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Ch. 1 Introduction to Ship Design

1. Main Terminology

2. Basic Functions of a Ship

3. Comparisons of a Ship with Other Structures
4. Construction Procedure of a Ship

lnnovative Ship and Offshore Plant Desian, Spring 2016, Myung. ILRoh ’!dl“b 3

1. Main Terminology
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Principal Dimensions (1/2)
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Lwl
M LOA (Length Over All) [m]: Maximum Length of Ship
[m]
W A.P.: After perpendicular (normally, center line of the rudder stock)
B F.P.: Inter-section line between designed draft and fore side of the stem, which is
perpendicular to the baseline

M Lf (Freeboard Length) [m]: Basis of freeboard assignment, damage stability calculation

W 96% of Lwl at 0.85D or Lbp at 0.85D, whichever is greater
M Rule Length (Scantling Length) [m]: Basis of structural design and equipment selection

B Intermediate one among (0.96 Lwl at Ts, 0.97 Lwl at Ts, Lbp at Ts)
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Principal Dimensions (2/2)
% = B (Breadth) [m]: Maximum breadth of the ship, measured
amidships

- Browged: €xcluding shell plate thickness

o] - Bextreme: including shell plate thickness

= D (Depth) [m]: Distance from the baseline to the deck side
line

yeiq iy

- Dinotded: €xcluding keel plate thickness
- Dextreme: including keel plate thickness

= Td (Designed Draft) [m]: Main operating draft
- In general, basis of ship’s deadweight and speed/power
performance

CARLO LD

udeg

= Ts (Scantling Draft) [m]: Basis of structural design

[ yeld

A e TR e B
Breadth

= Air Draft [m]: Distance (height above waterline only or including operating draft) restricted by the port
facilities, navigating route, etc.
- Air draft from baseline to the top of the mast
- Air draft from waterline to the top of the mast
- Air draft from waterline to the top of hatch cover
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Weight and COG (Center Of Gravity)

[ton]
B Weight of water displaced by the ship’s submerged part

(DWT) [ton]: Cargo payload + Consumables (F.O., D.O., L.O.,
F.W., etc.) + DWT Constant
= Displacement - Lightweight

M Cargo Payload [ton]: Weight of loaded cargo at the loaded draft

M DWT Constant [ton]: Operational liquid in the machinery and pipes,
provisions for crew, etc.

(LWT) [ton]: Total of hull steel weight and weight of equipment
on board

M Trim: difference between draft at A.P. and F.P.
B Trim = {Displacement x (LCB - LCG)} / (MTC x 100)

M LCB: Longitudinal Center of Buoyancy

M LCG: Longitudinal Center of Gravity

* F.O.: Fuel Oil, D.O.: Diesel Qil, LO.: Lubricating Oil, F.W.: Fresh Water Vi dlﬂb 7
Junovarive Shio and Qffshore Plant Desian, Soring 2016 Myung:ll Roh yeiad v |

Hull Form Coefficients (1/2)

under water e
hull for:n\ e
/ / = Displacement / (L x B x T x Density)
i where, density of sea water = 1.025 [Mg/m?3]
e /
e \'//
/
“ L// /
/
i
B

Ay: Maximum transverse

underwater area —< = C,, (Midship Section Coefficient)
under water A\ - . = AM / (B X T)
hull f(;im ‘1 it \H I /A
\ e Il / m C, (Prismatic Coefficient)
k i = Displacement / (Ay x L x Density)
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Hull Form Coefficients (2/2)

Ayp: Area of

= C,p (Water Plane Area Coefficient)

the water plane
== = Awp / (L X B)
- = (
,,,Lﬂ = - \\underwaler
< B ya hull form
unovative Ship and Offshore Plant Desian, Spring 2016, Myung:Il Roh ’!d: lab »

Speed and Power (1/2)

M MCR (Maximum Continuous Rating) [PS x rpm]
B NMCR (Nominal MCR)
B DMCR (Derated MCR) / SMCR (Selected MCR)

[PS x rpm]

M Trial Power [PS x rpm]: Required power without sea margin at the
service speed (BHP)

[%]: Power reserve for the influence of storm seas and
wind including the effects of fouling and corrosion.

[knots]: Speed at NCR power with the specific sea
margin (e.g., 15%)
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Speed and Power (2/2)

™ DHP: Delivered Horse Power

B Power actually delivered to the propeller with some power loss in the stern
tube bearing and in any shaft tunnel bearings between the stern tube and the
site of the torsion-meter

¥ EHP: Effective Horse Power

B Required power to maintain intended speed of the ship
M mp: Quasi-propulsive coefficient = EHP / DHP

M RPM margin

B To provide a sufficient torque reserve whenever full power must be attained
under unfavorable weather conditions

B To compensate for the expected future drop in revolutions for constant-power

operation
lnnovative Ship and Offshore Plant Design, Spring 2016, Myung:Il Roh ’!dlﬂb 11
Tonnage

M Tonnage: normally,
B Basis of various fee and tax

: Total sum of the volumes of every enclosed
space

B NT (Net Tonnage): Total sum of the volumes of every cargo space

® GT and NT should be calculated in accordance with “IMO 1969 Tonnage
Measurement Regulation”.

