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Abstract

Study on the improvement of resistance and vibration
per formances for |ce Breaking Research Vessel

Lee Chung—Hwan

Advisor : Prof. Lee Kwi-Joo, Ph.D.
Depar tment of Navel Architecture & Ocean Engineering,
Graduate School of Chosun University

Today, the increase in concern about the design of icebreakers and
icebreaking ships is caused by the development on Arctic areas.

When an icebreaker is designed, one of the main goals is to minimize
the forces resulting from crushing and breaking the ice.

The spoon—shaped bow and round hull in order to minimize the
icebreaking forces, have poor hydrodynamic efficiency and seekeeping
characteristics, and make the icebreaker susceptible to slamming. For
this reason, the hull of an icebreaker is often a compromise between
minimize ice resistance, maneuverability in ice, low hydrodynamic
resistance, and adequate open water characteristics.

Some icebreakers have a hull that is wider in the bow than in the
stern.

These so-called “reamers” increase the width of the ice channel and
thus reduce ice frictional resistance in the aftship as well as improve
the ship’ s maneuverability in ice.

However, it is well known that the reamers suffer from an additional
resistance in open water.

In this thesis, basic design process for an icebreaker is introduced, a

reamers’ effects on resistance performance in open water is examined
by model tests and a free and forced vibration analysis is performed to

_Vi_



verify vibration problems.

To examine reamers’ phenomenon by model tests, the additional
resistance in open water of the 6,950-ton research icebreaker model
with different type reamers is measured at the circulating water
channel of the Chosun university.

Various combinations of ship speeds and reamer types are tested at two
draught conditions. These experimental results with different reamers
are compared to the results without reamers. It can be concluded that
smal ler the angle between the designed waterplane and the buttock |ine
near reamers, the better resistance performance in open water.

In addition to the study on hydrodynamic effects of reamers, a free and
forced vibration analysis of the global icebreaker structure using
ANSYS program based on 3-dimensional finite element (FE) method is
performed at various conditions (full and 90 % load).

It can be concluded that no vibration problem relating to hull is
expected.
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Table 1-1 Thickness of ice

Thin ice 30~70cm
Middle ice 70~120cm
Thick ice 120cm
Two year ice 200~250cm

Many year (pack) ice

More 250cm ~ up to 600 cm

Table 1-2 Concentration

Quality from area

Degree, ball

10% 1
50% 5
100% 10




Table 1-3 Pressure

o . D
Pressure Condition of the ice cover e;gre
Without pressure Amongst ices channels, the rifts and fractures. 0
Weakly pressure Brashe ice between rift is compacted 1
Small ice cake is wrung out on edges of the
Noticeably pressure blocks of ice, on buttings of floe is fresh 2
hummocks
Strong ice pressure | No open water, on buttings of old ice is ridge 3

Table 1-4 Hummock, ridge(Rate of Ridge)

Quality from area Degree, ball
20% 1
40% 2
60% 3
80% 4
100% 5

StZ2 A0 AS9O| AEH= Fracture, Level ice, lce lead 2 2FEH



SRR s
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Table 1-5 Ice class SS(HAIOF &43)
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Ice reinforcement weight of hull, %
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Ice reinforcement weight of hull, %
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Fig.1-2 Statistical number of damage vs ice reinforcement

weight of hull
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Fig.1-10 Schematic diagram of icebreaking process(from Kotras et al.

1983)
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3. INSROP Z=Z & 1A A2 W&

Sub—programme |: Natural Conditions and |ce Navigation

1. lce navigation and ship technology
2. Operational information on natural conditions

3. Geographical Information System

4. Creation/preparation of data bases on natural conditions along
the NSR. Remote sensing.

5. Planning and risk assessment

6. Forecasting and simulation of natural conditions along the NSR.
|ce management.

7. Future perspectives.

_45_



RECE
— ]
@ﬁawma@;|
gmﬂ,%m:%oﬁv = 0

%bTan__e@w gl SR
it = O = = 3 i< L f o = -~ = |
ml__ 0 wm = = S 5 ol 0 10 = = 5 > = w0
uoxawmA%ﬁT&i o_mcgmxom% 5 _ U® %
— 3 o ¥ 4 Ol a8 5, o = O RCOOF i) %
= ol < = < F K r 2 T I o ol SE D Al
M_:x+mm_e+ﬁ AT|m|uap9 2 - 3= _
- zx A = = = i T g K <o o < T = 2 us]
<l S X = 0l0 H0 Mo_.._ =z o < m.u W_. R o3 of @ __o_ﬂ RI S uL_._
750 oMmmmEu¢ mﬁ% o = T = ok — =L e
7 oF = [+ O or - = ~ = M m = o)
g ._.mwuoo:mﬂm_:w_u %:Im_mlmim& Eljw B
AOATHDO.Jﬂ& w0 ool LE U S =]

[ <4 m:._ O~ :A._ A_l O_ _ 3 — 110 T = - o
- i o R I oW I 7~ DO X0 100 o
K0 o 9 = e L o o 7 100 N.wAﬂ B — o 0 S g il =
(Q\ c.__. Hro 1o r W (Mw ..O& m_ H ™ <F umo N WM H_M_c _M_ mﬂm KJ = Kilo ﬁ_ﬁw Lﬂ.u m__c_
= o _ 7 R K S o o8 3 = W <0 20 on or S o7 i S

of S o o~ KO £ LR o el oo 2 o A ol o of ™
z__mMEIM 5 R @___H_TH@&%EO wmgw:# o
K © J M ) KFJ m.__,_ _____O =) m 5 S = 11 < s om_m

% - ngl N e fu— _ —_ = <

g¢mog§@;ﬁQDW@pdpo: S2EE
ﬂxEx@Amurjgroso;ﬁa ) 5 = =
o = 0] ol Bl < = = oo < O 5 k| 2 T o)
=0 K I g L B 0 I SR 2 R 2 o < N <F
HTO_E ook 4 mw_gaoH UOMHmw.mg_w_a H

) ﬂﬁ mw o ﬂ_fu = [ & S = S o = T 3
T of 3 OTH_Tmsgmraruap+omTo 0L
o wg%%umamﬁaﬁ ° 3 = om.__aaoag_w b
RIS Lo oE o T wEaz = wE X

e w2 B = o M 100 r =) [ o= O 50
oo N ool < 00 = 2T 20 U H B = .__m_ ﬁo o3 T = S A,. X+ K
M& dgﬂ_wm@___%ATﬂ1m_=_oﬁd¢;EH+§_mz_ﬂ
o= U oo o > O = H = s m o = o K
m y L) P ”__._“V 33 = Fay oW m _9: T ol |Dr_. W o 30 0] o
KE U il mo:s__rmo:;+o1EMM
= A m r A o =

0 58 A ~ o <F zy o ~ RS OF Ol o

=~ M = ~ o = m &
0 8 m© o x 0 ur =
Tz = 2o 22 i
=" %3 w5

- 46 -



d20 8+ SHA SHNMegsS ™A A

S0 B 5 Moo WS ol
- 2 T +— f g
_ o N ) D — o
o - e Il 5 ¥ = I 5
iy s L5k
i s w2 g - 5B
s Uz gd@go s _
= IH zl = wJl o =
IK 0 - = o] o7 @ o —_
Wogr > o 9 o W S o
) _ - = Al o <0
of I < JJ 30 A4 W=
z oo o M =N
5 mw >4 20T ey
0 kR -5 < il
S N Yo
o R = = m
s o S wl H _.u_r_ Y = 5 O
= M = & 0 o =
2 FT ﬁ m_. R I ] w_._
oo = Mooy = = o ol
H K = 1 3 © MW K
m 3 00 A.__\ = = =
:mc =<K 2 amo —_ O 0ok -
= T |H £ K T i0J
Woow _ oy Rom Wom Ko g
i%% m KW R oz =
S+ I Aoy Bom o5 X
s Mo M Ao R
T K% R a1 © & A om 30 gy
© o 0 v =/ 0 o X
S 5 A A:__d.mﬂ___am_mmo
y — = 1
s Wkl 5 M5 =235 & g
T =0 o R 25 B m
D F R oQ g =
0 E w2 &S 3E W
= o »hoio o B ow 2 O
O 8ROy 8RR Z
ok Ol ) kK- 2 MW Z oF H 8 ™

(2-1)

Ol MIAl
- 47 -

=

=

K uoBoh+ K, Bp h*+K,B*hv*/n,

Kashteljan et al.(1968)2A 1
R,



z
o
0
[m

O{JI M Kashteljan2l Al(2-1)2 At&dte Ol £ JHXl HMEH A
& Aol IR0l LXISHA &

getlle ©@HE0l [0 OrEel F&0l
& Shimansky Hl=p, 2 n,
FR HHesSs  Al(2-2)
Kashteljan2 F=&EA2 MY A Ermak
ZHIAI 20 Ermakt 22 72 L A2 JH& HdE 010= & ¢
=00 28 = Qlt.

