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Abstract. The paper presents a complex method for the calculation of pitch and heave of a fast displacement
catamaran. It incorporates speed factors, interference of catamaran hulls, stabilization factors and possibility to
apply different stabilization cases including a stabilizer activation possibility. In the method the possibility to
evaluate catamaran motions in irregular waves is also included. On the base of the presented method the com-
puter program is developed and applied to calculate seakeeping characteristics of a catamaran stabilized with a
fore passive wing. The results of calculation are in good compatibility with the experimental model tests of this
catamaran in irregular waves. The calculation method could be effectively applied in the design stage of fast

displacement catamarans or of fin stabilizers determining their effectiveness.
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1. Introduction

Fast displacement catamarans are taking lead
among the world’s speed vessels. The fast growth of
popularity of fast catamarans can be explained by their
advantages. Comparing to relative displacement
monohull vessel catamarans have larger deck area,
smaller draft, greater speed and significant initial sta-
bility [1, 2]. But despite all advantages of catamarans
their usage is mostly limited by regional trips of re-
spectively small distances. One of the reasons of lim-
ited catamaran usage is their seakeeping. Because of
a narrow form of the hulls the seakeeping qualities
(pitching and heaving) are the same as of a monohull
vessel and even worse [3, 4].

Ship oscillations lead to a number of negative
consequences and influence on ship’s seakeeping and
working qualities. Its undesirable and even danger-
ous consequences pertain: ship’s turning over possi-
bility under the influence of external fixing loads; deck
splashing and pouring, reduction of velocities of the
move and deterioration to controllability, appearance
of the additional loads in constructions of the hull and
deterioration of the habitability conditions on the ship.
Water penetrates through a ventilation system into the
hull, puts out of operation mechanisms and equipment
and spoils cargoes [5, 6]. Oscillations can cause pain-

ful sensations — sea-sickness. The main reason of sea-
sickness is a physiological influence of angular and
linear accelerations upon a human organism. Verti-
cal accelerations and their changes are the most un-
pleasant. Especially sea-sickness is developing in the
case when vertical accelerations seek approximately
0,1 g=1 m/s?[7,8]. It’s a fact that the main reason for
the reduction of velocities of the move is ship heaving
and pitching which leads to foreship pouring and in-
tense slamming [9].

Hereupon moderating of ships heaving and pitch-
ing is to be always useful. Therefore it required study-
ing to make catamaran pitching and heaving more
stable.

2. Problem analysis

Ship heaving and pitching can be reduced as fol-

lows:

e Optimal (from the point of view of oscillations)
choosing of a hull shape (U-form frames in a fore
ship lead to greater pitching and heaving than V-
form frames;

e optimal accomodation of the load;

e rational ship maneuvering changing the motion
speed and course angle to the running up waves;
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* using the facilities for local stabilization of cab-
ins, posts, mechanisms etc.;
» using the facilities for global ship stabilization.

The first and partly the second items can be
solved in the complex in the design stage of the ship;
the third and partly the second items are determined
by the ship working conditions; the fourth item solves
stabilization problem only partly. And only using the
facilities of global ship stabilization will solve a ship
stabilization problem in total [10].

To reduce the amplitudes of heaving and pitching
stabilizers should provide moderating these type of
oscillations approximately 5-6 times, however this re-
quires such a great effort that it is becoming not pos-
sible to implement. Therefore it is reasonable in re-
spect of heaving and pitching not to go beyond double
reduction, taking into account the possibility of appear-
ance of vertical accelerations greater than 0,1 g.

Habitability conditions on the ship are defined
not only by home comfort for passengers and crew.
They also include a row of other elements which di-
rectly depend on oscillations. For example, conditions
of the service of ship mechanisms and systems. The
less are oscillations, the better conditions for error-
free performance of mechanisms and their service
[11].

Stabilizers are intended for the improvement of
ship seakeeping characteristics as follows:

1. Navigability, in the way of reducing oscilla-
tions and creating favourable habitability conditions
for passengers and crew;

2. Stability of course and controllability of a ship
in rough sea and under storm conditions.

Besides, stabilizers promote reduction of ship
splashing and pouring.

Stabilizers create a variable on sign and value
stabilizing moment which acts in the plane of frames
and partly compensates rough sea disturbing moment
of ship oscillations, in consequence of which the os-
cillation amplitudes, velocities and accelerations are
also reduced [8].