B CGT (Compensated Gross Tonnage)
B Panama and Suez canal have their own tonnage regulations.

bonovative Ship and Offshore Plant Desian, Soring 2016, Myung:Il Roh l!‘"ﬂb 12




[Reference] Old Conversion Factor between GT and CGT

(DWT) | 100— [4,000- 10,000 - 30,000 | 50,000 | 80,000 [160,000—| 250,000 ) .
B 4,000 | 10,000 30,000 50,000 | 80,000 | 160,000 | 250,000 | o] L -
| Crude oil carrier 1.70 115 | 0.75 0.60 0.50 0.40 0.30 0.25 ﬁngle hull tanker
1.85 1.30 0.85 0.70 0.55 0.45 0.35 0.30 lgouble hull tanker
Product carners & lack product carrier
Chemical carriers 2.30 1.60 1.05 0.80 0.60 0.55 White uct carrier
Chip carrier, Lumber Carrier,
Bulk C+arriers 1.60 1.10 0.70 0.60 0.50 0.40 0.30 Car/bulk, Bulk/container,
Open bulk
| Combined carriers | 1.60 | 1.10 0.90 0.75 | 0.60 | 0.50 0.40 Ore/bulk /oll
General Cargo Sips | 1.85 | 135 1.00 075 | 060 | 050 0.40 Mse"“ TCOnFAN,
ulti — purpose cargo
Reefers 2.05 1.50 1.25
10,000~ | 20,000-
Full container ships | 1.85 | 120 | 20000 | 30000 | 0.75 0.65 ,
.90 0.30
Ro—Ro vessels 1.50 1.05 .80 0.70 0.65
Car carriers 110 | 075 .65 0.55 0.45 Ro—Ro/Container
L.PG. carners 2.05 1.60 1.15 0.90 0.80 | 0.70 -
L.N.G. carriers 2.05 1.60 125 | L15 | 1.00 | 0.75 B
#|ET(GT) | 100— |1,000— 3,000~ 10,000 120,000 — 40,000 — 60,000 o] o
1,000 | 3,000 10,000 20,000 | 40,000 | 60,000 [ o] 4 o
Ferries 3.00 2.25 1.65 1.15 0.90
"~ Pas ships | 6.00 | 4.00 3.00 200 | 160 | 140 | 1.25
Fishing vessels | 400 | 3.00 2,00 Fishing vessel & Fish facto-
[ ’rfy Shg: Suppl |, Dred;
w | ug upply vessel, B
8;::;;‘“" Cargo | 00 | 320 2,00 : 150 er, lee breaker, Cable layer,
] Research ship, etc

it 1 100GT of 4 4t
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[Reference] New Conversion Factor between GT and CGT

dwt of ships.
M New method is based on formula.

method is based on gross tonnage.

Oil Tanker (D/H)
Chemical Tankers
Bulk Carriers
Combined Carriers
General Cargo
CGT - A * GTB FuIIR(::I:iner
RO-RO Vessels

Car Carriers
where,
GT: Declared gross tonnage of the ship
A: Factor representing the influence of ship type
B: Factor representing the influence of ship size

LPG Carriers
LNG Carriers
Ferries
Passenger Ships
Fishing Ships
NCCV

48
84
29
33
27
27
19
32
15
62
32
20
49
24
46

M Previous method was based on CGT coefficients, depending on type and

M Instead of deadweight as base for the choice of the coefficients, the

shptype | A | 8

0.57
0.55
0.61
0.62
0.64
0.68
0.68
0.63
0.70
0.57
0.68
0.71
0.67
0.71
0.62

* Clarksons, Universal Ship Measurement, 2011
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Unit (1/2)

M LT (Long Ton, British) = 1.016 [ton], ST (Short Ton, American) =
0.907 [ton], MT (Metric Ton, Standard) = 1.0 [ton]

M Density ® [ton/m3 or Mg/m3]
m eg, , density of fresh water = 1.0
[ton/m?3], density of steel = 7.8 [ton/m3]

M 1 [knots] = 1 [NM/hr] = 1.852 [km/hr] =

| 1 [PS] = 75 [kgf-m/s] = 75x10-3 [Mg]-9.81 [m/s?]-[m/s]
= (Pferdestarke, German translation of horsepower)
® NMCR of B&W6S60MC: 12,240 [kW] = 16,680 [PS]

| 1 [BHP] = 76 [kgf-m/s] = 76x10-3 [Mg]-9.81 [m/s?]-[m/s]

= (British horsepower)

lnnovative Ship and Offshore Plant Desian, Spring 2016, Myung. ILRoh ’!dlﬂb 15

Unit (2/2)

