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Optimal Layout Design for Ship
- Determination of Optimal Bulkhead Layout of Naval Surface Ship

Problem definition | Application to an actual problem |

Q Objective + US Navy DDG-51 missile destroyer
»Minimization of Iiguid cargo space(maximization of space * Number of design variables for bulkheads: 18
for armament) and maximization of stability

Q Input(“Given”)

#Required space for liquid cargos

*Required damage stability by international rule

o Required position(draft, trim, heel) at the damaged state
Q Output(“Find”)

«Optimal positions of bulkheads

—

— T)TY
1 T L

Manual layout

-

T S Tank

Proposal of an optimal layout algorithm I Wi L
Water Ballst Tonk J L Optimization
Find Xy Position of each bulkhead Design Variables [ Lubrication Oil Tank B
———
1 1 |
= -

S s Optimal layout

Minimize F, = Vo +Vor +Vygr +V,or and Objective Functions|
o Sum of spaces for liquid cargos

Maximize F, =) GM, Sum of GM at the damaged state

Constraints about the required space
of each liquid cargo

Starting Paint

Vior <Veor <Veor — Vewr <Vewr <Viur X = (1, X3y o X3

= [
Vst <V <Vist - Vior <Vier <Vigr Manual | Optimal | Ratio
Constraints about the shear force ion algorithm | B
and bending moment at the intact state o layout [A] | layout EILY
S € S B £ Bh ™ [T e— prmimimimensa Objective
| = SE ; s o 12.80 1254  98.0%

/. Mathematical x| com '
partment : *
. < function value
1

Constraints about the required .

damage stability condition formulation . Weighted sum of objective function vatue 2 , 0%
koo -(“the smaller, the better") improvement
JFac01 | Ship calculation P
EZH for X 3

Minimize £2(0) - {asimm bendin

@, <15° 14<4,,/4,
Constraints about the required
position at the damaged state

T<T™ <™ 4<g™

x

% xe

X%

Optimal layout algorithm

YES based on the real-time
compartment modeling
optimization rentt and ship calculation

[ M1, Roh, S U, Lee K.Y Lee, f an Optimal Compartment Design System of Naval Ships Using Compartment Modeling and Ship Calculation Modules” T f the Society of Naval Architects of Korea, Vol. 46, No. 4, pp.424-434, 2009

Optimal Layout Design for Ship
- Determination of Optimal Compartment Layout of Naval Surface Ship

Problem definition

Q Objective

«Minimization of total cost of transporting materials and
maximization of adjacency requirements

Q Input(“Given”)
o Total number of decks and compartments
e Required area and aspect ratio of each compartment
o Material flows and adjacency values between compartments
o Number and positions of bulkheads
Q Output(“Find”)
«Optimal compartment layout of naval surface ship

I Application to an actual problem |

+ US Navy FF-21 multi-mission frigate
* Number of decks / compartments: 2 / 74

= -—— |
i mealam i

~v Manual layout

- Sscond deck

[

Proposal of an optimal layout algorithm

s 5
R
Find  (x,y,) Position of each Design Variables - 2 e oo o
)

compartment
%

i = 5811, . ) and e o]

=

sl m  Total cgst of transporting materials

Objective
Maximize F, = )" Z(b,_, xc,;

o ratfon o 252,327 237,621 94.2%

54 pinconcy requirements N T ST
i c -

Subject to [t poutation |2 vt s impro

Constraints about the required T

aspect ratio of each compartment

3 [ Teproduction

g=q" -, <0 g=a-a"<0 Perform Selection Optimal N
Constraints about the required area - Select Parent 1 layout
of each compartment - Select Parent 2 Y

g0, <0 g=a-a™<0
Constraints about the total
area of all compartments Mathematical
g =4, ~ Ay <0 formulation
=
Constraints about the position
of each compartment
=0~ ) x) <0
fori,jk=1-M ands =

e ..-....-/ i

T = o[l ot =7 = el =T o e o

TUntil Temporary
Population s full

X—]

Ve

Replace Population >| Evaluate Fitness

Optimal layout'algorithm
based on the genetic algorithm
K. Lee, SN. Han, M. Roh, “Optimal Compartment Layour Design for a Naval Ship Using an Improved Genetic Algorithm”, Marine Technology and SNAME News(SCIE/IF:0.419), Vol 3, No. 3, pp.159-169, 2002

