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Ch. 1 Introduction to Ship Design

1. Basic Functions of a Ship

2. Main Terminology

3. Comparisons of a Ship with Other Structures
4. Construction Procedure of a Ship
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1. Basic Functions of a Ship
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Density of steel
= 7.85ton/m?

Basic Requirements of a Ship Toout o i
Wood
- ] ) l 10 ton
(1) Ship should float and be stable in sea water. __| m D - I
» Weight of the ship is equal to the buoyancy* | |l N 10 ton
....................... 1.025 ton/m3

in static equilibrium. :

(2) Ship should transport cargoes.

{ Hull form design, Ship hydrodynamics, :

(3) Ship should move fast to the destination i Propeller design, Ship maneuverability

and be possible to control itself.

®» Shape: It should be made to keep low resistance (ex. streamlined shape).

» Propulsion equipment: Diesel engine, Helical propeller
» Steering equipment: Steering gear, Rudder ﬁ >

(4) Ship should be strong enough in all her life. h
» |t iS made Of the Welded structure Of s sennneaenaas AR h ERPLIIIIN
steel plate (about 10~30mm thickness) jepipjstucturalimechanics
and stiffeners i Structural design & analysis :
* 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.
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Basic Functions of a Ship

M Floating in the water
B Static equilibrium

M Containing like a strong bowl
B Welded structure of plates (thickness of about 20 ~ 30mm), stiffeners,
and brackets
B A VLCC has the lightweight of about 45,000 ton and can carry crude
oil of about 300,000 ton.

M Going fast on the water
B Hull form: Streamlined shape having small resistance
B Propulsion: Diesel engine, Helical propeller

B The speed of ship is represented with knot(s). 1 knot is a speed which
can go 1 nautical mile (1,852 m) in 1 hour.

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

B Maneuvering equipment: Rudder
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How does a ship float? (1/3)

M The force that enables a ship to float » “ }
W tis .
B It has a magnitude equal to which is

Ship

Water tank

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 y
W: Weight, A: Displacement
p: Density of fluid
V: Submerged volume of the floating body

(Displacement volume, V) \ A

»




How does a ship float? (3/3)

(A) = Buoyant Force = (W)
—— A = L : B ) T ; CB ; IO EBIDBrIa;:k coefficient
=W =LWT + DWT - BT ot

DWT: Deadweight

4| Weight = Shlp welght (Lightweight) + Cargo Weight(Deadweight)
Ship

i Ship

Water
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2. Main Terminology
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Principal Dimensions (1/2)

Loa N|
nr
| : 'Ci = FIar ) X
WL b5 AVETFSS PR e [ | BB WL
m-:m: kY iy <3 S V2, le n‘
BL u:,UlPK 7 ral £ 2 R BL
—_— i
AP. Lbp FIP.
Lwl

M LOA (Length Over All) [m]: Maximum Length of Ship

[m]
B A.P.: After perpendicular (normally, center line of the rudder stock)

H 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)

Ship and Offshore Plant Design, Soring 2019 _Myung-Il Roh ’!dln b 0
. . . .
Principal Dimensions (2/2)
% = B (Breadth) [m]: Maximum breadth of the ship, measured
amidships
- Browed: €xcluding shell plate thickness
- Bextreme: including shell plate thickness
-—-—; E—-ﬁ >
a = D (Depth) [m]: Distance from the baseline to the deck side
3 line
S - Diotcea: €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
g . performance
g 9
= D:Jt: = Ts (Scantling Draft) [m]: Basis of structural design
, I3
BlLV kT = 4Bl
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

gdl b«
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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

m Like a skin of human
™ Hull form design
B Design task that designs the hull form

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

Wireframe model Surface model
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Lines of a 320K VLCC

