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Abstract

In this paper, a ship calculation program is developed, which performs hydrostatics and
volume calculation, intact and damage stability and hull vanation. Hull form and compartment
geometry are expressed with NURBS curve wire-frame model. Hydrostatics and volume
calculation are performed directly with the intersection method between section geometry and
3D planar surface. Equilibriumn ship position is calculated with hydrostatic equilibrium equation
which is linearized by lst order Taylor series expansion sequentially. The developed program
shows more accurate results and easy uses than the latter.
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7l d9H

&  Gravitational acceleration
o : Salt water density

d : Draft

g : Trim angle

¢ : Heel angle

M : Ship weight

Ly ¢ Longitudinal moment of ship weight
Ty : Transverse moment of ship weight
Vi 't Vertical moment of ship weight

B : Vertical force of buoyancy

Lp ' Longitudinal moment of buoyancy
Tg  Transverse moment of buoyancy

Vs © Vertical moment of buoyancy

Ay - Waterplane area

L : Waterplane longitudinal moment

Tw : Waterplarie transverse moment

17 Longitudinal moment of the waterplane
I7 ! Transverse moment of the waterplane

Ip : Centrifugal moment of the waterplane
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- K: Yg F4(Knuckle curve)
- S:ulg o ") FMz g 40 FY

B BAelM Feid He E44E 7HY
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- K : Y2 H(Knuckle point)

- L: o A7A FdeE A4

-R:UE A7 dsE 94

- E: ¥ ¥(End point)

Point (Z position, Y position) w (27.0, 25.0)
{17.6, 3.44) E option

(16.0, 1.34) K option
¢
(15.5,0.0)

L (2.4,25.0) L option

(0.0, 1.0) (0.0, 22.6) R option Y

Fig. 3 Section curve example
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SCTI st_tran X 3.0 ~5.0 K
/X YZBEHE 20
// Station 30X &0IYHOZ 5.0m RXS ©H
// K : Curves4(Knuckle Curve® 2101)
155 0.0//Z HE Y XE
16,0 1.34 K
// K Option : 0| E0iA 2¢&10| Knuckle
17.0 344 E
// E Option : 0] E0IA SHEBILIDL 28 20
0.0 0.0
/! 28 24 AIEE. E Option Ut& &
00 226 R 24
// R Option : CI8 ZEDX 2.4m2 Arc2 13
24 250 L
// U Option : Ti8 EMX Straight Line2& H&E
27.0 25.0

Fig. 4 Input data form of hull definition



124

@ Wl Aol Py

Deck Section 2

Xs

Deck Section 1

X1

Fig. 5 Deck definition

g Adut AL ZROPLS R o A4S
t}2}8 (Polygon), ¥EA(Parabolic) © 4oz
Ao 4 ek T FEM(Deck side line)S
AHERPY A JEE F Folof dtEE, iEo]
BHsia AgsiA ¢S + dd2l
ojefl Wkl B =89 g o A Hee
(Line), ¥Z(Arc), F4(Curve) & AH43tEg 3
o thgt AFke] fitt. VS5 30 I
43 4 93 (Deck round radius) 59 IEE
o)

& A
A

Mo oofh off ox X

28 Ao hie] e AFHez vehd A

of ol 3 A olde) BERFS NP EE
A(Cubic B-spline) 2.2 H.7HInterpolation) &}
F B2 7 dd s Feldch
7 2AME He axAates 7w, A4y
o A A7t dol(Depth)7hA] Fo AR A
FAHez A7 eatg A Y dEs
el wAFEE ek B3e A7 Atk
Fole Ay di A Ao wixw H
HM(Tangent line)W&e] HM& 3 2
7} 3t gute] wapEs FEch

V| IR R o

JE%F}EFELFSL

A

)

P

3.2 789 Fo wY
(D 78 4 dHoly ¥4

TABLE 103
// TABLE TABLE_NO
// Z-Position Y-Position Flag( L, R, K )
30.0 10.2 K
232 10.2 K
16.04 225 K
16.25 30.0 K
24 16.15

COMPART 1004 NO.4 HOLD

// COMPART COMPART_NO COMPART_TEXT

// Frame No, dx, Left Bulkhead No, Right Bulkhead No,
Deck No, No of Cuts

185 0.0 103 0

213 0.0 103 0 1 5

Fig. 6 Input data form of compartment

definition
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Fig. 7 Compartment section generation
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Fig. 9 Hydrostatics calculation method
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Table 1 Hydrostatics calculation result for
wigley hull form