Scientists all over the world are solving the prob-
lems of seakeeping for fast displacement catamarans.

One of the most used and most effective nowa-
days method of pitch and heave controlling is using
of fin stabilizers in a bow and in a stern part of a
ship. The effectiveness of such method for fast dis-
placement catamarans till now is only possible to de-
termine by model tests or by natural experiments
[12].

Initially fin stabilizers on catamarans were used
for the reduction of water resistance. Practical and
successful fin system was patented and called Hysucat
(Hydrofoil supported catamaran). Fin systems
Hysucat were developed in the process of systemati-

cal towing tests in towing tank and with the help of
ship gliding theory [13].

The interest to seakeeping of catamarans espe-
cially to the reduction of their pitching and heaving
originates from the end of the 20t century. E. M. Kogan
[3, 4, 14] and J. M. Mastushkin were treating hydrody-
namic characteristics of catamaran supplied with fin
pitching and heaving and have developed theoretical
analysis methods for treating catamaran oscillations
and reduction of pitching and heaving for catamaran
with fin [15]. One of the methods was developed ac-
cording to the catamaran “Experiment” that was built
in the 80’s of the past century. This catamaran was sup-
plied with a fore fin stabilizer and was successfully tested
inrough sea [16]. But this method was created for cata-
marans with moderate velocity of the move and can
not be applied to the analysis of seakeeping of fast dis-
placement catamarans.

Nowadays the attention of researchers is more
directed to the improvement of methods for the fore-
casting of navigability and popularity, and to design
area — to catamarans with fins [17, 18]. Quite high
seakeeping qualities of these ships can be reached by
using automatic controlled fin stabilizers. Neverthe-
less, the results of applying controllable fin stabilizers
to fast displacement catamarans as it was mentioned
above is only possible to determine in an experimen-
tal way.

Therefore in this article the authors present the
method which gives possibility to evaluate seakeep-
ing characteristics of a fast displacement catamaran
inregular and irregular waves either with applied sta-
bilization devices or without them.

3. Methodology

Analyzing seakeeping qualities of a catamaran
we will start from the basic ship pitching and heaving
theory in regular waves. As it was mentioned before,
ships of a catamaran type, thanks to hull clearance
have significant initial stability, whereas pitching and
heaving of these ships in rough sea are quite large
and require additional action for their reducing. The
method that will be presented below is based on the
calculation for one hull of a catamaran including all
necessary factors and coefficients that describe cata-
maran oscillations in regular waves. Founding on the
said we will write pitching and heaving equations [19]:

all‘t g™t b.l.l‘: g™t C.I.l‘: g™t a12\-|.f + b.l.2\|f + OV =
Fy cosmyt + Fo sinoyt;

a0 + by + Coy + 818 g +bplg +Culg = (1)

(M1 cosyt + M, sinwyt;
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here o, =w—-k-v-cosB,— apparent frequency of
the wave (1/s), where ® —radial frequency of the wave
(1/s), v— ship speed (m/s), B, — angle between ship
motion direction and direction of the spreading the
waves (deg).

Cg - ship’s vertical shift coordinate (m); ¥ -
ship’s trim (rad);

a; b l], (i,j = 1,2) —resistance and added mass

factors, F » F, — disturbing forces (N) and M, M

disturbing moments (N'm), which for catamaran,
moving with speed v will be as follows:

a;3=D/g+AM, by =vg, 3 =75,

ao =AMX1, b_]_z =DC‘U —VAM, C12 =’YSk| —Vl)g,

2

\ 2
322=|y+A|y, b22 =DW+FDQ, C22=DH -V AM,(2)

a1 =AMX;, by =vgy +VAM,  Cp =Sl +vug,
here D — displacement tonnage of one hull of cata-
maran (N); g — acceleration of gravity (m/s?); H —large
(longitudinal) metacentric height (m); y —water spe-
cific gravity (N/m%); Sy - area of a load waterline of
one hull (m?); | = Xg —X¢ — distance between center
of waterline area and center of gravity of catamaran
(m); Xg— absciss of center of gravity (m); x. — absciss
of center of waterline area (m); |y - ship’s mass mo-
ment of inertia (kg'm?);

According to the hypothesis of the flat sections

we will find equation components as follows:

AM = ﬁto(x)dx — added water mass when heaving
Lt

(ke)s
AMx; = ,[XHO(X)dX— added water mass static mo-
Lt

ment about center transverse axis (kgm);

