force for surge : F,J = IF,,, I/ pgごaL2
Amplitude of force for sway : Fv = I Fve I/ pgらL2
Amplitude of force for heave :尻＝ 1凡I/pgこaじ
Amplitude of moment for roll : M, = I M,e I/ pgらL3
Amplitude of moment for pitch : M。=IM。』/pgらL3
Amplitude of moment for yaw :恥＝直いI/pgこa,Ls

Comparison of experimental values with theoretical ones 

Wave exciting forces and moments on the ship model with various 
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heading angles were measured in regular waves and were compared with the 
results of theoretical calculations obtained by new strip method described in 
Appendix I. These correlation works are shown in Figs. 5.1~5. 12. 

5. 2.1 Head sea condition (μ=180°) 

(i) Wave exciting force for heave:た
Experimental values are smaller than theoretical ones in low frequencies 
but both are in agreement in high frequencies except near the frequencies 
where the former ones are larger than the latter ones shown m Table 5. I 
(Figs. 5. 1, 5. 4). 

(ii) Wave exciting moment for pitch: M。
Theoretical values of pitching moment M0 have a maximum peak in the 
region of low frequencies and its maximum value becomes larger as the depth 
of water becomes more shallow. Experimental values of M。aresmaller 
than theoretical ones in low frequencies, while in high frequencies expen-
mental values are in agreement with theoretical ones except near the fre-
quencies where the former ones show humps as shown in Table 5. 1 (Fig. 
5. 2, 5. 5). 

(iii) Wave exciting force for surge:凡
Although experimental values of wave exciting surging forces凡show

scattering, these values increase as a frequency (~ T) changes from high 
frequency to low frequency. Effects of tank walls do not appear clearly in 
experimental results. 
From the above results in (i), (ii) and (iii), it is seen that effects of 
tank walls on wave exciting forces and moments are not so strong as on the 
radiation forces obtained by forced oscillating tests in spite of the ship model 
position parallel to the tank wall. 

Table 5. 1 Frequencies（豆g T) when the max. values of Fz and 
Mo appear in head sea condition 
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5. 2. 2 Bow sea condition (μ=135°) 

Experimental values of wave exciting forces and moments for heaving, 
pitching, swaying, rolling and yawing mode generally agree with results of 

2 

theoretical calculations except at some frequencies (-Ejf r) shown in Table 
5. 2 where experimental values are larger than theoretical ones, because of 
interference effects of tank walls. 

a) 2 

Table 5. 2 Frequencies (7r) when the max. values of wave exciting 
forces and moments appear at Fn=O in bow sea condition 

¥ i h/T=1. 3 
¥、 1 匹―|
¥」 g T I 
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0.2, 0. 7, 0.9 
0.4 
0.4, 0.8 
0.2, 0.6~0. 7, 0.9 
0.3, 0.8~0.9 

6. Ship motions in regular waves 

We measured amplitudes of motions of the ship model by means of an 
apparatus measuring motions of 6-degrees of freedom. Measurements of 
motions of the ship model were carried out at three heading angles which 
were 180 degrees (head sea condition), 135 degrees (bow sea condition) and 
90 degrees (beam sea condition). Since it is seen that interference effects 
of tank walls scarcely affect amplitudes of motions in beam sea condition, 
the results in this condition are not shown in this paper. 

6. 1 Comparison of measured amplitude with computed one 

(i) Head sea condition (μ=180°) 

Heaving and pitching amplitudes become smaller in low frequencies for 
both experiments and theoretical predictions as the depth of water becomes 
more shallow. Experimental values are in good agreement with theoretical 
ones except near frequencies shown in Table 6.1, where experimental ampli-
tudes of ship motions are larger than computed ones by new strip method. 
These frequencies at which humps of response curves of ship motions appear 
are independent of ship speed. Such phenomena appear more stronger in 
heaving response curves than in pitching response curves (Figs. 6.1, 6. 2, 
6. 4, 6. 5). 
Effects of tank walls do not appear clearly in surging response curves 
(Figs. 6. 3, 6. 6). 
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(ii) Bow sea condition (μ=135°) 
Experimetal amplitudes of ship motions in bow sea condition are in agree-
ment with those obtained with theoretical computations except near frequencies 
shown in Table 6. 2, where the formers are larger than the latters. The 
phenomena of sharp humps in response curves of ship motions appear stron-
gly in longitudinal motions rather than in lateral motions, and especially 
appear strongly in heaving response curves. 

library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked

library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked



68 F. TASAf, M. TAKAKI and M. OHKDSlf 

μ=135° 

Fn=O Cal. Exp. 
h/T=/.8 - 0 

h/T=l.3 ----- a 

s
‘
g
|
 

ー

L5
 ゜

象゚ら。 ゜△、A M。°
g 0 
△ 

□;' Heaving amplitudes at Fn=O in bow sea condition 

゜

゜
0./ 0.2 

Fig. 6. 7 

0.3 

&
o
E
忍ヽ＇

μ=135° 

Fn=O 

h/T=l.8 

h/T=/.3 -----

Cal. 

