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ABSTRACT

CONCEPTUAL DESIGN AND STABILITY RESEARCH
OF A SWATH VESSEL

ABSTRACT

The Small Water-Plane-Area Twin Hull { SWATH) configuration was
initialy introduced early in the 20" century. In 1905, Nelson, an American
nava architect, designed the first SWATH al around the world applying the
idea of two lower hulls. Subsequently, Faust put forward the preliminary plan
on the conception of SWATH in 1932. After uninterrupted improvement, it has
been developed to recent fine condition.

The presentation of conception of SWATH expanded the new train of
thought on researching and solving the increasingly complicated navigation
problems. The SWATH not only assmilates many strongpoints of submarine,
hydrofoil and catamaran, but also overcomes their respective defects. With the
outstanding advantages including excellent seakeeping characteristics,
Improved stability, enlarged deck areas and convenient parallel mooring, the
SWATH configuration has aroused great interest of naval architects in
international shipbuilding circle and become a new type of vessd with
favorable comprehensive performance.

After 15 years of research and tackling the problems, the technical
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ABSTRACT

personnel being engaged in shipbuilding in China has mastered the technique
of designing and building SWATH, achieved great accomplishment with
advanced world level and formed a complete technologica system The
Engineering and Technological System on SWATH. With the combination of
oversess latest research advancement and the aids of foundation project for
Shanghai Jiao Tong University s Marine Engineering State Key Laboratory,
Research on the Ship Form of HYSWATH, it is analyzed and discussed about
the conceptual design, stability, longitudina movement stability and structural
design of a SWATH Vess in the paper. As described in the paper, a series of
research work have been conducted to validate the performance of SWATH
Vess.
13 Demonstration on the conceptual design

Firgly, according to the requirements of general arrangement,
structure, operating management, construction and etc, the paper finished the
prdiminary design for a SWATH Vessd including determination and
optimization for principal characteristics of the hull, design and fairing of lines,
determination for dimensons and positions of lower hulls, genera
arrangement design, weight and center of gravity caculation using the
domestic and overseas successful examples as reference. Furthermore, the
design studies determined the way of tank compartmentations. All these work
am at providing an objective for the following detailed research.

It is summarized in the paper that the mother-hull method is used to
Vi



ABSTRACT

introduce a favorable estimation way applied to calculation for weight of the
light ship. The dimension of man hull and form geometries and lines are
optimized based on analyzing major characteristics, lines, general arrangement
and propulsion way of domestic and overseas SWATHSs.
21 Research on the stability performance

With statics method, this paper presents some research work on the
stability characteristics dividing it into intact stability and damaged one. The
caculation is conducted with the software HYDROMAX, it andyzed the
stability under intact condition and that in the condition of flooding
respectively. Findly, the intact and damaged stability are checked in terms of
CCS, IMO and U.S. Navy' srelated rules.
3} Research on the longitudinal motion

Thirdly, the smaller water-plane-area of SWATH comparing to the
general monohull or catamaran with corresponding displacement contributes to
its weak capability to resist the forces which will cause sway, trim and unstable
longitudina motion. Upon the certain velocity it is necessary to analyze its
longitudinal motion. Therefore the paper discussed the following aspects on
the basis of the accomplishment achieved before:

(1) The longitudinal motion in static water
a. Determination and resolution of longitudinal motion equation;
b. Analysis of three characteristic parameters of longitudina motion;

c. Quantitive calculation of longitudinal motion.
VII



ABSTRACT

(2) The longitudina motion when sailing forward the sea

a Analysis of longitudinal motion trait;

b. Optimization control on the deduction of longitudinal motion.
4y Design and research on structure

The last part of this paper focuses on the initial structural design and
analyss of the SWATH Vessd. At first, the form of typica transverse section
IS designed using foreign materials for reference and the scantlings and
materials are determined according to CCS rules.

Concerning to SWATH, a new kind of high speed vessd, its
structural design should be developed with reference of domestic and overseas
SWATHESs. It is advisable to determine the scantlings in accordance with rules,
and afterwards, to evaluate the feasbility of the structural design and put
forward the further suggestions after FEM andyss. However, the paper
doesri t include the Finite Element Analysis which is of significance for the
further research.

To sum up, this paper has performed a series of research work
including conceptual design and structural analysis and drawn some useful
conclusions. It is expected to be helpful for further research and development

of the SWATH design.

