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-~ 1. Basic Functions of a Ship
-
=1
=
|
—
1
1. 489| 7l= 7ls
- - - Density of steel
., Basic Requirements of a Shif - 785 ton/m’
1 abou‘t,\l,):o:n/m
l 10 ton
(1) The ship should float and be stable in seawater._|[™ Il
» Weight of the ship is equal to the buoyancy* | | 10 ton
in static equilibrium. 1,025 ton/m?

(2) The ship should transport cargoes. i Ship compartment design '

» The inner space should be large enough to store the cargoes.
Me R S22 328 HEE 4= US ¢S 25| 7{0F ST
Hull form design, Ship hydrodynamics,
(3) The ship should move fast to the destination Propeller design, Ship maneuverability
and be possible to control itself. iyand control
(3) M2 S22 7H| W22 0| S5OF STt T2 AAZ AH0)g 4= A0{0F Bt
» Shape: It should be made to maintain resistance (e.g., streamlined shape).
Y HYS S0|=F G =[0{0f SHCHO: A E).

» Propulsion equipment: Diesel engine, Helical propeller

N

» Steering equipment: Steering gear, Rudder

(4) The ship should be strong enough throughout her life.

» |t is made of a welded structure of .‘.Sh. ................. P i{""' ..........
steel plates (about 10-30 mm thickness) jiSpipjstructuralimechanics
and stiffeners i Structural design & an
2 e e e (1 e s ) ‘
-
6
’gﬂiﬂk * Archimedes' Principle: The buoyancy of the floating body is equal to the weight of the fluid that is displaced by the ship. i
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& ' Basic Functions of a Ship
= Floating in the water (£
= 20 © AUV [(FLd)

e Static equilibrium

ox

2
= o

ogt

= Containing like a strong bowl (X x}{’d)
4ot AR G7((H2)d)
e Welded structure of plates (thickness of about 20-30 mm), stiffeners,
and brackets
S 9F 20~30 mmQl HAY, 242 & Eefzle] 8Y #&
¢ A VLCC has a lightweight of about 45,000 tons and can carry crude oil
of about 300,000 tons.

VLCCe| A3I3E2 °F 45,000&0|0, °f 300,000&28| HR7E 2858 4= UCH

= Going fast on the water (0| 54)
= ?E WEA 0lsst7|(0ls7d)
¢ Hull form: Streamlined shape having small resistance
MY ZE0| 22 MY FY

.
¢ Propulsion: Diesel engine, Helical propeller

SR A, Y T2
¢ The speed of a ship is represented in knots. 1 knot is a speed that can
go 1 nautical mile (1,852 m) in 1 hour.
Meto] £ = LEZ BAISICH 15=E= 1A17H0] 1312((1,852 m)E 0l8E & U= £=0|of,

¢ A ship has less motion for the comfort and safe of passengers and
cargo.
2430t 5HE0| Hoketnt ob S Qfsh AMEte 2&0| At

= T To

e Maneuvering equipment: Rudder

rydiab -k

4 " How Does a Ship Float? (1/3)
= The force that enables a ship to float ®» “Buoyant Force”
Hutg | st 3 s
e It is directed upward.
ol 82 9o 2gsiCt

¢ It has a magnitude equal to the weight of the fluid that is displaced by the ship.

ool

1 37| d4fo] Lofdl RA|of St ZCt

Ship

Water tank

rydlab A q
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&y How Does a Ship Float? (2/3)

= Archimedes’ Principle
ofZ27|mH|Aol e

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

72| & FRA0| 2E5ts £l 37|= FFA7 Lo RAO| STt 2Tt

¢ The direction of the buoyant force is opp05|te to the gravitational
2ol gate ¥} gioho|ct,

force.

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

= Equilibrium State (“Floating Condition”)

¢ Buoyant force of the floating body . A=plg=-W

= Weight of the floating body /ﬂ (V'=L-BTCy)

v

-.Displacement = Weight V4

> = 4/
{

G: Center of gravity

B: Center of buoyancy

W: Weight, A: Displacement
. Density of fluid

g Gravitational acceleration

V: Submerged volume (Displacement volume, V) \

L: Length, B: Breadth, T: Draft
'gq'f.“h Cy: Block coefficient | 9
L ME (R A7) ERAQ £ =Vg=-W = 2R SFW (V=LBTCB) i =
=2k
S o

&y How Does a Ship Float? (3/3)

= Displacement (A) = Buoyant Force = Weight (W)
Bl () =28 =32 (W)

4 4
T: Draft

i A (g)=L-B-T-Cy-p-(2) )
=W (g)=(LWT + DWT) (g)  rommame

LWT: Lightweight

DWT: Deadweight
g SHEE LWT: Z5tE DWT: MetE

Weight = Ship weight (Lightweighty + Cargo weight (peadweight)

.....
,,,,,

: Ship
Water

sua
o4 3
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.
L 2. Main Terminology
=
e
m
2. 78 80
oy " Principal Dimensions (1/2)
Loa |
= | s | A
WL 1 b < - - WL
BL = | 7 i # : > s
AP Ler FP

I-WL
= Lo, (Length Over All) [m]: Maximum length of the ship
LOA (Length Over All) [m]: AEto| 2|Cj 20|
= Lgp (Length Between Perpendiculars (AP and FP)) [m]: Length between AP and FP
LBP (Length Between Perpendiculars (AP and FP)) [m]: AP2} FP At0|2] 20|
¢ AP: After perpendicular (normally, the center line of the rudder stock)

¢ FP: Intersection line between the designed draft and the fore side of the stem, which is perpendicular to
the baseline
AP: B8 £M(YBHH O 2 Higtel 29| SAM) FP: 7|EM0f £2/Q1, A E4M0 M2l Mo i

aa=

= Ly, (Length of WaterLine) [m]: The length of a ship at the level where it sits in the water. Basis
of resistance calculation

LWL (Length of WaterLine) [m]: H4&}0] S0 &A U= =B =0[0fA2] Z0|. 2 AlLte] 7|F0] Ect
= L. (Freeboard Length) [m]: Basis of freeboard assignment, damage stability calculation
Lf (Freeboard Length) [m]: 2181 2] 2 &4 52 Atke] 7|£0| &t
* 96% of Ly, at 0.85D or Ly, at 0.85D, whichever is greater
0.85D0I|A 2] LWLS| 96% = 0.85DOIIAM2| LBP & O & 2t
= L, or Rule Length (Scantling Length) [m]: Basis of structural design and equipment selection
¢ Intermediate one among 0.96 L, at T, 0.97 L, at T, or Ly, at T, 1

|
rydlab 9 v

-

Ls = 78 ZO|(2]4 £+ Z0|) [m]: 72 A L ZH] HFe| 7|20] Tt 0.96 LWL(Ts), 0.97 LWL(Ts), LBP(Ts) & S7tak
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-, - Principal Dimensions (2/2)

|CL = B (Breadth) [m]: Maximum breadth of the ship,
measured amidships

- Biowded: €xcluding shell plate thickness

= Bextreme: iNcluding shell plate thickness

= D (Depth) [m]: Distance from the baseline to
the deck side line
- Dmoideq: €Xcluding keel plate thickness
= Dextreme: iNcluding keel plate thickness

yeiq Iy

WL WL = T, (Designed Draft) [m]: Main operating draft
- In general, the basis of the ship’s
deadweight and speed/power performance

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

Breadth

Z|CH = - Bmolded: 2| &7 |2|0- Bextreme: 2|T £ 228 D (Depth) [m

]
=9
2

CL B (Breadth) [m]: A8} ZE0f|A 25t AMEto)

(
7|1EM0IM 2T 2 M712|2] AH2| - Dmolded: 83T 74 H2|(1- Dextreme: 23T &7 8 WL WL Td (Designed Draft) [m]:
28 EF0- Yoz Mutol AfistEet U £5-23 459 7|F0| €L BLBL Ts (Scantling Draft) [m]: 2 22| 7|& &4
= Air Draft [m]: Distance (height above waterline only or including operating draft)
restricted by the port facilities, navigating route, etc.
37| &4 [m]: & AlY, &2 S0l ol AFtel= A2l(ed 91 0|2 ne{siiLt 28 245 ZEHE)
- 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 the hatch cover
- 7|2 M0lM DIAE HTR|2] 7] E4:0- £40IM OFAE HTIIR[Q] 37| E40- £4401IM si2| A HT7tR|e] 7] &4
sydlab s

| What is a “"Hull form”?

= Hull form
MH

e Outer shape of the hull that is streamlined in order to satisfy the requirements
of a ship owner, such as deadweight, ship speed, and so on
Y, H& § AR 27 AYE SIS FUY22 Oe dAe o™
e Like the skin of a human
Arehe| meet 2ot
= Hull form design
MY S dAst= A 2
¢ Design task that designs the hull form

A 2

rx
o
ux

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

Wireframe model Surface model

sydlab y
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., Lines of a 320K VLCC
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Body Plan

Sheer Plan

Water Plan
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| Hull Form Coefficients (1/2)

m C; (Block Coefficient)
= Displacement Volume/(L x B x T)
= Displacement/(L x B x T x Density)
where, density of seawater = 1.025 [ton/m3]

Underwater
hull form

B
HiS2F A/ (LxBx T) =bi$2H/(LxBx Tx =) 07|M, ali£2] L= = 1.025 [ton/m3]

Ay (Maximum transverse area) .