Body Planm 171 1 1~
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Water Plan Sheer Plan
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Hull Form Coefficients (1/2)

d
under water //
hull form, e
X // = Displacement / (L x B x T x Density)
o / where, density of sea water = 1.025 [Mg/m3]
P
. /
Y/
[ /
LT
| /
Lo £
B
An: Maximum transverse ) . . . -
underwater ares p = C,, (Midship Section Coefficient)
W S =Au/BxT)
ol form |H' f [ i s
> il #~ = Cp (Prismatic Coefficient)
> y = Displacement / (Ay x L x Density)
B /

lgdlﬂb 15
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Hull Form Coefficients (2/2)

Ayp: Area of

= Cyp (Water Plane Area Coefficient)
the water plane

= Awp / (Lx B)

“underwater
hull form

gdl b
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What is a “Compartment”?

B |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

B 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 5

G/A of a 320K VLCC

i
s 7
i | e ey = a0 = e e
= ;3\'\ e mine
/J" % 7
pr=n S P eanl] P el
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
* Ref - DSME
mnn::::hiunmﬁahnmnwm Myung:Il Roh ’!.smumm_dlnb 18
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What is a “Hull Structure”?

comprising of a number of hull structural parts such as plates,
stiffeners, brackets, and so on
B Like a skeleton of human
M Hull structural design
B Design task that determines the specifications of the hull structural parts such
as the size, material, and so on

Hull structure of the VLCC

sydlab s
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Structural Drawing of a 320K VLCC

o

RDINARY_SECTION

BEEREEE

3
ElIGEER

Web Frame Drawing Midship Section (Ordinary Frame Section) Drawing

7ydtab =
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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
B Like internal organs or blood vessels of human

Pipe model of the VLCC

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

l!dlﬂb 21
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P&ID of a 320K VLCC

| P&ID: Piping & Instrumentation Diagram, Non-scaled drawing representing the relationship between equipment l;;z
jp— | * .

%,
Low
sacHEST W
® B

gdl b 2
hip and. Qﬁ(hme Plant Design, Spring 2019, _Myung-Il Roh. ’ n

2019-07-22

11



Criteria for the Size of a Ship

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

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

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

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

* F.O.: Fuel Qil, D.O.: Diesel Qil, LO.: Lubricating Qil, FW.: Fresh Water
ive Ship and Offshore Plant Design. Spring 2019 _Myung:Il Roh ’!dlnb 23

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 Oil, LO.: Lubricating Oil, F.W.: Fresh Water dlnb
) 7Y 24
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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.

ydlab

ship and Offshore Plant Design. Spring 2019, Myung:Il Roh

[Reference] Old Conversion Factor between GT and CGT

R(DWT) | 100 4,000— 10,000~ 30,000~ {50,000~ (80,000~ [160,000—| 250,000 v] -
Rl 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 ingle hull tanker
Crude oil carrier —7'ge— T30 0.85 0.70 | 055 | 045 | 0.35 | 0.30 | Double hull tanker
Product carriers & Black product carrier
Chemical carriers | &30 1.60 1.05 0.80 060 055 White product carrier
Chip carrier, Lumber Carrier,
Bulk C+arriers 160 | 110 0.70 060 | 050 | 040 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/_bulkZonl.
General CargoSkips | 1.85 | 135 1.00 075 | 060 | 050 040 S
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 0.80 !
Ro—Ro vessels 1.50 1.05 0.80 070 | 0.65
Car carriers 10 | 075 | 065 55 0.45 Ro—Ro/Container __
L.P.G. carrers .05 1.60 .15 .90 0.80 | 0.70
L.NG. carriers .05 1.60 .25 J5 | 1.00 | 0.75
$E(GT) | 100 1,000— 3,000— 10,000 120,000 — (40,000 — 60,000 ¥) .
Lt 1,000 | 3,000 10,000 20,000 | 40,000 | 60,000 o] 4 -
Ferries 3.00 2.25 1.65 1.15 0.90 )
Passenger ships_|_6.00 | _4.00 3.00 200 | 160 | 140 | 125
Fishing vessels | 400 | 300 200 Finsng vemel 3y Flsk. Faoks
ry ship
_ | Tug & Supply vessel, Dredg-
Other non—cargo | 4 | 399 2,00 [ 1.50 er, lce breaker, Cable layer,
vessels .
| Research ship, etc
i 1 100GT ol4 A4
Innovative Ship and Offshore Plant Design, Sopring 2019, Myung:Il Roh s dtnb d
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[Reference] New Conversion Factor between GT and CGT

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

deadweight of ships.
™ New method is based on formula.