StH 1960 CH OI= cHetBHIUHUME ERe MUMS 01260 oS0 A
SAIE] BEAESE 6IH X2 4SU=E =S2oIRUL.

ewis and Edwards(1970)= Kashteljan et al.(1968)2] HEE MEISH A0

B HTE HBESHN OSD 22 HHE UM A2 MG
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HIIM ¢, ¢ ¢ = 48822 ZHEE= H=0ICt. Lewis and Edwards
= A(22)E oh* 2 U5 XS SIACH M2 T2 2EAED A d

Of
ANE0A 208 UH=E dluotllo Hget Us A5 UL

R'= C,+ C,BN,+ C,B'N, (2-3)

I

HIIM R'=R,/oh? (22X B2 YUK

0o

4

B'=B/h (2 &Z)
N, = pgh/o (Volumetric Number)
N,=p, V%o (Inertial Number)

2 Lewis and Edwardse F=HAI2 AN H=F
B0|10 U= 2102 mEECC, 6K

O &0lXIg Kashteljan &0ILt A&HAIEHAL SlH=2H2 522 1
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Olat &2 Yoz X2NA2 8He =HAN 0l A &9
0| & 2 L ANHAE A= S22 HelotH Table 2-110F 2 L.
i | sum | sco= Ny
oS buoyanc| (momentum =] !
(icebrea (
king) y) change)
Kashte 1. Ermak S xJ| 48 MEANHOSZEH A
Ml ) |2 = s Wt 2Edo 2 oE
) | KB Kyu,Bp K;—— B“®Vh | dojls 2Rat0l 42 A
(1368) e D SIMAIQl XIREOZ O SO0 DIEC
80| DX LUCH
. 1. USCG2l Wind class Mel& S2 Z2EA
Levdv's B U ANMABCEEE SHXOD ANAS
Edjvnards Coh?| Cp,gB Cyp,BhV? | S551AL
570 2. I MEOA &0l M=ol 9D O
20| 215t DT K LT
1. HANQ wHoz ANAS RC5HD
Enkvist H=  Z2F0 MY Moskva  class,
(1972) Finncarrier & Jelppari 2 2AIE 2 &4
| CwoBh| Ciwugh CpBhV' | 322 oigsuct.
Wartsila 2. Org g0l H=(C,, G, Cyol =&
Z0f QUCH
e 1. O|™ AlDe =2 Yma MEol &gol
o ;r“g =0| matg ULt
Cous | CooBh| Cip,gB| Cyp BVgh' |2. SEOIE NEH20l L2 A BOISH
(Gavo) CH2CH SM(h)el KI4Jb 3/2012 &=(V)ol
= 152 ASUCH
Levine 1. 60,000 DWT Bulk Carrier0fl CHol & & Al
ot al Bh%p,el Bhp,eC.C, | BE TEIHLL
(674) P& PagCuCv 1o a2r0] 80° O1AIY HQ D& AIE XM O
H20| 2I}15iC}
1.2t HASols OFR0l ZB G0 UKD A
Vance 8oz HLHE PFE £ QiCh
Bh 2T p 0.65 :
(1975) | €0° CiowgB Cop VELAT™N 5 mgo) etsto] 121510/ UK 27 broken
channel OIlAISl K& AFSO| Of&CH
Baker 1. MV Arctic 2 MZ& d=840 Odl 2
and 4 0.55174 0.1525v | ohB FE
Nishizaki| 0-00008 0. ‘ 0. MMAED DHABO HO UXIGHK &
(1986) OtCh.
1. 0lel/22 &2l Mobile Bayll A&AIE %=
SH
Zahn = - _ _ -
0. 17Xl AMAIE ZD EEO DX
et al. Cip &l Cup VL3 h L= morwc N
(1987) 3. GIEAEIISE USH HEOR MYAM
Mg 2}
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H3&. JI2AH& & d5 =8

SHEYstE EMH HA2 ZSHUIWAM JHESt  “lce Breaker Design
Master" T2 S AI20IULCH. S LEHUHA HSOILF BoIAEI SAHSH
|

ce strengthening requirementE CQEEAIDIESE 2

1 B, offset dataE SHSO{O0FSHCH. HHSl 201, & el &M ==
Nso2 BHECH. Ice Class, ShaftQ £ 2|1 =XgAls AEHGHOE &t
Ct. delld o) &= EMAMAS “ZI0 Ice Class 47 E 26l 0k
StC}H.
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Previous Data Reading Exit

Ship Name [BC1000

Number of Shafts | | Propulsion Type
i NI - O Z FPP © CPP, Electric or Hydraulic Propulsion

lce Class
cIAA CIA B T Ie

Lpp [ =217 [m]

B [ 3226 [m
Leowy Drafe [ m
p i [ 145 [m
" 6_ - E _______ .,/é}/‘,; /J_; - Calculation from Olfset Data |
L B4
| 2 L pow f 48978 [m)]
ﬂfpheg/ Phis i [T125598 [m)
Lesr / e 1244381 [m?]
| € /\\Ph!'s Alpha | 352 [deg]
-\ # Phiy f_ 743 [deq)
BL i Phiy 7780 [deg)
_Buttock at 64 \f Disp. at dyyye | 88982.1 [ton]
Watar Ling and Buock Chock |

* Maximum lee Class Draft (Draft on the Fresh Water Load Line in Summer) Prop. Dia f—ané— ]

f=m=ris I Calculation Results
Fore Minimum Draft dy [m]

ce @l Cutput

MIE Minimum Output f [kW]

Offset data2 & data =0| HAZIJCHH,

“Water Line and Buttock Check" & =¢2i dUIA2l waterline
T2l B/40IA 2l buttock line2 Y == ULCEH.

el 2 8=29 Fairing HRE =olg = UL,
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M

S i Zoom Up | Zoom Down ‘

Buttock line2 2 waterline2l spline S22t&0 2ol MASCH.
Offset data2l fairingOl 2tEotXl 2CHH, Bottock line2 OHIIE Xl
SO0|AH & Z10ICH. O] ¥ Offset datall st == &QIGHOFSHLE.

lnput & Output Oll= Gt &CF.
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2E 2 datasS HEolH LEC/JUCHH, “Execute"S =21 lce Class
HAS =ag £ QJUCH. Xt HAMS SSHMS [ L& datas MESCLC).
Ol 2= data= " Previous Data Reading"sS =cdl ==Y %= ULt



5 ie——— Praviows Data Resding | Exit
p Nama [HL1W

Ice Class Mumnber of Ehafts Propulsion Typs
FIAA TIA TIB T IC L (N e S & FPP © CFP.Electric or Hydraullc Prepulsion
Laow
. At
T o
Appal, L~ Pi;
Lap /
| i
sy ['f’“’
Btock @89\ Disp. at dypy; | 889821 fron)
Waates bins nnd fumsek Chneh |

* Bdagimum Ice Clavs Draft ©eaft on the Fresh Water Lood Line in Summer) prop. Dl | 65 jm)

Ersione | Caloulation Results
R Fors Minsam Drsft dy 49 [m
Exel OWpiE |\ i Ot | A pe]

Ige Class Galculation
Ship Name BC1000
Lpp 217 [m]
Bmid 3226 [m]
Draft 14 [m]
d mis 14 [m]
L bow 48046 [m)
L par 125818 [m]
Al 1206.207 [m"2]
Alpha 33.9 (deg]
Phi_1 74.3 [deg]
Phi_2 61.2 [deg]
Disp mic 85686.1 [ton]
Prop. Dia. 6.6 [m)
[ze Class 1AM
MNo. of Shafts 1
Propulsion Type FPP
Fore Minimum Draft 4 [m)]
M/E Minimum Qutput 207186 [kW]

_54_



Ml 2Z& Database® File folder
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M 3&

Ship Regist & Copy

Designshiphame _

ship Ret | | ship

Lines Derivation (initial)

[ spdcae__|

Lines and Hydro (initial)

| speed check

Ballast Calclation

Trim Caiclation

| Main Engine selection J

Deadwelght Check

Geometry Definition

Offset Table Edit

capacity Calc.

Structure Definition

Container

3D Viewer

Pcc

Hydrostatic Calc.

[ rrim stabitny,strengtn |

ProjectionArea

Cross curve

[ J

Gross Tonnage

[ atamaran ez |

SEA & FTC

@ Registered Ship
ShipNo: [SHPA  [=

(Designia) =

Ship Kind : [Bulk -
Remark : [TRAINNING

Lpp (m) Bmid (m) Dmid (m)

3226 X 7

1

@ Input draft and CB
 Estimation of CB from dead weight
 Estimation of draft from dead weight

Draft (m) c8
iz [ 084109
DAWT. (ton)

L. o) |

Displacement (ton) -

I~ Protect from overwriting

Ship Regist

Design ship9] 78 252 Uit
1) drafte}t Cb
2)drafte} D.W.T2%E Cbs %7
3)D.W.T9} Cb2YE drafts F74

IR % estol Yeisict

Ship Selection

Copy of ship data file

New Sfip name to be selected fi
"Ship regist"

Ship name to

be copied New ship name

— = [SHIP-A ~|
7 (Check the file to be copied) |
R Offsets data
I™ Structure data
I~ Displacement data
™ Cross curve data
I Projected area data
I~ Capacity calc. data
™ Trim stabilty & Strength data
I~ Damage stability data

Ship Copy

71&9] Ship MasterS o]-&
5to] Designst Hj9] datas

copysto] Designsh= W4

o]

Ship Selection

OK Cancel << Ship Selection >>  ship

Click the ship name
C

count=6

Selected Ship Name : |PLANNING Ship delete

c * # C c C < (Sort)
Shipname | Kindofship | Lpp(m) | B(m) | D(m) | d(m) | LastUpdate | Remarks

2200TEU Container 189.600 13600 9600 20040622

BC1000 217000 32260  19.300 14000  2004-05-22

PLANNING 1 Ferry 26.350 7.200 6.000 2390 2004-06-25

SHIP-A Bulk 182000 32260  17.000 12000  2004-06-23 TRAINNING

SHIP-B Bulk 182000 32260  17.100 12019 2004-05-22

vice Bulk 370000  67.000 32000 22000 20040621 d

1. Lines Derivation(Initial)

Type ship2 & &G Design ship2l Initial Body Plan2
OltH OFch e
Design ship2l Depth

=

=
=
2C

Type

Z XSt Type ship && Al
I Z0t0F St B2 F=2IStHLt.