M SG (Specific Gravity) ® No dimension
B SG of material = density of material / density of water
B eg., SG of sea water = 1.025, SG of fresh water = 1.0, SG of steel = 7.8

M SF (Stowage Factor) » [ft3/LT]
B e.g., SF = 15 [ft3/LT] ®» SG = 2.4 [ton/m3]

¥ APl (American Petroleum Institute) = (141.5 / SG) - 131.5
H e.g., APl 40 % SG = 0.8251

M 1 [barrel] =
® e.g., 1 [mil. barrels] = 159,000 [m3]

bonovative Ship and Offshore Plant Desian, Soring 2016, Myung:Il Roh l!‘"ﬂb 16
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2. Basic Functions of a Ship

lnnovative Ship and Offshore Plant Desian, Spring 2016, Myung. ILRoh ’!dlﬂb 17

Basic

Functions of a Ship

Hull form: Streamlined shape having small resistance
Propulsion: Diesel engine, Helical propeller

The speed of ship is represented with knot(s). is a speed which
can go
Welded structure of plates (thickness of about 20 ~ 30mm), stiffeners,

and brackets

A VLCC has the lightweight of about 45,000 ton and can carry crude
oil of about 300,000 ton.

A ship has less motion for being comfortable and safe of passengers
and cargo.

Maneuvering equipment: Rudder

bonovative Ship and Offshore Plant Desian, Soring 2016, Myung:Il Roh l!‘"ﬂb 18
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Density of steel
= 7.85 ton/m?

Basic Requirements of a Ship ot aE T
Wood

] l 10"ton

B The basic requirements of a ship |l : ] ( : T 10 ton

....................... 1.025 ton/m3

Hull form design, Ship hydrodynamics,
(3) Ship should move fast to the destination : Propeller design, Ship maneuverability :
and be possible to control itself. i and control 3

® Shape: It should be made to keep low resistance (ex. streamlined shape).
» Propulsion equipment: Diesel engine, Helical propeller
=» Steering equipment: Steering gear, Rudder

(4) Ship should be strong enough in all her life.

» It is made of the welded structure of

steel plate (about 10~30mm thickness) ;-:-sr-sererersrese i .
and stiffeners. ¢ Ship structural mechanics,

...............................................

* Archimedes' Principle: The buoyancy of the floating body is equal to the weigh of displaced fluid of the immersed portion of the volume of the ship.

lnnovative Ship and Offshore Plant Design, Spring 2016, Myung-ll Roh ’!dlﬂb 19

Criteria for the Size of a Ship

B Weight of water displaced by the ship’s submerged part
W Equal to
B Used when representing the size of naval ships

. Actually, Cargo payload + Consumables (F.O.,
D.O,, L.O., F.W,, etc.) + DWT Constant

B Used when representing the size of commercial ships (tanker, bulk
carrier, ore carrier, etc.)

B Total volume of ship
W Basis for statics, tax, etc.
m Used when representing the size of passenger ships

* F.O.: Fuel Oil, D.O.: Diesel Oil, LO.: Lubricating Oil, FW.: Fresh Water

bonovative Ship and Offshore Plant Desian, Soring 2016, Myung:Il Roh l!‘"ﬂb 20
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How does a ship float? (1/3)

M The force that enables a ship to float » !
W tis .
® It has a magnitude equal to which is

LTI Ship

Water tank

Water

How does a ship float? (2/3)

M Archimedes’ Principle

B The magnitude of the buoyant force acting on a floating body in the
fluid is equal to the weight of the fluid which is displaced by the
floating body.

B The direction of the buoyant force is opposite to the gravitational
force.

Buoyant force of a floating body
= the weight of the fluid which is displaced by the floating body (“Displacement”)
®» Archimedes’ Principle

M Equilibrium State (“Floating Condition”)
B Buoyant force of the floating body w A=-W=-pgV

= Weight of the floating body
A 4

G: Center of gravity !
B: Center of buoyancy A B
W: Weight, A: Displacement

p: Density of fluid

V: Submerged volume of the floating body

(Displacement volume, V) ! A 22
i

11



How does a ship float? (3/3)

(A) = Buoyant Force = (W)
A - L ; B ; T ) CB ; p EﬁE:Dl;?cE;k coefficient
—W = LWT + DWT -~ o !

DWT: Deadweight

4| Weight = Ship Welght (Lightweight) + Cargo Weight(Deadweight)
Ship

.......