1.0 

Exp. 

゜̂b 

0.5 

゜

゜゚‘̀ A 
し^
A 

°‘‘‘A " 
0 、玉‘•
ぷ、 ‘.'A

°‘-d 
‘‘△ ゜
‘‘‘‘゜
入、

｀ ` ｀ △一A--. 0.6 0.7 0.1 0.2 
.'―Ar ---m-^一

0.6 0.9 1.0 I. I 

we2 
ーすT

Pitching amplitudes at Fn=O in bow sea condition 

0.3 0.4 0.5 

Fig. 6. 8 

library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked

library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked



$HIP MOTIONS IN RESTRICTED WATERS 69 

2.0 

1.0 

μ = 135° 

Fn=O 
h/T=l.8 

h/T=l.3 

Cal. Exp. 

△, 

AA  

゜

△
 d-

&
―
―

-
6
 
Q
 

5
 ゜
゜
c
 

3
 f
 
ヽ

D
Aー

0.1 

Fig. 6. 9 

△ 

← 1.0 I. I 
2 we 
g T 

Swaying amplitudes at Fn=O in bow sea condition 

0.2 0.7 0.8 

ぶ。
E
¥
D
も
ー
ー
_

μ =135° 

Fn = 0 Cal. Exp. 
h/T=l.8 - o 

h/T=/.3 -----

2.0 

1.0 

△ 

゜
0./ 0.2 0.3 0.4 0.5 0.8 1.0 

一竺2
g T 

0.9 I.I 

Fig. 6.10 Rolling amplitudes at Fn=O in bow sea condition 

library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked

library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked



70 F. TASAI, M. TAKAKI and M. OI-iKUSU 

｀
 

。ぃ
＼
 

＼
 

A
 
＇ 

＼
 

1̂ 
ー

ー

ー

1

ー

ー

。

¥
`
 

ぶ。
E
¥
D
Aー

ト

」

ー

0

5

 

Q
 

ー

μ=135° 

Fn=O 

h/T=/.8 

h/T:/.3 

z、a
i

、
ヽ
ム、ヽ

△ 

Cal. Exp. 

゜-----△ 

—•--= △
l
 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 I.I 

ー 五g T 
Fig. 6.11 Yawing amplitudes at Fn=O in bow sea condition 

Table 6.1 Frequencies（詈吋 whenhumps of response curves 
appear in head sea condition 

＼ -＼ h/T=l. 3 I h/T=l. 8 
-、一 ~--- ----
-----.....___ I m~ _ I m2 - cot (1)e 
ーニロ-三| g.T :7-T 

Heave Fn=O i 0. 3, 0. 6 ! 0. 4, 0. 7 

Fn=O. 075 I 0. 3, o. 55 I o. 4, o. 7 
(Za;／ごa;) Fn=0.10 I 0. 3, 0. 6 I 0. 4, 0. 7 

I 

Pitch Fn=O [ 0.3 I 0.4 
凡＝o.075 I o. 3 I o. 4 

((}以加。ご心 Fn=0.10 I 0.3 I 0.6 

Table 6. 2 Frequencies (1(1)LT) when humps of response curves 

appear in bow sea condition 

¥．¥、、 h/T=l.3 
`～.`¥．--- --

・・... I _ll)j__T 
‘¥、 g

Heave I 0. 25 

Pitch I 0. 4 

Sway 

Roll 

Yaw 

•一一

h/T=l. 8 

(1)§ 
g T 

0.35, 0.50 

0.5 

library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked

library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked



SHIP MOTIONS IN RESTRICTED WATERS 

6. 2 Effects of interference of tank walls 

From the results shown in previous section it is seen that theoretical 
response curves derived by new strip theory generally agree with the mean 
curves of these experimental response after smoothing the hump and hollow 
variations obtained in experiments. These humps and hollows are thought 
to be induced by the interference of tank walls and heuristic explanation of 
the mechanism of this phenomenon will be given hereafter. 