Aly = fa X21o(X)dX — associate moment of inertia
of addtzL({ water mass (kgm?);

v = _[Uo(x)dx heaving resistance factor (kg/s);
Vey fj Xvg (X)dX - resistance factor, taking into ac-

L
count mutual influence of pitching and heaving (kg'm/

s); o
Dy = I X UO(X)dX pitching resistance factor
(kgm?/s);
Disturbing forces and moments are:

Fi= ro(yao —w2a6 - ob] J F, = —ro(ybo —mzbg -0ay

©)

My = ro(yal —wzai—mbi J My = —ro(yb1 —mzbi’fmai}

here rg—wave amplitude (m);

Factors of the main part of disturbing for-
ces ag, &, 0y, by are:

-La Ly
ag=2 jylcoskxdx (m?); a=2 jxylcoskxdx (md);
Lt Ly

o Lo 4)
bp=2 jylsmkxdx (m2); by = Zj xyy sinkxdx, (m°),

Ly Lt

k
here Y1 = Yo — > St , where yg — half breadth of hull
of catamaran, measured on the level of load waterline

T
(m); K =—— —wave number (1/m); ), —wave length (m);

A

x —distance between treated section and ship’s center
of gravity (m); St — wetted frame surface (m?).

Factors of diffractional resistance components of

ay,ay, by, by are:

disturbing forces

-L -L
ap= ji)o(x)coslo@x,(k?g) a = ji(uo(x)msb(dx,(l@?'m)
L¢ Lt

—La -La 5
bh= [vo(¥)sin kxdx,(k—sgj b= [xvp(x)sin kxdx(kg m) ©)
Lt Lt
here vg(X) — resistance factor of heaving of flat iso-
lated contour which has form of theoretical frame.
This factor is to be ftc))und by Salkaev graphs depend-
' 2q @ X , where B — frame block factor,
b — breadth of frame on level of load waterline (m)

b
ingon B,-—and —

and d - ship’s draft on load waterline (m) [20].
Factors of diffractional inertial components of

disturbing forces ag,aq,bg, by are:

-L, -L.
ag = ﬁto(x) coskxdx, (kg); af = ji(uo(x) cos kxdx, (kg - m);

L¢ L¢

ta “La . (6)

by = Juo(x)sinkxdx, (kg); by = [xug(xX)sinkxdx, (kg-m),
L L

here pg(x)— added mass factor of heaving of flat
isolated contour, which has form of theoretical frame
which is also to be found by Salkaev graphs [20].

To evaluate the interference between catamaran
hulls and its influence on the pitch and heave of a fast
displacement catamaran we should add a figure of
added mass which arises from hull interference to the
added mass factor. This figure would be sufficient to
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take from the graph made for two flat plates moving one near another [20]. This graph is presented in Fig 1.
Differential equations of the motion of a catamaran moving with speed v when pitching and heaving can
be written as follows:

(5+AM }g +UC§g +715, g +AMX1\|I+(DCW -VvAM )‘|1+(y3kl —vuc)uz
ro(yao - m2a6 - oby )cosoakt - ro(ybo - mzb(”) - 0dy )sinmkt;

(Iy+AIy)§|‘1+(nw +V—22uc}'y+(DH —Vv2AM )\V+AMX1§Q +(1)Cw +vAM)§g +(ySkI +voc)§g = (7)

»ro(yal - mza{ - ob] Jcosoakt - ro(ybl - (nzbi’ - 03] Jsin ot.

The components of these equations are subjects to revision  Hy
when a catamaran is moving with the relatively large speed, corre- 1.24 I‘_B :;C -
. o . . . ! X
sponding to Frude numbers of 0,3. For revision we will use addi- 1.20 i -
tional forces and moments equations when pitching and heaving, \ "Hy
that are written in dependence of derivatives dC, /do=CY, 1,16
dac,, /do. = C,‘,’; and pressure factor Cy [20]: \
1.12
Cy4L I R
0 =p 5 [ oty Gty et LN
5 v Cal o 1 us ®) 1.04 ™~
Am=0.5pv-Sy (1~ By _Cm\V"'WCm\V“';Cmg i —
1.00 =
0 0.4 0.8 C=C/2B

here C2 - lifting force factor; can be taken from Fig 2, in depen-
dence of parameters L/B and Fr; C% — derivative of moment fac-
tor on attack angle; can be taken from Fig 3 in dependence of pa-
rameters L/B and Fr; Cq4— factor of pressure center; can be taken
from Fig 4 in dependency of parameters L/B and Fr; L — catamaran hull length on level of load waterline (m);
B - one catamaran hull breadth (m); Fr =,/v/gL — Frude number; By — average hull deadrise angle (deg),

which can be found as follows:

By = B1By +PsBs +B10Bio +B15Bis +B1oBro
By +Bs +Byg + Bis + Big
where 3; , Bj — deadrise angle and breadth of i frame on level of load waterline. Combining components of

equation (8) with equation (7), we can write differential equations of fast displacement catamaran (Fr > 0,3)
pitching and heaving:

Fig 1. Added mass factor of hull interference

[E+AM )Cg +(UC +U§z)§g +7158yg +AMX1W+(UCW +UC\UZ_VAM )\y+(yskl -V —VCZ)\V:
ro(yao - w2a6 - obj) )coscokt - ro(ybo - cozb(’) -0, )sin ot;

2 n .
(I y HAl y)\u+[uw +0um +V—2uC ]\11+(DH —V2AM ~VOrym )W+AMX1§9 +(DC‘4! +0pm T VAM )Cg + 9)

()

»(yskl +Vo, )Cg = ro(ya1 - wza{ - obf Jcoswkt - ro(yb1 - cozbl”— 03] Jsincokt,
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vz = pvSc(1-sinBy)C7,

o Cql?
Vym = PV (1_Sm[3k)TCmv

Cql

> cy, (10)

hete vy = pvSy (1-snBy)
Ly
Veym = PS¢ (L-sinBy )ECm.

It is the author’s opinion that applying a deduced
equation above mentioned resistance factors will al-
low to solve the tasks of catamaran pitching and heav-
ing when moving with fair speed of Frude number
more than 0,3.

To elaborate the equation of a fast displacement
catamaran stabilized with bow and stern stabilizers
that include activation possibility we will have to add
components of fin stabilizers and the parameters of
their activation that are presented in equation (11)
[8, 21]:

Pyv=Pg +By+F;, (11)
where Pg - stabilization forces of the wing;

oC 2 Iy G :
Py =(a_ayj%s,v[w_o_‘lf_§_g+§70]’ (12)

\' \

S — total area of the wing (m?); |,,— distance be-

tween fin stabilizers and ship’s gravity center (m);

oC
y
90, | — fin lifting force angular rate; when using

active wings, this value considers the effectiveness of

stabilizer at the current angle of attack.

Wave profile equation in the area of a fin stabi-

e . c (Fr.L/B)
?Z (FriL/B) o r

lizer is:

Lo = roe ™ " cos(wyt +kx);

Lo =—0roe ™ sin(wt + kx); (13)
where /& — wing depth (m).

R, —inertia forces on the wing;

Rn =_AMW(Cg —|o\T’)§ (14)

P, — control forces of the wing;

P, :(E%Jg%‘s(‘)’ (15)

where §(t) — wing put over angle;
8(t) = Kyw + Kol + K3, (16)

here Kq,K,, K3 —stabilizer controlling factors.

AMW=(%)-b-S\N; (17)
here P— Pabst correction, which will be: for the wings

fixed on the ends p =1; for the wings not fixed on the
ends:

A
b ] 0.425A

1+ (%)2 1+ (%)2 ’

(18)

here p- chord of the wing (m); A — wing aspect ratio.

Cy (Fr;L/B)

0

0.8

[~ | | 77

L/Bt5 i

0.4
L/B=5

N
~

. 0.6
0.6 / 7

0

o

<R 1/

— } sﬁw -5 Fr -0.2 J /
:j;/ \ -1/3
°o4  os 1.2 1.6 Fr —01 ~0.4
0.4 0.8 1.2 1.6 Fr
Fig 2. Auxiliary graph for Fig 3. Auxiliary graph for derivative Fig 4. Auxiliary graph for derivative

derivative C2 = dC,/do Cqn =dC,,/do for factor of pressure center Cy



V. Dyachkov, J. Makov | TRANSPORT — 2005, Vol XX, No 1, 14-22 19

The inertia forces and moments of the wing have
relatively small figures comparing to the other com-
ponents of the equation, but for more objective cal-

4

AMXx —T(bfsflf-f'basala)}u [ CW+DC

o2 (ac o %

ySkl—vuC Ve T

da “f " oda
aC y 0C
pY Ty —kh A —kh
—85/rm sinkl s cos® t———S r
2 Jdo f e ey KT oo f e
aC aC
v Ty Sawroe_kh coskl, sm(okt———))f
2 Jdo 2 Jdo

I

This equation is written for the first time in the
theory of fast displacement catamarans. On the left
side of this equation the lifting forces on the wing are
included and on the right side — the forces of the wave
profile near the wing. The equation will allow effec-
tive solving of the tasks of pitching and heaving of
fast displacement stabilized with fore and aft wings
catamaran in regular waves.