Ship
......... . Water

Yenn

lnnovative Ship and Offshore Plant Design, Spring 2016, Myung-ll Roh ’!dlﬂb 23

What is a “Hull form”?

that is streamlined in order to satisfy requirements of a
ship owner such as a deadweight, ship speed, and so on

B Like a skin of human
M Hull form design
® Design task that designs the hull form

| Hull form of the VLCC(Very Large Crude oil Carrier) |

Wireframe model Surface model

ydlab =

2016-02-13
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Lines of a 320K VLCC

Body Rlan: 1 v{ 1%~
HITLEY
WAV
| |
| N
NN NN
| ~ oIS
N
\ ISR NESN
] AN RN
AN VAN
[N
RRNAAY
It
Water Plan Sheer Plan

Jnovative Ship and Offshore Plant Desian, Soring 2016, Myung:Il Roh ’!dlﬂb 25

What is a “"Compartment”?

m |t is divided by a bulkhead which is a diaphragm or peritoneum of human.
M Compartment design (General arrangement design)

B Compartment modeling + Ship calculation
M Compartment modeling

® Design task that divides the interior parts of a hull form into a number of
compartments

B Design task that evaluates whether the ship satisfies the required cargo
capacity by a ship owner and, at the same time, the international regulations
related to stability, such as MARPOL and SOLAS, or not

Compartment of the VLCC

2016-02-13
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G/A of a 320K VLCC

==

P =
Principal Dimensions Capacities
LOA 332.0m Cargo tank 357,000 m3
LBP 320.0m Water ballast 101,500 m3
B 60.0 m
D 30.5m Main Engine SULZER 7RTA84T-D
Td/Ts 21.0/22.5m MCR 39,060 PS x 76.0 rpm
Deadweight at Ts 320,000 ton NCR 35,150 PS x 73.4 rpm
Service speed at Td 16.0 knots No. of cargo segregation Three (3)
at NCR with 15% sea margin Cruising range 26,500 N/M
* Reference: DSME
lnnovative Ship and Offshore Plant Design, Spring 2016, Myung:Il Roh ’g.mmmu_dl"‘b &

What is a “Hull Structure”?

comprising of a number of hull structural parts such as plates,
stiffeners, brackets, and so on

m Like a skeleton of human
M Hull structural design

m Design task that determines the specifications of the hull structural parts such
as the size, material, and so on

| Hull structure of the VLCC

Jonovative Ship and Offshore Plant Desion. Soring 2016, Myungell Roh ’“‘“ﬂb 28

2016-02-13

14



Structural Drawing of a 320K VLCC

I 11 P

DET 14 €

e

Drawing

Midship Section (Ordinary Frame Section)

lnnovative Ship and Offshore Plant Desin. Soring 2016, Myung.ll Roh

Web Frame Drawing
I!dl‘lb 29

What is a “Outfitting”?

to be required for showing all function of the
ship
©® Hull outfitting: Propeller, rudder, anchor/mooring equipment, etc.

® Machinery outfitting: Equipment, pipes, ducts, etc. in the engine room
® Accommodation outfitting: Deck house (accommodation), voyage equipment, etc.

® Electric outfitting: Power, lighting, cables, and so on

m Like internal organs or blood vessels of human
Pipe model of the VLCC

M Outfitting design
m Design task that determines the types,
numbers, and specifications of outfitting

2016-02-13
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P&ID of a 320K VLCC

| P&ID: Piping & Instrumentation Diagram, Non-scaled drawing representing the relationship between equipment I;:: .

3
EH
b

el

o S ] B ®
lnnovative Ship and Offshore Plant Desian, Spring 2016, Myung. ILRoh ’!dlﬂb 31

3. Comparisons of a Ship with Other
Structures

bonovative Ship and Offshore Plant Desian, Soring 2016, Myung:Il Roh l!‘"ﬂb 32
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Features of a Ship

M Comparison with Other Structures (Building,

Automobile, Airplane)
W Objective

B Moving or fixed

B External force acting on the structure

W Design concept

B Production method

lnnovative Ship and Offshore Plant Desin. Soring 2016, Myung.ll Roh

I!(".nb 33

Hull Form Design vs. Car Exterior Design

Q Hull form design

« A hull form is related to the resistance and
propulsion performance of a ship.

« Order production: new design for each order
« Large structure of about 100~400 m length
* The performance like speed and
deadweight is most important.

Q Car exterior design

* A exterior is related to the air resistance and
esthetic design of a car.

 Mass production: one time design for each
model

* The performance and esthetic design are
simultaneously important.

16, Myvung:1l Roh

l“dlﬂb 34
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Procedure of Car Exterior Design

| Idea Sketch & Rendering }—b‘ Tape Drawing |—>| Clay Modelmg

Stylist

Engineer

Hull From Design

Jnovative Ship and Offshore Plant Desian, Soring 2016, Myung:Il Roh ’!dlﬂb 35

Procedure of Hull Form Design

Wireframes of Hull Form Fairing H Hull Form Surface l-‘-' General Arrangement
and Hull Structure Design
feedback Joffset : Ifeedback l
| Basis Ship }'—’l Variation Model Test | : | Naval Architectural Calculation/CAE |

Hull Form Design [@es=sssssssssssssasnssnnssnnsnnnsnnsnnsnnnsnnunnnnnnns H

16, Myvung:1l Roh

* CFD: Computational Fluid Dynamics, CAE: Computer-Aided Engineering ’“dlnb 36
lnnovative Ship and Offshore Plant Design, Soring 20
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4. Construction Procedure of a Ship

lnnovative Ship and Offshore Plant Design, Spring 2016, Myung:Il Roh ’“dl‘b 87

Construction Procedures of a Ship (Overview)

* Deadweight 300,000 ton VLCC, L: 320.0 m, B: 58.0 m, D: 31.2 m,
3 soccer fields can be located on the deck.