KEY WORDS: SWATH, high speed craft, conceptua design, stability,

structural analysis
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Fig.1.5 Advantages of SWATH Fig.1.6 Typica Transverse Section of
SWATH
) 079'1 [l
(1) : . . : {_ Abeking
& Rasmussen, A&R)



50% “ .
a . 228t
“ 370t
1%.
23 o
£33 -
47 - .
T
(5] “
(6] a
{ 1-7a. b. cJ,

Figl-7aPILOT s sun deck arrangement

3000t

94%.

= e
[’

bl |

il
=7 T B
A |
lraas

1-7b*PILOT”

Figl-7b PILOT slobby arrangement



1.3

13

1.8

1

| —— —
| ]

-

pa =
T

. z L L Crew Cabins
& 0 j=

ol B
I =
| ~,
_I—I | -

1-7¢c* PILOT”
Figl-7c PILOT s crew cabins arrangement

an 13 L
) L
13 A 13 ar 13 a
] o
o
1
L]
) L L
L] o
A 13 A
: L]
1 o 1
L]
Ll =] 1 L) =]
L] L]
o
L] L]
n L] (=)

< > :
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Fig.1.9 Catamaran in Luo Spirit Ode
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Fig.1.19 VICTORY SWATH Hydroacoustics Monitor Guard Ship
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1997 Ma Mols

1.24 Ma Mols
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1999

Tab.1.1 Data sheet of SWATH existed since 70 s around the world

{ SEAGULL ) { OHTORI )
{ KAIMALINO? { MARINEACE2 { KOTOZAKI ) { SUAVELINO?Y { KAIYO) { HALCYON?
1974 1977 10 1979 9 1980 12 1980 12 1981 1984 10 1985 3

tml 26.8 12.35 359 270 27.0 19.2 60.0 18.3

tml 235 11.00 315 250 250 16.8 53.0 -
tml 13.7 6.50 17.1 125 125 9.1 28.0 9.14

tml - 270 5.85 4.6 51 - 10.6 -
tml 4.65 155 3.15 3.2 3.4 2.13 6.3 213
Ct) 190/217 18.4/22.2 343 236 239 53 2849 57

Ctd
) - 20 446 36t 120 14t 860t -
/
+
+ + + + + + +
1545KWx2 147KWx2 2978KWx2 1397KWx2 1397KWx2 313KWx2 ]éZE?(;)IEV\\//VXT 375KWx2

-13-




SEAGULL-2

STILL WATER

NAVATEK-1 PATRIA CHUBASCO NAVATEK-2 COSMOS CLOUD- X SLICE RIVER SUKHOI
1989 1989 1990 1993 1994 1995 1996 1997 1999 1999
Cm) 39.3 43.0 36.5 275 250 289 37.2 31.7 36.6 32.3
C(ml 15.6 16.0 13.0 13.7 11.6 113 18.0 16.8 13.1 10.5
C(ml 3.25 4.3 2.7 2.7 17 24 34 4.3 23
Ct) 350 371 180 183 230 155 236 177 ~=200 154
C ) 30.6 18 31.7 25.0 230 20.0 28.3 315 29.0 28.0
4-MTU 2-MWM 2-MTU 2—CAT 2-MTU 2— 2- 2-MTU 2— 2-MTU
; 7882 2014 4080 4200 1206 2240 5740 5110 9200 3000
C 410 430 400 140 150 100 450 50 250 186
PMSC FBM SPS PMSC NBBBI LMGES ESBG ALMAZ

-14-




1.26 " 201"
Fig.1.26 The First SWATHCustom 21 in China

(HYSWATH) , 1.27. 1.28 ITTC
HY SWATH-400 . 1.2 .
1.2
Tab.1.2 Design Data Sheet of HY SWATH
HY SWATH-400
L, 37.2m L., 34.6m
B 16.7m D 8.8m
T, 5.3m T, 3.3m
01 400t 02 240t
Xpa -0.024m Xy 0.478m
Z, 5.35m X, -0.024m
U 40kn

1.27 HY SWATH-400

1.4

-15-

1.28 HY SWATH-400
Fig. 1.27 The Modd of HYSWATH-400 Fig. 1.28 The Mode of HY SWATH-400 at Rest
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Fig.2.2 A sketch map of geometric parameters of SWATH
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x=9nq, - p/2£qEp/2

U, (x) = cog(2m- 1)sn* x]

i
i . o
i V(X =dn(2msn * x)

(%) =ty & [AWU () + Bo Vo (X)]

m=1

AL = Ao Al (%) + By Vo (4]

ASm’ BSm’ ABm’ BBm_

Ng,Ng—

ANm’Mwm’ Iwm
(2.1 (2-2)