= Cy, (Midship Section Coefficient)
= Ayw/BxT)

Underwater
hull form

m C, (Prismatic Coefficient)
Displacement Volume/(A,, x L)
= Displacement/(Ay x L x Density)

sydlab
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& ' Hull Form Coefficients (2/2)
Ay (Water plane area) B = Cyp (Water Plane Area Coefficient)
/**—> = Auo/(L X B)
L
iiiii < Underwater
_____ hull form
e
rydab L

4 ' What is a “Compartment”?
= Compartment
T
e Space to load cargoes in the ship
Metoll M Btes AHafsh= 37t
e Itis divided by a bulkhead, which is the diaphragm or peritoneum of a human.
Ol Ql7tel &0t = Satof sfidte YO 2 LECE
= Compartment design (General arrangement design)
T2 AL B EA)
¢ Compartment modeling + Ship calculation
TE 2 + dY AL
= Compartment modeling
T8 2Ed
¢ Design a task that divides the interior parts of a hull form into a number of
compartments
MY UYSEE o2 PEL2 Lk 42 2
= Ship calculation (Naval architecture calculation)
M AL (L EEE S AL
¢ 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

M7t 278 o2 A 53 S 80| FZot=2] Bosts SAI0l, MARPOL 2 SOLASSt 22 S 2t =4 s
=35}

=41 Botote A Y
4' Compartment of the VLCC

sydlab




L‘? G/A of a 320K VLCC

Profile
wsomr

Midship Section

A

=

] P e e
Principal Dimensions Capacities
LOA 3320 m Cargo tank 357,000 m?
LBP 320.0 m Water ballast 101,500 m3
B 60.0 m
D 30.5m Main Engine SULZER 7RTA84T-D
Td/Ts 21.0/22.5 m MCR 39,060 PS x 76.0 rpm
Deadweight at Ts 320,000 tons NCR 35,150 PS x 73.4 rpm
Service speed at Td 16.0 knots No. of cargo segregation ~ Three (3) -1
at NCR with 15% sea margin Cruising range 26,500 NM l
’gdl“b * Reference: DSME Bl 'S

LOA 332.0 m 3t= &3 357,000 m3 LBP 320.0 m & #2{AE 101,500 m3 B 60.0 m D 30.5 m 7|2 SULZER 7RTA84T-D Td/Ts
21.0/22.5 m MCR 39,060 PS x 76.0 rpm TsOf| A2 ZH&}=2F 320,000 & NCR 35,150 PS x 73.4 rom TdO|M2| MH|A £& 16.0E
. 32 22| 4= 371 (3) NCROIM sli4f 4R 15% 22| &< 7{2] 26,500 NM

i? What is a “Hull Structure”?
= Hull structure
M Sz
¢ Frame of a ship comprising a number of hull structural parts such as plates,
stiffeners, brackets, and so on
T B2, Befal S o3 A 2 Bz - E HEe 24
¢ Like a skeleton of a human

olzte] B2} et

of
= Hull structural design
MA F2 22| 27|, Mz 52 2dste +2 8 g2
¢ Design task that determines the specifications of the hull structural parts, such
as the size, material, and so on

320K VLCCO| & &=

| Hull structure of the VLCC

2026-08-03 (Mon)
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_ | Structural Drawing of a 320K VLCC

5y

320K VLCCE| 2 &

I i S
Web Frame Drawing Midship Section (Ordinary Frame Section) Drawing

sydlab L

| What is a “Outfitting”?

o

= Qutfitting
ol
¢ All equipment and instruments required for showing all functions of the ship
Metol IE 7[5 S Foiste ol B L& FH|et A7)
+ Hull outfitting: Propeller, rudder, anchor/mooring equipment, etc.
A3 o) m2He, YEl, BAH/AF FH S
+ Machinery outfitting: Equipment, pipes, ducts, etc. in the engine room
J|zro) Zy), viE, HE
+ Accommodation outfitting: Deck house (accommodation), voyage equipment, etc.
2HET o\ H|AstRA (IR, Bl YH| S
+ Electric outfitting: Power, lighting, cables, and so on
a7l o MY, =Y, A0le &
¢ Like internal organs or blood vessels of a human
QIA|Q| LIS 7|1t ot 2Tt
= Qutfitting design
¢ Design task that determines the types, | Pipe model of the VLCC
numbers, and specifications of outfitting

71

el

Oll*
Of &

sydlab

o d7 oy FF, VLCCY| Hizt 2 &~ Y AtYE ZYoks 22 2Y
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-, P&ID of a 320K VLCC

|P&ID: Piping & Instrumentation Diagram, Non-scaled drawing representing the relationship between equipment l .
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., Criteria for the Size of a Ship
= Displacement

B2
e Weight of water displaced by the ship’s submerged part

Merol 271 B20| HiAst 229 B
¢ Equal to the total weight of the ship o Fed o
e Used when representing the size of naval ships *B.0: Diesel O

* L.O.: Lubricating Oi
Myt 2%

(Rl B

o

Yo 20+ F.O ARR 2Ol 37|15 UEIE W AFESITt » D.O: ER

* F.W.: Fresh Water
* L0 B8R x FW. g5
= Deadweight
Mot
¢ Total weight of cargo. Actually, Cargo payload + Consumables (F.O.,
D.O., L.O., F.W.,, etc.) + DWT Constant
3120 20/t A 2E 38 HAZ + A2 E(F.0., D.0., L.O., FW. 5) + DWT 442 P4t
¢ Used when representing the size of commercial ships (tanker, bulk
carrier, ore carrier, etc.)

A (871, B34

o [

ol

L4 20 )0| 37| LERY o ARSI

S o

= Tonnage

24
¢ Basis for statistics, tax, etc.
7, M2 82l 7I&

o o

¢ Used when representing the size of passenger ships

02440l 37|15 LIErd T ALE

ol

ct

sydlab
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., | Tonnage

S|
= Tonnage: normally, 100 ft3 (= 2.83 m3) = 1 ton

E4UEHo2 100ft3(=2.83 m3) =18

¢ Basis of various fees and taxes

Z4E eoE 3o Y 7IE

GT (&
T (Net Tonnage): Total sum of the volumes of every cargo space
&) 2E oHE 370 84 £
¢ GT and NT should be calculated in accordance with “IMO 1969 Tonnage
Measurement Regulation.”
GT2F NTE “IMO 1969 Tonnage Measurement Regulation”of| T2} A|AF3HOF SHC
¢ CGT (Compensated Gross Tonnage)
CGT (BE 2&)
¢ The Panama and Suez Canals have their own tonnage regulations.

G

=) 2E HE Sl 84 28
N

=

°
.
NT (=&

Panama 23512t Suez 25t= 2| A0 E4 1P S HESIC

rydlab M =

T (Gross Tonnage): Total sum of the volumes of every enclosed space

i‘? [Reference] Old Conversion Factor between GT and CGT

(DWT) | 100~ |4,000— 10,000 30,000 50,000 | 80,000 [160,000—| 250,000 v =
#if6 4,000 | 10,000 30,000 50,000 | 80,000 | 160,000 | 250,000 | o]4 -
| - . 1.70 1.15 0.75 0.60 0.50 0.40 0.30 0.25 | Single hull tanker
Crude oil carrier 7861739 0.85 070 17055 045 | 035 1 030 | Doubl hllarer
Product carrers & lack product carrier
Chemical carriers 230 | 1.60 1.05 0.80 | 0.60 0.55 White product carrier
Chip carrier, Lumber Carrier,
Bulk C+arriers 160 | 110 0.70 060 | 050 | 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/oil
: Semi—container,
General Cargo Ships 185 | 135 1.00 075 | 060 | 050 0.40 Multi — purpose cargo
Reefers 2.05 1.50 . 1.25
10,000~ | 20,000~
Full container ships | 1.85 1.20 20,000 30,000 0.75 0.65 |
0.90 .80 |
Ro—Ro vessels 1.50 1.05 0.80 .70 | 0.65
Car carriers 10 [ 075 0.65 .55 0.45 Ro—Ro/C
L.P.G. carners .05 1.60 1.15 .90 0.80 | 0.70
L.N.G. carrers .05 1.60 1.25 15 1.00 | 0.75 -
®E(GT) | 100— |1,000— 3,000— 10,000 —120,000 - [40,000— 60,000 ¥) o
0 1,000 | 3,000 10,000 20,000 | 40,000 | 60,000 ol 4 =
Ferries 300 | 225 1.65 1.15 0.90
P ships | 600 | 4.00 3.00 200 | 160 | 140 | 125
Fishing vessels 4.00 | 3.00 2.00 f;sz;?: vessel & Feh facto-
_ [ Tug & Supply vessel, Dredg-
Other non—cargo | 50, | 399 200 : 150 er, Toe breaker, Cable layer,
vessels "
| Research ship, etc

I 7 100GT o4 4%

26

2026-08-03 (Mon)
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& [Reference] New Conversion Factor between GT and CGT

[2t1] GTR CGT ZH M2 Bk A4

= The previous method was based on CGT coefficients, depending on
the type and deadweight of ships.
7|2 Y2 Aol SR ASS | Wt Detil= CGT Alol| 7|85t AT

= The new method is based on a formula.

MEZZ Y2 SA0)| 7|2t

T 3T

= Instead of deadweight as a base for the choice of the coefficients,
A4 MEHO| 7| Z 2 2 AotEYE At8ote T,
the method is based on gross tonnage.
[ shpryee | A | s

Oil Tanker (double hull) 48 0.57

Chemical Tankers 84 0.55

Bulk Carriers 29 0.61

Combined Carriers 33 0.62

General Cargo 27 0.64

CGT A GTB Reefers 27 0.68

— ¢ Full Container 19 0.68

RO-RO Ships 32 0.63

Car Carriers 15 0.70

where, . LPG Carriers 62 0.57
GT: Declared gross tonnage of the ship

A: Factor representing the influence of ship type LNG Carriers 32 0.68

B: Factor representing the influence of ship size RS 20 0.71

Passenger Ships 49 0.67

Fishing Ships 24 0.71

NCCV 46 0.62 |
-
'gg!,‘,!.k * Clarksons, Universal Ship Measurement, 2011 i* &

5 Weight and COG (Center Of Gravity)

S L COGERASH)
= Displacement [ton]
<=2 [ton]
¢ Weight of water displaced by the ship’s submerged part
Metol 27l 20| Lol 59| &
= Deadweight (DWT) [ton]: Cargo payload + Consumables (F.0., D.0., L.O., F.W.,
etc.) + DWT Constant = Displacement - Lightweight
HetS (DWT) [ton]: ot= A2H™ + 22F(F.0.,D.0., L.O., FW. §) + DWT &% = b2 - A3
e Cargo Payload [ton]: Weight of loaded cargo at the loaded draft
32 A2 [ton]: CHAf 2401 M A2 El BtE0| S
e DWT Constant [ton]: Operational liquid in the machinery and pipes, provisions
for crew, etc.