5 key events of construction grocedures * 63 building in Seoul, 249.0 m from the ground

_s | = —>|

; K/L L L/C
—

Detailed design S/C Production design D/L

Contract Initial design
——————

-6 -4 -2 ] +3 +6 +8
* Reference: DSME

®.

A=

Design =
(Initial/Detailed/Production)

[ercnr]

Construction period of 300K VLCC

(on December 2006) Steel Cutting outﬁtting
Key Event Duration
Contract -6 months
S/CorW/ct Base date
K/L +3 months @
L/C +6 months cruncmne
D/L +8 months e
Total 14 months
Sl made T S datevhen Painting Erection Launching 38

2016-02-13
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Construction Procedures of a Ship (Detailed)

I:l : 5 key events of construction procedures

Survey
Ship Owner, ey ) Classification Society,
Classification Society Customs
Design
Department
Design
¢ Assembly
].> Production (Plan) @re-outflttm@ l __ ] Trial
Planning somlpor '[ ] (Outflmng ( Tral )
Marketing Production | ( ) Quay See Trial —
Department Planning ( Material ) Erection Outfitting & Department ip Warranty
Department rocuremen Production /QA,QC Department
Receiving 0utfitting Department
Inspection -
Material Production
Issuing Department
Department
*S/C: Steel Cutting, K/L: Keel Laying, L/C: Launching, D/L: Delivery
* BOM: Bill Of Material, POR: Purchase Order Request, QA: Quality Assurance, QC: Quality Control
lnnovative Ship and Offshore Plant Desin. Soring 2016, Myung.ll Roh ’!mmn—dl“b il

Construction Procedures of a Ship (Detailed)

bonovative Ship and Offshore Plant Desian, Soring 2016, Myung:Il Roh l!‘"ﬂb 40
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Design

Jnovative Ship and Offshore Plant Desian, Soring 2016, Myung:Il Roh ’!dlﬂb 41

Initial Design
- Hull Form Modeling of a 300,000 ton VL

wl Eile View Edit Build Window ﬂelp ﬁﬂ
DEHl2 e vaaan o NENEEE & NBA® || %Kik« W 5B 300,000 HY FEH2 F2 K=

T F e S )'Z?E'éM"WHJ ﬂ'““’UJ de de e B J*%?‘ “xasmx%m Lbp: 320.0m, B: 58.0m, D: 31.2m, Td: 20.8m, Ts: 20.8m, Cb: 0.8086
oo MBI em B[« axlceev][eo8ldie@][Bsw|F % [aftsurt
[FRIL 3

=0 aftsurf

R o R R o e E
deletepmm Select line>'
S!S done,
(delete paint : Select line> _’j
a >
NER, 24K, EH, 017, 014, 5, LHEl, “XM M CAD AIAH!: EzSHIP”, 2003 T PHRCAD/CAMS}D] 8 PD.23:28, M, 2003.2.7: il 0 s 42
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Initial Design
Compartment Modeling of a 300,000 to

5| P_exampleWVLCC300KWvice300k.ecp]
2 e Vew Info 9 Tool Mindow Help

]JmsmvH--vmm@ewmngmmlzmnnmﬂ
|ee@ s |nuvi]esasesin]

E2COMPART |
58 vicc3nk

& MODELS
& @ main_model
@ union.xac:
Ji) union.xat
i) meshHull
© 8 compatnac

* X2t S8 300,000E Y KZMO| FR K
Lbp: 320.0m, B: 58.0m, D: 31.2m, Td: 20.8m, Ts: 20.8m, Cb: 0.8086

T union,sac
& CALCS

& ¥ calc: Main calct

4 compartxac

=8 Property XML

% Propery.i

@

o
o1 03 05

& LoadingXhL
%) loading.c
& DamageXML

o g
o
P
4
£

©
o
$20
g
5
3

o

oD
-

buoyancy
& SoundingX
% sounding
=& TrimmingxM
"4 timming,

= £3 REFERS
\ compatas o= |

LM R0 2AE, AT SS &S + A2H MY UH FYRule) 2F AIZBES UE0L= M 2 |

1
E2COMPARTI [

71,0000, 0000000} |

o
lcommand -
e rom  Enter he pasiion of camera (¢ v 21>0.1.0
oo~ i " ot
Formmand

S5 done,

Fommand

* Kyu-Yeul Lee, Sang-Uk Lee, Doo-Yeoun Cho, Myung-Il Roh, Seong-Chan Kang, Jung-Woo Seo, “An Innovative CompartmentMadelmg and Ship Calculation System
International Marine Design Conference(IMDC) 2003, pp.683-694, Athens, Greece, 2003.5.7