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

method is based on gross tonnage.

shipType | ___A____] 8 |

Qil Tanker (D/H)
Chemical Tankers
Bulk Carriers
Combined Carriers
General Cargo
B Reefers
CGT == A * GT Full Container
RO-RO Vessels

Car Carriers

where, . LPG Carriers
GT: Declared gross tonnage of the ship -
A: Factor representing the influence of ship type LNG Carriers
B: Factor representing the influence of ship size Ferries

Passenger Ships
Fishing Ships
NCCV

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

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
ive Ship and Offshore Plant Design. Spring 2019, Myung:Il Roh
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Speed and Power (1/2)

M MCR (Maximum Continuous Rating) [PS x rpm]

H 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%)

hip and Offshore Plant Design, Spring 2019, Myung-Il Roh
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Speed and Power (2/2)

M 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

M 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

ive Ship and Offshore Plant Design. Spring 2019 _Myung:ll Roh ’!dlnb 29

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]

H eg., , density of fresh water = 1.0
[ton/m3], 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)
H 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)

ive Ship and Offshore Plant Design, Spring 2019, Myung-Il Roh ’gdi“ ln‘ bn 30
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Unit (2/2)

M SG (Specific Gravity) ® No dimension
B SG of material = density of material / density of water
B e.g., 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/m?]

M API (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]

sydlab
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3. Comparisons of a Ship with Other
Structures
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Features of a Ship

M Comparison with Other Structures (Building,
Automobile, Airplane)
B Objective: vs. living

B Moving or fixed: vs. fixed

B External force acting on the structure:
vs. wind force, frictional force, etc.

B Design concept: vs. one design

B Production method: VS. mass
production

lgdlﬂb 33
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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

* Small structure of about 3~5 m length

* The performance and esthetic design are
simultaneously important.

Myung:Il Roh lgdlﬂ b 34
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Procedure of Car Exterior Design

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

Stylist
| Digital Modeling (Reverse Engineering) |<—| Measuring
Engineer s

Hull From Design

lgdlﬂb 35
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Procedure of Hull Form Design

General Arrangement
and Hull Structure Design

Fairing I—'| Hull Form Surface I-'->

o

Wireframes of Hull Form

k -\

feedback Joffsel : Ifeedback l
| Basis Ship |——>| Variation Model Test | |Naval Architectural Calculation/CAE|
J 1 I e e

F 4
/
CFD
S

‘\-g :

SN :

Hull Form Design --------------------------------------------------- o

* CFD: Computational Fluid Dynamics, CAE: Computer-Aided Engineering
Innovative Ship and Offshore Plant Design, Spring 2019, Mvung:Il Roh. ’gdm l.n“. bm 36
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4. Construction Procedure of a Ship

sydlab

ship and Offshore Plant Design. Spring 2019, Myung:Il Roh

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.

adweight 00'900 ton VLCC 5 key events of construction procedures * 63 building in Seoul, 249.0 m from the ground
— —>| — ]

LK/L T—L/C
—

Detailed design S/C Production design D/L

Contract |Initial design
| ——

-2 0 +3 +6 +8
* Reference: DSME

7 _
\iﬂ}w
Design —f"zﬁ\—jjt
(Initial/Detailed/Production)

=~ [ Repeay |

Construction period of 300K VLCC

(on December 2006) Steel Cutting Outﬁtting
Key Event Duration
Contract -6 months
S/Cor W/C* Base date
K/L +3 months @
L/C +6 months e
D/L +8 months e roamon
Total 14 months
svfécu “m”ZLZ.C ommence. Starting date when Painting Erection Launching 38
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Construction Procedures of a Ship (Detailed)

:l: 5 key events of construction procedures

Survey

Ship Owner,
Classification Society

Classification Society,

Customs

Design
Department

I( Assembly !