KCY. Lee, SN. Han, M. Roh, “An Improved Genetic Algorithm for Facility Layout Problems Having Inner Sructure Wals and Passages”, Computers & Operation Research(SCIE/IF1.984), Vl. 30, No. 1, pp. 117-138, 2003 6
K. Lce M. RO’ WS, Jeor, “AD Inproved Genetic Aleari for Mult-Floor Faciliy Lavout Problems Having Inper S\ucture Walls dnd Passages” Compuiers & Qoerakions R JE/IF.1,984), Vol 32, No, .00 870899, 200
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Optimal Layout Design for Offshore Plant
- Optimal Layout Design of Topsides Modules

Find (x;,y,) Position of each Design Variables
module
wr
Minimize ;=Y. Y (4,,%d,,) and |Objective Functions
o

=i+l Total flow volume

®

I G
U

® e
®

O

.
Problem definition H | Application to an example |
Q Objective E + Number of modules: 12
»Minimization of total flow volume and the = Information on modules Information on closeness
distance between the center of gravity of total H 1
modules and the centerline of topsides H Electrical BLD'G Ty
Q Input(“Given”) i 2 Power generation |
o Number, size, and weight of each module E 3 Water injection z
 Information on closeness factor among modules . 4 Utilities area :
«Eind” s Separation Train1 N H
a OUtP.Ut( Find”) . =6 Separation Train2 ! ’
«Optimal layout of modules on topsides Hl njectioncomp. R
Q Constraints R 1/Mmetering :
« Position constraints for some modules H 9 SDV platform Affinities
10 Recompressor
| Proposal of an optimal layout algorithm i T AV deptoper PORT SIDE
Ton Laydown area I, Manual layout
H
H
H
H
H

u
Minimize F;‘Z(w, Xy, )/Z w,| Weight balance requirements
= =

OptimizationQ STBD SIDE

Subject to Ce = PORT SIDE

Constraints about the x-position [[iitiatize poputation |:>| Evaluate Fitness | G 7

of each module J—= al f
X om0 g x-X-e<0 L e ( 3RO IR CARCRRCRY
Constraints about the y-position Perorm Selection | perform Crossover | | AfT| [T :., s

of each module - elect Parent 1 e [ D o ale d 6
£-T-5-350 g =y-T-550 YV OTYTOTOT0

Mathematical formulation $TBD SIDE

N

o T q
Tt Temporary Manual Optimal Ratio (B/A)
Population i ful Refinement layout [A] | layout [B

Ve

Replace Population |:>1 Evaluate Fitness Total flow volume 463,010 393,050 -15.1%
Transverse center

e DU
Optimal layout algorithm of gravity I OAEEH D
based on the genetic algorithm 7

Optimal Layout Design for Offshore Plant
- Optimal Layout Design of Equipment in the Module

Problem definition | Application to an example |
Q Objective E * Number of equipment / decks: 16 / 5
o Minimization of the layout cost(connectivity - e . .
cost+construction cost) of liquefaction system : aintenance ares I”""‘ Mamenamm:]:““ Information on equipment
Q Input(“Given”) .
 Size of each equipment H 9 Length Breadth Height
« Information of the connection among equipments o 1,2 MR Separator 4m___ 4m__ 13m
o Number of decks . 10 3,4,;5,96,7 T MEHE 5 45;3" 45;n :;m
y : . " A omp. Suction Drum _ 4.5m _4.5m m
o Clearance related with safety and maintenance H 10 rva Comp. 5m  12m  6m
“Eind” . 11 Cooler for MRComp.  5m __ 12m___6m
Q Output(“Find”) H hom
«Optimal layout of liquefaction system H E OV;;;‘ E:(;lcer,a; e 1};‘ ‘:: g:
(coordinate, orientation, and deck number of each H o B deck (8m) o et Vi & B
equipment) - - A deck (0m)
> G 15 Valve 4 im_ im_ 1m
Q Constraints .o I Valve 5 im__im__ 1m
« Equipment constraints for multi-deck
« Non-overlapping constraints
« Deck area constraints
. . 12
| Proposal of an optimal layout algorithm | E
[ Given data Optimal layout
C deck (16m) D deck (24m)

Now, total cost, weight, and layout
Maintenance mI’"” of liquefaction system can be
estimated or determined.