- 56



I stiip Master
Ship Master Basic Design 2004

DesignShipName

[~ sAPa <] Ship Ret| [ship Regist|ship copy| pata out|

Type Ship Selection

Design Ship Dimensions
["tpp | Endd [ Omid [ Drait | U6 [ 6/d | CB_[Leb [l
[182.0 [32.26 [ 17.0 | 120 (5641726883 (08111 246

Selected Type Ship Name :
Design Ship Name { SHIP-A

(2) Derivation Data Input

NEXT
BodyPlan Check

(1) Click the Type Ship to be Used

Design Ship9Q] Initial Body Plan

Gross Tonnage ‘ Catamaran Lines/Hydro ﬂ

(sort)
[ ‘ R S S S S |
No| ShipName | Kind | Lpp | Bmld | Dmld | Dralt [ /B | B/d | CB \mm\wmj
b_622 190.000 32260 26.000 10000 5.8896 3.2260 0.6223 3.2071 0.00
2|Ch_835 180.000 32260 16.000 10.750 5.5797 3.0009 0.8352 -3.0868 54.00C
(3 ]sHp-A_TS 182000 32260 17000 12000 56117 26883 08118 25013 18200
ProjectionArea ‘ Damaged Stability H
Cross Curve

SEA & FTC

Type Ship Select
(Check BodyPlan)
v
Derivation(LCBY™ & A&}
m2 0] LCB: Hj<]
%9tS 71208 Fore part®
-, After partE +& 3ic}h,

%O

Emacin | Lines Derivati

Typeship  Design Ship

Ship Name Cb_835 s Ehangz Derivation Start
@ Fore and At
Lpp [m] 00 182.000) o =i
Breadth [m] 32.260 32.260 A
Depth (from img. B.L) [m] 16.000 gz SR G
Draft from img. B.L.) [m] 10750 2000, | Calcuistion Progress
Starting Point of ROF [m] 0.000 0.000 e oo M=asrr M
Rise of Floor [m] 000 0.000 o DERIVATED SHIP #++
.1 CP= 0850004 LB = 2121705

Blldge Circle [m] 1500 1500
B 08352 08411
L.CE.[%Lpp] 30868 24500

Hydro Calc. it |

v

BodyPlan Check
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2. Lines and Hydro (Initial)

Type shipl 22 H MHE datag JIE2

X B

WaterlineS &Qloty) =&&tCE.
Cp&Cw CurveE &tol
HydrostaticsE Al &tortd MESHCEH.

Type ship &2 2 M E Lines Derivation HHHE

Lines & HydroOll Al Al ZF&FCE.

0l 8% 0Offsetdt ProfileOl =MoHAl &

OlH Water line2 2tAE2 o=z géa
ofCt.

0l& H&EE Design shipdt S GHAICH
£ StCt.

Lines & Hydro EXIT

Ship Name Design Shup Offset Data

Slup Kind Buk |

Lo [m] 182000 Data Read ‘ Data Save ‘ Al Clear ‘
Breadth [m] 32260

Depth [m] 17.000

Draft [] 12.000 Drawing

[Half Wickh of Keel [m] 0.000

Rise of Floor ] 0.000 Body Plan ‘ Water Line ‘ Cp & Cw Curve ‘
Bilge Circle [m] L1500

AEto AP [] 3.030

FE (Top) toFP [u] 58 Calelarion Type Ship Registration

Bulb Height [m] 5581

Bubleh [0 600 Hydrostatics Save as Type Ship
InagwaryBL [n] 0.000

AP to Parallel Aft [m] 72.800

AP to Parallel Fore [m] 127400 Side Dead Flat

Specific Gravity 1015

Side Flat Creation:

Calculation

Hydrostatics data & Graph& 20 Z=Ct.
Type Ship Registration

Design shipll dataZE Type Shiplz ME
Side Dead Flat

Side Flat dataE & SHCt.
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Oz 0|8 a0k
|© [ Station

Z ol Body Plans &QlotD &%

I5t1) =30 20tt® OffsetOilA =& etlt.

AU D

@

Ct.

2

[

o

e

I

12 Save as Type ship2

Design Ship Offset Data

Data Read : Offset &g
Q7]

Data Save : Offset ¥ 7
A At A

All Clear @ data X]%7]

Drawing

Body plan : W=

Water line : @&, ¥I=
T

Cp&CW Curve : CP2} Cw
2




(D Body plan

Design ship2 Body Plan check.

4>
0
o

£ Change 0ffset@ & 0ffset=2 =& SHLI.

|
Auto CAD Qutput Fairing Process ‘ Change Offset ‘

I I"

L / 5
#
\ L ] 9.75 o5 / 5 ;
\%N \\\\ - ]
el e "

\\\5 t 55 . 4
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A7t Profile For Profile STREN Tupe _
Wo. |[Fom AP |FromBL. Wao. |From FE. |From BL. " Reversed-G Type & Mariner Type
L | 0300 00w 1| -7800] 0000
1 I I X v T " _
o 7125 2530 3 Bl 1.500 Aft Profile
o N1 S ) A R v Y 1
o A T G 2 I K
o X 6 | -5506| 3000
& 1o B (without & and B) I Sl il E
Mo, [From A P | From B L. &g |
T 5T AT i D
i N ) [Pee,
3 11| o048 7100
q B N i3 1)
3 A e 1]
6 5 ) s
5 {57 3563 T 13 b Rudder
§ 16 B
5 i7
i g
Cto D (without C and D) 5
Mo, |From &P |FromBL. 20
1 21 At0B Curve
3 by Fore Profils BioC Streight Line
3 23 Curve Start & End Ma. CtoD Curve
q pri Wo.| Stat End | DioE Straight Line
3 i T 1 T| EtoF Stmight Line
; % p i i
7 bl g
g bl
y bl
i i
Offset Table
FOREBODY
1 2 3 4 5 (i 7 8 9 1 11 12 13 14 15
55 ] 6.5 o 5 8 85 9 025 035 975 10 188 2,568 3.563
1 BTMHI1
2 BTMH2
3 BTMH3 1959 3578 5.194 6.314; 7625 85671 10292
1 0 4,000 4000 4000 4000 3671 2.800 1619 0.407
2 025 6.081 5.790 5.300 4660 3821 3050 1.869 0.657
3 05 6213 6.432 5.788 40833 3954 3050 1.869 0657
4 1 7635 7,324 6.733 5882 4781 3.557 20931 0.657
3 15 8156 7864 7326 6.517 5439 4153 24849 0927
6 2 8481 8235 7.762 7010 5979 4.703 3.104; 1328 0.150
i 23 8619 8.406 7975 7.264 6,268 5013 3.506 1 665 0.498
8 3 8833 8.701 8371 7367 6269 5676 4189 2308 1145
9 4 8978 8.954; 8764 2318 T7.563 5.496 5.074; 3219 2070 04690
10 5 9094 2094 9025 8.731 8135 7210 5902 4115 2086 1 660
11 (i 9210 Q210 9201 9045 8624 7862 6.690 4591 3893 2405 109
12 6.3 9303 9.303 9303 0242 8968 8350 7.292 5670 4608 3348 1894
13 1 03338 2338 9333 9302 Q00 8.526 7512 5918 4871 3624 2194 0.536
14 8 0442 Q443 9442 9442 9376 0034 152 6640 5636 4435 3053 1.500 0627
15 9 9.500 9.500 9.500 9.500 9.500 0418 & 609 7318 6.371 5.234] 3907 2405 1 606 0.645
16 a9 9500 2500 9.500 9500 Q500 9500 8990 7739 6.854 5778 4509 3045 2233 1183
17 11 9500 2500 9.500 9500 Q500 9500 2236 8163 7.360 6.359 5152 34607 2259 1724 0.584
18 12 9,500 9.500 9.500 9.500 9.500 0.500 9364 8460 7.744 6214 5667 4238 3370 2150 1122
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3. Calculation of Ballast Condition
Ballast Condition H&H2 2 Condition OICHSl =XIE LSSH0 H AHSHCEH.
S Design ot U= HHCS| BallastE Displacementl 50%, TrimsS 1.82%
2 o], Scantling= Displacementl 103.8041%, Trims 3.4%% ot Hl &t
OtRALCtH.
OlcHZ 0l L2t U= AHMZUE E™ Ballast, Scantling 12l Full Load
(o]

SHE Bl & = UL
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Condition-1

Condition Name Dis. [%] Trm [%] Disp [ton] Trim [] ARtDrft ForeDrft
IO | BEE] \ (1208

Condition-2

* Specification ( Specification * Specification
Condition Name Disp. [%] Trim [%] Disp. [ton] Trim [m] AftDraft Fore Draft

LT I [

Condition-3
¥ Calculation

 Specification ¢ Specification ¢ Specification
Condition Nae Disp. [%] Trim [%] Disp. [ton] Trim [m] AftDraft Fore Draft

SCANTLNG 103.8041 364 |
Condition-4
™ Caloulation & r

Conditon Name Disp. [%] Trim [%] Disp. [ton] Trm [] AftDrat. Fore Draft

Condition-5
™ Calculation L [ d
Condition Name Disp. [%] Trim [%] Disp. [ton] Trim [m] AftDraft Fore Draft

[ 1 \ r

Ast= 7 Condition Ofch9] data

* x x HYDRO CHARACTERISTICS AT EACH DRAFT +
SHIP NANE SHIP-B

Lpp 182.000

BREADTH 32.260

DEPTH 17.100

CONDITION FULL LOAD = BALLAST SCANTLING
HEAN DRAFT  [n] 12.018 6.353  12.360
AFT DRAFT  [a] 12.018 6.008  15.672
FCRE DRAFT  [a] 12.018 4.697 9.047
TRIN [n] 0.000 3.312 6.625
TRIN (%] 0.000 1.820 3.640
DISPL'T [a']  599861.31 ?29330.55 6213.49
DISPL'T [ton] B1367.84 30676.92 63681.95
DISPL'T [%Full]  100.00 50.00  103.80
AFT DISPL'T [»°)  28178.78 15385.86 33540.12
HFT DISPL'T [ton] 28831.48 15770.51  34378.62
FORE DISPL'T [a']  31733.03 14544.78  20580.38
FORE DISPL'T [ton] 37526.38 14308.41 28313.33
1S AREA (] 9073.33 | B763.26  9203.22
WP AREA [ 5382.00 = 5108.57  511.11
ca 0.8483  D0.8024  0.B563
cr 0.8505  0.8064  0.8586
] 0.9973  0.9850  0.8974
cor 0.8167  D.B703  0.9386
CoA 0.7872  0.0248  0.9244
CiF 0.0984  D0.7798  0.7802
Ka [n] 6.198 3.278 6.567
THH [n] 13.282  16.548  13.575
LK [n] 221200 374.492  220.706
HTG [t-n] 724.855  B25.737  777.400
TG [t] bh.166  52.373  56.480
LcB [n] -4.514  -0.784 3.588
LCB (%Lep] = -2.480  -0.158 1.871
LCF [n] 1.3 -3.830 2.237
7E 1.4728 07032 0.7149
7h 0.6486  D0.6772  1.4008
SPECIFIC GRAVITY OF WATER = 1.025

START

Ship Name
[stip-g

Lp [ 1820 [m]
Bmld | 3226 [m]
omld | 17.1 [m]
Oraft [ 12019 [m]

B | 0.8483

Lob 24801 [o6]

=

=2

W 4 v »'\Main/CpValue / CwValug { CoCurve', CwCurve / CpData/

ola]
=N |

< Cp&Cw Curves of Ballast Conditions>

»
=

—FuL o
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4. Deadweight Check

M=ol CHst & el0]Ch.