A = Zz‘jm(x)dx
M, = Zz‘)xxtm(x)dx

1
Lam = 20%° %, (X)dx
-1

1
NBm = C\)A\n(x)dx
-1

Man = 00, (90K
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L
Mwm=#\m(75m+xs- L) (2-
9)
NBm:Npm- AthSm (2'
10)
1 Npm (=]
. GM,
GM, =BM, +KB- KG (2-11)
BM, — :
KB— .
KG— o
BM 1 a )t (X)d ! (I M“Zp) (2-12)
== X=X )1, (X)dx == - -
] NPm -1 f Npm " A\Np
KB
KB :NL[NBm +(2d, +%)Awmhsﬂ] (2-
pm
13)
(2-10) — (2-13),
1 - M o
i = = (OM, +KG)- [y + (2, + ) A ]+ (214)
pm pm
L,
— LBm 1 1\ l\
=Ty T N—[OXA,,(x)dx+ hy (Y X+ Cs)t,, (x)dX] ( 2-
P -1 -1
15)
s Cg
L. -L
Cs = Bm > Sm _ <
: (2-7) (2-15), My,
M. =R (e |y hoM. o+ (ten Lem (2
Bm — pm(T_ cb) - Sm[ wpm (T) - XS)ANpm] "
16)
! NPm’ I‘Bm AnO li
) L, Ly,
tmO li AW:I
LCf ! hsm H KG GML .
(2-1) (2-2) .
4C,,
A51 = p , Asz = A51(1' 16C1) , Ass =1- A31' Asz’ 831 :4A51CLCF
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A\al = pP ' Asz =1- A\al ' BBl = 4A31CLCB
852: BS3:A33 :852: 833:0
. =t o =Mm | gtm g = N
tOm LSm A/vm LSm ANm LSm Abm I—Bm
- I\/le
= AL
L] ] GMT ]

GM, =BM, +KB- KG

. BM, .
1.1° 2b
BM, = —[— &3(X)dx + (=)?
=5 0700 B ALl
%
2b=2 |- (R (GM. - KB+KG)- - §°(xdq
Apm 12_(1j
[36]
1 (L04~108)L,,,

bon = £(0.78~ 0.93)L,,

1(4.8~5.05)0°,
L, =i (45~50)02,

[ 38~40)D7,
KG=(11~13T,
tom » Do /4
, h, .

: [51]

1} 3102 +0.04D, lineA

A =15 27092 + 0.08D, lines

_ 0.3048x12
" (1.7630"° - 0.246D'%)?
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_ 0.3048x2
" (1.458D"° - 0.202D'%)

GM, = (L1~1.4) xR,

R = 0.3048 x(2b)*
(1.188D0"° - 0.1620'%)?
2.1 ’
2.1
Tab.2.1 Parameters of main hull of SWATHVessdl
L, (m) 32.40
L (m) 6.48
Lgp (m) 17.82
Dg (M) 2.02
L, /D, 16.02
S, (m?) 419.78
Lg ({mi 25.92
Ly (m) 8.10
Ly (m) 12.96
ty (tml 1.00
/ Lo/t 25.92
Hg (m) 2.64
Loa (md 37.20
Lgp (m) 34.60
B im; 16.70
D (m) 8.80
T (m 3.24
D(t) 233.60
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2.5 .

LW DW
O0=LW+ DW
. U . LW . DW 2
LW. DW
1) LW
W, W, W,
LW=W, +W,+W,,
a WH:
W, =dsVs+ dsVs+ dceVes, I t)
. Ve. Vs. Vcs . . nt, ds.
ds dcs , t/n.
. o d-
, [36] . ds= 0.11t/n?, ds=
0.115t/n7, : ,  dcs=0.045t/n7.
b. WO H -
& , : t:
W,=0.05500+0.011Vcs
c. Wy [80] ;
(Po°s) .
W, ,
W,,=Cwm(Pp/0.7355)°5
. Po : KW, Cwm ]
, Cv=8.
. 4% .
21} DW
3] Vs
[74] Ps . [75]
“ Starflyte ™ .
“ Starflyte * .