I Variation of layout |~—|
Constraint check Optimization

« Equipment constraints algorithm

* Non-overlaping constraints

Verification of the optimization result

* Deck i

eck area constraints Clearance between side of 3m Satisfied
l o the equipment and deck side (More than 3m)

Optimum check - " . Satisfied
« Minimization of layout cost St o E deck (32m) Minimum distance among equipments 4m (More than 4m)
Toptimun ves A deck 50% satisfied(57 %)

—- Working space area B deck g

[ Finish | (Compressor) 50% Satisfied(57 %)
Emergency area E deck 60% Satisfied(62 %)

* JH. Hwang, M.I. Roh, N.K. Ku, K.Y Lee “Optimal Module Layout for a Generic Offshore LNG Liquefaction Process of LNG FPSO™, submitted to Ocen Engineering(SCI/IF:1.190), 2012
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10.2 Determination of Optimal
Bulkhead Layout of Naval Surface Ship

opics in Ship Design i Fall 2016, _Mvung:Il Roh ’ dlnb 9

Optimal Compartment Layout Design of a Naval Ship

M Design variables (Output)

B Positions of transverse
bulkheads

Compartment model of

M Objective function a 9,000 ton missile destroyer

B Maximization of space for
weapons and equipment
(= Minimization of space for
liquid cargos)

and

B Maximization of stability at the
damaged state

Bulkheads
M Constraints

Elevation view

B Requirements for space for liquid _—
cargos (fuel oil, fresh water, T —— I — =~ 1
ballast water, lubrication oil) | BI.F-E—_—L T e e e i— ——= ——- -
B Requirements for damage ae | T __
stability condition by A fli{—:[’— Y JF S q: i
international regulations oL ===t " plan view

B Requirements for the position
(draft, trim, heel) at the damaged
state

ydlab
opics in Ship Design ion, Fall 2016 Myung:ll Roh ’ n 9
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Design Variables of an Optimal Facility Layout Problem of
a Naval Ship

| General arrangement of a parent ship* and design variables |

X X
. xz X8 X9 )(10 11 12
Z_"/ Eleyation view
B.L. r~ oY
T
AP | X
1
1
1
\
C.L.— _< J RN S
—

Fuel Oil Tank
I Fresh Water Tank
Water Ballast Tank
I Lubrication Oil Tank

m Design variables for bulkheads in y-direction: x;, [1]

m Design variables for bulkheads in x-direction: x; ~ x43 [13]

m Design variables for bulkheads in z-direction: x5 ~ X;g [4]

“Missile destroyer of US Navy, "Arleigh Burke DDG-51"
opics in Ship Design i Fall 2016, _Myung:Il Roh

I!(".nb 1

Mathematical Formulation of a Problem for Determining

Optimal Compartment Layout of a Naval Ship

Find X, (k=1,...,18) Position of each bulkhead | Design Variables |

Minimize F, = Vior+Veyr +Vypr +V,or and
Sum of spaces for liquid cargos | Objective Function |

0
Maximize F2 = ZGMi Sum of GM at the damaged state
i=1

Subject to | Constraints |
Constraints about the required space of each liquid cargo

Vfr‘r(‘)i; = VFOT b V;g}( Vrl‘rlj;'l; = VFWT = V;;;;

Vi <Vsr <Vigr Vior <Vior <Vioy

Constraints about the shear force and bending moment at the intact state

< max < max
SF/'*S/' BM].,B J

Constraints about the required damage stability condition

$; <15° 1.4<4,,/ 4,

Constraints about the required position at the damaged state

max max max
T<T, <t 4<4

» Optimization problem having 18 unknowns, 2 objective functions,
and 11 inequality constraints

opics in Ship Design i Eall 2016, Myvung:Il Roh
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Process for Determining an Optimal Compartment Layout
Design of a Naval Ship Using an Optimization Algorithm

Starting Point
X = {Xq, X35 vy Xp}

l

Optimization algorithm

Maximize F1(X) = {Space for weapons ottt === ~ §
and equipment} N
and X1 Compartment
Maximize F2(X) = {GM at the damaged | modeling for X
state} N
Subject to G(X) = {Requirements for 1 ‘
space for liquid cargos, Requirements F1(X)-
for damage stability condition, F2(X)I Ship calculation
Requirements for the position at the -
damaged state} G(X) for X
N = =, -
l about 15 sec

for 1 calculation

X'is Optimum?
NO

Visualization of
optimization result

*F1(X), F2(X), G(X): Objective and constraints values for each design variables X 13