DWT &%= [ton]: 7|2t & B2t Lf 2t R4, SR8 AT

= Lightweight (LWT) [ton]: Total o
equipment on board

Zotad (LWT) [ton]: M| Z2) S22t A 2| S| &4
= LCB: Longitudinal Center of Buoyancy
LCB: S 24
= LCG: Longitudinal Center of Gravity
LCG: YT fASH
= Trim: difference between draft at AP and FP
EZ AP} FPOIAMS] E4~ 210]
= Trim = {Displacement x (LCB - LCG)}/(MTC x 100)
Eal = {Hi£2k x (LCB - LCG)Y/(MTC x 100)

Elevation view TZ f%:\,
\ ; y é )E, X >y,,
- G@é veal  B|G
B LcB VCB 1 \

sydlab

=

hull steel weight and weight of

9]

oln

* F.O.: Fuel Oil, D.O.: Diesel Oil, LO.: Lubricating Oil, F.W.: Fresh Water, MTC: Moment to Trim one Centimeter —

2026-08-03 (Mon)
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.. Speed and Power (1/2)

19
= NMCR (Nominal Maximum Continuous Rating) [PS x rpm]
NMCR (83 2|t < HH) [PS x rpm]

= MCR (Maximum Continuous Rating) or DMCR (Derated MCR) [PS x
rpm]

MCR (2§ ¥4 Z2) E= DMCR (Z2E MCR) [PS x rpm]
= NCR (Normal Continuous Rating) [PS x rpm]
NCR (84 @4 E2) [PS x rpm]

= BHP (Brake Horse Power) [PS x rpm]: Required power without sea
margin at the service speed

BHP (A= OF) [PS x rom]: MB|A £E0|M Slief RS 1245HA| g2 22 &Y

= Sea Margin [%]: Power reserve for the influence of waves and
wind, including the effects of fouling and corrosion.

3l Ol [%]: F2iEn £49] Jobs ILesto] Itga Higho| J&of cid(st 22 oR7

= Service Speed [knot]: Speed at NCR power with the specific sea
margin (e.g., 15%). One of shipowner’s requirements

sydiab - K

MBIA £ [knot]: £ 3lild 017 (0 15%)E HET NCR SH0i|M2| £=. U 27 AR &
StLto|Ct

. ' Speed and Power (2/2)

"

= DHP (Delivered Horse Power)
DHP (dE Ot)
e Power actually delivered to the propeller with some power loss in the stern
MojoilM Y8 23 E40| Lilst & Z2He{of A2 AYE= 2
tube bearing and in any shaft tunnel bearings between the stern tube and the
site of the torsion-meter

dojgt Hoj>at Hoj2t U BISF ASA 23] f|2] Al0]2] 2& = ' #[0]d

= EHP (Effective Horse Power)
EHP (7= OF)
¢ Required power to maintain the intended speed of the ship

= 5, (propulsive coefficient) = EHP/DHP
D (F%I4l4+) = EHP/DHP

= RPM margin
RPM O

¢ To provide a sufficient torque reserve whenever full power must be attained
under unfavorable weather conditions
S L35HoF & 1 Z25 E3 OJRE SE51Y| 2Ish 2 22I8h 7|4 ZH0M|M
¢ To compensate for the expected future drop in revolutions for constant-power
28 A OldEls BF S|l LA Bty 9let A
operation

S

aEL

g4

LT (8&, g=4) = 1.016 [ton], ST (&, Bl=4) = 0.907 [ton], MT (O|E{E, &) = 1.0 [ton]

2026-08-03 (Mon)

15



L1 unit (1/2)

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

LT (F=A 28) = 1.016 [ton], ST (O]2A! £EE) =0.907 [ton], MT (= 0|E|E) = 1.0

1 o

[ton]O|Ct

= Density » [ton/m?3 or Mg/m?3]
2UE [ton/m3 &= Mg/m3]
¢ e.g., density of seawater = 1.025 [ton/m3], density of fresh water = 1.0

[ton/m3], density of steel = 7.85 [ton/m3]
of: 342 Y& = 1.025 [ton/m3], @42 Y& =1.0 [ton/m3], ZH UE =7 .85 [ton/m3]

= 1 [knot] = 1 [NM/hr] = 1.852 [km/hr] = 0.5144 [m/sec]

Ak

—

rio
rlo
]

£k Ch2ah ZfCk 1 [knot] = 1 [NM/hr] = 1.852 [km/hr] = 0.5144 [m/sec]O|C}
m 1 [PS] = 75 [kgf-m/s] = 75x10-3 [Mg]-9.81 [m/s2].[m/s]
= 0.73575 [kW] (Pferdestarke, German translation of horsepower)
=0.73575 [kW] (Pferdestarke, DO}242| S 0f #1<d)
¢ NMCR of the main engine (B&W6S60MC): 12,240 [kW] = 16,680 [PS]

F7|2#(B&W6S60MC)2] NMCR: 12,240 [kW] = 16,680 [PS]

= 1 [BHP] = 76 [kgf-m/s] = 76x10-3 [Mg]-9.81 [m/s2].[m/s]

OF2 At ch2ak 20T 1 [BHP] = 76 [kgf m/s] = 76 10-3 [Mg] 9.81 [m/s2] [m/s]OlCt
= 0.74556 [KW] (British horsepower)

=0.74556 [KW] (Y= 0t)

rydiab -k

L1 unit (2/2)

» SG (Specific Gravity) » No dimension
SG (HIE) Rk
¢ SG of material = density of material/density of water
229 SG =229 Y=/29 L=

¢ e.g., SG of seawater = 1.025, SG of fresh water = 1.0, SG of steel = 7.8
of: sfi=2] SG = 1.025, @42/ SG=1.0, 4&2[SG=7.8

= SF (Stowage Factor) » [ft3/LT]
SF (K2 A|5) [ft3/LT]
e e.g., SF = 15 [ft3/LT] » SG = 2.4 [ton/m3]

= API (American Petroleum Institute) gravity or API degree =
(141.5/SG) - 131.5
API (American Petroleum Institute) B|& £= APl = = (141.5/SG) - 131.5
 measure of how heavy or light a petroleum liquid is compared to water
MR WH|7H Z0] Hlo Lot REHLE 7HHR2|E LIE = HE

* e.g., API1 40 % SG = 0.8251

= 1 [barrel] = 0.159 [m3]
¢ e.g., 1 [mil. barrels] = 159,000 [m3]

of: 1 [mil. barrels] = 159,000 [m3]

rydiab -k
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Y 3. Comparisons of a Ship
| \ with Other Structures

—

5 Features of a Ship

= Comparison with Other Structures (Building, Automobile, Airplane)
CE 2S00 Bl (HEE, Atsat, &371)
¢ Objective: moving vs. living
=4 0|5 vs. HF
¢ Moving or fixed: moving vs. fixed
0|& £= 12 0|5 vs. 1

¢ External force acting on the structure: forces induced by winds, waves,
currents, etc. vs. wind force, frictional force, etc.

TZ2E0| 28tz 2/ B, Tte, o7 SO0l Qo RY== & vs. 2, 01
¢ Design concept: individual design vs. one design
A G OHE A vs. T HA

¢ Production method: order (customized) production vs. mass
production

sydlab oo
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' Hull Form Design vs. Car Exterior Design

3!1
A 2712t As2F 22 2A9f 8w

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 in length

* Performance, such as speed and
deadweight, is most important.

M2 9 A U 22 dsit AL 2 Yih F20ICH M2 27| 20|17t 2F 100~400 mQ! ched

Car exterior design

An exterior is related to the air resistance
and aesthetic design of a car.

Mass production: one-time design for each
model

Small structure of about 3-5 m in length
The performance and aesthetic design are
simultaneously important.

RS2 oz 47 olpe S ate] 37| M U 02 Aot BT T2 A DY 18] 7] 0|7t & 3~5 Mol £
T2 Js1 01 A7t SA0| S5}t

‘ |
rydlab s

' Procedure of Car Exterior Design

ty

A2t 2|2 27 Z3f

| Idea Sketch & Rendering }—'| Tape Drawing }—>| Clay Modeling l—

- S ——s =

g » N
=0 s

—y
Stylist ol ) sl

Measuring |<—

Engineer

Hull From Design

rydlab s

2026-08-03 (Mon)
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& - Procedure of Hull Form Design

Wireframes of Hull Form Fairing |—'| Hull Form Surface ’-‘->| General Arrangement |

|° : and Hull Structure Design
Al |52 P 4

| Basis Ship l—-l Variation
S
7 - 2

feedback ‘affsels E Ifeedback l.?D models

Model Test i | Naval Architectural Calculation

and Structural Analysis (CAE)

Hull Form Design [« ===sssssssssssssssnssnssnnsnssnnnnssnnnnsnnnnnnnns H

37
’gg!.ﬂg * CFD: Computational Fluid Dynamics, CAE: Computer-Aided Engineering . _-{

rydlab

“; ) 4. Construction Procedure
—= 1 of a Ship

2026-08-03 (Mon)
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| Construction Procedures of a Ship (Overview)

{

der A= BAOHR)

Fe

>

* 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.