43

Initial Design (Hull Structure)
Hull Structural Modeling of a 300,000 to

A% e

S| Ee Edt Wew MHodeing Wrdow Eelp S
|olzE2|[essuaane MENEEHO & Ras@|| ¢z xe% 2d
[ B e RS & s w0 o || & G [ aabEE ] as)a ]

| S — |
B i ship.
Q Bods
b ool

@ Transerse_Bubhead Srctre
§ web_Frame St

mwmﬂ&wmmmmﬂu
@
5
z
Z
g
g
|4
g
%

FEE OHHAE JKID| Bt M LHS0] B

BB @ nmss 02 npnSes Saan Ln
S aeia

* et S 300,008 Y FEMO| F2 K5
Lbp: 320.0m, B: 58.0m, D: 31.2m, Td: 20.8m, Ts: 20.8m, Cb: 0.8086

= |
* Myung-Il Roh, Kyu-Yeul Lee, “An Initial Hull Structural Modeling System for Compu(er A|ded Process Planning in Shipbuilding”, —}
Advances in Engineering Software, Vol. 37, No. 7, pp.457-476, 2006.7 0 fLong.=0.0, Lat Int,cas [Read 44
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Initial Design (Hull Structure)

- Structural Analysis Modeling of a 300,00C%%5

e e roe e

HM E 01 2
(global structural analysis model)

MH FE oA L -

MHDREH QMY E IIXIEXE BII0t=s 2

rr

SIEM AT N TYW .
(hold structural analysis modet)

* Myung-1i Roh, Kyu-Yeul Lee, Woo-Young Choi, Seong-Jin Yoo, “Improvement of Ship Design Practice Using a 3D CAD Model of a Hull Structure”,

Robotics and Computer-Integrated Manufacturing Journal(SCIE/IF:0.699), 2006.10.16[Article in Press, e-Journal Available]

Initial Design (Pipe Outfitting)
- P&ID (Piping and Instrument Diagram)

EEEL]

P&ID: Piping & Instrumentation
Diagram, Non-scaled drawing
representing the relationship
between equipment [

Sea water cooling system
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Detail/Production Design (Hull Structure)
- Result of Detailed/Production Design

Detailed design: MH19] M| 8SS ZHOl= Production design: MUO] MAIS 9|t 11/ 22
SHHIZ M System® AN EBIS XtM

HEE TR

EFOR ¥

Example of a detailed : < SCALLOP_DEFINITION

structural drawing L AFTER_PART GENERATION
K S

of the fore body

-

Y T S 1 R S
ek 7 ]

o r 1
=i

- PN ;t,} P
! i Rl hh I ho kil

Example of a nesting drawing

=1

s

i 16, Myung-Il Roh ’!dlnb 47

Detailed Design (Pipe Outfitting)
- Pipe Modeling of a 300,000 ton VLCC

y

.“_,_‘ .

X
gd 1SO view
y

oS
z

* Myung-Il Roh, Kyu-Yeul Lee, Woo-Young C|

e
Advances in Engineering Software(SCIE/IF:0.371), 2006.12.1 [Article in Press, e-Journal Available Now]

Hull Structure in Shipbuilding”,
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M
* De ight 300,000 ton VLCC, L: 320.0 m, B: 58.0 m, D: 31.2 m,

Block division drawing of a deadweight 300,000 ton VLCC | L i g e and

wr

Block seam

-Building bloc

T N

* Block seam: Joint line or welding line betW%e??aTa‘c Nt btocks

Piling Up and Preprocess of Steel Material

ydlab =

2016-02-13
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Piling Up and Preprocess of Steel Material
- PiIing Up of Steel Material

Steel material consists of plates and section steels which have the shape of bar.

Piling up: MIE20M FOiSE 2T E S = SY22 28310 =4 20| PN Y0 Hadts SH
Grouping: Zf M (Meto| ID)E AIY & 7t3 Lofl wi2t Zxfel U HAS Al o FH I HMEF
oz ZIohs 3%

Piling up method: “Using Pallet”

B R’KRAF

51

Types of section steels s
i,

Piling Up and Preprocess of Steel Material
- Preprocess of Steel Material

M Shot blastingdt Shop priming &S 50| Z EH| =& H|#Hsl0| 22| 7%
A otn =2 5 BES YRo= 38
B Shot blasting: ¥4 X (shot ball, cut wire)S ZHEo| EH0| D& 02 EASI0] &5, ZI|(mill scale) 52 M 73t
= 3