Evaluation of the Required Damage Stability
- Damage Stability Criteria in Battleship*

* Regulation
4 (Initial Angle of Heel) < 15°, A, > 1.4-A, |

Righting GZ (Righting Arm Curve)
arm ! ! !
I I 1
I I 1
I I I
I I I
| | 1
| | '
HA (Heeling Arm Curve) A 1
i | 2 i
| 1
| 1
I I I
| | 1
I | 1
I I
I I 1
Ll . | I I & | I
0 | 20 30 40 A 50 Angle of heel (9
— H o
: | ¢ = min(45°, @) |
<
4, = 8° #: Angle of heel in transverse wind
(It varies depending on displacement, ¢, = 8° in case of
battleship with displacement of 9,000 ton.)
## An angle of heel at which openings in the hull
submerge
* Surko, S.W., "An Assessment of Current Warship Damaged Stability Criteria”, Naval Engineers Journal, 1994
opics in Ship Design i Eall 2016, Myvung:Il Roh ’!dw lnnn b“ 1
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Optimization Result for the 9,000 ton Missile Destroyer
- Comparison with a Parent Ship (1/2)

Item Unit Parent ship Optimization result | Constraint
Vior m 2,4466 2,435 oK
Vir P 87 72 oK
Vwsr m 896 909 OK
Vior m 100 108 oK

Sum m 3,549 3,523 -

SF, SF, kN 1,444 1,291 1,412 1,250 OK
BM, BM, kN-m 67,185 | 41,803 | 63,690 | 40,609 OK
@0 @02 ° 0.00 0.02 0.00 0.03 oK
A1 /A, 4 Ay /A, - 40.50 40.49 40.62 40.80 OK
T T, m 6.85 6.81 6.87 6.82 OK
t t m 1.35 1.51 1.33 1.44 OK
@, @, m 0.00 0.04 0.00 0.05 OK

» Decrease of space for liquid cargos as compared with a parent ship
(= Increase of space for weapons and equipment)

& Increase of structural safety

* Veor» Vewrs Vwers Vior: Total volume of fuel oil tank, fresh water tank, water ballast tank, and lubrication oil tank, respectively

* BM;: Maximum bending moment at the ith loading condition

* ¢y, ;+ Initial heel angle at the jth damage case

* Ay j» Ay ;i Areas of the negative and the positive righting moment from a statistical stability curve and a heeling arm curve at the jth damage case
*Tj, t;: Equivalent draft and trim at the jth damage case

* ¢;: Equivalent heel angle considering beam wind at the jth damage case

15

Optimization Result for the 9,000 ton Missile Destroyer
- Comparison with a Parent Ship (2/2)
| |

| Compartment model of a parent ship |

[

I )DB

I Compartment model after optimization |

Fuel Oil Tank
I Fresh Water Tank

Water Ballast Tank
I Lubrication Oil Tank

I I r ]
B I ;

_______ [ R DU ===,, .

16
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10.3 Determination of Optimal
Compartment Layout of Naval Surface
Ship

opics in Ship Design i Fall 2016, Myung:| 1l Roh ’ !dmlnﬁnbm 17

Facility Layout Problem (FLP)

M Facility Layout Problem

B Given: Available area, the required area for each facility, material flow
between facilities, etc.

B Find: Best facility layout which minimizes total cost of transporting
materials between facilities

B Applications: Factory layout, equipment layout in the factory, office
layout in the building, etc.