6. 2. 1 Critical circular frequency of wall effect in motions of a ship 

Wave pattern which are generated by a periodic source point running 
with a constant forward speed in water of finite depth can be given by the 
following equations. 6,13) 

IYl/x=-,:-
tan(j叫

tan2 (jA1□-sec2 (jA1ハ／1＋4eQcos (jA1愧Itanhnlh ==,=: A1-Wave, 

O<(jA1ごく
冗＇

2 

I YI /x= 
tan(jA219 

tah可A2'7.-sec2(jA2匁✓1+-4亙cos(jA2況9iianhnlh : A,-Wave, 

0く(jA2冗＜
冗：

2 

lyl/x=-;:-;;-;:: 
tan(jB1氾

tan2 (jB1,,, +sec2(jパ 1-49cos (}BこIta呻元h―: B1-Wave 

| yIIX=― tan2 (jB玲―sec2(jニ汽；co;(jB2孔/ta五En2i •B2-Wave} 

tanh n2h. 7'C 
g<---4--．0<(}EJn,(}B2匹<_2_’

tanh n2h 1 元g> 
4 
: cos―1 く(j 0 < 4g B1況9B1況 2・

where 

g= (9)V ．． 

g 
m : circular frequency of wave 
V : ship speed 

......... (6.1) 

叶： realroot of equation:（停士m)2―各 ntanhnh=O 
When a ship is making small motions with a frequency(J)and a forward 
speed V in a canal, an angle {3 between a center line of a ship and a direc-
tion of propagating wave generated by a bow of a ship is represented by a 
maximum value of tan―1 I y I / x obtained due to (6. 1). Let Pc denote the 
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critical angle5l between her center line and the direction of propagating wave, 
when a wave generated by a bow of a ship is reflected by tank wall and the 
reflected wave encounters a stern of a ship again. Then there exists the 
following relationship among these values（比， Lpp,Bw). 

Lpp•tan Sc=B切．．．．．．．．．．．．（6.2)

where L11p : Length of ship model (=3 m) 
Bw : Breadth of canal (=4 m) 

The critical angle S, in our experiment is 

S,=tan―1(4/3) =53.1 (degrees). 

The critical circular frequency eve in the conditions of this experiment is 
estimated from curves shown in Fig. 6.12 as follows: 

且＝0.428

Fn=0.10 :処＝7.735, 
2 

竺 T=l.186
g 

a)C 
2 

Fn=O. 075: a>c=lO. 314, ~T=2.105 
g 

............ (6. 3) 

It is seen from Fig. 6.12 angle [3 is mostly independent of water depth in this 
experiment. Circular frequencies in this experiment are smaller than the 
critical circular frequencies we given in equation (6. 3). Consequently results 
obtained in this experiment are clearly affected by interference effects of 
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Fig. 6.12 Propagating angle of wave pattern 
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SHIP MOTIONS IN RESTRICTED WATERS 73 

tank walls at overall frequencies. 

6. 2. 2 Two dimensional standing wave and hydrodynamic forces on a ship 
model in a canal 

Putting a wave number without a forward speed as m。,thefollowing 
equation is obtained from (6. 1). 

心 2

---＝m。tanhm。h
g 

............ (6. 4) 

The relationships between wave numbers and oscillating frequencies in this 
experiment are shown in Fig. 6.13. 

O
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Fig. 6.13 Relation between oscillating frequency and wave 
number of two dimensional standing wave 

(i) Symmetric motion 
When a infinitely long ship is forced to make heaving oscillation at the 
center of a canal, it is supposed that two-dimensional standing waves are 
generated on the water surface between a ship model and tank walls at 
frequencies whose wave numbers are given by following equation: 

冗
mck= (Bw-B)/2 

k=l. 792k, (k=l, 2, 3・・') ............ (6. 5) 

where Bw : Breadth of canal (=4 m) 
B : Breadth of ship model (=0. 493 m) 

Non-dimensional frequencies (f T)。ftwo-dimensional standing waves with 
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74 F. TASAI, M. TAKAKI and M. OHKUSU 

wave numbers given by (6. 5) are obtained according to Fig. 6. 13 and are 
shown in Table 6. 1. 
Heaving damping coefficients恥 obtainedby forced heaving tests are 
larger than theoretical values without :considering effects of tank walls at 
the frequencies shown in Table 6. 3 and these frequencies are nearly equal to 
ones at which heaving damping coefficient尻 reachmaximum value (Table 
4. 2). 