8 52 3% 3 50| LMX| YL F shot blasting0| 2t2E ZTH0f| WH =& (shop

m  Shop priming: 7t3/Z% &
Shot blasting Shop priming

primen & &%= &Y
“w g

W

* Sl(mill scale): HI| ZUIM =

= *
B0 #)1= IaM0lE0 g2 5. eMe g /| Cut wire 52

2016-02-13
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Piling Up and Preprocess of Steel Material

- Marking

M Marking: 2T S8 ¥ =8 Zdo) 2ot Mut 7|28 7[Yst=

[ 21=21 J1HE 012t Marking EX| ZZ 44 A O |

TaE paw saRw)

> 7%
lvsssm s ensrsn warimtermnen Aftert 39.26m

=» NC(Numerical Control) marking Al 01 & H| O}%
marking EXI9| 015 HIXE XNAZ & + UASIk
» XX} 1ol S8 ol
*Nesting: 72 ZMS JH& EEXHOZ AL20LJ| 2I0L01,
2 ZLEE 012 Xl S8 BX0M
AT =Y W 2T ZHEE XAt ol X
» 0= o2 ISR £8 (7 ZMo| BH [HH|
M AR E = U= ZWo| HA HIE)2 HUE Ol=
nesting ZIE Y 5 UASIk
» XX} JIHo| = OE 28 0l

= -
X X9 IS 0|2 Auto-Nesting AIAEIO] (f]
ine_ SaveDB o 7
ircle Clear
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el e
e
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=i
=
T
e
ool Seauen
—
oo e

Windowe | _Amow
Misc_| Name.

info
Retum

Help
YN A
Fedrav | Wi :
Enter Nest-ist =  Nestname = IND « Sel pt + Sal Shest « V/N ner =~

Unds_| Move
Group | [ Scale_| x=-900.027y=5538.67

Scale= 10000 Zoom=00103443 Q=

Steel Cutting (S/C)

l“(“nb 54
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Steel Cutting (S/C)

M Cutting: Marking line2 [I}2}
M Steel Cutting (S/C) or Work Commence (W/C): ZXE XS
M Cutting methods

B Gas cutting, Plasma cutting, Laser cutting, Edge milling, etc.

lo
]

I}

n
ot
rir
N
!
ok

>
)
o
[

o

Steel cUEEIRG:
using CNC'plash

* Gas ZH: LTINS J1S010] A3} HIS0] LOILDI #& 2%
(24 800-900)Z THE ¥ 1 MAE ZZ01H 2 HS0| 20U
A9FE0] 4711, 018 1Y MAZ E0ILHY 2

*Plasma ZE: JIMl ZEHOl 371, $4, JHA SOIM HI|HQI 017 HHE
2OJ|%, I JIHIJ FEXHOR plasma?l TIEM, 012E & ST
oz £XAIH 21 257} 20,000-30,000 K] 012 H| Ot1l 012
ST S Ot0] FLHZ ZIHE =011 1L IAZ 012 E0{LHO
g

*Laser HE: WE SEAH NLTI Bt 2 LT 0 FARLSZN
IAYHOZ LME =011 1Y IHAZ 0IE S0l 2

Steel cutting using édge milling'machine * Edge milling: 32 CI0I0IZ=E 0120101 Z2MHE =Tt

(Hyundai Samho!Heavy: Industries) * CNC: Computer Numerical Control 55

Plate Forming

M Plate forming:
m Cold forming: &2 HEjO|M 7|AXQl &S 7510 20 &7 HYS Yo7 |= A
o HIT E2{(bending roller) £& Y PressE 0|88t Ch=dh 1A [ (3t YO R JEO| &
48

® Step before hot forming

85l 28 732 st= A
® Line heating
—- Mol n22o EE 71N BT HES Y& 24 FU(F LYY2R FEO0| EM)Q 9 WY
A

— S MIAH CHREEO| ZMAM 2Xt THO| Y WHOR AE3stn QloLt XF2te| 02 g HE ez
ARt +xAo) o Estn s
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Assembly

lnnovative Ship and Offshore Plant Desin. Soring 2016, Myung.ll Roh

I!dlﬂb 57

Assembly
- Subassembly/Assembly
M Sub assembly

mE5E 7H%=
M Assembly

mAZY EEE5S BN

=
m MU X 22| O 0% O|4t0] Halgls 2
mES0| Yalo| et 34 WES A TWI S AT 3YoE 7L

@ Panel block

- HN = S¥ol o 80%E AHX|

- EE Y yee dao| HlmH ZHCHsto] XHE3 A|ARO| MBEIN AS

— Matrix(Egg Box) Z& 3, Line welder Z% 3%, Slit = 3, Piece by piece X8 33
® Curbed block