M Limitation of Existing Algorithms
B Limited to a rectangular boundary shape
B No consideration for inside side wall
B No consideration for passages between facilities

»

A given bounded area Best layout of 7 facilities

opics in Ship Design i Eall 2016, Myvung:| 1l Roh ’ !dwlunnb“ 18
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Facility Layout Problem
Having Inner Structure Walls and Passages

M Given
B Number of facilities to be allocated to
the available area L
B Available area and its boundary shape

B Number and positions of inner structure
walls

B Number and widths of each vertical and
horizontal passage

B Upper and lower bounds of the -
required area for each facility Available area Q

B Upper and lower bounds of the
required aspect ratio for each facility

B Material flows between facilities

B Upper and lower bounds of the position
of each vertical and horizontal passage

Inner structure wall

™ Find

B Best facility layout which minimizes
total cost of transporting materials
between facilities

Best layout plan of facilities (1-8)

opics in Ship Design ion, Fall 2016, Myung:l Roh ’!dlnb 19

Formulation of the Optimal Facility Layout Problem
Having Inner Structure Walls and Passages

Minimize | Objective Function |
M M
F = ZZfU X di,. Total cost of transporting materials
i=1 =1
Subject to | Constraints |
& = akmin -a,<0 Constraints about the required
aspect ratio of each compartment

& =0,-a," <0

___ min
g=a, —a,<0 J Constraints about the required area
g, =a, —a™ <0 of each compartment

M .
Constraints about the total area of
- E — <
&s — @~ Auowanie <0 all compartments

8=X —x;"<0 J Constraints about the position
_oisw of each compartment
g =x""=x,<0 P

for i, j, k= 1, .. ',M &s= 1, e, P /i Material flow between the facility i and j
d;: Distance between centroids of the facility i and j

opics in Ship Design i Eall 2016, Myvung:Il Roh ’ !dwlunnb“ 20
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Proposed Algorithm for the Facility Layout Problem
Having Inner Structure Walls and Passages

Proposal of the improved genetic algorithm

Initialize Population '::} Evaluate Fitness |
—j} Reproduction \

Perform Selection N Perform Crossover

- Select Parent 1

Perform Inversion &
Mutation

Population is full Perform Reflnement/
YES
| Replace Populat]on '::} Evaluate Fitness |
Until Termination
Criteria is met

* 8 212 E (Genetic Algorithm): XIZHIO ACIA W2l SNt XIgo| HIFIUESS SN Z TUIIok= 20l Aol
M=0] 2= 2HANML H253 8 20k 2011, 197540 John Holland JF MAl “Adaptation on Natural and Artificial Systems”0fl XIS AJNSt

X SEHO| YIEIE JIX2 o 213 Wy

21

Representation of the Facility Layout

Four-segmented chromosome considering inner structure wall

L Inner Structure Wall

Placement procedure
of the facilities

X _—
Layout plans of facilities(1-8)
Encodingo Q Decoding
Segment 1 Segment 2 Segment 3 Segment 4
| 45871362 | 3535915159353 | 4,44 | 4124

(facilities’ sequence)  (Areas of the facilities)  (Location of passages)

Corresponding 4-segmented chromosome
4 YT2SS EDX OF= SHON (S JKSS HSS B WAHO| IS FXCYMH)Z BHD (12, 0SS UNNOE HUNAORY BV O 52
g uaohi 8

210
uin 24

opics in Ship Design i Eall 2016, Myvung:Il Roh ’ !dwlunnb“ 2
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Distance Calculation Method between the Facilities
- Distance Calculated by the Rectilinear Method and Actual Distance

1 2 3
Passage
4 5 6
Passage
7 8 9 10

---------- Distance calculated by the rectilinear distance method

Actual distance

I!dlﬂb 23

opics in Ship Design Fall 2016, _Mvung:Il Roh

Distance Calculation Method between the Facilities
- Redundant Distances by Incorrect Definition of the Base Points

a, b, ¢, d : Passages

+  Base point for the distance calculation
=+ — - Redundant distances

1 2 3
Passage g): i =% Sy
4 -% 5 -# 6
3
Passage = e ey
7 8 9 10
y

X
(a) Incorrect definition of the base points for the horizontal passages

4
e.e
@

@

{b) Original adjacency graph

opics in Ship Design

ydlab =

Fall 2016, Myung:Il Roh

2017-06-17

12



Distance Calculation Method between the Facilities
- Correct Definition of the Base Points

¢  Base point for the distance calculation

e w7 = (] £ x)/2 PE
1 2 3
&3)
Passage :
@)
Passage
a1 H
7 8 9 *10
y

(b) Medified adjacency graph

I!dlﬂb 25

opics in Ship Design Fall 2016, _Mvung:Il Roh

Improved Genetic Operations
- Crossover Operation: Modified Crossover Operation (1/2)

M The modified crossover is applied to the first and second segments of the
parents.