D?d"teighﬁ 300,000 Ezg VviLce 5 key events of construction procedures * 63 building in Seoul, 249.0 m from the ground
= Steel Cutting Keel Laying Launching Delivery
Contract = = — —
(S/Q) (K/L) (L/C) (D/L)
Contract Basic design . ) T_ KL L Lc
— . W

Detailed design S/CProductlon design D/L

+6 +8

* Reference: DSME

Design — ==
(Basic/Detailed/Production)

Construction period of 300K VLCC

(on December 2006) Steel Cutting Outfitting
Key Event Duration
Contract -6 months
S/C or W/C* Base date
K/L +3 months @
L/C +6 months Jr—
D/L +8 months Eta
Total 14 months

* W/C: Work Commence. Starting date when

" . N 39
S/C is made. Painting Erection Launching

l‘? Construction Procedures of a Ship (Detailed)

>

e A= BRH(EAM)

:l: 5 key events of construction procedures

. 4 P .
Shipowner, Survey Classification Society,
Classification Society e ) Customs

Department! | Steel Cutting
Assembly
- [ p——— Sroduction (Drawings) @re—outﬁttm@ _[Laun.cljung] P Delivery
5 ac Planning BOM/POR Keel Laying] (Outflttlng \>€a Iral j A/S
2 Marketing Production | { ) Quay See Trial e -
= Departmen Planning aterial Erection Outfitting & Department
v Department Procuremen Production /QA, QC Department
Inspection Product
Issuing Departmen
Procurement
Department
A, AR HEEE], daEs ol 4 B 2 Ze 2 2 (=) J3 2l 24 ol ik Alof AlE ol sl Al
(BOM/POR) 82 72| A/S Y FM it BM 25 o4 A2d £AM A8 B3 AE £M 23] 22 B2 213 L QA/QC A At A
A2 Y2 2 FA HAF YL 2] M 20 2 2A

sydlab

smumreunr. © BOM: Bill Of Material, POR: Purchase Order Request, QA: Quality Assurance, QC: Quality Control

]_'I
43' 40
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4 . Construction Procedures of a Ship (Detailed)

et A= Z2H(EA)

—

Steel Cutting Keel Laying Launching Delivery
—>|
SIS (S/C) /D o o)
Design Assembly Erection Quay Work :
] ¥ v
Piling Up and Pre—oauntgttmg A/S
Preprocess P
Pre-painting
Pre-erection ==
YA AT Z HA| 2% A= A% (S/C) (K/L) (L/O) (D/L) 2AH = A ot 21 M3l oy 23 2 U A/S U2| M3l =2 13 &y
‘ 1
rydlab -
rydlab
- |

7 Design

A

2026-08-03 (Mon)
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Ship Design Process

1 Overview
=

1
!

A -
FEA 22
« Shipowner's Requirement
- DWT, Speed, DFOC

- Cost, Delivery
H Contract }7‘,{

Basic Design
[ v

Hull Form General Arrangement Hull
Design Structural Design

‘ Sales and

Marketing Design

« Preliminary Hull Form

- Lines, Offset

« Propeller Design

« Estimation of Engine Power

Preliminary Design | + Shipowner's Inquiry

« General Arrangement
« Ship Calculation
« Weight Estimation

+ Midship Section Drawing
« Typical Bulkhead
« Structural Analysis

« Machinery Arrangement

Princioal Di - - Outline Spec. and Hydrodynamic Performancey Maior Ei 1C "
rincipal Dimensions _ * Model Test * Major Equipment Capacity
— R ?;e;fh A Ou g Design Calculation & BOM
Preliminary Hull Form and Cost Estimation | - Cost Estimation

« Building Specifications

Preliminary Compartment|

« Key Plan

Preliminary Structure
« Building Specifications

$
Detail/Production Design

Preliminary Outfitting

Hull Design Outfitting Design
e . « Lines for Construction Definition of System [+ System Diagram
e RN « Longi. Landing fcrH;r'(')g‘a'c’;‘m Diagram - P&ID, Wiring Diagram
/Production, p * BOM
. 1
l\\ (CO,\;‘SILUC;DH /' « Detailed Construction Drawings| Detail | | Detail « Outfitting Arrangement
. etho / . i ; t o
. ) v Local Analysis Design | /l Design Outfitting BOM
It - « Production Drawings ¢ « Production Drawings
- Cutting Drawings | Production |‘ | Production - Working Drawings
- Assembly Drawings : : - Installation Drawings
« Steel Material BOM Design Design « Quantity of Production

MF o MZ 2FARE DWT, £, DFOC 7|2 42 H|E, Q1= &Y
Ao MY - LerEiR] - SY CHE e, QI . Ad8p AL
Il £ 2 27] 42 712 2] JHEE ALY A RASHY 45 22 2% -
2 BOM ojjt| e - BIE L HIE 2 - HE F UZ AL 0fH| 2]

Ll

. MY

3

HET Zurst

- BE 2y m2me A -
22 26| 8 72 Yot A - D AIY ol w2 AN
O] T2 + JIZME 22 ARIA OflH] OJF MM A 7]

B2 - PRID, BT AN 212 E81 -+ OJ3f BiR] MM Bl -

A . LebBiR] A . A Ao EA - 22

22 34 HF 20| -

M| AA - o A HZRE HE - AA| FHO| - AL ASE Y
AP0 MO E0 - 2 SO - A - A R S0 - MR S0 - 92 - M7 YA BOM - A4S
|
|
1
sydlab i{ 43
T Contract | ploteel Cutting] p] Keel Laying ] P Launching ] p]._ Delivery
¥ ¥
[oesin | | [assemby | | [erection H [Guay work

Preliminary Design

N
1 Determination of Ship’s Principal Dimensions

Piling Up &
Preprocess

[Pre-outfitting
& Painting

= Given

| Analysis of shipowner's requirements |

e Deadweight (DWT)

| Determination of principal dimensions I

e Cargo hold capacity (V)

* Service speed (V) |

Estimation of |

ightweight

¥

¢ Daily Fuel Oil Consumption (DFOC)

| Prediction of resistance and power

]

¢ Endurance

Propeller design

¥

Selection of main engine

¥

= Find

e L,B,D,T,Cp

sydlab

| Estimation of capacity of cargo hold |—
v

l—

| Rough design for hull form |

| Calculation of freeboard

| Rough design for general arrangementl

| Rough design for hull structure |

| Rough design for outfitting |

| Estimation of shipbuilding cost |

|
| Preparation of technical documents :I.‘qi 44

H% 2TA 240 F01 3122 8Y 23Y
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Launchir Deliver
[y o

[1_? Basic Design
l_ Compartment Modeling of a 300,000 ton VLCC

amploWVLCC300KWvIcc300k,0cp] S 1=
g Tool Window Help =18x]

|oisaie]|es ouaan e TRENEDE & XE &
IETrElET RN EEr e

EzCOMPART =]

=08 viccaik
= 4@ MODELS
& @ main_model
8 union.sac:

& @ compartxac

3 compart:

% union, xac

=& CALCS
& @ calc: Main calc
4 compart xac

@ PropertyXML
% Property..
8 HydroxXML:

& LoadingXML.
% loading.c
& DamageXML

% sps.cal
8 StockholmX
% stockholn
8 VisibilityxML
4 visibily.c

i buoyancy
& SoundingXM
% sounding
& TrimmingXM
F trimming.
A

= e
W compar xad Compartment

= A space to load cargoes in the ship and divided by bulkheads
= |t is like the diaphragm or peritoneum of a human.

T
T T, 00000, 0000000} I=|

e o
ey from | Ente the positon of camera (1 2>0.1.0
M 13000, 1, 003000, 0,006060)

‘An Innovative Compartment Modeling and Ship Calculaﬁ [System”, 45

Cho, Myung-Il Roh, Seol

ng-Chan Kang, Jung-Woo Seo, *

| [X= 327545187, V=120, 042641, Z= 0,000000 [Long 0,0, Lat=0,0 [ine 7777 Col 7 [iead

e cong]

||
g_:' Basic Design (Hull Structure) ====
L Hull Structural Modeling of a 300,000 ton VLCC

Keel Laying | | Launching | p{ _Delivery
2 2
[rection H [Quay ork

[Pre-outfitting
& Painting

041109) 300KV CCvas]

W
5] Ele Edt View Modeling Heb.
|oisEe][es smaasec MENVNEE & NEs@||[¢2 0% 24
> eeREEES S B e & GnEEn]|asa |

E2STRUCT — =
ELEC)

@ Bods
15§ After_Body_Structure.
5§ Deck Structure

59 Longudna Bulihead_Srcture
5§ srel_stncture

5§ Stinger Structure

6 Trnsverse_Bukhead Suctre
5§ Web_Frame _Sructre

L[N

Inside cargo hold part

Hull Structure

= A frame of the ship comprising a number of hull structural parts
such as plates, stiffeners, brackets, and so on
= |t is like the skeleton of a human.

mputer-Aided Process Planning in Shipbuilding”, L'j 46

* Myung-Il eul Lee, “An Initial Hull

Stru
eering Software, Vol. .

, N

ctural Modeling System for C_g-
| pp.A457-476,20067---

2026-08-03 (Mon)
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[Lcontract | pisteel cutting| p{ keel Laying | p{ Launching | p| Delivery
¥ ¥ ¥ ¥

., Basic Design (Hull Structure) o) | =) e e
Y

Structural Analysis Modeling of a 300,000 ton VLCC

S
- v' HEEEE & XSsr B 88
.| Global structural analysis model .