2 Deutz MWM TBD 620 V8 (2% 1016kW), 198 .7
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Fig.2.3 Curve of main engine power and service speed

2.6

2.6.1 MAXSURF

MAXSURF . .
MAXSURF FORMATION DESIGN SYSTEMS
. MAXSURF
1000
MAXSURF :
(1)  MAXSURF ( ),
(23 HULLSPEED ( )
(3) HYDROMAX ( )
{4y WORKSHOP ( CAD )
(51 SEAKEEPER { )
(6) PREFIT ( ),
(77 SPAN ( )
(83 HYDROLINK ( )]
2.6.2 MAXSURF HYDROMAX
MAXSURF MAXSURF - MAXSURF

NURBS ( NURBS 7,
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o L

o L

NURBS . s
MAXSURF
-« MAXSURF ;

- MAXSURF

MAXSURF . . o

MAXSURF ,

MAXSURF , , ,

MAXSURF . o
MAXSURF s
, HULLSPEED. HY DROMAX. WORKSHOP. SEAKEEPER.
PREFIT. SPAN ;

MAXSURF

MAXSURF .
, - MAXSURF
: Microsoft Excel . DXF IGES
’ CAD/CAM o
. MAXSURF
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HYDROMAX .
C oo . )

HYDROMAX MAXSURF s
= HYDROMAX , IMO. HSC Monohull, HSC
Multihull. Marpol 73. US Navy. USL . ,

- SWATH , IMO A.749

(187 Code on Intact Criterion. IMO A.562Code on Weather Criteria MSC.36
(63} HSC Code, .
HYDROMAX
2.6.3
24—27 “
2.4 @

Fig.2.4 The Line of the Main Hull of SWATH

) Q)
2.5 (b)
Fig.2.5 The Line of the Main Hull of SWATH
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2.7

2.7.1
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5

1
2= ~#6).
5 )

#13)

16— 1 187,
23

>

2.6 (c)
Fig.2.6 The Line of the Main Hull of SWATH

2.7
Fig.2.7 The Modd Output of SWATH Vessdl
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1
Ho— 4 16E : 270 (2
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1
(2 . (1 (1 .
2.2—25
2.2
Tab.2.2 Tank Soundings for Forepeak Containing Fresh Water as Ballast

(cm) (m3) (MT) (m) (m) (m) (MT-m)

0.0 0.00 0.00 0.000 0.000 0.000 0.00
50.0 2.33 2.33 13.390f 0.000 0.338 225.74
100.0 7.93 7.93 13.697f 0.000 0.657 310.53
150.0 13.62 13.62 13.757f 0.000 0.890 231.81
200.0 16.16 16.16 13.702f 0.000 1.012 1.96
250.0 16.21 16.21 13.698f 0.000 1.016 1.70
300.0 16.26 16.26 13.694f 0.000 1.021 1.68
FULL 16.28 16.28 13.693f 0.000 1.024 1.67
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Fig.2.8 The Genera Arrangement of SWATH
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Fig.2.9 The General Arrangement of SWATH
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2.3

Tab.2.3 Tank Soundings for Tank Containing Fresh Water

(cm) (m3) (MT) (m) (m) (m) (MT-m)
0.0 0.00 0.00 0.000 0.000 0.000 0.00
50.0 1.83 1.83 11.337f 0.000 0.302 157.62
100.0 4.84 4.84 11.338f 0.000 0.584 188.02
150.0 7.87 7.87 11.330f 0.000 0.838 160.75
200.0 9.84 9.84 11.338f 0.000 1.012 26.31
250.0 10.25 10.25 11.333f 0.000 1.062 23.55
300.0 10.66 10.66 11.327f 0.000 1.127 23.55
FULL 10.83 10.83 11.325f 0.000 1.157 23.55
2.4
Tab.2.4 Tank Soundings for Tank Containing Fuel
(cm) (m3) (MT) (m) (m) (m) (MT-m)
0.0 0.00 0.00 0.000 0.000 0.000 0.00
50.0 291 241 3.646a 0.000 0.296 200.77
100.0 7.49 6.22 3.646a 0.000 0.577 237.86
FULL 10.34 8.58 3.646a 0.000 0.735 224.78
25
Tab.2.5 Tank Soundings for Aftepeak Containing Fresh Water as Ballast
(cm) (m3) (MT) (m) (m) (m) (MT-m)
0.0 0.0 0.0 0.0 0.0 0.0 0.0
50.0 3.40 3.40 11.955a 0.000 0.532 291.66
100.0 9.36 9.36 12.372a 0.000 0.825 304.77
150.0 1311 1311 12.291a 0.000 0.996 64.98
200.0 14.11 14.11 12.224a 0.000 1.063 45.36
250.0 15.08 15.08 12.169%a 0.000 1.153 45.32
300.0 16.04 16.04 12.121a 0.000 1.261 45.28
FULL 15.98 15.98 12.123a 0.000 1.254 45.28
2.7.2
2.6. 211
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2.6 SWATH
Tab.2.6 Hull Form Coefficients of SWATH Vess