Standing waves with high amplitude will be generated on the water 
surface between the ship body and tank wall at wave number m01, and these 
waves will diffuse much energy because they propagate to the longitudinal 
directions of the canal. On the contrary, clamping coefficients of heaving 
尻 byforced heaving test take the minimum values (Table 4. 2) much 
smaller than theoretical values at nearly middle frequency between neigh-
bouring two frequencies shown in Table 6. 1. 
Wave exciting forces of heaving also become larger at the same frequen-
cies as the damping coefficients of heaving fj33 become larger (Table 4. 2, 5. 1) 
We cannot give such a simple explanation on the causes of humps and 
hollows appearing in hydrodynamic moments of pitching as we could do in 
heaving forces, because three-dimensional effects may be stronger in pitching 
moment. 

Table 6. 3 Frequencies(三 T)when two-dimensional standing g 

waves are generated in the canal 

----------～ li/T=1. 3 -----～～、
¥- Cl)2 

¥ g T 

Wave mc1 =1. 792 I 0.145 
mc2=3. 584 I 0. 50 

number mc3=5.376 I 0.912 I 
l 

m凶＝7.168 ! 1. 325 
I 

| i 

h/T=l. 8 
a)2 
g T 

0.192 
0.59 
0.994 
1. 379 

(ii) Asymmetric motion 
Forced swaying tests were carried out by shifting the ship model 0. 17 m 
to the side of the tank from the center line so that the her center line was 
parallel to the tank wall. Suppose that a infinitely long ship is forced to 
make swaying oscillation away 0. 17 m to the side of the tank from center 
line, two different wave numbers exist for two-dimensional standing waves 
generated on water surface between the ship body and tank walls, and they 
are given as follows: 

冗
mSl/c= -(Bw-B)/2-0.17 

k=l.984k, (k=l,2,3・・・) 

冗
m.sIlk= (Bw-B)/2+0.17 

k=l. 633 k, (k=l, 2, 3・・・) 
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SHIP MOTIONS IN RESTRICTED WATERS 

When two-dimensional standing wave with the wave number of either 
(6. 6) or (6. 7) is generated on water surface between the ship body and 
tank walls, the hydrodynamic forces of swaying mode will become larger. 

Non-dimensional frequencies (-~ T} of standing waves with the wave num-
g 

bers given by (6. 6) and (6. 7) are obtained from Fig. 6.12 and are shown in 
Table 6. 4. 
From above table and Fig. 4. 22 it is seen that the damping coefficients 
of swaying恥 reachthe maximum value and larger than those obtained by 
new strip theory without considering effects of tank wall near the frequencies 
at which two-dimensional standing waves are generated in the narrow water 
way between the ship body and tank wall, that corresponds to (~. 6). On 
the contrary, it is seen that damping coefficients of swaying B22 take the 
minimum value near the middle frequency between neighbouring two fre-
quencies shown in Table 6. 2 (B22 in Table 4. 3). 
Because of strong three-dimensional effects on hydrodynamic moments of 
yawing mode, it is difficult to explain the causes of hump and hollow varia-
tions in yawing moments with considering only two-dimensional standing 
waves (B66 in Table 4. 5). 

Table 6.4 ・ (Q)3Frequencies g T) when two-dimensional standing 

waves are generated in the canal 

・----
―→¥h/T=l.  3 I 
---、------ 1_________:_____1 --------~ l~I 
~～-- --T ---------_ g 

Wave numbers 叫＝1．984 0. 178 i 
mm= 3. 968 0. 585 | 

of Eq. (6. 6) m,r3=5. 952 I 1. 045 

叫 1=1.633 ! 
Wave numbersl 疇＝3．266,

0.120 
0.430 

of Eq. (6. 7) i 叫＝4．899 0. 795 

i m.su4=6.532 I 1.1so 
- -

h/T=l. 8 
(1)2 

g T 

0.230 
0.678 
1.115 

0.165 
0.514 
0.882 
1.240 

6. 2. 3 Natural period of heaving oscillation and amplitudes of ship motions 

Heaving response curves also are mostly affected by interference effects 
of tank walls due to reflection from wall sides of tank in regular waves. 
As shown in Fig. 4.1 and Fig. 4. 2 heaving added mass coefficients of the 
ship in the canal show hump and hollow variations due to effects of tank 
walls. With taking effects of tank wall into account natural periods of 
heaving oscillation of ship in the canal have been evaluated as follows: 
neglecting the coupling effect of pitching motion in (3. 2), we get following 
equation. 
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(J)2=pgAw/(M+Ass) 