Structural Analysis

= Atask to assess structural strength of a ship

= |t is normally based on finite element method.

i
Hold structural analysis model

* Myung-II Roh, Kyu-Yeul Lee, Woo-Young Choi, Seong-Jin Yoo, “Improvement of Ship Désign Practice Using a 3D CAD Model of a Hull Structure”, 47

Robotics and Computer-Integrated Manufacturing Journal(SCIE/IF:0.699), 2006.10.16 -

[contract_| pisteel Cutting] p] keel Laying | p{ Launching | Delivery
K2 2 2

e BaSic DeSign (Pipe outfitting) e | ] | e H e
1 ipi -
P&ID (Piping and Instrument Diagram) -

Piing Up &
Preprocess

P&ID: Piping & Instrumentation Seawater cooling system
Diagram, Non-scaled drawing

representing the relationship 8 - e
between equipment

|
\
—_— OwDke= 00 BB !
3 1
777777 | — ! Srsssmnwn
T L R o
ég I - ' CWW02 2- JAC AX-5004 H LOCATED AT 13T DECK & -
P b ! } « 7 ~ o e onaaTose
H - 1
e [ f — - "
i 2 i [ cwees-f - CWO022-500A: Piping with a diameter of 500
H ‘ | "
Tt | mm for decompressing the high temperature
! L oo from the cond 59C or |
v | i seawaterfrom the condenser to or less
: J:?.m,,,m_“ : and discharging it to'the outside, of the ship
| u-»—*-«»l-E L side
: a:H 3 ”
H CINDZ5-JACAX-B0A cwosd \Ejector for pressuré cont?

CWIZ4-JAC AX-B0A Feo . FLOOR - F

15K

T
i

Je! |
“—‘—% AIR EJEC, COND, FOR 1
cwos. COPT |

T |

|

i

|

I

NEAR
! * SCUPPER
k l L _ AN o

cwoza * *g e
CWO22-JACAX-500A x o:
L o COPT VAC. >

CADZI -J ACAX- 5008 cwozz CONDENSER

ATH, GOND G50 PU R
Caatkiar * 2T
FLOOR 5
CWO23-JACAR-BOA  x

FLOOR - FWD

K

TO/FR VAC. COND. * n' o
2o Topology data

* Seawater cooling system: A piping system that cools the fresh water cooler for cooling various devices in the ship with seawater

24



Contract

[ o= [

Piing Up &]]
Preprocess

X
B ecion |

[Pre-outfitting
& Painting

" Detail/Production Design (Hull S

|
1 Result of Detailed /Production Design
M/ S SA (LA =)

Detail design: the stage which detailed
specification and performance are determined, and
detailed drawings for each system are generated

Production design: the stage which production
drawings (cutting, nesting, piece, and installation
drawings) for the production of each block are
enerated

RE_CHA Ass NG Mot

1T T
i

ouss 7

7

SCALLOP DEFINITION

Example of a detailed
structural drawing
of the fore body

AFTER_PART GENERATION

TT

=

vt e

M A M
g50| 2¥=n

T comoc | plores: cong pleet taya ]
¥ ¥ ¥

ooy | Pl oehvey
[y o

] | Ceection

,  Detail Design (Pipe Outfitting)
Y Pipe Modeling of a 300,000 ton VLCC

senese

H
- Plaxn view
g Section view
y

X y

NN NN AN A S AN AN AN NARARAEEERERAE A SA R AR AR AR

tructure in Shipbuilding”, 50

* Myung-Il Roh, Kyu-Yeul Lee, Woo-
Advances in Engineering Software(SCIE/IF0.37T), 2006.12.1

oung Choi, “Rapid Generafion ofthe Piping Model Having the Relationship with a Hul}
H

2026-08-03 (Mon)
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™
- b

Block Division (Production Planni

D

Contract

Piing Up &
Preprocess

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 |.

30
* Block seam: Joint line or welding line between adjacent(:b locks

260100

3 soccer fields can be located on the deck.
63 building in Seoul, 249.0 m from the ground

20090 | 20000 | 21300 4 210 4 2000 L 20600 | 20000 { 20000 4 18700 4 20000 4 19100

Block seam

726736

{

rydlab

Piling Up and Preprocess of
Steel Material

2026-08-03 (Mon)
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Contract

ing Up &
Preprocess

L, Piling Up and Preprocess of Steel
~1 Piling Up of Steel Material

A Az 2 M2

= Steel material consists of plates and section steels, which have the shape of a bar.
Y= Tfet oty Hefo] Yoz FHET

[Pre-outfitting
& Painting

= Piling up: Process of transporting steel material purchased from steel companies to
sea or land and storing it in a stockyard
2| HHL0|M TS DS Sl = SY2 2 24510 O Yo Etets 34
= Grouping: Process of sorting steel material according to the specification and
production schedule of each ship, and then supplying it to the preprocess shop
1S3t 24 Ad8ro] At AL Aol et ZAHE B 76 & W2 30| F5ots 3F
= Piling up method: “Using Pallet”

H2| Yy A E A"

Types of section steels

Al

rydiab o =

Contract Steel Cutting} >|KE\Layng| aunching Delivery
‘iﬁ Piling Up and Preprocess of Steel z:at<aic:= Sl=s]

Pr ep rocess

—1 Preprocess of Steel Material e,

= Process for removing the rust on the surface of steel material to improve
the adhesion of paint and to prevent rust through shot blasting and shop
priming
¢ Shot blasting: Task to remove rust and mill scale by shooting abrasive (shot ball, cut wire,
etc.) to the surface of steel material at high speed

e Shop priming: Task to paint shop primer on steel material after shot blasting is completed
to prevent rust during the manufacturing/assembly process

Shot blasting Shop priming

Types of shots | [@2ae®

* Mill scale: A thin, black layer of metal oxide on the surface a - 3 > b .
when heating the metal in the atmosphere Shot ball | eSadsbge@ el [ i > & vt Cut wire

2026-08-03 (Mon)
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Contract

ing Up &

Preprocess

[Pre-outfitting
& Painting

., Piling Up and Preprocess of Steel
1 Marking

A A2 2 M2

= Marking: Marking lines and symbols for cutting, bending, and assembly processes

012 BT, 33 U 2Y BYS Aot M 7|SS BARICH

Example of path generation system
for marking torch using optimization technique

Example of manual marking line
for assembly

e

T AN
Before: 84.67 m

TS0, 04671 et vorm 0467

v After! 39.26'm
=» How can we minimize the trajectory of marking
torch in the NC (Numerical Control) marking?

= Example of application of optimization technique H

* Nesting: Process to minimize the remnants of the steel
sheet that are cut and cut by rotating the member pieces in
order to use the standard steel sheet most effectively

=» How can we automatically obtain the nesting result that
maximizes the yield (the ratio of the area of the steel sheet to
the area of the standard steel sheet)?

arese, szl

Example of auto-nesting system

Nestn

=IND - el t - el Shect - BB

» Another application of the optimization technique m .. . .20y

rydlab

|
L!
"2

L3

1|
:g__
S

Steel Cutting (S/C)

A 2EH(S/O)

2026-08-03 (Mon)
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13? Steel Cutting (S/C)

= Cutting: Process for cutting steel along the marking line to obtain a member of the desired
shape
Atk Yote Yol FAE 7| Lol 0rAM S w2t ZAE Hots 38

= Steel Cutting (S/C) or Work Commencement (W/C): Steel cutting for the first time (called
groundbreaking ceremony)

A HEH(S/C) £ 2Y 2 (W/Q): 222 HAISts 22 FEH(Z7I3A012t1 &)
= Cutting methods: Gas cutting, Plasma cutting, Laser cutting, Edge milling, etc.
HCHYY: A MO SepADL HT (0|4 HE pEAe| Y S

Steel cutting
using. CNC plasi

Gas cutting: When the steel is heated to a temperature (800-900°C) at which the
oxidation reaction is likely to occur, an exothermic reaction occurs and iron oxide
is formed. At this time, cut the plate by supplying high-pressure oxygen.

= Plasma cutting: When an electric arc discharge occurs in air, hydrogen, gas, etc.,
the gas is partially plasmaized. It is shrunk by a thermophysical method so that
the maximum temperature reaches 20,000-30,000°C. Using it, dissolve and blow
the steel with high-pressure gas.

Laser cutting: Melt locally by injecting the light after amplifying and densifying it
and by blowing the steel out with high-pressure gas, and cut the steel

= Edge milling: Still cutting using industrial diamond

Steel cutting using edge milling-machine 57 57
(Hyundai Samho Heavy industries) * CNC: Computer Numerical Control

rydlab

Léll_l—l Assembly
oo
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Contract

(oo ]

af g Launching Delivery
ey ] | [reeion H [ wor

' Assembly

T
- Piling Up & [ ] |Pre-outfitting
1 Sub-assembly/ Assembly s
= Sub-assembly
A2

¢ Process for manufacturing a small-sized part constituting a block

28 st 4Y BES st 3

e

= Assembly

N
i)

¢ Process for bling sub: bly blocks to make a large block
23 222 2Ysi0| Y 222 0EE 33

>

¢ A process in which about 60% or more of the shipbuilding workload is processed
M 2| o 60% O|40| 3= JFolct
¢ Depending on the shape of the block, it can be classified into the panel block process and the curved block
process.
SEO| o 2t g £5 3F2 FH

+ Panel block

N

21 o2

So—

i1

2% 4 Uck

jc
Ar

% Approximately 80% of the total assembly
A 270l °F 80%

% The shape of the blocks and inner parts is relatively simple, and an ion system s
S50 YR 259 Y40| Blud chasit, 2t55t A|LHS ARSI

5 T

% Matrix (Egg Box) method, Line welder method, Slit method, Piece by piece method
HE2IA O] D8A) B4, 2ol 8HY, 3 YA, e =Y

¢ Curbed block

=

% Approximately 20% of the total assembly

x Itis ing to i an ion system due to the diverse shapes and complexities of the blocks.
=52| @Y 5YY0| hsto] At AAE FRisH| ofECh