LN.6%(BHD) H =S HAFSHO LW graphOlAl Light weightS
DeadweightE F&tC}.Ship-AQl 2L HL== 203510112
Ot Light weight= 8826(ton)O0ICH. 0l & ExcutesS
SHC}.

DeadweightE &= 0|F Save

W, < Deadweight check >

X|

‘ Exit |§Execute{|

Lr.6x(B+D) Light weight(ton)
SHPA | 203521 8826 LW graph
AT st draft Displ t | Dead ht
o ra isplacem’ eadweig|
Ship kind Bulk (m) ‘ Eh ‘ (ton) ‘ {ton)
Lpp(m) 182/ | 12000 08411 60741 51915
T 3096 12.000 08411 680741
32.26
Emd (m)l 4110 0.7872 19471
D mid (m) 17
design draft(m) 12

Deadweight = Displacem't - Light weight

M, S.E.A Graph2 — LW_Bulker

Light Weight Graph (Bulk)

1.1 ften}

1.0r
0.9r
08¢
0.7¢
0.6
0.5¢
0.4F
0.3¢
0.2¢
0.1

Light. Weight

01 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9

(L™ B B+DN,1 0000

1.0 1.1

%0.9421 11818 | Save | Add Line | Info. | BACK

< BulK A9] Lignt Weight Graph >
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5. Offset Table Edit
O SHOUAE Offset=S zE &Qlote P2
LOA, LWL JJ2l22 R of BilgeE & .
Upper DeckOll Al Sheer 2t camberE &8t § O0ffsetOlAl Body Plans
SHOISHCY,
Profile &2 OIXNY22 0 HH= SEE L.
Design shipE’J LOADE 191m Ol12, LWL= 186, R of Bilge= 1.5&2
L 2AGHRUCE.
Sheer2| B2 02 oIU2M Camber HAl 022 ot
OffsetOllM Body PlanE &tQISt = Profile GAl =

o

Ct.

Ct.
eIotA L.

Input of principal dimensions

‘Ver 3.10 Input manual
Ship name [SHIP-B. Comment [INITIAL OFFSETS DATA 2004/5/22
LOA: LWL:[186 LBP:[182 Bmid: [32.26 Dmid:[17 .1 Draft:[12 019
’ id: . _[Ccb=L/LBP
cb:[0.84869 cmid:[0.98 Len[0.025 = liUELILERE
Bottom shape  Keeli2:[U RoF:[U RofBilge:[15
(1) 2) (3) (4) (5} (6) L] (8) 9 {10y,
Ordinate:[ 01666 [0125 foosaa  [oo417 [0 fozs [os 075 1 [15
2 2.5 3 4 5 8 7 75 Is 85
9 0.25 95 9.625 975 o875 10 Moz5 | |
) 2) 3) () &) 8) L8] (8 (9 {10}
Water Line:[o 0.25 05 075 1 15 2 3 4 5
6 7 5 9 10 11 12 13 14 15
16
l Profile ] Upper Deck ] Offset J] | End

< Profile >

< Offset & Body Plan >

Input of profile data

Stiphame [SHP8
Stern profile data Distance H.Igh(

Cunve point data (1) to (2)

T o =
e @505 [2907 Distance Height
© Reversed G type (o) T T 089 (0224
T @4499__ [s888 s
©)-3033_ [11851

774
Profile data (unit=rm) ©)}3033 [17.889

269 1677
Distance: AP=0, fore (+) Unit: m 864 2236

2795

&3

Distance of AP-AE=303m| Back

K
e

I

Somoaswmns
=
s
2

Curve point data (3) to (4)
Nt overlap the data (3) and (4)
istance Height

16067 4472
206577 550
36572 [6.708
406,046 [7826
5

) I
7

8|

9|

10
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* Bowprofile data

to Stem profile

Curve range

Start no Flmsh no
Profile data (unit=r m)
Distance: F P=0
1ma>amum Soport

(+)
)

7 Dsslﬁnce off P-Bubfead =4

55m

Unit=m
Lpp=

Bmid = 32 2

Dmid=[__17.1
Draft=[ 12019

<UpperDeck>
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6. Structure Definition

o7 Fx=s d4dote SAHOICH

Definition structure above upper deck (Ver 3.10)

Ship hame = SHIPB

_|

Poop deck

F'cle deck

Other structure

‘._ Exit ‘

Definition of Poop Deck
o] o | EEmews

pare the structure d

~ to calculate the point of ntersection to
- hullside fing overupper deck
{ no change for the side line )

Poop Deck’
@ Yes C No

to calculate the point of intersection to
e virtually extended hul side line aver

Upper deck

( possible to change the side line )

(unit: mj

<Poop Deck Center height> <Poop Deck Camber>

3) Poop Deck C.L g %

2O J fio

Poop Deck & F'CLE deck

MAGH DX Sl= deckl X2 J|g 8l
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7. 3D Viewer

M. Ship Master 3D Viewer

Ship name select

| SHIP-B =]
| | & SHAHIOA DesignSt HE 3DE =
Create 3D file —
Create Date = 2004-06-28 10:20 m = [:l-
3D Viewer | 30 &0l

Delete 3D file |

Exit

Poop Deck
Structure DefinitionOlAl Designst

Poop DeckE 3DE BHECH
F'CLE Deck

Structure DefinitionOllAl Designst

F ‘CLE DeckE 302 BEOW=ECH
Other Structure

Structure DefinitionOAl Designst
Other structureE 302 20 =CH

SRR e
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8. Hydrostatics Calculation

Hydro Statics Calculation (Ver 3.00)

ElEET
Ship name. | SHIP-B

Buoyancy from Midship (m) (@1

Calculation Range

Lower Draft (m) 1

L=182.0m
B=3226m Shell Thickness(mm) = [
D=171m [ Reel Thicknessimm) =
Keel Thickness(mm) = [18.5
d=12.019m —
Rudder Propeller
Height ~ Breadth Thickness
m {m) e Propeller Dia(m) 6.6
Top(8.46 4.9 0.833 Propeller Wi(t) |3
Bottorr [0.56 4.9 0.833 Shait CLH (m) [3.86

Buoyancy from Midship {m) [88.36

Step of cale.(m) 1

Upper Draft{m) 7.1 SG. [1028
Hydrostatics Curve
ot QAo  draftE Q=Eot
21 draft2 Hydrostatics =Xl

A

=2
= T

UL,

Hydrostatics calculation Ol= OFXISt
OZ2 ol= AHAHOIL.

OetA o 2 LIEHLI = Rudder ,
Propeller 12|31 Calculation Range=
Nse2 MH0l EXIBH Shelldt Keel

of SHE D¥X €SS2 X Y
Ol R &},
T ISR MHIUUS 2XES o

A 220 Tt =30l Jtsottt.

Execute HHES =021 Hydrostatics A
A2 GFOUEAH Ofeet 22 GraphE =2
%= QUCH.

ISy TRWm) T
o€ o T MR

704 )

PO LiMm) ATC(m) L
o4 J 25063 6507 |

~]>=10.08061

=) ’.!!ﬂmm- 160

W 5 m
T (e s
140} / / ) [0
130} / / |0
120 / / /o
10| / | A L110
102 / 0o
a0 | 7 0
80 | / // a0
0 | v 4 [za
80 | leo.
50 \ ’, [s0
s ‘\ //’ e
an | \ // lan.
i oo | 3
= el 2=
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9. Projection Area

Projection Area (Ver 3,00)
Exit Execute | Epd of Calculation. Graph

stonan: | os ] 21210l 2200 B 28 GO 9IRS
Input of side area and certer position . . =
from Base Line of deck structure, PFOJ eCt ion Area§ %- _/'k_ S\)}\ [:|_ .
Name [ Area(m2) ]G from BL{m)
Hull + F'cle Dk + Paop Dk 373329 10.71 —
F—— E T Ol CHHICl H<S Area st

= 2 SHHOIA A
ZIUE HIEOZ A=so2 MA0| =,
B.LOCZ2EH2 G2 Hel L&t ExecuteE =

d UHs22 MASHC.

O

>rojection Gr
Exit_| Print

DRAFT IN METER
L - - R

oL

(2) verticatin

tesi2 545 A=2&2 o =
W9] Projected AreaS ERHCE

O L

B I TR R,

w
ool 3OVANNS 43S0dXa g VY I II0N
8-dIHS
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10. Cross Curve

<Graph> Flooding Angle ‘ Cross Curve J Gz Curve

Shell Thickness= [17.5 {mm)
Assumed KG= |6 ()
L=182m B=32 26m D=17 Im
inflow point B(m) = |15
inflow point H(m) =[5

inflow point

z

el SR -0 2SS AH A
Ct.

Inflow pointE U5t H &
SHCY.

HAMECl GZ CurveE 20T
2t 2= 0tO, 2 BH==Z0iCH

O GZ Curvek B 0{=C}.

CURVE OF FLOODING ANGLE (Theta f) SHIP-B

85,000

80,00f
75,00

70,004
65,00

60,00
55,001

o

50,001
45,00

40,00
35,00

DISPLACEMENT (MT)

30,00f
25,004

20,00
15,004

10,004
5,00

T T T T T T T T T T T T
10 20 30
FLOODING ANCLE : Theta f (degrees

CROSS CURVES OF STABILITY (GZ CURVES) SHIP-B
(ASSUMED KG = 11.0m )

| ="
3 S 7
23 s
3 s 70
13 | —
El N B 5
LE|
3 I—
SE T T T T T T T T T T T T T T T
6 16000 26000 36000 46000 56000 66000 76000

DISPLACEMENT IN METRIC TONS

Ext Prnt__| - Displacement @ Oraft  Draft (m)=[11

GZ CURVE GRAPH  praf 00m
(ASSUMED KG = 11.0m)  Displacement = 55,704ton

5 o 15 20 25 5 40 45 50 55 60
ANGLE IN DEGRFES
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11. Gross tonnage

Gross tonnageE Al AHGH

= Hd0ITH

Tween Decker
Ces @ No

Total volume of all enclosed space

Total volume under upper deck
Name & Location Length(m)| Breadth (m)|

Height (m)] Volume (m3)

87182.922]
186.700]
204.251]

6.031]

Total volume above upper deck

Length(m)| Breadth(m)| Height (m)] Yolume (m3)

hul | & 2F Deck OtCHe

Main part(Lpp)

= (Stern)

Volume= Hl&tot0!  Otel o)
ot 22 2 =2 20
ZCt.Tween Deckerg &

Name & Location |
o F'cle part
_'_ Poop part
Tween Decker |y (W‘IW Depth{upper d
®Yes | Cho Depth(freehoard d

20| =S ot Mt

& =L,

Gross tonnage calculation (2).