M + A 33 = ~．エ
a) 
-T  g 
g 

:. M +A33= (M + Ass) I pL呈 Aw•T 
釦•L3

where Aw : Water plane area of ship 
L : Length of ship 

A natural circular frequency of heaving oscillation can be evaluated from 
the frequency at a cross point where the curve obtained by (6. 8) intersects 
the curves of virtual mass coefficients (M+A33) obtained by forced oscillating 
tests. From the graphs shown in Figs. 4. 1, 4. 2 it is seen that there can 
be two natural circular frequencies in this experiment. Natural frequencies 

（f T) of heaving oscillation estimated from these figures are shown in 
Table 6.5. 

............ (6. 8) 

Table 6. 5. Natural frequencies (TT) of heaving 

- ¥  ----
＼ 
～ -̀ ~-
Fが＝0.

Ship speed I F,が＝0.075
F,.=0.10 

h/T=l.3 

a>a 

g T 

0.31, 0.61 

0.30, 0.55 

0. 30, 0.55 
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It is seen from Fig. 6. 1 and Fig. 6. 4 that experimental values of heaving 
amplitudes rapidly increase near these natural frequencies of heaving oscilla-
tion. The natural frequencies shown in Table 6. 5 coincide with frequencies 
at which damping coefficients尻 ofheaving mode have the minimum value 
(Table 4. 2). 
Heaving amplitudes of the ship model in our experiment are very large, 
since the amplitude of ship motion is generally very large when the damping 
coefficient is small at the response frequency of that motion of a ship. 

7 . Conclusion 

The main conclusions obtained from this investigation are summarized as 
follows. 
(1) When the ship model is set in the tank so that her center line is per-
pendicular to the tank wall, radiation forces and wave exciting forces acting 
on the ship model in the canal are scarcely affected by interference effects 
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SHIP MOTIONS IN RESTRICTED WATERS 

of tank walls. Consequently amplitudes of motions in regular waves can be 
estimated by the strip theory without considering effects of tank walls. 
(2) When the ship model is set in the tank so that her center line is 
parallel to the tank wall, hydrodynamic forces acting on the ship model 
show hump and hollow variations which depend on oscillating frequencies. 
The response curves of motions in regular waves show the similar phenomena 
to the hydrodynamic forces. These hump and hollow variations are consider-
ed to be interference effects of tank walls and cannot be estimated by usual 
strip theory in which effects of tank walls are not taken into account. 
(3) The frequencies, at which hump and hollow variations appear in hydro・ 
dynamic forces due to effects of tank walls mentioned in (2), can be estimated 
by assuming a simple model in which two-dimensional standing waves are 
generated in water surface between the ship body and tank walls. 
(4) Effects of tank walls affecting the amplitudes of pitching oscillation 
in head sea condition are smaller than ones of heaving oscillation on compar・ 
ing these response curves. In the bow sea condition (where center line of 
ship is set at an angle of 45 degrees to the tank wall) hump and hollow 
variations of heaving response curve do not appear so strongly as those in 
head sea condition. Hump and hollow variations due to effects of tank walls 
scarcely appear in the response curves of swaying, rolling and yawing mo-
tions in bow sea condition. 
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Appendix I 
The hydrodynamic coefficients of equations (3. 2) and (3. 3) can be 

obtained by new strip method without considering effects of tank walls as 

follows. 

The coefficients for longitudinal motions: 

［心＝［兄d均， B331的 d巧，

A35=［兄・ふ年， B35=L (N戸 b-V叩）dxb,

C33=pgAw, 

C35=L(pgBぶ •xb-VN砂d知，
L 

・・・・・・・・・・・・(A・1)

[55=[M凶 d巧， B55=[｛心い((J)[）叫d硲， C55=fL(pgB；；；心ーV叫）d功，

A53=A35,B53=L叩•的＋V叩｝d功， Cs3=L (pgB,,•xu+ VNH)dx0. 

・・・・・・・・・・・・(A・2)
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SEIP MOTIONS jN RES1'RICTED WATERS 

The wave exciting forces and moments of longitudinal motions are given 
as follows. 