1.011 88.224 0.831 0.203 0.244 0.283 0.718 183.88
2.022 179.003 0.830 0.207 0.250 0.058 3.567 421.13
2.240 188.526 0.818 0.197 0.241 0.112 1.761 448.67
2.340 192.894 0.813 0.193 0.238 0.112 1.725 458.73
2.440 197.261 0.809 0.189 0.234 0.112 1.692 468.79
2.540 201.630 0.804 0.186 0.231 0.112 1.662 478.85
2.640 205.998 0.800 0.183 0.229 0.112 1.634 4388.91
2.740 210.366 0.797 0.180 0.226 0.112 1.608 498.97
2.840 214.735 0.793 0.177 0.224 0.112 1.584 509.03
2.940 219.102 0.790 0.175 0.221 0.112 1.562 519.09
3.040 223.470 0.786 0.172 0.219 0.112 1.541 529.15
3.140 227.839 0.783 0.170 0.217 0.112 1.521 539.21
3.240 232.207 0.780 0.168 0.216 0.112 1.502 549.27
3.340 236.575 0.777 0.166 0.214 0.112 1.485 559.33
3.440 240.942 0.774 0.164 0.212 0.112 1.469 569.39
3.540 245311 0.772 0.163 0.211 0.112 1.453 579.45
3.640 249.679 0.769 0.161 0.209 0.112 1.439 589.51
3.740 254.047 0.767 0.160 0.208 0.112 1.425 599.57
3.840 258.416 0.765 0.158 0.207 0.112 1.412 609.63
3.940 | 262.783 0.762 0.157 0.206 0.112 1.399 619.69
4.040 267.151 0.760 0.155 0.204 0.112 1.387 629.75
4.140 271.519 0.758 0.154 0.203 0.112 1.376 639.81
4.240 275.888 0.756 0.153 0.202 0.112 1.365 649.87
ot 1 N T N T B L)1 l._ll 1 2 ?
Bloclk(Ch) S
hidship(Cms) E :
‘Wigter PlanefCup)  —— ;“9.5 m
Wlma — — — —7 S
WS feamz — - — - <> | E
‘it Prismatio (Cvp) -4 a0
et Surface (Cws) / \ ;
v | =
-7 :
=7 E
= =
g \ E
2.11 SWATH

Fig.2.11 Hull Form Coefficients of SWATH Vessd




2.8

s 2.7,
2.7
Tab.2.7 Results of weight and center of gravity calculation
® (m) (m)

80.885 7.184

LW 30.878 -0.600 6.486
42.541 4,992

o 154.304 -0.600 6.440

22.800 1.771 10.23

0.322 0.563 9.876

\ 2.400 1.014 5.902

3.200 1.049 2.300

bW 15.280 1.782
10.830 1.993

9.484 3113 0.784

14.980 1.792

o 79.296 2.570 4.298
154.304 -0.600 6. 440

79.296 2.570 4,298

o) 233.600 0.476 571

2.9
. SWATH 2.12 o Te=249
Ta=385 , e=24°, O=0°,

.

b
j“iﬁJr B

212
Fig.2.12 Floating Condition of SWATH Vessal when Fully Loaded
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2.10

1)
(case by case)

2.13.

2.13
Fig.2.13 Procedure of Conceptual Design of SWATH

23 , C . (.
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3.1

3.2

=]

( MAXSURF ) [II]I::>C HYDROMAX )
|

COCO | O COCO
3.1 MAXSURF C )C )

Fig.3.1 Flow Chart of the Basic Design with MAXSURF

, MAXSURF
, HYDROMAX 3.1

=1

=]

MAXSURF . HYDROMAX

1] MAXSURF NURBS

2} HYDROMAX

3.2.1 GM
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GM , GM
(1) ;
(2) M : BM , M
L] MO
[68] WOW1 LOL1 :
BM :
BM = 2(1 +~ANsb2)
N (3-1)
Is « Aws
. 2b . .
z, z, = ZNNSZDS , 'z, BM GM =z +BM - z,,
SWATH GM :
G_l\/l — 2N§st + 2(' s "'N’A\/vsb2 7
N i (3-2)
Us. O » U=20s, 7. 7,
. Z, o
(3-1) , Is ,
Ay , GM
2b=10.80m, Be= 2.02m,
He=1.88m, Le= 32.40m.
3.2.2 GM
GM ;
3.2 . LF .
F A amo L] F A L amo =] a
_ F _
(LF =1) %m : LF =1
0.7<LF <1.3 -

F A
amo ,
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Lafu mo

3.2

SWATH .