Back Print

9556. 311
5421.069]

1)Volume A HDEEE, EiEVolume@aAhLET, 1
=) I I— ] V5
) Name & LocationifizZeH (- T ax. EQiTEDFLET.

1. Total volume of all enclosed space
() Total volume under upper deck

Name & Location

Length(m) Breadth(m) Height(m) Volume(m3)
87

Main part(Lpp) 182922
(Stern) 186.700
BowBulb) 204.251
(BowChock) 6.031
Sub Total 87579.904

(b) Total volume above upper deck

Name & Location

Length(m) Breadth(m) Height(m) Volume(m3)

F'cle part 9556.311
Poop part 5421.069
Sub total 14977.380

(0) Total volume of all enclosed space

Total volume under upper deck
Total volume above upper deck

87579.904 m3( 85.40%)
14977.380 m3{ 14.60%)

GRAND TOTAL

2. Gross tonnage calculation

102557.284 m3

(a) Conventional gross tonnage calculation (CGT) ---- International

CGT =Kl xV
V : Total volume of all enclosed space
V=102,557.284 m3
Kl= 0.2 + 0.02 x logl 0(V)
= 0.3002

CGT =Kl xV
= 30,787

JRE YT
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12. Speed Calculation

; EXIT

Ship Dimensions Sefting

Select —>|

Design Ship Dii Setting type ship
Ship Name [SHIP-B
Lpp 182.0 [m] cB 0.86949
Bmid| 3226 [m] Lcb ["=2.4801 [onLpp]
Dmid 171 [m] Vs (Estimated) 14 [knots]
- Input

Form Factor, ACf and

and Self

Condition No.1

Cond. Name
Disp. [%oFull

Cond. Name [BALLAST
pisp. | 50.0 [%Full

Cond.

Name [SCANTLING

Disp. [103.801 [o/oFull

Draft| 12.019 [m] Draft| 6353 [m] Draft| 12.36 [m]
Trim 0.0 [%] Trim | 1.82 [%] Trim | 3.64 [%]
o o
Cond. Name Cond. Name
Disp. [%oFull Disp. | [oFull
Draft | [m] Draft | [m]
Trim [%] Trim [*%]
= Main Engine and e i -
Particulars Proneller K, 2UCf, Factor Calculati Exit
Data Save Particulars
e Project Name  Lpp Bmid  Dmid Draft  CB  Lcb[%]
(Fled Damd) SHIP-E [ 182.0 [186.766 32.26 | 17.1 [12.019 0.86949 24801
Main Engine Data M/E CHART Propeller Data
Number i Number of Shafts emee () © m
© 1Engine  C 2Engine “1 2 —_
(Estimated Value]
Position Number of Blades ! r o
® Aft © Fore © Midship “a 5 * —_—
Pitch Ratio (*) [
TyRe Matsil Shaft Center Height 0 [m]
Turbine & Diesel © Mn-BC © AI-NI-BC (from B.L)
Design Point Round Prop. Diameter
& M.C.R. © N.O.R. (ex. 4.355m => 4.4m) (*) If 0 is inputted, the optimum valul
™  Yes Is calculated automatically.
nt
& I Input J, KT anc
MCR. Tnput = 9000 [hp] LRl
M.CR. Input - 100 [rp.am.] 2 I I I
[ #0 [ o I [ I
N.OR. [%M.C.R.] KQ T T T
SeaMargin | 15.0 [%]
RPM.Margin [ 30 [%]
Particulars Main Engine and Propeller K, ACE; Factors Calculation Exit
Data Save Particulars.
Project Name. Lpp Lwl  Bmld Dmld  Draft CB  Leb[%
Leizieds | SHIP-B 182.0 [186.766] 32.26 | 17.1 |12.019[0.86946-2.4801
Graph
Type of Cf Analysis
. - N o [ R | Scale Factor (Yazaki's Chart)
7 Schossharn JTTCASS o 2himansen " |ef t Corr. for Used Propeller in Model Test
Hughes ¢ Prandt-Schlichting * 3-Dimension ek | O | ek : Gorn for Special Condition
FULL LOAD BALLAST SCANTLING
K 0.46894 K 0.2636 K 0.51225 K K
Acf [0.09702 Acf [0.19702 ACf [0.08941 acf act |
e 0.0 el 00 e 0.0 el e
Condition-1 Condition-2 | Condition-3 | IL 1
Condition Name FULL LOAD
1 2 3 4 5 6
Fn 0.15) 0.16 0.17] 0.18] 0.19] 0.2
w 0.143] 0.278] 0.55] 0.929) 1.604| 3.004
1-wm 0.563] 0.563 0.563] 0.563] 0.563 0.563
1t 0772|0772 0772 __0772] 0772 0772
nt 101 .01 1.01 101 .01 101
Number of Vs |5 ~| (Range of Vs : 12.32 17 16.42)
1 2 3 4 5 6 9 10
Vs Tknots1 [ 125 [EREE] EREE] TS[ 155 76 T
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(1 Design SpeedS /= at] HA
ot dXtot= ConditionsE2 &t

LEO 829 3% A Balast
HEAIHEBEAEA 3IHKI Condition
= ASHotAUCH

tHeldol 3 & BIMel Type
shipZ=2 &&otn A8, S8
O B Chart &= S &6
Chart2| &< Database(l U= i

2 Design
DI-I|

shipOl

He E9It B

@
2AL0ILCF.
EngineData®t Prope
st

MZ Chart

PropellerOll CHSt datadt =

|ler DataZ

0

Engine datalt & SHCE.

Engine2l M.C.R powe
st

@® 2 Condition2
GraphE EUH=C,

=0
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<Rw Graph>

[ e
Exit CRw O 1-w( 1t 2 CK C 2cf x= o101 y=[ T.007
= % =t -t
108 1oo o8t o8t
o8 T + o8
1o+ T
o7 + om
1001 0w T o100
o7 T T o7
10T T oo
on T T on
s
089 t } f f f } 0o 076 } t } } t } 076
14 o1 016 017 o8 a9 02 21 m dis o1 017 ate o1 o2 021
Fn Fn

CRw C 1w 1t C Zr 6K C 2cf X=[ 91908 Y=/ 0330

K 3

08 08

o5 T + o5

o4 T + oo

0z + T 03 005 T T oo
0z + + + + + + 02 a0 } } } } } + 00

100 500 00 700 800 00 o o 500 600 700 ano 00 1000 1100
Disp (%] Disp [X]

< K Graph > < ACF Graph >
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2 Speed Calculation

Particulars

Main Engine and Propeller K, 2UCf, Factors Calculation Exit

IDENTIFICATION:

PROJECT
SHIP MODEL No.

Execute

Graph Excel Output |  Type Ship Registration

Condition
@ FULL LOAD

© FULL

SHIP-A

LPP  6.000 (m)
SCALE FACTOR

PROPELLER:

NUM. OF PROP.
NUM. OF BLADES 4

BLADE SECTION

MATERIALS
OPTIMUM DIA.
DESIGN POINT 66 20kW(9000ps)* 1 FRICTION COEFFICIENT CF:

© BALL

SHIP: FULL LOAD (100.0%

LENGTH PP 182.000 (m)
LENGTH WL 186.766 (m)
BREADTH 32.260 (m)
30.33 DEFTH 17.000 (m)
DRAFT FWD 12.000 (m)

DRAFT MID 12.000 (m)

DRAFT AFT 12.000 (m)

1

MAU

WETTED S.A. 9405.3 (m2)
DISPLACEMENT 60739.3 (m3)
CB 0.8621

Al-Ni-BC LC.B. (%Lpp) -2.462

6.450 (m) SHAFT CENTER HEIGHT 3.290 (m)

100.0 + 3.0 rpm SCHOENHERR
ACTUAL DIA. 6.400 (m) SALT WATER
E. A.R. 0410 3-DIMENSIONAL ANALYSIS
PITCH RATIO 0.656 FORM FACTOR 0.443
SHIP MODEL:

Fn Rn(E+6G) Cf(E-3) 'W(E-3)} 1-T 1-WM ETAR
0.150 6.301 3.167 0.144 0.776 0.570 1.010
0.160 6.721 3.132 0.280 0.776 0.570 1.010
0170 7.141 3.101 0.554 0.776 0.570 1.010
0.180 7.561 3.071 0.935 0.776 0570 1.010
0.190 7.981 3.044 1.615 0.776 0.570 1.010
0.200 8401 3.018 3.024 0.776 0.570 1.010

SPEED ESTIMATION:

DHP/BHP = 0.970 DCF = 0.097 E-3 ei=1.158 €j=0.960
Vs Fn Rn(E+9)Cf(E-3)

knots

12.50 0.150 1.011
13.00 0.156 1.051
13.50 0.162 1.091
14.00 0.168 1.132
14.50 0.174 1.172
15.00 0.180 1.213
15.50 0.186 1.253
16.00 0.192 1.294

kw

1
1
1
1
1
1
1
1

529
522
515
508
502
495
490
484

Vs(kts) ETA ETAP ETAH
12.50 0.681 0.568
13.00 0.680 0.567
13.50 0.679 0.566
14.00 0.676 0.563
14.50 0.672 0.560
15.00 0.668 0.557
15.50 0.661 0.551
16.00 0.652 0.544

MCR
NOR
SM(15.0)

BHP

224
224
224
224
224
224
224
224

Vs

EHP BHP N Cadm

s kW ps rpm

3017 (4102) 4432 (6026) 904 509.1
3409 (4635) 5011 (6813) 94.1 506.5
3865 (5256) 5697 (7746) 98.1 499.0
4393 (5972) 6502 (8841) 102.4 487.6
4987 (6781) 7419(10087) 106.8 474.8
5690 (7736) 8523 (11589) 111.5 4575
6535 (88806) 9889(13445) 116.9 435.1
7672(10431) 11773 (16007) 123.0 401.9

1-Ws | KT(E-T)KQ(E-2) T() Q(t-m)

0.634 0.423 1.549 1.836 61.65 46.79
0.634 0.422 1.552 1.839 67.00 50.80
0.634 0.421 1.559 1.845 73.14 55.40
0.634 0.418 1.569 1.854 80.15 60.60
0.634 0.415 1.581 1.864 87.86 66.31
0.634 0.411 1.598 1.879 96.90 72.91
0.634 0.405 1.616 1.892 107.71 80.70
0.634 0.398 1.661 1.935 122.49 91.31

Fn  RATE OF REVS.