M Initially s1 positions in the first and second segments of the first parent
are randomly selected.

o {Ft(pl) + Ft(p2)} - Ft(pl)
’ Fi(pl) + Ft(p2)

where, s1: the number of genes of the first parent to be replaced with those of the second parent,
s2: the number of genes of the first parent to be transmitted to the first child,
n: the number of the genes in the first or second segments

s2=n-sl

xn (discard decimals)

M Next step is for the genes in the s2 positions of the first parent to be
transmitted to the corresponding positions of the first child.

M Finally, the genes in the s1 positions are reordered according to the order
of the corresponding genes in the second parent and then they are
transmitted to the corresponding positions of the first child.

M These similar steps are applied to the second parent to also generate the
first and second segments of the second child.

ydlab =

opics in Ship Design Eall 2016, Myvung:Il Roh

2017-06-17
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Improved Genetic Operations
- Crossover Operation: Modified Crossover Operation (2/2)

Segment 1 Segment 2 Segment 3 Segment 4
[ 45871632 | 2030891592428 | 453 | 4133 |
1st PARENT(fitness : 200) % s1={6, 3, 2}, s2={4, 5, 8, 7, 1} for Segment 1
[ 73568241 | 20,131512252420,30 | 345 | 5123 |
2nd PARENT(fitness : 120)
[AEeeriaces ey --- | --- |
15t CHILD
(a) Modified crossover for the 15t CHILD
Segment 1 Segment 2 Segment 3 Segment 4

[ 45871532
1st PARENT(fitness : 200)

20,30,8,9,15,9,24,28 | 4,53 | 4,133 |

[ 23568241 | 201315122524,20,30 | 345 | 5123 |
2nd PARENT(fitness : 120) #» s1 = {7, 3, 5, 2, 1}, s2 = {6, 8, 4} for Segment 1

[ 57168342 | 3091512,25242028 | --- | --- |
2nd CHILD

(b) Modified crossover for the 2nd CHILD

opics in Ship Design

I!dlﬂb 27

Fall 2016, _Mvung:Il Roh

Improved Genetic Operations
- Crossover Operation: One-Point Crossover Operation

M The one-point crossover is applied to the third and fourth
segments of the parents.

M A split line is randomly determined in these segments, and then
genes behind the split line are exchanged between the parents.

Segment 1 Segment 2 Segment 3 Segment 4
[ 45871632] 2030891592428 | 453 [ 4/133 |
1st PARENT
[ 73568241 ] 20131512,252420,30 | 345 | 5123 |
2nd PARENT ™ spiit Line
<
| P LTl P | s T B | 445 | 4,123 |
1st CHILD
[[onccmmn- | [ 353 [ 5133 |
274 CHILD
opics in Ship Design Eall 2016, Myvung:Il Roh ’!dw l“nn b“ 28

2017-06-17
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Improved Genetic Operations
- Inversion Operation

M The inversion operation, which can be considered as self-crossing, is used
to increase population diversity together with the mutation operation.

M The inversion operation is simultaneously applied to the first and second
segments of the first child generated from the crossover operation.

M The inversion operation occurs with very low probability (typically pi,version
= 0.01 from Grefenstette's study).

M In the inversion operation, two genes in the first and second segments of
the first child are randomly selected and are exchanged with each other.

Segment 1 Segment 2 Segment 3 Segment 4
[ 45871362 | 20308915131224 | 444 | 4124 |
1st CHILD - Before Inversion

L

| 458381762 | 20308131591224 | 444 | 4124 |
1st CHILD — After Inversion

opics in Ship Design i Fall 2016, _Mvung:Il Roh ’ !dmlnﬁnbm 29

Improved Genetic Operations
- Mutation Operation

M The mutation operation is applied to the second segment of the second
child generated from the crossover operation and occurs with very low
probability (typically p,utation = 0-01 from Grefenstette’s study).

M In this operation, two genes in the second segment of the second child
are randomly selected and a difference value is also randomly determined.

M The difference value is then added to the first gene and at the same time,
subtracted from the second gene.