［広＝Fzccos (J)et-F加 sin叫
M。e=MocCOS(J)et-Mos sin叫

・・・・・・・・・・・・ (A・3) 

Fzc -
Fzs]=[＋］2pgら［［二］（m。功 COS“)『゜？。~cos(m。凡 sin 幻dy,d功

［］こaJLsmhs悶芯／h仁）・(l)a)：二］（m。約COS心dxb

Moc :『叫冒::h広） •(J)心［二］（m。屯 COS µ)d%• ……… •••(A•4) 

Mos]=［:]2pgらい［二］（m。的COSμ)I:cosch゚□心。;Z.,）cos(m。凡sinμ)dy,d約
[／］←fLsinhs悶芯~h几）（岬eMH約一 -[!;;VNII)［二］（m。約COS心d凡
ーこ sinh m。(h-T竹し） sin 7 
afL sinhm。h ⑱N研 b+(J)V叫）［ （m。知cos1,)dゎ．（A・5)

cosJ 

The coefficients for lateral motions: 

A22= LMsd功，
L 

B22= Iふdxb,
L・ 

A26=LM凸む＋a)[」L凡d知， B26=［氾dxb-vfLMsd功，… • (A•6) 

心＝］ Ms（叩ー伍）dxb,
L 

B24=JLNs(叩-lw)d約•
L 

A66=ILMぷ dふ十 (J)Ve:ILMS'九， B66= JLNぷ dxb+(J)りII'芯 d功，
V 心＝［LMs(叩 -lsR)ゎd功一 2IL凡（叩土）d功，(J)6 

・・・ (A•7) 

B64=f LNs(叩 -lw)祉ふ十vfLMs(叩 -l8R)dxb,

A62=LM凸 dxb--5LN凸，
L CJ)62 L B6吋Nふむ＋V［M凸．

L J L 
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80 F. TASAI, M. TAKAKI and M. OliKDStJ 

A44=[ Ms(lsふs-2叩•lsR＋図）d功，
L 

B44= f応 (OG-lw)2d約，
L 

C4.=W•GM, 

A,2=f LMs(叩 -lSR)dxb9
L 

B42= LN叫 G-lw)d功，
L 

......... (A•8) 

V 
A.6= JLMs(叩 -lsR)Xud功＋ 2［応（①-l切）d兄，

a入e

B46=［芯（叩土）ふか— vLMs(叩-lsR)d功•

The wave exciting forces and moments of lateral motions are given as 
follows. 

［ご；；：0：二；＿F;S少isnここt
Mれ＝叫cos(J)et-Mゆ,sin叫

・・・・・・・・・・・・ (A・9) 

:::]= -2pgこal[sin7(m。孔COS/_[）Tcogh匹 (h-Zs)sin(m。凡sin/1）dz,dxb
Fys L COS」 I。coshm。h

cosh m。(h-T/2) sin 
ーらsin1-1f L(J)(J)凶— sinhm-oh [cos]（m。約COS心dxb ...... (A・10)

[:}(1,sin/J.I戸Vscoshs悶土戸［二］（m。約 COS 心dふ•

:：：三［：口—2pg叫［S二］（m。兄 COS 心｛［三~~y.sin(m。凡sin吟dy,
rcosh m。(h-Zs) ．
-l。 coshm。h-Z.，sin (m。y,sin tt)dz.,}心

............ (A・11)

cosh m。(h-T/2) sin 
＋らsin“［→閏IふR― sin□。h [cos]（m(1,X0COS心d杓

[］らsin1-1fり心lwcosh嘉芯五TI2)［二s](m。屯cosp)d功•
M;,cl r 1si 
MウS]=-2pgらい［二］（m。的 cosμ)『呼。□°悶；乙）sin(m。Yssin p)dz,dふ
→sinμlL coshs悶こ(::hTI2)(0)（I)CM凸ーェロ［二J(m。屯cosμ)dx0 
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SHIP MOTIONS IN RESTRiCTED WATERS 

[］ J coshm。(h-TI翌 [COS
＋ 
今 sinμ L sinhm。h ⑭N.い国） sin](m。約cosμ)d凡・

・・・・・・・・・・・・(A・12)

where the origine of coordinate system fixed in the ship body is coinci-
dent with the center of gravity of the ship, and 

m。:wavenumber in water of finite depth 
(a real root of equation: ( 

(J_)2 g)＝m。tanm。h)
h : depth of water 
血： encountercircular frequency(=G)-m。Vcosμ) 
ら： amplitudeof incident wave 
p : density of water 
g : gravitational acceleration 
T加： meandraft (Sx/ Bx) 
M H,  M8 : sectional added mass for heave and sway 
Nm N8 : sectional damping force for heave and sway 
lsR : lever of sectional added moment of inertia due to sway 
lw : lever of sectional damping moment due to sway 
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