6620kw (9000ps) 14.07kts 0.169 102.9rpm
5627KW (7650ps) 13.45kts 0.162 97.7rpm
4893kwW (6652ps) 12.90kts 0.155
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13. Ship Speed check

m, < Ship speed check >

Graph data edit

Mco

Ship name [SHIP-A
Ship kind Bulk NOR/MCO (%) Lpp-Vs graph
P=[ 85
Lpp (m) 182 R Cadmi graph
3226 ea Margin (%) -
B mid (m) i s
design draft(m) 12
draft Displt | Vs 7 NOR
(m) €8 | ttons) | tknots) | ™ | Psn | kw I Psm | kw

12,000 08411 60741
12,000 08411 60741
4110 07872 19471

2% Ve 2
ps'= Displt %vs
Cadmi

(NOR) PSn=PS'x (1+C1100)
(MCO) PSm=PSn/ (P1100)

0K S Z Design ship2l SpeedE
checkol= EHAHIOICH.
2E HI =2z

o4

—

OfcHel GraphE &4
CHAHOICH.

RN

$0

tO4 Hl

[e]]
S
ol
rr
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M4z &2 2

Type 2 <F 8.7%

o 5.5%,
= 20l =2 Type 10| Type 22CH
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Reamer £ Al

b
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&3 Buttock line0l &

otALtH.

=
S

Kl

ol

ok

2. 6,950

226t X2H0AM ANSYS

o)

s

al

S

90%

OfLt,

%S
B3 224%  Radar Mast

o
T

0

Ju

ALDoSEAHUA HF=F,

M0

0122

2+

ol ol

6594-2000" J|&gtdt Hl
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Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

1 Definition of ice parameter
2 Reamer type 1
3 Reamer type 2

4 Reamer 1 2} Reamer 2 &AHH| W)
5 Reamer Type 12 28 M
6 Reamer Type 25 e

JUJg o o
x

z

2
7 M Hlw
imi

8 ®=0t= di

M
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Ot HIWE (d=6.8n , SHI:KW)

P Bare hull with Reamer Typel with Reamer Type?2

T FHP EHP EHP
9Knots 427 479 (12%) 467 (9%)
10Knots 597 610 (2%) 670 (12%)
11Knots 836 969(16%) 1006 (20%)
12Knots 1136 1233 (8%) 1282 (12%)
13.5Knots 1754 1850 (5%) 1900 (8%)

Fel
N
I
H1
He
10
foh

Ot HIWE (d=7.3m, SHI:KW)

P Bare hull with Reamer Typel with Reamer Type?2

T EHP EHP EHP
9Knots 449 503 (12%) 526 (17%)
10Knots 609 671 (2%) 737 (21%)
11Knots 862 1022 (18%) 1053 (22%)
12Knots 1222 1280 (4%) 1438 (17%)
13.5Knots 1874 1926 (2%) 2455 (30%)
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n = Dynamic Amplifier Coefficient
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4.1.2 H&HE Dt
SR SH0IRZE29 DIRNSHE H 4.12 9 2L
4.1.3 2H&ICHA
SH H0IRESO WX (S H4.13 Db 20,
4.2 Radar Mast
4.2.1 Radar Mastol GHAD2E L GHAZD= Figure 4.1 & 4.2 =X,
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H1.1 A2HHIS

M & (L.OA ), m 109.0
=62V (L.B.P. ), m 95.0

S =Z (Bmld ), m 19.0

& 20!l ( Omld, Main Deck ), m 9.9

S 4 ( Draft ), m 7.5

=G ( Speed ), knots 12.0
FI|& ( Main Engine) 6L42MC/ME-MKG , MAN

H2. 1 Z2EY IS gEitz

T2 82 Type FPP
T2EH = 1

T2EH HE, 4.0
T4 YO %~ (2) 4

Norminal RPM ( n ) 176
IXl 8l ( Po7/D ) 0.99
SEHAY ( A/A ) 0.57
=5 (Vs ), m/sec 12.0
Aot 242 2t (d), m 0.93
ZIOErR 2L ( Wuax ) 0.5
S22 (W) 0.2
T28 =5 SANK A0 (H ), m 3.5

H2.2 |2 M

L42MC Two-Stroke Engine
No. of Cycle : 6, Firing Order 1-5-3-4-2-6
External Moments [KNm] 2nd order 487
Guide Force H-Moments [KNm] 6th order 213
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2.3 HEs4
PRI
(1) g2, kgf/mm’ 2.1x10*
(2) ZOtSH| 0.3
(3) £&, Kg/mm’ 7.85x10°
- o4 L&, Kg/mm’ 1.025x10°

H2.4 & DRISH [Hz]
No. of Tones Full Load Condition 90% Consumed Condition
Vertical Vib.|Traverse Vib.| Vertical Vib |Traverse Vib.
1 Tone 3.15 3.50 3.7 4.18
2 Tone 5.20 6.75 5.9 7.70
3 Tone 7.00 9.75 7.6 11.9
4 Tone 8.25 9.6
5 Tone 10.5 11.1
6 Tone 11.5
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225

S 2HESoH4A ( Full Load Condition )

Global Hull Girder Vibration r.ms. Velocity in mmy/'s on Upper Deck - Full Loaded Condition

Theoretical Frame Nurmber

Freq.

-l0j00| 15456 | 7| 8 |95 11 | 12| 13|14 |15 16 175

19

Coordinates X off CL. in m

0.000 | 0.000 | 0.000 | 0.000 | -210 | 210 | 210 | 2210 | -210 | 210 | 210 | 210 | 210 | -2.10 | 0.000

0.000

0.000

58 | VX

0.015 | 0.016 | 0.015 | 0.022 | 0.015| 0.009 | 0.006 | 0.008 | 0.005 | 0.001 | 0.009 | 0.013 | 0.015 | 0.018 | 0.025

0.031

0.036

2.051 | 1.502 | 0.527 | 0.758 | 0.485|0.209 | 0.043 | 0.098 | 0.162 | 0289 | 0.318 | 0253 | 0.114 | 0.078 | 0.623

1.050

1432

0262 | 0258 | 0201 | 0.067 | 0.059 | 0.044 | 0.023 | 0.023 | 0.028 | 0.019 | 0.012 | 0.038 | 0.058 | 0.074 | 0.093

0.102

0.112

1L.7] VX

0.143 | 0.117 | 0.089 | 0.061 | 0.079 | 0.0%4 | 0.106 | 0.082 | 0.065 | 0.061 | 0.091 | 0.101 | 0.081 | 0.041 | 0.063

0.187

0326

z

1767 | 0.834 | 0988 | 0236 | 0.176 | 0.118 | 0.078 | 0.016 | 0.012 | 0.014 | 0.002 | 0.020 | 0.033 | 0.038 | 0.035

0.030

0.156 | 0.156 | 0.130 | 0.101 | 0.104 | 0.093 | 0.076 | 0.043 | 0.037 | 0.028 | 0.024 | 0.028 | 0.031 | 0.034 | 0.022

0.02

0.021

176 | VX

0.130 | 0246 | 0.132 | 0.397 | 0410 | 0.424 | 0474 | 0.549 | 0.506 | 0369 | 0.251 | 0.237 | 0206 | 0.155 | 0.052

0.072

0.172

z

00520113 | 0.115 | 0.116 | 0.182 | 0.248 | 0.352 | 0.041 | 0.026 | 0.044 | 0.030 | 0.032 | 0.035 | 0.013 | 0.018

0.023

0.021

0.057 | 0.059 | 0.051 | 0.042 | 0.037 | 0.032 | 0.025 | 0.021 | 0.020 | 0.013 | 0.005 | 0.002 | 0.002 | 0.004 | 0.005

0.005

0.006

24| VX

0.086 | 0.085 | 0.068 | 0.055 | 0.039 | 0.042 | 0.036 | 0.047 | 0.047 | 0.033 | 0.017 | 0.014 | 0.015 | 0.018 | 0.014

0.007

0.006

=z

1.737 | 1.459 | 0.788 | 0.026 | 0.043 | 0.051 | 0.032 | 0.015 | 0.014 | 0.006 | 0.004 | 0.005 | 0.004 | 0.004 | 0.002

0.006

0.012

0.079 | 0.074 | 0.046 | 0.058 | 0.043 | 0.035 | 0.030 | 0.016 | 0.014 | 0.009 | 0.009 | 0.012 | 0.016 | 0.019 | 0.024

0.026

0.027
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26 dMZHME=HA ( 90% Consumed Load Condition )

Global Hull Girder Vibration r.ms. Velocity in mm/'s on Upper Deck - 90% Consumed Load Condition

Theoretical Frame Number

Freq.