262
T, :2p\/—<s )

n
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-39-

L . :ﬂ = T_F TF .
w T
(3-3)
L] | & =]
T, 1G. Ig
J, ,
(3-4)
J I :
|, 20%~30%,
: ,J, :
J, | 162 .
L. B 2z,
l:: 3'4} Ii 3'3::] ’
(3-5)
(3-6)



L, VS . -
GM :
. . s GM
LF 1 5
3.3
3.3.1
, 1.025kg/L ,
f . a : p . S ; .
1.006, 3.1, 3.3:
31
Tab.3.1 Hydrostatic Data
T D Xb Zb Xf Zml Zm
(m) (M (m) (m) (m) (T/em) | (T-m/deg) (m) (m)
1011 | 88.753 1.027f 0.600 0.766f 121 143.93 98.258 | 40.646
2.022 | 180.077 | 0.984f 1.024 | 0.691a 0.44 16.67 10.655 | 8.030
2.240 | 189.657 | 0.900f 1.080 | 0.690a 0.44 16.16 10.233 | 7.734
2.340 | 194.051 | 0.864f 1.108 | 0.690a 0.44 15.93 10.053 | 7.611
2440 | 198.445 | 0.829f 1.136 | 0.690a 0.44 15.70 9.883 | 7.495
2.540 | 202.840 | 0.796f 1.165 | 0.690a 0.44 15.48 9.723 | 7.387
2.640 | 207.234 0.765f 1.196 | 0.690a 0.44 15.27 9.572 7.285
2.740 | 211.628 0.735f 1.227 | 0.690a 0.44 15.07 9.429 7.189
2.840 | 216.023 | 0.706f 1.258 | 0.690a 0.44 14.87 9.294 | 7.100
2940 | 220417 | 0.678f 1.291 | 0.690a 0.44 14.68 9.166 | 7.016
3.040 | 224811 | 0.651f 1.324 | 0.690a 0.44 14.50 9.045 | 6.937
3.140 | 229.206 | 0.625f 1.358 | 0.690a 0.44 14.33 8.931 | 6.863
3.240 | 233.600 | 0.601f 1.392 | 0.690a 0.44 14.16 8.823 | 6.794
3.340 | 237.994 | 0.577f 1.427 | 0.690a 0.44 14.00 8.721 | 6.730
3.440 | 242.388 | 0.554f 1.463 | 0.690a 0.44 13.85 8.624 | 6.669
3.540 | 246.783 | 0.532f 1.499 | 0.690a 0.44 13.71 8.533 | 6.612
3.640 | 251.177 | 0.510f 1535 | 0.690a 0.44 13.57 8.446 | 6.560
3.740 | 255.571 | 0.490f 1573 | 0.690a 0.44 13.45 8.364 | 6.510
3.840 | 259.966 | 0.470f 1.610 | 0.690a 0.44 13.33 8.287 | 6.464
3.940 | 264.360 | 0.450f 1.648 | 0.690a 0.44 13.22 8.214 | 6.421
4.040 | 268.754 | 0.432f 1.686 | 0.690a 0.44 1311 8.145 | 6.382
4.140 | 273.148 0.414f 1.725 | 0.690a 0.44 13.01 8.080 6.345
4.240 | 277.543 0.396f 1.764 | 0.690a 0.44 12.93 8.018 6.311




3.3.2

Lomg. Location inm
145a 1.0a 0.45a 0.0a

E ]
=40 r

E a

E f

E s t

E @
;_3.0 L
E c
E F
E s

Ezo

E 15

=

3.4

Fig.3.4 GZ- OCurves under DWL
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3.3.3