Ship Warranty
Department

Issuing
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

[ ]_, Production \ (Plan) @re-OUtﬁtth [ R
Planning I ] Outﬁtting> (_ Trial )
Marketing Production (BOM/POR) ua See Trial
Department| | Planning Q Material Erection Outfitting & Defg;"ag”‘
Department rocuremen Production .
Receivfng Outfitting Department
Inspection Production
Department]|

ship and Offshore Plant Design. Spring 2019, Myung:Il Roh
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Construction Procedures of a Ship (Detailed)

hip and Offshore Plant Design, Spring 2019, Myung-Il Roh
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Design

ship and Offshore Plant Design. Spring 2019, Myung:Il Roh ’!dln b a

e . [ contract | pisteel Cutting| p] keel Laying | p{ Launching | p{ _Delivery
Initial Design o o o [
- Hull Form Modeling of a 300,000 ton VLG

& EzSHIP - [ LL2 - D:WEZSHIP_exampleWVLCC300KW300KVLCC.xan] i =10[x|
T file View Edit Build Window Help =181x|
D2 ?|ersuaan e HEEVEE & NB8E® %Kk (-~ *Principal dimensions
T F 32 7 #3042 8| b[) HJ aaa H Al ‘»527# HJ sEABER ‘ Lbp: 320.0m, B: 58.0m, D: 31.2m, Td: 20.8m, Ts: 20.8m, Cb: 0.8086
Eloo|JEBx IR ][ems][csanlceev][eolaida@][Bs =] B fattsurt

7, frame_ast IR |
frame_bo¢ TR "N St

o | - SR
ot : : ‘ ‘ | ‘m S ‘
spel e <
Sa

5
et Hull Form I_—///

s = An outer shape of the hull that is streamlined in order to satisfy owner’s requirements
B spc10 _‘ﬂ such as deadweight, ship speed, and so on
;N_JF‘,—' = |t can be regarded as a skin or appearance of human.

* levs from  Enter e posfon of carmera G2 010 =
o000 003600

jone,
idelete point : Select line>
“

CMER, ZHE AT, 017 S, 0148, ZFY, LHel, “TM M8 CAD AIAH: EzSHIP?, 2003H T BHHCAD/CAMSIR| St HDI, pp.23-28, M, 2003.2.7 i/

42
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| |

Initial Design ==
Compartment Modeling of a 300,000 to

eet Cortng] ] Keet Cayig | ] Loumching T 7] Detvery
2 2 2
[Cassembly | | [Cerection H [[Quay work

pre-outitting
& Painting

1oWVLCC300KWvice300k.ecp]

St SHi

Eile Yiew Info View Modeling Tool mmw Help . =lelx
|pzuie]es ¢maan o INEEEE & XE#® * Principal dimensions

|ena HJ Tl T A HJ BEBLLY ‘ Lbp: 320.0m, B: 58.0m, D: 31.2m, Td: 20.8m, Ts: 20.8m, Cb: 0.8086

ECOMPART =]

58 viccak
= ga MODELS
= @ main_model
= union.xac: v
Ti) union.xat
5 meshtul
= compart xac

G CALCS
£ cale: Main calct
3 compart xac

5 & PropertyXhL

% Property.i

5§ HydroxML: b

T hydrotie:

£ LoadingXhL
% loading.c

@ DamageXhL

o

i buoyancy

=8 SoundingXM
% sounding

=& TrimmingXM
F trimming.
AS

= REFE
§) compaxad Compartment

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

T
00000, 00000007 =

T s,
v\ew"nm Ay vmedmsmnn of camera (x.y.2)>0,1.0
w pos = (0, 000000, 1,000000. 0,000060)

“ Kyu-Yeul Lee, Sang-Uk Lee, Doo-Yeoun Cho, Myung-Il Roh, Seong-Chan Kang, Jung-Woo Seo, “An Innovative Compartment Nodehng and Ship Calculation System”,

International Marine Design Conference(IMDC) 2003, pp.683-694, Athens, Greece, 2003.5.7 43

[contract |

Initial Design (Hull Structure) = e
Hull Structural Modeling of a 300,000 tol==H[:

Keel Laymg:-r' Laun:hmx | pl_oetivery

[ Erection |quayWurk

& Painting

(= E25HIP - [E2STRUCT - D-WSRCHEZSHIP_compWE2SHIPWExample WIOOK-VLEC(5198)WE BWEI 8 _%2 3(041109) WIODKVLECxas]
5] Bl Edk View Modeing Window Help
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Inside cargo hold part

Hull Structure

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

* Principal dimensions
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 Computer-Aided Process Planning in Shipbuilding”, —'j
Advances in Engineering Software, Vol. 37, No. 7, pp.457-476, 2006.7 96505, Yo -60,S14265, 2= 0000000 Long=0.0, =00 | 111, c0  [Fead. 44
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Initial Design (Hull Structure)
- Structural Analysis Modeling of a 300,00

Up &
rocess |}

pre-outitting
& Painting

.| Global structural analysis model

Structural Analysis TR

= A task to assess structural strength of a ship
= |t is normally based on finite element method.

Hold structural analysis modet-

* Myung-1l 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]
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Initial Design (Pipe Outfitting)
- P&ID (Piping and Instrument Diagram)
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P&ID: Piping & Instrumentation Sea water coo[ing system
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* Sea water cooling system: Piping system that cools fresh water cooler for cooling various devices in the ship with seawater
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Detail/Production Design (Hull Structure)
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- Result of Detailed/Production Design

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

Example of a detailed
structural drawing
of the fore body

5 &/,g‘g'&g,s‘

5
LS

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

AFTER_CIANGING_ MOUNTING CLASS

DEFORE_ CHANGING MOUNTING CLASS
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Example of a nesting drawing

ive Ship and Offshore Plant Design. Spring 2019 Myung:Il Roh
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Detail Design (Pipe Outfitting)

- Pipe Modeling of a 300,000 ton VLCC

T Contract ] plotect Cotting] ] Keel Layig ] p] Launching ] ] Detvery
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utfitting
reprocess s

- H
* Myung-Il Roh, Kyu-Yeul Lee, Woo-Young Choi, “Rapid Generation of the Piping Model Having the Relationship with a Hull Structure in Shipbuilding”,
Advances in Engineering Software(SCIE/IF:0.371), 2006.12.1 [Article in Press, e-Journal Available Now]
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ocC vision roduction rFlanning
* Di ight 300,000 ton VLCC, L: 320.0 m, B: 58.0 m, D: 31.2m,

3 soccer fields can be located on the deck.

Block division drawing of a deadweight 300,000 ton VLCC | + 63 building in Seol, 249.0 m from the ground

RO

v

v - Block seam

Building btock

T /N /N

* Block seam: Joint line or welding line betwéen adjac

Piling Up and Preprocess of Steel Material

rydtab «
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Piling Up and Preprocess of Steel Materlal'—‘_'| | (e
Piling Up of Steel Material

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

Piling up: Process of transporting steel material purchased from steel companies to sea or land
and storing it in stockyard

Grouping: Process of sorting steel material according to the specification and production schedule
of each ship, and then supplying it to the preprocess shop