- HN =R SOl 2 20%E AHX|

- EE9| gHo| ciystn BRG] XHE3H AIAHE MBBH7|7L ol R

- Line welder Z2 3'H, Piece by piece ZZ3 Y

| Example of sub assembly blocks |

P

Example of assembly blocks |

£l
=]
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Pre-Outfitting and Pre-Painting

boovative Ship and Offshore Plant Desian, Soring 2016, Myungl Roh '!dl‘b 59

Pre-Outfitting and Pre-Painting

M Pre-Outfitting
m 37| Fihof| 2= 2HE 15}
2l

m =5 oF, fY(Unit) 21F, B
M oEeR FE
M Pre-Painting
u 23 MAME| PPoMel B =
;e "

= I BHOM £ £ -

MY ER W 85 HHE HYR
ey

u B SFoMe =
o T 227 W L0 oy =
HEME U R A 5

2016-02-13
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Block Preprocess

VEE N2 3 UY =F Hofl =8 3 T LA 2 BH 52 H Ao

m Blasting, Air blowing, Grit recovery &gz &

W Blasting: 212 H ZZ}(grit)2 ZEHO| A 52 HAS= =Y

m Air blowing: Airg 0|8, B4l (stiffener)2| 4H S0f #Ql grit2 HIStO = TWoje| = &Y
W Grit recovery: HFEHO| QI grit, 2% §8 2l5dt= &Y

1 2 D air blowing

4

= Pre-Painting

VLCC OIS X E50| A2l X 3=
(2t B15| of 4,000m?, BY X 5A2.5 J|F)

- Blasting: 168 X 3.5H = 56M/H
- Air blowing: 8% X 1H = 8M/H

-Grit recovery: 8% X 1.5H = 12M/H 2

Pre-Erection

bonovative Ship and Offshore Plant Desian, Soring 2016, Myung:Il Roh l!‘“ﬂb 62
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Pre-Erection

M Intermediate process between
assembly and erection processes to
increase erection efficiency

M This process makes
by combining

two or more hull blocks and

outfitting near dock

Keel Laying (K/L)

novative Ship and Offshore Plant Desian. Spring 2016, Myung:ll Roh 4 !‘“Qb 64
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Keel Laying (K/L)

M The event when . That means the starting point
of block erection.

M At this time, put several supports under the ship for supporting ship’s weight
LSS

Bottom shell

Erection

boovative Ship and Offshore Plant Desian, Soring 2016, Myung-ll Roh l!dlﬂb 66
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Block Erection Simulation Considering
Semi-tandem Construction Method

—loix|
—| File Edit View Modeling Wmdnw Help =181 x|
“D\DUW|“<¢=»\®uQQS’H@\EIIIIII\@?HQ@E@HI%&\%Hlx\mux\

* Myung-Il Roh, Kyu-Yeul Lee, “An Initial Hull Structural Modeling System for Computer-Aided Process
Planning in Shipbuilding”, Advances in Engineering Software, Vol. 37, No. 7, pp.457-476, 2006.7

History of the erection joint length
by the semi-tandem construction method

Floating 4

B command>

Ready | [= 89558058, = 166480433, Z= 0,000000 [Long.=0.0, Lat=0.0 | Lr | Cold [fe: |
350
— 300
B £
<0
¢ ) S 150
100
50
o

1
Erection joint

1 2 31 rl 51 61 7
Erection event(Number of erection blocks)

Launching (L/C)

ydlab

2016-02-13
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Launching (L/C)

LAUNCHING

SETTING FOSITION..
e

* Reference: DSME

Launching

- Ground Launching Method of HHI and St=

¥ =37} optl S 20043 108 HCY
ST YOl MIA X2 dT
M Overall procedures of ground launching method
1. SYOA e B 22
2. |4 AXF Aol F ol Hix|H S HHSO] Hhx|
3. 5ol T AR AAT WU O] SA A H2[(HL")E 0185t MutE HEX|

orx

2|2 Zo{H(“Road Out 7|E")

4. MHYbg M2 HIX|ME Z2 HICIZ o|SAIZ
5. HIX| Mg £ o2 2 J}at okl

6. Mutol Xl gtz

* Reference: Hyundai Heavy Industries
lnnovative Ship and Offshore Plant Design, Spring 2016, Mvung:Il Roh ’!dm l“b U
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Quay Work
lonovative Ship and Offshore Plant Design, Spring 2016, Mvung:ll Roh ’!dlnb 4l
Quay Work

- OutfittinglPainting

M After launching the ship, put her on the
quay and

36



Quay Work
- Sea Trial

for conducting to measure her performance and general
seaworthiness.

M It is usually the last phase of construction and takes place on open water, and it can
last from a few hours to many days.

M The ship’s speed, maneuverability, equipment, and safety features are usually
conducted.

M Typical trials: speed trial, crash stop, endurance, maneuvering trials, seakeeping

Delivery (D/L)

novative Ship and Offshore Plant Desian. Spring 2016, Myung:ll Roh ’“‘“ﬂb 74
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Delivery (D/L)
- Naming Ceremony and Delivery

ship owner

to a

2016-02-13
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