( Cross Curves of Stability),

3.2 3.5.
3.2
Tab.3.2 Output of SWATH Hed Caculation
Displ (MT) 10s 20s 30s 40s 50s 60s 70s 80s
88.753 4.508s 3.599s 2.526s 1.385s 0.219s -0.025s | 1.387s 3.026s
180.077 0.873s 2.292s 3.541s 2.740s 1.932s 1.260s 1.664s 2.263s
189.657 0.682s 2.203s 3.656s 2.866s 2.062s 1.385s 1.671s 2.202s
194.051 0.606s 2.179s 3.706s 2.921s 2.118s 1.440s 1.674s 2.176s
198.445 0.537s 2.161s 3.754s 2.974s 2.172s 1.492s 1.676s 2.150s
202.840 0.475s 2.145s 3.800s 3.024s 2.225s 1.542s 1.679s 2.125s
207.234 0.417s 2.133s 3.843s 3.073s 2.276s 1.591s 1.681s 2.099s
211.628 0.369s 2.122s 3.885s 3.120s 2.325s 1.638s 1.683s 2.073s
216.023 0.333s 2.112s 3.926s 3.164s 2.374s 1.684s 1.685s 2.047s
220.417 0.309s 2.103s 3.965s 3.209s 2.420s 1.729s 1.687s 2.022s
224.811 0.294s 2.096s 4.003s 3.252s 2.464s 1.772s 1.689s 1.997s
229.206 0.280s 2.090s 4.037s 3.293s 2.507s 1.814s 1.691s 1.972s
233.600 0.267s 2.086s 4.071s 3.334s 2.549s 1.855s 1.693s 1.948s
237.994 0.254s 2.084s 4.104s 3.373s 2.592s 1.895s 1.695s 1.924s
242.388 0.243s 2.082s 4.136s 3.412s 2.633s 1.934s 1.697s 1.900s
246.783 0.231s 2.080s 4.166s 3.449s 2.673s 1.972s 1.699s 1.879s
251.177 0.225s 2.080s 4,197s 3.485s 2.711s 2.009s 1.702s 1.856s
255.571 0.235s 2.080s 4.224s 3.521s 2.749s 2.045s 1.704s 1.834s
259.966 0.255s 2.081s 4.252s 3.555s 2.786s 2.080s 1.706s 1.813s
264.360 0.284s 2.082s 4.279s 3.588s 2.822s 2.114s 1.708s 1.792s
268.754 0.320s 2.084s 4.305s 3.620s 2.857s 2.147s 1.710s 1.772s
273.148 0.358s 2.087s 4.330s 3.651s 2.892s 2.178s 1.713s 1.752s
277.543 0.400s 2.090s 4.354s 3.682s 2.926s 2.209s 1.715s 1.732s
Dizplacernent in Metric Tons
100.0 150.0 20000 250.0 00,0
IIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIL:E_D
A— A
2 N . .
o0 N L

0.0

3.5

Fg.3.5 Cross Curves of SWATH Stability
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3.4

[101]. .
ZC . .
(IMO) Resolution A.562  A.167  A.749 (18]
, of q2°—3,
1, g — g5, K .
L] 10 =} )
[81]. [95]—[98]
3.4.1
[81]. [95]—[98]
{ 33
IMO (Resolution A.749(18)) ,
3.6 ) :
a A 0.055 m-rad;
b. A, 0.03 m-rad;
c. (A, +A,) 0.09 m-rad;
d. 30° Gz 0.2my
e GZ 30° , 25°
f. GM 0.15m
GZ |
Z
|
GaM
—_
A Az GZmx
o 0 Onx 57.3° 0
36 ( )
Fig. 3.6 Stability Curve (Genera Stability Requirements)
36 .,
A — 0° 30° (m-rad);
A,— 30° qu (m-rad);
qu— 40° ;
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GOIVI - (m)o
3.3
Tab.3.3 Resultsof SWATH Vessd Stahility
o7 (1) ° 0.055merad: 0.055 | 0.688
(2) 400 & 40° ) 1.269
0.09merad; 0.09
3] 3° 04 30° & 0.582
0.03me rad 0.03
GZ 30° . 0.2m: 0.2 3.711
GZ >, 25° 25 26.81
1.746
GMo 0.15m 0.15
0.0; 10.0: 20.0: 30 DHEEI angeﬂ[negrzeﬂsﬂl &0.0: 0.0 0.0
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Righting &m —— % | E ’:
E'C.Iuilib:”m ﬁ 5_4'9 r:
[ — C i
3.7
Fig.3.7 GZ-OCurves of Intact Stablity
3.4.2
IMO (Resolution A.562) ,
3.8 )] :
a 16° 80% i
b. 3.8 b A
Gz |
W
f,w1 Iw=
Br q ) 92 GC 9
60
— 8
3.8 { )|

Fig.3.8 Stability and Wind-heeling Moment Lever Curve

(Stability Requirement in Wind and Waves)
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L] 'wls
P -AZ
. (m)
v 1000 gD
E] IWZ’
l,, 1.5, Cm
P=504. Pa; , , P ;
= (mZ:J;
Z= A
l':m:l;
A= (t)a
3.8
a— lw, qr (m-rad);
b— Iw, q, (m-rad);
ar— (). Or=0,-0:
qc— (°)s
0~ gc 50° ;
Qo — (°)s
0.~ (°)-
1.
3.4 Lal
Tab.3.4 Reaults of SWATH Vessd on Weather Criterion
16° 16 | 14.33
0.0 100.0: 20.0: 30 DHeeI a:glg [Deg;eﬂeg] G010 J0.0 20.0:
IIIII-IIIIIIIIII.IIIIIIIII.IIIIIIIII.IIIIIIIII.|IIIIIIIII.IIIIIIIIII.|IIIIIIIII-IIIIIIIII.IIIIIIII
Righ?ingﬁrmH E f
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3.9 fal
Fig.3.9 GZ- OCurves on Wesather Criterion
2.
3.5 bl