% Line welder method, Piece by piece method

| Example of sub assembly blocks | Example of assembly blocks |

ﬁ@y

=

Panel block (double bottom block) Curved block (after body block)

e

rydlab

L Pre-outfitting and Pre-
=1 painting

rx
0%t
1o
02!
=
rx
0%
H

2
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"1
= |

Pre-outfitting and Pre-painting

= Pre-outfitting

* Process for hastening the installation of
outfitting (piping, ducts, etc.) to avoid
congestion in the latter part of the construction
period

* Categorized into block outfitting, unit
outfitting, and erection outfitting

= Pre-painting

* Painting in the preprocess of steel material:
“Shop priming”

* Painting in the assembly process: “Pre-painting”

+ Perform block preprocess before preceding pre-
painting

* Painting in the erection process: “Erection

painting”

+ Perform additional preprocess and painting work
on joints between mounting blocks

Pre-outfitting in the double bottom block

Pre-paimifing process

——Panting“f_tﬁe.'e:ectionﬁpr

Keel Laying | p{ Launching |
2 2
[Guay work

T comece | plores cong Delvery
¥

™
5

[oesion ] | ey | | [ermction

Piing Up &
Preprocess

Block Preprocess

= Process of removing the rust on the surface of the plate during the assembly process, before the
preceding painting, to improve the adhesion of the paint
= ™ol YoM B BEHO| =2 A|H5t0] 2ol £2AHS FHAT|E 3Y
* Consisting of blasting, air blowing, and grit recovery
SetAg, oo] E2Y 2 O3 3|42 FYECt
* Blasting: Removing rust by spraying a small piece of iron (grit) onto the plate
SaAg: Tof| 22 H 22KA3) S RAGI0 =2 A7 ot Y

* Air blowing: Drop grit on the top of a stiffener to the floor using air

22

0ol 22Y: 7|5 Aot 2ZA R0 O3 BiHo2 WojLe|: 2
* Grit recovery: Collecting grit, dust, etc. on the floor
03 314 Bt 031, B2 S8 47151 2
1 2 Blasting 3 Air blowing
4
» = Pre-painting
Man-hours for block preprocess of the double bottom block of VLCC
(For a working area of about 4,000 m?, surface roughness of SA2.5)
- Blasting: 16 people x 3.5H = 56 M/H
- Air blowing: 8 people x 1H = 8 M/H
- Grit recovery: 8 people x 1.5H = 12 M/H 62 U
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Pre-erection

rydlab

A A

131_' Pre-erection

= An intermediate process
between the assembly and
erection processes to
increase erection efficiency

= This process makes “one
large PE (Pre-Erection)
block” by combining two or
more hull blocks and
outfitting near the dock

PE blocks on the PE area

PE (Pre-Erection) area

Launching | Delivery
2
Quay Work

2026-08-03 (Mon)
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—

Lé] Keel Laying (K/L)

.
=Y

3

= A2I(K/LD)

teel Cutting| ] el Laying | p{ Launching | p{_Delivery
H £2 2 2 K2
R ' Keel Laying == s
il re-outfiting
aintin

= The event when the first block is erected on the dock. That means the

starting point of block erection.
A A 252 =30 EAlists AIZOoICE S, £5 BAIQl AlZEo|C

=, 27

= At this time, put several supports under the ship to support the ship’s
ol et 2|2|5t7| Isf A8t Of2{of of2] Z|R|CHE A =[BTt
weight

Bottom shell
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Erection

rydlab

A

- Block Erection Simulation

Semi-tandem Construction Method

RUCT - C:WE2S TRUC TWExampleW(H 8121 527 FaK(}

= EzSHIP - I
51 Bl Edt Miew Modeling Window Help

0@ ?||¢=+6$2QQ0N ¢ EEEEDE & NE@#2 |%&(4||x

Lo DRI

[E2STRUCT -
oF |

W2 NN AL% AB0M| B

[X=80,558065, V= 168 400433, 7= 00000001 [Cong.=0.0, Lot 0.0

=0l
=181

[ contract_| plsteel cutting] p{ keel Laying | p| Launching | p] Delivery
2 2
[“oesign ] | [Cassembly | | [CErection H [Quay work

[Pre-outfitting
& Painting

Piing Up &
Preprocess

| Semi-tandem Construction Method |

= Construct a complete ship and another ship's
after body together in the dock

Dock

|
v

Dock gate
]

History of the erection joint length

by the semi-tandem construction method

Erection joint
* Myung-Il Roh, Kyu-Yeul Lee, “An Initial Hull Structural M
Advances in Engineering Software, Vol. 37, No. 7, pp.457-476, 2006.7

Floating 4

2 3 gl 51 61 7 81
Erection event(Number of erection blocks)

4 g 6
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[L&ﬂ__l Launching (L/C)

e

rydlab

(/0

keel Laying | p{_Launching |

Delivery

I
¥ ¥
[y wore

et

l‘? Launching (L/C)

= Process for launching a ship that is dry in the dock or on the ground for
the first time after various tests

ZE AP 7 e B3 £ |Y0M XF 2ests S

= The date is approximately 12 months prior to the contract date.

LAUNCHING

SETTING FOSITION...
ereen

* Reference: DSME

O ERE AfY LD} of 1270 Hdct
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Contract_| pfsteel Cutting]

oot g | P e Do
Sesign | [ty ] | [reeion H [ worr

Piing Up &
Preprocess

Ll‘i_] Launching
L Ground Launching Method of HHI and STX

= Building a ship on land rather than a dock
E37} ot SA0fA] Met Az

= In October 2004, Hyundai Heavy Industries was the first in the world to
succeed.

20043 102, Hyundai Heavy Industries7t M7 2[z=2 4334Tt

= Overall procedures of the ground launching method
S4F 214 drAlo| Mk ol M}
1. Complete the erection of a ship on land
L SHOIA MEre| B E etE L
2. Two barges are placed next to the land area.
B4 T Ol A 222 H|SICE
3. The ship is pulled over the barge (“Load Out”) using the principle of submarine in Germany and the
principle of the mobile sy developed by Switzerland
4. Move a barge carrying the ship to the deep sea
5. The barge sinks below the surface of the water.
6. Finish the launch of the ship

[Pre-outfitting
& Painting

~

71 71
* Reference: Hyundai Heavy Industries
3. SOl Y4 Y2|E 0185t0] MHetE B 2|2 Z0i22|=("Load Out’) 21t
sydlab
SLaaTL .

aE

Quay Work

3

re
JE
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o = E [ e
Quay Work T | ] | i ;-||Quaywmk;-|

- . . . . Piling Up &| [Pre-outfitting

1 Outfitting/ Painting

= After launching the ship, put her on the quay and perform outflttlng and

painting to complete her.

“\\_CHA CGM PUCCINI
EORT AUX FRANCAIS

"1 Sea Trial
= The testing phase of the ship is designed to measure her performance and
general seaworthiness.
MO A A= Aol st dBtAQl Zatd e S335H7| flo ~~stet

= RN —|o°

= It is typically the final phase of construction and takes place on open
water, lasting from a few hours to several days.

Ol UBtM o= AZO| OpR|9} CHA| 2, ~H0|M SRS Z A[ZHIIAM U2 2K 2Tt
= The ship’s speed, maneuverability, equipment, and safety features are
usually evaluated.

UHtM O 2 Muo| 2 RZEA ZH| U OHA 7|52 TSI

= Typical trials: speed trial, crash stop, endurance, maneuvering trials,
LU Al £3 A, S84 AIE, U748 A, 28 A,

seakeeping

2026-08-03 (Mon)
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rydlab

"
df‘r_] Delivery (D/L)

[contract Keel Laying | p{_Launching Delivery
——I i k2 k2 £2 ¥
e |Very [pesion | | [assembly ] | [ Erection H [[Quay work
re-outfiting

o

eeeeeeeeee

Naming Ceremony and Delivery

eeeeeeeeeee

I T e £ —

Naming Ceremony of FPSO (Floating Production Storage, and Off-loading unit)

38
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Offshore Structure Design

™
n I

Offshore Structures for Oil and Gas Development

Fixed
Platform
(FP)
Compliant
Tower
(CT

Tension
Platfo
(TLP;

Storage &
Offloading
(FPSD)

SPAR i oating Production =
Platform Systems
(SP) (FPS)

about 1,000m
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' FPSO for the Development of Deep Sea

|

5 . . . .
Floating, Production, Storage, and Offloading unit

Ml 7Kg 9I3t FPSO

= Offshore structure for separating the well stream into oil, gas, and water
FY AU FAE LR, L L 22 22t HY 722

and then transferring them to onshore

|—I I I NG C1:CHy Condensate C5:CH3(CH,)4CH;
C2:CH;CH; C6:CH3(CH,),CH;
by Well Components T
—— Gasoline C7~C10\
i Distillation & :
i Fractionation: |—— Kerosene |C10~C16
................. e
i I —— Light Oil |C16~C20
f v v Heavy
S SN
— Crude Oil ——— Petroleum Components
—— — .
—— Heavy Oil |C20~C25
[ Asphalt
c25~c3c)
S b i L— Pitch
: Refining : : Refrigeration :
TP TP PP . TP * LNG C1 (CH,)
i Dehydrated i NGL c2
v, S
e Gas Gas Light
TP & ca Components
Condensate €5, C6 80
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5

Distillation Column

Home

BP 220~250

BP 250-350

BP 350COver

S

Heating

* Reference: http://doopedia.co.kr

LPG
__|E BP 250
et BP 40-75¢
b -
P =
il BP 75-1501 =
—ll_ﬂ.u.n..'
Kerosene
e BP 150~2401
_lI.lI.lI.lI.'
Light Oil