Forced oscillations that describe ship’s pitching
and heaving in a rough sea can be found by the next
system of equations [5]:

Cg =C1cosmyt+ Lo sinwyt,
Y =g COSOKt + o Sinyt, (20)

Combining equation (19) with (20) after some
mathematical transformations, solving the system of
four algebraic equations we will get the decision of
the problem of stabilized catamaran pitching and
heaving in regular waves (4, {5, W1 and y, as time
functions.

Having found &, {5, y; and vy, the system of

(D pmp 9Cyy aCy
—+AM+T(bef+baSa)]Cg+[DC+DQz 2( Jol Sf+ Jor

—vAM + &

. v %% ya —kh
coskly sinwyt+--——S,wrpe
2 Jda

pv?
S0~ 5 (19)

aC aC
Pp 2 . v vy 2 Trya o2 ||
I +AI += 4 (b Sels+b,S,1 )Jw+[vw+uwm+ 2UC+2[ Sflf+ 5 ) ]]\u+

()

culation we will include these components of both
wings in the equation of a stabilized fast displacement
catamaran.

]]Cg +'YSkCg

aC aC
VA ya .
[ Jor Sflf+ Jor Sala]]\;H

a ]]\V = ’0(7"0 - w2a6 - by )cos Ol — ro(ybo - m2b6 - wag )Sin Oyl —

pv 9C .
sinkl, cos oyt +

oo, o 44

2(aC aC
2 pv yf ya
DH —v AM_VDC\lfm _T[a_(xsflf+ 90 Sala ]]W+(ml 2 (beflf +b S l )}

aC aC
yf ya - _ 2 n ’
Voy V00ym +vAM+—[ Sflf+ 3o S,l }]Cg+(yskl+vu§)Cg—ro(yal—co al—mlecoscokt—

do.
| v —0°b! - od, |sinw, t——a—YfS wrge M sinkl ¢ coso t——a YfS wrge M coskl ; sin .t +
of ™1 17 %" YV A f K g D0 f k
E)C aC 29C
g —kh pv “ya —kh yf pv ya
B aoc —228 orpe” " sinkl | coswyt + > oy S, 0rge ™" coskl,, sinayt+ 2% 5 SflfS (t)+— " —228,1,8,(¢).

equations (20) can be presented in a monomial type:
Cg = C gmC0S(oyt —&¢),
21
V=v cos((okt—ew). 21)

as well as the amplitudes of pitching and heaving of
stabilized catamaran:

Cgm =V +45, (22)
Vm=V¥i+v3 - (23)

and their starting phases:

gr =arctg 2L &1
Lo

24

e, =arctg YL, =
Y2

Dividing the left sides of the equation (22) on
wave amplitudery, as well as the equation (23) on
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angle amplitude of wave slope o, , we will get the ex-
pressions for pitching and heaving amplification fac-
tors for the stabilized catamaran moving against waves.

Having the amplification factors for the stabilized
catamaran in regular waves we can define its pitching
and heaving parameters when moving in rough sea.
To do so it is necessary to assign spectral density of
the wave ordinates, for example, as in formula (25)

[5]:
6 4
S (h.o) 0255 hz((nm(h)J -exp[—],{mm(h)} ]+
on(h) ® o
8 4
o,ooseshz(mm(h)J _exp[_ 0’48(03m(h)) ]
om(h) Q) Q)

where @, (h) =142- h945 - frequency, correspon-

(25)

ding maximum of the spectrum (rad'm/s).