Tab.3.5 Reaults of SWATH Vesd on Weather Criterion
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Tab.3.6 Results of SWATH Vessd on Weather Criterion
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3.4.3

oo

Hesl angle | Cegress |

10 Wiy

W0 [ i

REMg A ——————
F.Area |
Bl

gllllllllglllllllllgll

=

|
=

3.1

fci

Fig.3.11 GZ- OCurves on Wesather Criterion

- 46 -




Righting Am ———————=
R. Area

Equilibrium
G

Righting Arm —X
R. Area

Equilibrium
eM——————————O

Heel angl e (Degrees)
0.0s 100s  200s  300s 400 S00s  B0.0s  TOOs  80.0s

N

IS
=

EIIIIIIIII&IIIIIII\I‘\I

=)

=
=

3.12
Fig.3.12 GZ-OCurves on Residua Stability
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S
T O O

. [113], ,
m(V - Ug) = z VHZN+Z,2+Z.qF 2,0+ 2,9

|ya:M;{}+Mvv+|\/|zz+|\/|aa+|\/|qq+|\/|qq (4-1)

q- z q ;

vV V : :
a=-tg*—»—, h»z,. h»V-Uqg. »
g U U d. g»qg
(4'1)!
(m-Z)h=2Z,h+Z,h+(Z +Z)q+U Z, +Z,)q+UZq
v q

(Iy-Md)q:(U M;/+Mq)q+(UMV+Mq)q+M\,/h+Mvh+MZh 4-2
h. q : h. h. g g
1i .
2] ;
3] N
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4.2.2
. [36]. (4-2\).: ,
(4-2] ;
h(t) ; a,e" }
q(t) =b ' (4-3)
a,. b— ,
| — :

t s
(4-3) (4-2), ert,
[(Mm-Z)12-Z0, - Z]a +[-(Z +Z)%- (U Z, +Z)I,-UZ,]b, =0

(M 12+M | +M))a +[(M. - Iy)I§+(U M. +M)I, +(UM, +M,)b, =0|4-4)
\Y q \

(4-4) a,. b, : .
al+bld+cl?2+d =0 (4-5)

a=(m- Zv)(Md - 1)+ MV(Z(_q +Z.)

b=(m- Zg)(U M +Mo)- Z(M - 1,)+M (Z +zq)+|v|V(U Z,+2,)

c=(m- z_v)(U M +M,)- Z,(U M +M)- Z,(M - 1)+ M (Z +Z)+
+|v|V(U Z,+Z,)+UM Z,

d=-Z U MV+Mq)—ZZ(U |v|v+|v|q)+|v|2(U Z,+2,)+UM Z,

e=-Z,UM +M,)+UMZ,

(4-5)  (4-4) ol . .
1) | N ' i

2} I, ) ;

3! I, . .

4) | . .
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5.1

Methods!,

5.2

£1)

(2]

£3J

(4]

5.1

113

20

”(Evolutionary) . :

13

”{ Revolutionary.
(Basic Principles)

( Direct Calculation Method)
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q Seaworthiness Analysis

Lines

T
1
General Arrangement :
1
|

Vacancy Weight . N _________ ,

|
Loading Capacity i Attack Analysis —
1

Environmental Variables

Operation Parameters

Froude Number
Designed Speed

Designed Condition

&

Linear & Nonlinear Analysis in

Frequency Region

Nonlinear Analysis in Temporal

Region

Hydro-
elasticity Analysis

Structural Analysis

= d F.EM.

51
Fig.5.1 Overview of Structural Analysis for HSC

Stability Analysis

Fatigue Analysis

Vibration Analysis
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Assessing Criterion

>

Assessing Result




52 5.3
Fig.5.2 the Collapse of Cross-Deck due to Overloading Fig.5.3 the Cracks in Frame Web

. : ccé £ (2001);3-
CCS 4 (19963 CCS¥%
(2004)7». CCS% (20057 ( Ja

5.2.1

Fig.5.4 Photo of hull of SWATH Pilot Fg.5.5 Photo of partid hull of a SWATH
designed by A&R Co. in German inshore

( 5.&’3).:
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Fig.5.6 Cross section structure of SWATH Vessdl
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5.2.2

. : A36
: 355MPa. : E=2.1e+5MPa,
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-58-



6.1

6.2

6.2.1

1)

L/D.

-59-



SWATH
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3]

6.2.4

1)

. CCS o

D CCS :

6.3
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