Lubricating Oil

Heavy Oil

Remains

Heating for

Raw Material for
Chemical Produc

Lubricant

[Reference] Distillation and Fractionation of Oil

Separation by the difference in
boiling point of each component

Fuel Oil Automobile

Fuel Oil Airplane

Fuel Qil for Diesel Engine

Fuel Qil for Ship

* BP: Boiling Point

* 230 http://doopedia.co.kr

™
5

(2] d2 dATA 22|

Gas

[Reference] Processing of Raw Natural Gas

Acid
gas

SULFUR UNIT

+ Claus process | gas

ACID GAS REMOVAL

+ Amine treating

* Benfield process
PSA

Elemental sulfur

| TAIL GAS TREATING
+ Scot process
« Clauspol process
* Others

Offgas to incinerator

Condensate to an oil refinery

. unit
* Sulfinol process DEHYDRATION
pipeline | * Others - Glycol unit
* PSA unit
Waste water

+ Absorption (in older plants)

Y
NGL RECOVERY NITROGEN REJECTION MERCURY REMOVAL
+ Tirbo-expander and = Cryogenic process  r<—j * Mol sieves
demethanizer [ = Sbsorption processes * Activated carbon

= Adsorption processes

L B sales gas pipel

Natural gas

ine Nitrogen-rich gas

SWEETENING UNITS

——> Ethane

FRSCTIONK!'ION TRAIN
D i

« Deb izer

* Merox process
= Sulfrex process
* Mol sieves

——> Propane
—— Butanes
—> Pentanes +

* Reference: http://en.wikipedia.org

LEGEND

= mem Located 3t gas wells
Red Indicates final sales produsts
Condensate i also called natural gasoline or casinghead gasoline

fsid gases are hydrogen sulfide and carbon dioxide

Sweeening processes remove mercaptans from the NGL products
PSA is Pressure Swing Adsorption

NGL i Natursl Gas Liquids

Located in gas processing plant
Blue Indicates optional unit processes available

Fertanes + are pentanes plus heaier hydrosarbons and also salled natursl gasoline

* 2

210 http://en.wikipedia.org
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y Natural Gas (NG)
= Natural Gas
HHI A
¢ Hydrocarbon gas mixture consisting primarily of methane (CH,)
F2O|EHCHA) o2 el st JHA S8E
¢ Clean energy for preventing environmental pollution
2 28S YAlsty| 2t HE ofHA|

fol

T

At =

(NSNS

NJ

My, &g, 2 LE 200l AL EICt
¢ Providing about 25% of energy consumption of the world
MIA o 2| AB|9| oF 25% 5 a6tCt

» It will be continuously increased.

Lo

£y
S

A&Ho= SIre ZAojct.
= Special Features
CHZ| 0l A -162 C2 HB}EICt
¢ Liquefied at -162°C under atmospheric pressure
CH7I L0l -162 C2 H3t=ICt
» Liquefied Natural Gas (LNG)
QiS}ote £I|7F 1/6000] ECt.
¢ When liquefied, the volume becomes 1/600.
oisstet £I{7t 1/6000] ECt
» Reason why we carry NG as LNG

HUHIIA0| NIA OjEEH(2014)

sydlab

» Used for all fields of home, commerce, transportation, industry, etc.

y [Reference] Material Property of Natural Gas

[Gas Properties 0 10 20 30 4 5 & 70 80 90
¥

100 110 120 130 140 150 160 170 180 190

olecular Weight Molecular weight : 16.043 g/mol

Melting point - -182 46 °C 40
Latent heat of fusion (1,013 bar, at melting point) : 58.682 ki/kg

olid phase

JLiquid phase Liquid density (1.013 bar at boiling point) - 422.36 kg/m*

Liquid/gas equivalent (1.013 bar and 15 °C (59 °F) : 621 4 vol/vol

o

Boiling point (1.013 bar) - -161.48 °C 10

Latent heat of vaporization (1.013 bar at boling point) : 510.83 kirkg
vifical point Criical temperature - -62.59 °C
Critical pressure - 45.99 bar
Critical density - 162 7 kg/m®
ripte point Triple point temperature - -182.46 °C qul"d
Triple point pressure - 0.117 bar

Vapor

aseous phase Gas density (1.013 bar at boling point) : 1.816 kg/m?
Gas density (1.013 bar and 15 °C (59 °F)) : 0.6797 kg/m?
Compressibility Factor (Z) (1.013 bar and 15 °C (59 °F))
Specific gravity - 0.555

Specific vlume (1.013 bar and 25 °C (77 °F)) : 1.5227 m/kg

Heat capacity at constant pressure (Cp) (1.013 bar and 25 °C (77 *
F)): 0.0358 kJi(mol K)

0.99802

Vapour Pressure (bar or 0.1 MPa)

Heat capacity at constant volume (Cv) (1.013 bar and 25 °C (77 °
F) - 0.0274 kli(mol.K)

Ratio of specific heats (Gamma:Cp/Cv) (1.013 bar and 25 °C (77 *
F)) - 1.3062 :
Viscosity (1.013 bar and 0 °C (32 °F) - 1.0245E-04 Poise

Thermal conductivity {1.013 bar and 0 °C (32 °F)) : 30.57 mW/(m.K) 00

Jmiscellaneous

Solubilty in water (1.013 bar and 2 °C (35.6 °F)) : 0.054 volivol
Autoignition temperature 595 °

5
:/
0005 <

» Critical point

0O 10 20 30 4 5 6 70 8 50 100 M
Temperatire (K)

120 130 140 150 160 170 180 150

w * Reference: http://encyclopedia.airliquide.com

-161.48°C
20 20 260 2D GO0 0 210 A0 A9 ) 7D 6D 4S) 440 40 40 0 00 40 40
Temperature (°C)

‘ii 84
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& " Worldwide Reserves of Natural Gas (2014)
A MA HA7LA DIYEF (2014)
= The reserves are not biased towards the Middle East and are
distributed worldwide, with a very large amount.
U2 S S0 HEE(0] UA| A20 A A0l 0fR B2 20| FRE &[0 UTH,
= The development field moves from near the sea to far beyond the
WY 2| A2 Heh Z0M M B Xo2 0| STt

sea.

100.000.000.000 m?
10.000.000.000 m?
+1.000.000.000 m?

. .
- -
[ |

[ - 100.000.000 w?
+1.000.000 m*

No production

nydlab s

* Reference: http://en.wikipedia.org

& ' Concept of LNG FPSO

Production of the LNG by onshore facility :

ProductionT exmina i Natural gas from the offshore
e FROCESS FLANT production site is transported
FLATFORM by pipeline to the onshore LNG
plant, where the NG is liquefied
to LNG.

E XPORT

EIELINE SUBSEASY S TEM

The LNG FPSO is a floating vessel equipped with a production facility, liquefaction facility, storage
tanks, an offloading system for LNG, and a turret system.

roduction of the LNG by LNG FPSO I—
,‘ The natural gas is liquefied

LanT direct in the LNG FPSO.

» An onshore LNG plant and
transport pipeline are not
needed.

o

EXPORT

Far from the coas?‘f

86
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_ ' [Article] The World’s First LNG FPSO
1 Shell decides to move forward with groundbreaking LNG FPSO.
[ZIAH] MIAl 2[22] LNG FPSO Shello] 271491 LNG FPSOE %2572 235t

= Shell, the world’s largest oil company, is now ready to start construction of what
will be the world'’s first LNG FPSO (“Prelude”), in a shipyard, Samsung Heavy
Industries, in South Korea.

MIA ZIT] A2 3|AFQI Shell2 O|A| CHEFRI=O| 2A 4 Samsung Heavy IndustriesOll A M7 Z22] LNG
FPSO(“Prelude”)7t & A18t0] AR E A|2E FH|E OpFCH
= LNG FPSO cools the temperature of the natural gas (NG) from 27°C to -162°C,
causing it to shrink in volume by a factor of 600.
LNG FPSO& H7IA(NG)Q| &5 27°COA -162°CE Y2 B I|E 6008 Z9QICt,
= The liquefaction process system for LNG is the most important system of the LNG
FPSO.
LNGO| o5} 34 A|AEIS NG FPSOQ| 712 2275t A|AEIO|C},
= Remark: It was delivered in 2017, and the purchase price is estimated to be
approximately 10.8-12.6B$.

31201740 Q=& S04 7t 2

10

£10.8~12.6B$= 2HECt.

LNG *&

* MTPA: Million Ton Per Annual ‘q 87
lgdlﬂb illion Ton Per Annual ‘1

smoomreunre. © REference: [Article] Yonhapnews, Shell decides to move forward with groundbreaking floating LNG, 2011.5.20

* NG (Natural Gas): Main component is methane (CH4).

and butane (C4H10).
* NGL (Natural Gas Liquids): Main components are ethane (C2H6),

& ' Configuration of LNG FPSO

and 20°C. That is, NGL = LPG + ethane (C2H6)
« Condensate: Main components are Pentane (C5H12) and Hexane
(CBH14). It exists in the liquid phase at 1 atm and 20°C, so-called o

+ LPG (Liquefied Petroleum Gas): Main components are propane (C3H8)

propane (C3H8), and butane (C4H10). It exists in the gas phase at 1 atm

LNG FPSO - Hull

Separation process
20% of LNG FPSO it P

20% of Process system

. Pretreatment Process
Ibe he
e the cost iontion Topsides Process system 10% of Process system
G ‘

Fractionation process system
(Separating the NGL into the ethane, propane, and
butane by distilling the NGL)

70% of LN 70% of Topsides
FPSO Fractionation Process

15% of Process system

Flare Tower
Utility system
Turret 30% of Topsides '— Liquefaction Process

10% of LNG 55% of Process system
FPSO (27% in LNG FPSO)

Liquefaction process system

(Separating the gas components into the NGL
and natural gas (NG) and liquefying NG)

1 For the compactness of the topsides
1 process systems, the pretreatment and
1 liquefaction process systems are

Utility system
(Gas turbine, etc) <> | Turret

(mooring)

Separation process system
(Separating water, condensate (liquid), and gas
components (NGL+NG) using the difference of densit,

Pretreatment process system

(Removing the impurities such as CO,, HyS,
water, and mercury)

Living Quarter

« Production: LNG(3.6MTPA) = The liquefaction process system for LNG is most important.