DISP. Trans

b | KB | Aw | I e kv

FA | sz | 105647000 | 016,457 | 104544 208
A | B2 10564790 SI6AT | 1,064 20

g_;“'dj% 89233 | 10563| 7919 | 916232 | 104536 | 20,830

3189231 [10560] 7917 | 917799 | 1,046 60| 20,824

SI;;B 6] 89230 [10567| 7919 | 918558 | 1.046.96 | 20830

S [11[89230 [10506] 7019 | 018662 [ 104697 | 20829

21| 89,230 | 10.566] 7919 | 918,562 | 1,046,97 | 20.828
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(m + 6222)9.6:2 + bszg
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Cpxy + cyxy + Cxxs (16)
= M — B(d,0,¢)

Cypxs t cuxs t+ Cpis amn
= Fg
= Li(6,¢) — Lp(d, 6,9).

Csx3 t Cyxy T Cosxs (18)

= T)(6,8) — Tg(d, 8,¢)

3.5.2 {dio] Ha AEf WA

T4 AME AYEA 3] el a7y
o] 4L BYEs] A3 ALY AA 1Y AR
A(Body fixed coordinate system)$} tl&o] Aut
9] 2o we} Wahs AW 1A FHHEA(Water
surface fixed coordinate system)& AH2]sle] A}
|3 (g, 13 =)

Fig. 13 Coordinate system

6 (Trim angle) © XZARIN X%7} +48
Aol e} 7}

¢ (Heel angle) : YE3 Y32 YZgdo] &
Agl Yp'& Alole] zh
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Fig. 14 Calculation condition of movable
cargo for GZ calculation

Mure] AL Hrtske V1€ GZ#2 7
U 4% 32 o]F e uashy, vhed Zrh

G,Z=KN — (KG + 4Z;)sing 42)
~ ( TCG + A4Y)cos ¢
AA] 14 FHE A A,
KG : ®o] W3 A 4 A
TCG : Z w3k BA 34 91X

4Ye = 2 (4113!’0‘ w)
d4zZg = Z (ﬁzf LW
Axc, Ay, 4z : A Al {55 3kE9

FA FH oleF
w: THNH £F 3= TF

g A% A T2IRSKOPE 24
AZg, AYG® % el HFAel diR 2
ARH §5 HBRA T E= Y 2B
2o B4 olEBUL AVh(Fig. 14 F2)

ool W, B =Rl A2 Zzade A
A 3 &5 Hee FA F4 olFRE A
et Al2)el 2 gk

KEBISAEEEHE £ 36 & F 2 9t 1999F 58

131

Develaped
Program z

Commercial
Program

\WA

Fig. 15 Calculation condition of movable
cargo with ship inclined
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Fig. 16 Calculation of flooding water
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14, Fig. 16 &x). 28ln 3= A TR
233, GZ FAolA B7AA ZES HYS o
22 Gzl Weshs AAZS S AR
g},

ol Wl AL TzaPe AA 3PN F
WS MY 78 oE Pt mxl Ao
Al de AEI ANG 5 ok ALl
g 239 ZUES 2329 AX wysid
& & B4 EQZ, A4S AXE F Qlth

3.6 Hull Variation

(1) F8 2o A S5 MY 949
F8 Ao W IF HY 49
2 [BleflA] At HE 4 EHE A
=3

(2) Cp curve H&
B =5 A" Cp curve HEE T
9] 4712 ¥EE AHEIIATHEL

1) 1-Cp Method

2) Lackenby Method

3) Swing Method

4) Weighted Modified Swing Method
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P
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4. Mt AL Gl