Therefore we can calculate dispersions of angles
v and ordinates g as follows:

(26)

oo ¢ 2
Dy, = j(%) -S¢(h, o) do,
0 0

0o 2 4

Ym | ©
Dy=]|— | —5 Sc(ho)do, 27
v (J)(%) 2% 27)

and average amplitudes and 3 % probability ampli-
tudes:

zgm =1-25,/D§g ) ngS% =264 Dgg ) (28)
V=125 D\I’ v Wiy = 2’64’“3\!/' (29)

= —— Stabilized with fore
Zgm/To passive wing

1,2
—&— Non-stabilized

1
0,8
0,6
0,4
0,2

0 T T N

0,4 0,9 1,4 1,9

[1]
[

4. Results

Using the developed method for evaluating pitch-
ing and heaving of a fast displacement stabilized cata-
maran, pitching and heaving characteristics were cal-
culated (Figs 5, 6) for a small fishing catamaran and
compared to data from model tests of the same cata-
maran to scale of 1:12 in irregular waves [22].

Dimensions of a catamaran and its model are
presented in Table 1.

In Fig 7 deck pouring curves of a calculated sta-
bilized catamaran are presented where we can see how
the waves are interfering with the ship. And in Fig 8§
the catamaran movement character in the same 50
meters length waves is presented.

Table 1. Dimensions of catamaran and its model

Dimensions Catamaran | Model
Lengtl} on level of load 23.5 1.964
waterline, m
Breadth of one hull, m 4,25 0,354
Calculation draft, m 1,85 0,154
Hull form factors
) 0,632
o 0,85
0,98
Area of the wing, m’ 1,176 0,098
Dlstan.ce between midship 9 0.75
and wing, m
Depth of the wing, m 2,6 0,2167
Type of the wing Flat Naca 0015
Horizontal clearance, m 3 0,25
Vertical clearance, m 1,32 0,11
Azimuth, deg. 180°
Frude number 0,276

Fig 5. Heaving gain-frequency characteristic of fast displace-
ment stabilized and not stabilized catamaran in regular waves

2 /=0 —l— Stabilized with fore
12 passive wing
’ —e— Non-stabilized
1 m
0,8
0,6
0,4 4
0,2
0
0,4 0,9 1,4 1,9

[1]
m

Fig 6. Pitching gain-frequency characteristic of fast displace-
ment stabilized and not stabilized catamaran in regular waves
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Fig 7. Deck pouring curves of a calculated stabilized catamaran in regular 50 meters length waves

Fig 8. Stabilized catamaran movement character in regular 50 meters length waves

From gain-frequency characteristics presented in
Figs 5, 6 it is clearly seen that a fore passive wing is
more effective in reduction of pitching than heaving.
Having these characteristics we can evaluate pitching
amplitudes and heaving angles in irregular seas and
compare calculation results with the data of model
tests presented in [22].

Comparing of the calculation results with the data
of model tests is presented in Table 2.

Table 2. Comparing of the calculation with the data of
model tests

Compared characteristics | Calculation | Model
results tests
Average pitch angles, deg. 3,17 3,72
3 % probability angles, deg. 6,70 7,45

5. Conclusions

Corresponding to the received heaving and pitch-
ing gain-frequency characteristics of a displacement
stabilized and not stabilized catamaran in regular
waves we can make the following conclusions:

1. Using fore passive wings as stabilizers for a
catamaran essentially reduces pitching and heaving
amplitudes.

2. The largest effectiveness of fore fin stabilizers
is in the most negative pitching and heaving area, in
the area of resonance frequency or near it.

3. The above presented calculation method of a
fast displacement catamaran equipped with bow fin
stabilizers pitching and heaving in a rough sea could
be effectively applied in these areas:

* In a design stage of a catamaran evaluating
its pitching and heaving and determining the
effectiveness of standard fin stabilizers or
designing a better one suitable to the exact
project;

* Ina design stage of fin stabilizers for already
existing catamaran, evaluating pitching and
heaving of a stabilized catamaran and deter-
mining the effectiveness of a designed fin sta-
bilizer;

* Asa helping tool for the captain of a catama-
ran when using fin stabilizers with adjustable
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angle of attack giving ability to choose the
optimal fin angle to have the least ship mo-
tion in a rough sea.

Corresponding to the received comparing results
of a displacement stabilized catamaran in irregular
waves we can make the following conclusions:

1. The qualitative results of calculation are in
good correspondence with model tests from which we
can conclude that the elaborated method is trustful
and can be applied in the design of catamarans as
stated above.

2. The quantitative results of calculation are not
in good correspondence because of these reasons:

e The spectra of irregular waves is not pre-
sented in the article [24], therefore we can not
directly replay exactly all conditions of model
tests.

e There could be inaccuracy of measurements
during model tests.
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