-1.0

0.0

L5

45

7

95

11

12

14

15

16

17.5

19

20

Coordinates X off C.L.

in m

0.000

0.000

0.000

0.000

-2.100

-2.100

-2.100

-2.100

-2.100

-2.100

-2.100

-2.100

-2.100

-2.100

0.000

0.000

0.000

5.8

0.137

0111

0.075

0.073

0.082

0.092

0.0%4

0.149

0.168

0.206

0.240

0233

0.189

0.150

0.074

0.072

0.056

10.886

8544

4.622

2281

2.853

2712

1.873

0.822

1.177

1716

1753

1.351

0.603

0415

3225

5373

7357

1.191

1.167

0.961

0428

0.400

0.340

0.280

0.060

0.056

0.083

0.179

0.296

0387

0.465

0.549

0.592

0.642

1.7

0.143

0.117

0.089

0.061

0.079

0.0%4

0.106

0.082

0.065

0.061

0.091

0.101

0.081

0.041

0.063

0.187

0.326

1.767

0.834

0.988

0236

0.176

0.118

0.078

0.016

0.012

0.014

0.002

0.020

0.033

0.038

0.035

0.030

0.020

0.156

0.156

0.130
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3.1 WO NoFSA
. Thickness; Fr. Spacin
Location P & Natural Freq.[Hz]
[mm]
Compass Deck Anywhere 5 750 18.6
Navigation Bridge Anywhere 5; 750 18.6
Captain Deck Anywhere 6 ; 750 22.4
0~12 Fr. .
F'cle Deck In other 2 K %8 %%i
regions > ’
Upper Deck Anywhere 7 ; 700 29.8
0~12 Fr.
Main Deck In other 60 770000 g%g
regions )
70~120 Fr. 10 ; 750 373
2nd Deck 62~70 Fr. 7 5 750 26.1
H3.2 28 22 DRSS
Location Profile Natural Freq.[Hz]
Compass Deck Anywhere 65 x 65 x 6 E.A. 10.9
Navigation Bridge Anywhere 65 x 65 x 6 E.A. 10.9
Captain Deck Anywhere 65 x 65 x 6 E.A. 10.9
108~120 Fr.
F'cle Deck In other 2(5) ); 2(5) ); ; Eﬁ %g?
regions o )
34~96 Fr.
Upper Deck In other 1255 75 x 10 UA 234
regions
0~12 Fr.
Main Deck In other 112255 XX 7755 ); 170 [}J : %%g
regions o )
2nd Deck 70~120 Fr. 250 x 90 x 10/15 LA. 54.1
na bee 62~70 Fr. 125 x 75 x 7 U.A. 23.4
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H3.3 2 SZE(Grillage)l DRSS
Accommodation Location Group Frequency [Hz]
1 [M.C. Compass Deck, 96~116 Fr. 2 17.1
2 |Navigation Bridge Navigation Br. Deck, 108~116 Fr. 2 12.3
3 |Training Bridge Navigation Br. Deck , 93~106 Fr. 1
4 |Multimedia Salon Navigation Br. Deck , 93~106 Fr. 1
5 |Captain Room,Chief Room |Captain Deck, 108~117 Fr. 2 15.7
6 |VIP Room Captain Deck, 98~106 Fr. 2 15.7
7 |Doctor Room Captain Deck, 66~72 Fr. 2 15.7
8 |[Salon & Conference F'cle Deck, 98~108 Fr. 2 21.1
9 |Instructor Rooms F'cle Deck, 61~78 Fr. 2 25.4
10 |Seminar Room F'cle Deck, 0~20 Fr. 2 20.9
1 Iciggginrgeslt{oix%o.l Upper Deck, 114~123 Fr. 1
12 |General Office Upper Deck , 20~23 Fr. 1
13 |Lavatory Upper Deck, 98~103 Fr. 1
14 |Crew Rooms Upper Deck, 34~68 Fr. 1
15 |Reading Room No.2 Main Deck 120~133 Fr. 1
16 |Cadet Rooms Main Deck, 40~44 Fr. 1
17 |Lecture Hall No. 2 Main Deck, 12~20 Fr. 2 36.4
18 [Vegetable Main Deck , -3~9 Fr. 1
19 |Gymnasium 2nd Deck, 120~133 Fr. 1
20 |Cadet Rooms 2nd Deck , 70~74 Fr. 1
21 |Engine Control Room 2-nd deck, 62~70 Fr. 2 17.0
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H3.4 A7 ZH dSHL 210

Frequency-weighted r.m.s. Group of
Accommodation velocity level [mm/s] acco:lmll(sxg;ltion H:g)rﬁizlcl)ﬁy
FLC 90% CLC 6954-2000
I M.C 2.03 1.72 C Adm.
2 |Navigation Bridge 1.80 1.38 C Adm.
3 |Training Bridge 0.10 0.23 C Adm.
4 |Multimedia Salon 0.10 0.23 B Adm.
5 |Captain Room,Chief Room 0.82 3.16 B Adm.
6 |VIP Room 0.89 1.17 A Adm.
7 |Doctor Room 0.82 2.36 B Adm.
8 |Salon & Conference 0.27 1.16 B Adm.
9 |Instructor Rooms 0.48 0.93 B Adm.
10 |Seminar Room 2.97 5.72 C Adm.
1 Ezgznfgesl;oi:r;ol 0.90 481 B Adm.
12 |General Office 0.90 4.83 C Adm.
13 |Lavatory 1.56 4.53 C Adm.
14 |Crew Rooms 0.43 1.09 B Adm.
15 |Reading Room No.2 0.93 3.42 C Adm.
16 |Cadet Rooms 1.15 2.1 B Adm.
17 |Lecture Hall No. 2 1.7 3.83 C Adm.
18 [Vegetable 2.62 9.13 C Not Adm.
19 |Gymnasium 0.9 4.9 B Adm.
20 |Cadet Rooms 0.41 2.46 B Adm.
21 |Engine Control Room 2.69 2.29 C Adm.
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H4.1 oS Z: Shell Fr. 078, 1200 & 3500 off C.L.

BOUNDARY CONDITIONS

For plates : simply supported.

DIMENSIONS
PLATE:
The short side (mm) 610
The long side (mm) 2800
Thickness (mm) 15

FLUID: From two sides
Gravity of the first side fluid (xg/m3) 1030
Gravity of the second side fluid (xg/m3 1030

Running Regime (rpm) 176

Order of Exciting Force 8

H4.2 S8 USRS Shell Fr. 2712, D.W.T.(P/S)

BOUNDARY CONDITIONS
For plates : fixed along the long sides, simply supported on the short sides.
For stiffeners: simply supported on the stringer and fixed on the floors.

DIMENSIONS
PLATE:
The short side (mm) 610
The long side (mm) 3500
Thickness (mm) 11
STIFFENERS:

250 x 90 x 10/15 LA.

Moment of Inertia (m") 10.30 x 107
FLUID: From two sides

Gravity of the first side fluid (xg/m3) 1030
Running Regime (rpm) 176
Order of Exciting Force 8
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H4.3 oL X2: Transverse BHD, Fr.1, A.P.T.(P/S)

BOUNDARY CONDITIONS

For stiffeners: simply supported.

For plates : fixed along the long sides, simply supported on the short sides.

DIMENSIONS

PLATE:

The short side (mm) 700
The long side (mm) 2300
Thickness (mm) 10
STIFFENERS:

200 x 90 x 10/14 LA.

Moment of Inertia (m4) 532 x 107

FLUID: From two sides
Gravity of the first side fluid (xg/m3) 1030
Gravity of the second side fluid (xg/m3) 1030

Running Regime (rpm) 176

Order of Exciting Force 8
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H4.4 o8& X=: Longitudinal Wall of D.W.T. (P/S), Fr. 1712, 3500 off

C.L.
BOUNDARY CONDITIONS
For plates : fixed along the long sides, simply supported on the short sides.
For stiffeners: simply supported on the main deck & fixed on the floors.
DIMENSIONS
PLATE:
The short side (mm) 610
The long side (mm) 2650
Thickness (mm) 10
STIFFENERS:
200 x 90 x 10/14 1.A.
Moment of Inertia (m®) 557 x 10°
FLUID: From two sides
Gravity of the first side fluid (xg/m3) 1030
Gravity of the second side fluid (kg/m3) 1030
Running Regime (rpm) 176
Order of Exciting Force 8

tEl

4.5 o2 Xt2: Floors Fr. 23734, No.6 H.F.0.T.(C)

BOUNDARY CONDITIONS

For stiffeners: simply supported.

For plates : fixed along the long sides, simply supported on the short sides.

DIMENSIONS

PLATE:

The short side (mm) 700
The long side (mm) 1400
Thickness (mm) 10
STIFFENERS:

125 x 10 F.B.

Moment of Inertia (m4) 533 x 10°

FLUID:

From two sides

Gravity of the first side fluid (xg/m3) 800
Gravity of the second side fluid (xg/m3) 800
Running Regime (rpm) 176
Order of Exciting Force 4
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4.6 &A=& XE: Center Girder

Fr. 23734, No.6 H.F.0.T.(C)

BOUNDARY CONDITIONS

For plates : fixed along the long sides, simply supported on the short sides.
DIMENSIONS
PLATE:
The short side (mm) 750
The long side (mm) 1400
Thickness (mm) 12
FLUID: From two sides
Gravity of the first side fluid (xg/m3) 800
Gravity of the second side fluid (xg/m3) 800
Running Regime (rpm) 176
Order of Exciting Force 4

tHl

4.7

o]l

HAl2d X2 Double Bottom Fr. 23734, No.6 H.F.0.T.(C)

BOUNDARY CONDITIONS

For plates : fixed along the long sides, simply supported on the short sides.
DIMENSIONS
PLATE:
The short side (mm) 750
The long side (mm) 3500
Thickness (mm) 13
FLUID: From two sides
Gravity of the first side fluid (xg/m3) 800
Gravity of the second side fluid (xg/m3) 800
Running Regime (rpm) 176
Order of Exciting Force 4
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Hl
o

4.8

He Q& X2 Longitudinal Wall, Fr. 23734, No.5 H.F.0.T.(S)

BOUNDARY CONDITIONS

For stiffeners: simply supported.

For plates : fixed along the long sides, simply supported on the short sides.

DIMENSIONS
PLATE:
The short side (mm) 750
The long side (mm) 4000
Thickness (mm) 10
STIFFENERS:
250 x 90 x 10/15 LA.
Moment of Inertia (m®) 1.04 x 10*
FLUID: From one sides
Gravity of the first side fluid (xg/m3) 800
Running Regime (rpm) 176
Order of Exciting Force 4

H4 9 oi&deXt=: Shell Fr. 23734, No.5 H.F.0.T.(P/S)

BOUNDARY CONDITIONS

For stiffeners: fixed.