4.1 Hull Definition

Fig. 17 Wire-frame hull model for 150K
bulk carrier

dha}a ol g

Fig. 179 Zo] 264m, & 45m, &< 169m,

Zlo] 232m¢%) 150K Bukk Carrier®d Wire-frame
hull modele] Yeht gich

4.2 Compartment Definition

S0 e

b UL TSGR ST

Fig. 18 Wire-frame compartment model for
150K Bulk Carrier

Fig. 182 150K Bulk Carrierd] 7388 2¥¥
(Modelling) ¥ 232 7HA| 3¢k Rojnt

4.3 Hydrostatics Calculation

(1) 150K Bulk Carrier

A Z2ads SIKOBE of&3te] 150K
Buk Carrierol] Wigh &3 ZHEH ALt 235
Table 29 A=stHth

Table 2 Hydrostatics calculation result of
150K Bulk Carrier

DRAFT DISPL. TPC MTC LCB
168062 1069 | 19801 8547
169105 1097 1986.2 8430
DRAFT LCF KMT Cs WTS

0.324 18590 | 08210 17871

169

169 0414 | 18606 | 08204 | 1769
. W Z2 el 9% i
Legend * g =2 7ASIKOB) 9 4t

Table 2014 7Aakgte} Aol 2% A Wy
3 A4 et A4 gl zolel A vehdth
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(2) Multi Hull Ship
Zo]l 120m, & m, &4 38m<Sl 5ol
@ 4% Aels te 2o

Mo KNS v AN

Fig. 19 Wire-frame hull mode! for multi
hull ship

Mg Z2 WL o] &3ty AY E4 38melA
2] Multi Hull Shipel] i3t &3 yge3 A
A3E Table 3o Aejsksct

Table 3 Hydrostatics calculation result of
multi hull ship

| DRAFT DISPL. TPC MTC LCB
|38 3485 139 103.7 -9.349
DRAFT LCF KMT Ce WTS.
38 -11.23% | 61023 | 02306 2475

4.4 Volume Calculation
Fig. 189] F3 Aol gt &3 A A
Table 4ol A& AT

Table 4 Compartment calculation result of

150K Bulk Carrier

VOLUM | Center of Volume Tran.
E LPP2| BL CL Inertia

No5 198304 | 1236 [125621 0.000 18286575

HOLD | 198304 | 1236 [12562] 0000 | 1828575

No.2 103881 { 7209 [10699] 0000 | 3225007

WB.TK ]
Pgs) | 10842 | 7202 10636 0000 | 3228600

Name

e FE ANgeIA, A ZZHLine segment)

REEMEREH L 5 36 & £ 2 9% 1999F 58
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o=% Aele 78 No 5 HOLD® A4gte A
2 A9 YA, 77 geo] Fhow el
HE No. 2 WBTKS AXRre ot gge &
T UTH324, 3433 IA=)

4.5 HIE=LA|9] Muro] XLMIQF GZat AHlpt

150K Bulk Carriers] 8ol fFE53HEL
50% & ‘dejoliA] Aute] xpAle} GzZgt A4 2
FE Ae)skNc). Table 52) AN} ZAoo)r) Aur
2] e 231 BE AE AdE FEES
& = ok A9 Fg. 209 GZg A Ax 2
HEZ(AAS AW ZaPe] AN Ar, yHe
48 Z2aye AN Aih: FRHoT AR
FEHEY Ay DA E o) TR FAG F
USE HAFH3544 AR,

SIKOB2 E32Ql Autel AAor BE 4
st F=e) g Ake & & gk mEp,
Table 5914 AltE]R] B8 k& E48E AN
Table 28 ©]&3l ZAH & dobd ulol
Qi &AIwE A T2 We Table 59 RE §
A BE3 kg AFTAHQ Auto) HIY Aol A
A¥3 AR Te] wat Adtes AFH ANG &
Utk

Table 5 Ship equilibrium position and
hydrostatics(50 % Filling)

MEAN 7258 MTC. | BBz
DRAFT (M) | 7250 |  CTON-M)
AFTER 5177 %6950
DRAFT (W | 5167 | 1FC (TON) —==
FORE 938 8T
DRAFT (W) | o3 | KMTM —res
Z4160 957
TRIM W) 12— VCG W [
DISP. 58334 - 15300
(TON) 608330 GM (M) 15.364
2133 \ 11867
LCG. M [5on—| Goo (M ot
71418 342
LCB. (M) 14l GoM (M) 55
LCE v 22 1 e o 00
— 003
HEEL ANGLE|_ o150 | =" 00%
(DEGREE) —— | TCB
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Fig. 20 GZ curve(50% filling)

4.6 £SAl MEt] XhA ALt

150K Bulk Carriers) 445 &4 A - % 4
= Table 63 7o) 32d & 9tk

Fig. 21 Forebody damage

Table 6 Initial and final ship position

&3 A 45 g

vt or e |00 | 4%
T i T
ot e | o8|
S -

Table 69141 &3 45 AANA A zea
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5. 83 8

E dFe e Me AL Ayt Tz el
TARE sFstn, dut A oM HE A
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