Piling up method: “Using

[uay Work

B & [AF

Types of section steels ‘ ‘ ‘ ‘;
51

al Comra:(l IeeACumHKl KeeH.avlng Jl un:hmxl Delivery
[

Piling Up and Preprocess of Steel Material=—[=u==
Preprocess of Steel Material

™ Process for removing the rust on the surface of steel material
through shot blasting and shop priming

B 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

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

Shot blasting Shop priming
=g

Quay Work

* Mill scale: A thin, black layer of metal oxide on the surface

when heating the metal in the atmosphere Shot ball | ¢% o { v u ‘}, . ‘:" Cut wire

2019-07-22
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- Marking
M Marking: for cutting, bending, and assembly processes

Example of path generation system
for marking torch using optimization technique

DO 250 sasw

Example of manual marking line
for assembly

Before: 84.67m

I
DO P30 sawt)

e wavss ot After? 39.26m : | Example of auto-nesting system

= How can we minimize the trajectory of marking i [ using optimization technique

torch in the NC (Numerical Control) marking? : e e ﬂ%ﬁ.@’

» Example of application of optimization technique : ;)‘T: i‘\:

I N N N N NN NN NN NN NN NN NN NN NN NN NN NN NN EEEEEENEEEEEEEEEEEEEEEER] balet e

* Nesting: Process to minimize the remnants of the steel sheet r‘;c':", _E‘:"'
which are cut and cut by rotating the member pieces in order —
to use the standard steel sheet most effectively Ev:w =
=» How can we automatically obtain the nesting result that o
maximizes the yield (the ratio of the area of the steel sheet to |5
the area of the standard steel sheet)? ] e
=» Another application of optimization technique & el e e

Steel Cutting (S/C)

f!dlﬂb 54
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9
M Cutting: Process for to obtain a member of the desired shape

M Steel Cutting (S/C) or Work Commencement (W/C): Steel cutting for the first time (called
groundbreaking ceremony)
M Cutting methods: Gas cutting, Plasma cutting, Laser cutting, Edge milling, etc.

* CNC: Computer Numerical Control

* Gas cutting: When the steel is heated to a temperature (800-900 deg)
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 deg.
Using it, dissolve and blow the steel with high pressure gas.

1 * 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

Steel cutting using.&dge milling'machine | the steel
(Hyunda_i__samho Heavy lndustries) * Edge milling: Still cutting using industrial diamond 55
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Plate Forming

™ Plate forming: Process for
m Cold forming: Causing plastic deformation of the plate by applying mechanical
force at room temperature
® Forming of a simple primary curved surface (curvature in one direction) by using bending
roller or hydraulic press
® Step before hot forming
E Hot forming: Bending the plate using the property of shrinking the steel when it is
locally heated and then cooled
@ Line heating
— Forming a secondary curved surface (curvature exists in two directions) to obtain permanent
deformation by applying high temperature heat to the plate
— Currently, most of the shipyards in the world are using the second curved surface as a forming
method, but they depend entirely on the manual work of the operator due to the difficulty of
automation.

~Cold Rrocessing using bendings N | i Y 2 : U

2019-07-22
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Assembly

sydlab s

ship and Offshore Plant Design. Spring 2019, Myung:Il Roh
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Piling Up & Pre-outfitting
- Sub-assembly/Assembly

M Sub-assembly
B Process for manufacturing a small-sized part constituting a block
M Assembly
B Process for assembling sub-assembly blocks to make a large block
H Process in which about 60% or more of shipbuilding workload is processed

m Depending on the shape of the block, it can be classified into the panel block
process and the curved block process.

— Approximately 80% of total assembly
— The shape of blocks and inner parts is relatively simple and ion system is
— Matrix (Egg Box) method, Line welder method, Slit method, Piece by piece method

d q
p

— Approximately 20% of total assembly
— It is difficult to adopt an automation system due to various shapes and complexity of blocks.
- Line welder method, Piece by piece method

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

E;@?