For plates : fixed along the long sides, simply supported on the short sides.

DIMENSIONS
PLATE:
The short side (mm) 750
The long side (mm) 3500
Thickness (mm) 11
STIFFENERS:
150 x 90 x 12 U.A.
Moment of Inertia (m4) 1.70 x 107

FLUID:

From two sides

Gravity of the first side fluid (xg/m3) 1030

Gravity of the second side fluid (xg/m3) 800
Running Regime (rpm) 176
Order of Exciting Force 6
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Hl
o

4.10

Hed e Xt=: Shell Fr. 34746, No.3 H.F.0.T.(P/S)

BOUNDARY CONDITIONS

For stiffeners: fixed.

For plates : fixed along the long sides, simply supported on the short sides.

DIMENSIONS
PLATE:
The short side (mm) 750
The long side (mm) 3500
Thickness (mm) 11
STIFFENERS:
150 x 90 x 12 U.A.
Moment of Inertia (m®) 321 x 107
FLUID: From two sides
Gravity of the first side fluid (xg/m3) 1030
Gravity of the second side fluid (kg/m3) 800
Running Regime (rpm) 176
Order of Exciting Force 6

H4.11 ol L2 Transverse BHD, Fr. 46, No. 3 & 5 H.F.0.T.(P/S)

BOUNDARY CONDITIONS

For stiffeners: fixed.

For plates : fixed along the long sides, simply supported on the short sides.

DIMENSIONS
PLATE:
The short side (mm) 750
The long side (mm) 2200
Thickness (mm) 10
STIFFENERS:
150 x 90 x 12 U.A.
Moment of Inertia (m") 8.694 x 10~

FLUID:

From one sides

Gravity of the first side fluid (xg/m3) 800
Running Regime (rpm) 176
Order of Exciting Force 6
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H4.12 H0IRE29 RS>

Construction Natural Frequency Yield Factor
[Hz]
1 Shell Fr. 0~8, 1200 & 3500 off C.L. 46.1 1.96
Shell Fr. 2~12, D.W.T.(P/S)
2 Plates 45.2 1.93
Stiffeners 33.5 1.43
Transverse BHD, Fr.1, A.P.T.(P/S),
3 Plates 23.63 1.01
Stiffeners 26.0 1.11
Longitudinal Wall of D.W.T.(P/S)
4 Fr. 1~12, 3500 off C.L.
Plates 30.6 1.31
Stiffeners 31.95 1.36
Floors Fr. 23~34, No.6 H.F.O.T.(C)
5 Plates 33.28 2.84
Stiffeners 28.7 2.45
6 Center Girder Fr. 23~34, No.6 H.F.O.T.(C)
plate 33.45 2.86
7 D/Bottom Fr. 23~34, No.6 H.F.O.T.(C)
Plates 30.0 2.56
Longi. Wall, Fr. 23~34, No.5 H.F.O.T.(S)
8 Plates 24.17 2.07
Stiffeners 24.0 2.04
Shell, Fr. 23~34, No5 H.F.O.T.(P/S)
9 Plates 22.0 1.88
Stiffeners 154 1.3
Shell Fr. 34~46, No3 H.F.O.T.(P/S)
10 Plates 22.7 1.29
Stiffeners 23.3 1.32
Trans. BHD, Fr. 46, No.3&5 H.F.O.T.(P/S)
11 Plates 28.3 1.92
Stiffeners 48.0 2.73
Trans. BHD, Fr. 12, D.W.T. (P,S,T)
12 Plates 353 1.5
Stiffeners 42.0 1.79
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H4.13 HOIRE29 &
Construction Recommendation
Replace: BHD PL.THK. from 10 to 13 mm
within D.W.T(P,S,C) (0+8900) off C.L.
T BHD, Fr.l, D.W.T.
1 (lfaglscv)erse o Frl DW p place: BHD STIFF. from 200x90x10/14 LA to
7 250x90x10/15 LA  within D.W.T(C)
(0,£3500) off C.L
Longitudinal Wall D.W.T(P,S,C), )
2 Fr. 1~12(£3500 off C.L) Replace: BHD PL.THK. from 10 to 11 mm
3 Shell, Fr. 23~34, No.5|Replace: Ordinary Fr. from 125x75x10 U.A to
H.F.O.T.(P/S) 200x90x10/14 I.A (T.Top ~ 2ND Deck)
4 Shell, Fr. 34~46, No.3|Replace: Ordinary Fr. from 150x90x12 U.A to
H.F.O.T.(P/S) 200x90x10/14 1.A (T.Top ~ 3600 A/B)

H 4.14 Radar Mastl LN/ &SH HAZ D

Natural Frequency, Hz Description of Mode
1 10.2 Traverse Vibration
2 10.8 Longitudinal Vibration
3 16.7 Symmetrical Vibration of the Upper Platform
4 17.2 Anti-symmetrical Vibration of the Upper Platform

- 116 -




Figure 2.1 Whole Model Figure 2.2 Shell 4 Elements
( Port only, Half Symmetric from C.L. ) : B.L. ~ Tank Top

Figure 2.3 Elements on Tank Top Figure 2.4 Shell 4 Elements :
Tank Top~2nd Dk

Figure 2.5 Beam 4 Elements Figure 2.6 Shell 4 Elements
:Tank Top~2nd Deck 2nd Deck
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Figure 2.7 Beam4 Elements
. 2nd Deck

Figure 2.9 Beam4 Elements
: 2nd deck ~ Main Deck

2]

Figure 2.8 Shell4 Element
. 2nd Deck~Main Deck

L’

Figure 2.10 Shell4 Elements

. Main Deck

Figure 2.11 Beam4 Elements

- Upper Deck

Figure 2.12 Shel 14 Elements
: Main Deck ~ Upper Deck



\(\\\\\J
Figure 2.13 Beam4 Elements
: Main Deck ~ Upper Deck

AN
Figure 2.15 Beam4 Elements
- Upper Deck
Y \\
\ T\ i \’\\ !
W

Figure 2.17 Beam4 Elements
: Upper Deck ~ F'cle Deck
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Figure 2.14 Shel |4 Elements
: Upper Deck

Figure 2.16 Shell4 Elements
Upper Deck ~ F'cle Deck

Figure 2.18 Shel 14 Element

: F'cle Deck



AN
=z

Figure2.19 Beam4 Elements Figure 2.20 Shel |4 Elements

: F'cle Deck : F'cle Deck ~ Captain Deck

AN

Figure 2.21 Shell4 Elements Figure 2.22 Beam4 Elements

. Captain Deck . Captain Deck

AN AN

Figure 2.23 Shel 14 Elements Figure 2.24 Shel 14 Elements
. Captain Deck ~ Nav. Bridge Deck : Nav. Bridge Deck
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Figure 2.25 Beam4 Elements
: Nav. Bridge Deck

Figure 2.27 Shell4 Elements

. Compass Deck

Figure 2.26 Shell4 Elements

: Nav. Bridge Deck ~ Compass Deck
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. Compass Deck
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Figure 2.29 The 1st Tone Mode of Hull Vertical Free Vibration
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Figure 2.30 The 2nd Tone Mode of Hull Vertical Free Vibration
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Figure 2.31 The 3rd Tone Mode of Hull Vertical Free Vibration
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Figure 2.32 The 4th Tone Mode of Hull Vertical Free Vibration
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Figure 2.33 The 5th  Tone Mode of Hull Vertical Free Vibration
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Figure 2.34 The 6th Tone Mode of Hull Vertical Free Vibration
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Figure 2.35 The 1st Tone Mode of Hull Traverse Free Vibration

AN

JUL 20

DISPLACEMENT

STEP=14

Zoog
iDi1l

11:

]
=]
|
]
=
o
-
i

FREQ=G.T5

Dol

SUE =1

Figure 2.36 The 2nd Tone Mode of Hull Traverse Free Vibration
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Figure 2.37 The 3rd Tone Mode of Hull Traverse Free Vibration

Figure 2.38 Global Hull 2nd Order Vibration Response. FLC
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Figure 2.39 Global Hull 4th Order Vibration Response.FLC
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Figure2.40 Global Hull 6th Order Vibration Response. FLC
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Figure2.41 Global Hull 8th Order Vibration Response. FLC
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Figure2.42 Global Hull 2nd Order Vibration Response. 90% CLC
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Figure2.45 Global Hull 8th Order Vibration Response. 90% CLC
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Figure 3.1 H=7 2 & Grillages oHA 22 & Z 1t

Compass Deck, 96 ~ 116 Frame.
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Results

Natural Freguency 17.1 Hz

Results

Figure 3.2 == 2B Grillages of&22 &

Navigation Bridge, 108 ~ 116 Frame.

AN

JUL 8 2004
16:29:32
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3500 0/C

CL

Calculation Model

JUL - 8 2004

Free Mode

Natural Frequency 12.3 Hz
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Figure 3.3 H=7 2+EF Grillages oH& 22 & Z 1}

Captain Deck, 108 ~ 117 Frame.
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Figure 3.4 H=7 28 Grillages oH&A 22 & Z 1}

Navigation Bridge, 98 ~ 108 Frame. (P.S )

BLEMENTS
JUL 92004
RERL KM 11:54:00

3500 0/C

7000 0/C

Calculation Model
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Results

Natural Freguency 15.7 Hz
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Figure 3.5 H==7 28 Grillages
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Figure 3.6 H==F

Results

Natural Frequency

25.4 Hz
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Figure 3.8 H=7 2tE Grillages A2
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Main Deck, 12 ~ 23 Frame
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Figure 4.1 Calculation model.

a) all elements: b) beam elements

Traverse vibration

Longitudinal vibration

Symmetrical vibration of the upper
platform

Anti—symmetrical vibration of the upper
platform
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Figure 4.3 Radar Mast2| 2F&ICH2H
R AN
Figure 4.4 Calculation model of the funnel (half)
a) shell elements; b) beam elements
aTERe JUL 17 2004

13:ame4
FREQ=17. 651
BRE =.0z7438

Figure 4.5 Free mode of the funnel
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