* MTPA: Million Ton Per Annual
Reference) [Article] Yonhapnews, Shell decides to move forward with groundbreaking floating LNG, 2011520

y)

88
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QHESI7|: NGL + NG 7[H|/23| 22|70 M 714 22| 2 ,
=2lst0f 714 E5e=2 =|S2Uch

NG (Natural Gas): Main component is methane (CH4).

y ' Topsides Process System of LN i i oo e o

" » NGL (Natural Gas Liquids): Main components are ethane (C2H6),
I propane (C3H8), and butane (C4H10). It exists in the gas phase at 1 atm|
: and 20°C. That is, NGL = LPG + ethane (C2H6)

; + Condensate: Main components are Pentane (C5H12) and Hexane
. 1 (C6H14). It exists in the liquid phase at 1 atm and 20°C, so-called oil.
1. Separation process system ' - -

1-1. Slug Catcher: Stabilizing slug flow from gas well

1-2. Gas/Liquid S S " (iquid), and (NGL+NG) === : Condensate + NGL+ NG

-2. Gas/Liquid Separator: Separating water, condensate (liquid), and gas components + . -

using the difference in density == : Condensate (C5~C6)
1-3. Stabilizer: Since a part of the gas components is not separated from the condensate completely in the === :NGL+NG

LNG FPSO9| EAI0|E 33 AIAH (1/3) 1-2. 7|4/ 22/7]: B, S5

SEH (W) L 7|3 HENGL+NG)S 2|5t L= 240|2
O|&8tCH1-3.

Gas/Liquid separator, separating the gas components from the condensate again, returning it to the gas flow,
and storing the left condensate in the condensate tank

| For the compactness of the topsides process

| systems, the pretreatment process system and

3 liquefaction process system are arranged to cross
Leach other.

Separation process system

1. Separation process
st lem

Gas Well
(500-1,000 m;

1-1. Slug Catcher

1-2. Gas/Liquid
Separator

o

)
3

i)

Gas (C17C4)

1-3. Stabilizer

Condensate (C5~C6)
Condensate Tank

89

Pretreatment process system

LRt SHUSREE AMF| 22|2|A| G222, SFUM 7|3 =S T

2.

2-1. Acid Gas Removal System: Removing the acid gases (H,S, CO;,) which are corrosive to

. y . === : Condensate + NGL+ NG
materials and toxic to human beings

2-2. Dehydrate System: Removing the water which can forms the ice » : Condensate (C5~C6)
2-3. Mercury Removal System: Removing the mercury, which can damage the equipment and pipes = :NGL+NG

2-4. CO, Compression System: Venting or re-injecting the CO, removed from the gas{\ : CO,

* €O, well; To prevent global warming, CO; is stored in the CO, well which is
separated from the gas well.

NG (Natural Gas): Main component is methane (CH4).

‘ TopSideS Process System of LNc: . ::g ét;g::ﬁ(g::utrleum Gas): Main components are propane (C3H8)
i ~

NGL (Natural Gas Liquids): Main components are ethane (C2HE),
propane (C3H8), and butane (C4H10). It exists in the gas phase at 1 atm
and 20°C. That is, NGL = LPG + ethane (C2H6)

Condensate: Main components are Pentane (CSH12) and Hexane
(C6H14). It exists in the liquid phase at 1 atm and 20°C, so-called oil.

Pretreatment process system

into the CO, well or CO, tank

Liquefaction process system

Separation process system

1.

Separation process
system

Gas Well
(500-1,000

2. Pretreatrpent process
sysgem

| -1. Acid Gas Removal

System

—
O, Well or | 2-4. CO, 2-2. Dehydrate System
€O, Tank Compression
System

Pretreatment
process system

2-3. Mercury Removal
System

9

Rl

0
QH|off 7S A

LNG FPSOQ| & |26 (2/3) 2-1. 4g 7hA AP AIARL: 20| 2AEE
A

A
H2S, CO2)S AIABICE 2-2. &4 AJAE: A S ©/de

=2 BCE T A

jol
N

=S AABICt 2-3. 2 A7 A|AE: Zo|et

B
Bi2E SHAIZ = A= +2S AR 2-4. CO2 Y5 AL TRA0IM A7 CO2E BIESHHLE CO2 CO2 Y £= CO2 Y32
FYUSICH st 3Y AL 22| Y ALY fE 1. ING 22| 3 A2 714 NG 2. ¥A2

Abd THA A LPG AIAR LPG 2-2. E4 A

Y A2 A AY

8
A SEM 2-4.CO2 CO2 Y = CO2 3 &= AL MX2] 2-3. 2 A C02 73
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LPG (Liquefied Petroleum Gas): Main components are propane (C3H8)
and butane (C4H10).
NGL (Natural Gas Liquids): Main components are ethane (C2HE),
propane (C3H8), and butane (C4H10). It exists in the gas phase at 1 atm
and 20°C. That is, NGL = LPG + ethane (C2H6)

« Condensate: Main components are Pentane (C5H12) and Hexane
(C6H14). It exists in the liquid phase at 1 atm and 20°C, so-called oil.

& ' Topsides Process System of LN 5t

3. Fractionation process system

3.1 Ethane Distillation System: Separating NGL into ethane and LPG and using it as the refrigerant in the liquefaction
system. Some of LPG is stored in the LPG tank and the rest goes to the Propane Distillation system

3.2 Propane Distillation System: Separating LPG into the propane (C3) and butane (C4) by distilling them, which are useq™= P

: Condensate + NGL+ NG

as the refrigerant in the liquefaction system L ¢ -
N N == : Condensate (C5~C6
4. Liquefaction process system Fractionation process system ( _)_
4-1. Natural Gas Liquids(NGL) System: the NGL from the gas componet P : NGL + NG B
(NGL+NG) in the pretreatment process system by precooling PSS E——
4-2. Main Liquefaction System: Liquefying the natural gas by using the refrigerant : €O,
4-3. End Flash system: Reducing the pressure of the LNG (-161.5C°, 60 bar) to the X - Nitrogen 60
atmospheric pressure (1-2 bar) » : NGL (C2~C4) Methane 82
Liquefaction process system :LPG (C3~C4) ! Ethane 71
* C2 (ethane) tank, C3 (propane) tank, and C4 (butane) ‘\ 1 LNG (C1) ! Propane 225 !
tank: Storage tanks of the refrigerant used in the — P |
liquefaction process
n-Butane 060
= " i-pentane o1
eparation
P A n-Pentane 033
1 NG composition for maximizing the

1 amount of methane and satisfying the
| required the heating value of NG
'

1. Separation process
system

Gas Well

2. Pretreatment process
system

3.

4. Liquefaction !{cess system
process system

4-1. Natural Gas Liquids (NGL)
Extraction System

(@
C2 Tanks |
LPG Tank
(c3-C4)
(@)
€3 Tanks I

3.1 Ethane
Distilation System

3.2 Propane

| 4-2. Main Liquefaction |
Il Distillation System

System
. 4

Pretreatment
process system

4-3. End Flash system |

C4 Tanks | () LNG Tank 4
(C1)

T

' Development Procedures of FPSO and Importance of FEED

= Topsides FEED(Initial or Basic Design): Estimation of
building cost, total weight, and layout of topsides by
determining specifications of all systems according to
the owner’s requirements

= Our shipyards only take charge of after detailed design
or production.

= In the case of topsides FEED, they are dependent on
foreign design companies with about 10-20M$ per
offshore structure.
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Development Procedures of FPSO )
Delivery
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Exploration Front-End . "
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Study Design 9 9
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Factor

Database

FEED &zt

Process Simulation /
Utility Consideration

® Process & Utility
Calculations

Y B FEED &5 > A7
ALt
2 - Required Daily Consumption
of Production

1 EA 13t 2

Y AZRAO /3B LR

2 Determine physical, thermodynamic
properties of each process stream

Ee|El defAret

2 Determine the size &
capacity of equipment

- Well Components and Physical Dat:

- Well Capacity

- Environmental and Geographical
Factor

- Product Specification

- HSE(Health, Safety, Environment) Req.

D ssssssssnsnsssnnnnnsnnndiannns

| 2203

= Heat & Material Balance

& instruments

H RN NN NN NN NN NN NN NN NN EENENENENENENENENENEEEEEEEEEEEEEREREREREREREER

< Offshore Process FEED Activities >

D

Ee|E| 7| HO[EH|0| A F

@) PFD (Process Flow Diagram)
UFD (utility Flow Diagram)

2 Make a drawing to show the safety &
control logic of overall topside systems
and heat & material balance tables

2 AE 2| 01 24 2o =] e =}
=242 22 odo 7 oo ——o 2757 =o= o= S TTo = =g =xE=
A7l 78 dibss 2 2 2123 Q1214 PFD (-3—%3 SEE) AE At WA SA0I= AlA-O| ot W Aof 221t E U S »2| BE
LEfLs £oig 2bysict
: ® PED (Process Equipment Datasheet) UED (Utility Equipment Datasheet) |3
: PID (Process Instrument Datasheet) | UID (Utility Instrument Datasheet) |:
E = O Make datasheets to show equipment and E
[ instruments data for performing procurement, E
L construction, and operation of the topside systems 1
5 PED (3% | CIO|E{A|E) UED (REe|E| 2| GIO[E{AIE) PID (S 17| GIOIE{A|E) UID (RE2|E| #|7| HIO|E{A|E) §AL0IE
AAglol 2E, HM U 28S £57| 218 FH| L A7| CIOIEIS LiEfU = HIOIBAIES 2HEiCt
: ® Preliminary P&ID :
E (Pipe & Instrument Diagram) b
sydlab [El 93

6 Ofl5| P&ID (Hti2t & A7| Cto]of 1)
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Thank you.
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