-

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

P

2019-07-22
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Pre-outfitting and Pre-painting

ship and Offshore Plant Design. Spring 2019, Myung:Il Roh ’!dln b 59
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Pre-outfitting and Pre-painting

M Pre-outfitting
B Process for

to avoid
congestion in the latter part of the
construction period
B Categorized into block outfitting, unit
outfitting, and erection outfitting
M Pre-painting
B Painting in the preprocess of steel material:
“Shop priming”
B Painting in the assembly process: “Pre-painting”
® Perform block pre-process before preceding pre-
painting
B Painting in the erection process: “Erection
painting”
® Perform additional pre-process and painting work
on joints between mounting blocks

Pre-outfitting in the double bottom block

Pre-painiting process

Joints between mounting
ck ™

2019-07-22
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Block Preprocess

Piling Up & | | Pre-outfitting
Preprocess [~ | & Painting

MProcess of removing the rust on the surface of the plate during the assembly process before the
preceding painting
B Consisting of blasting, air blowing, and grit recovery
B Blasting: Removing rust by spraying a small piece of iron (grit) onto the plate
B Air blowing: Drop grit on the top of a stiffener to the floor using air
B Grit recovery: Collecting grit, dust, etc. on the floor

1 2 3 Air blowing

4

= Pre-Painting

Man-hours for block preprocess of double bottom block of VLCC
(For working area of about 4,000m?, surface roughness of SA2.5)
- Blasting: 16 people X 3.5H = 56M/H

- Air blowing: 8 people X 1H = 8M/H

- Grit recovery: 8 people X 1.5H = 12M/H U

Pre-erection

bonovative Ship and Offshore Plant Desian Soring 2019, Myung-Il Roh fgd“lb 62
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Pre-Erection

™ Intermediate process between
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 dock

PE blocks on the PE area

Keel Laying (K/L)

bonovative Ship and Offshore Plant Desian Soring 2019, Myung-Il Roh f!d‘ﬂ b &
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™ 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
=

e

Bottom shell

Erection

lnnovative Ship and Offshore Plant Design, Spring 2019 Myung:Il Roh ’gdtﬂ b 66
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Semi-tandem Construction Method

Block Erection Simulation Considering T
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| Semi-tandem Construction Method |

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

Dock gate Dock

) |
Sea I

v

3

| m—

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

x tlmmanm

Feady (%= 50558058, V= 168 450443, 2= 0,000000 |Long,=0.0, Lat. 0.0 %

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

5

Erection joint

N Floating 4

1 1" 2 3t gl 51 61 7 81
Erection event(Nurmber of erection blocks)

Launching (L/C)

hip and Offshore Plant Design, Spring 2019, Myung-Il Roh
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™ Process for that is dry in the
dock or on the ground for the first time after
various tests

M The date is about 12 months before contract date.

LAUNCHING
SETTING POSITION.
poenn

* Reference: DSME
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Launching e lles
- Ground Launching Method of HHI and SE=<]

M Building a ship on land rather than a dock

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

M Overall procedures of ground launching method
1. Complete the erection of a ship on land
2. Two barges are placed next to the land area.
3. The ship is pulled over the barge (“Load Out”) using the principle of submarine in
Germany and the principle of mobile system 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 launching of the ship

Quay Work

* Reference: Hyundai Heavy Industries
fonouative Shin and Offshore Plant Desion Soving 2019 Myung:l Roh sydlab o
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ive Ship and Offshore Plant Design. Spring 2019 Myung:Il Roh
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- Outfitting/Painting

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

\_CMA CGH PUCCINI
PORT AUX FRANCAIS
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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)

bonovative Ship and Offshore Plant Desian Soring 2019, Myung-Il Roh fgd“lb 74
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Delivery (D/L)
- Naming Ceremony and Delivery

" _— ship owner

toa

7 _— =

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