Segment 1 Segment 2 Segment 3 Segment 4
[ 57,1,6,8,3,42 | 3091512252420,28 | 345 | 5132 |
2nd CHILD - Before Mutation
O Difference Value = 3

| 57,1,6,834,2 | 30915152521,20,28 | 3,45 | 5132 |
2nd CHILD — After Mutation

opics in Ship Design i Eall 2016, Myvung:Il Roh ’ !dwlunnb“ 2
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Improved Genetic Operations
- Representation of Facilities Layout by Decoding Process

Segment3  Segment4
‘ 4, 4,4 412,4 |

Segment 1
| 4,5,8,3,1,7,6,2 ‘

Segment 2
20, 30,8,13,15,9,12,24
(Areas of the facilities)

(sequence of the facilities) (Location of passages)

(a) Four-segmented chromosome for the 1t CHILD

Q Decoding

Void space
20
4 | 12 1 4
LRET -
Ve R
4 " 4 5
—l— Passage
f . Y B 3
12 |4 8 3 | 1 7
L l<2 ] I‘ . |
—l— Passage \
s X 3
iy 8 I 2 \ I
\ )

o X (b) Corresponding facilities layout for the 1st CHI‘EX Sub-space

I!dlﬂb 31

opics in Ship Design Fall 2016, _Mvung:Il Roh

Improved Genetic Operations
- Refinement Operation

M Void spaces are generated while converting a chromosome into a facility
layout during the decoding process.

M The refinement operation is performed to eliminate the void spaces and
for efficient utilization of the available area.

% H =218 - FipGa2 /- RS - FlpGa2
DRE BIE 2N FpGa =VFH WEE BIE EAY FpGa =SVH
0=d 2| & ? v Ploslre D=d 2 |&|® v R|oplre

Void space

A
l 5 4 5

NUM

Before Refinement } After Refinement }

opics in Ship Design Eall 2016, Myvung:Il Roh
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Comparison with Existing Algorithm

- Islier’s Algorithm

4| 4|alallafalal7r|7]7

“xy-oscillatory” 4| 4|4a|allalalal7|7]|7

4| 4|4|allalalal7|7]7

ﬁ 44|44 |3 |3|3)7|7]|7
22|22 |3|3|3)7|7]|7

| , , | 22| 2|2|3|3|3])7]|6]6
112 ]|2|5|5|5]|6|6]|6

] 1/1]1]1]|5|5|5]|6|6]|6

Band Band 111 ]1]s|s][5]6]6]s

(a) Placement procedure

(b) Layout plan by xy-oscillatory

Decoding GQ Encoding

1,2,4,3,5,6,7

10,10,25,9,9,11,16 |

4,3,3

(Sequence of the facilities)

(c) Corresponding 3-segmented Chromosome representation

(Areas of the facilities)

(Band widths)

opics in Ship Design Fall 2016, _Mvung:Il Roh

I!dlﬂb 33

- Result

Comparison with Existing Algorithm

‘ Islier’s Algorithm ‘

218 - FipGaz.

EEEE]

Proposed Algorithm

Hub BEE 200 Fpea CsB(H BE AW Fpea SEEM

| b o & | % | vIR /o Re| = 2| &2 |~ Rllopre
@ 10 |8 11 |11 (17 |17 |17 [11 [11 Ji5 [16 |16 |16 |15 [a |4 |4 |4 (N KR RO RN KRN KRN E RO R O O R PR [ N EEN N K]
5 (o [8 |8 |8 |11 (10 |11 (11 [11 [15 |15 [15 [15 [a (a4 |4 |4 |a 1 [74 |34 (14 (14 Ji1 (17 11 |11 |11 |1 (1 |1 |1 |33 [13 [13 |13 [13
T I8 (8 (8 [8 |11 |11 [17 [11 [5 (35 [15 [15 |15 fa [7 |77 (17 17 DOEOE EEEEE NN BEIE
G EEENENEEER BiE CIE i A fafta iafis sz izfiziz izt [v [ [1 |£ 12 12 |2 |2
G ERENEN ZaEE CnEnCEEE AL KRG 75 15 15 (15 [15 |1z fa |a 14 ]2 |* [T |7 [1 |z [© |00 [0
G IIE BEEEEEGE BN GG GEECE ElERENERE 15 [15 [15 [15 [15|@ |4 |a [« |a |7 |7 |7 |7 [0 |10 |10 [0 [0
T4 14 |14 14 |14 [z [76 [16 [16 16 J6 (6 [6 |6 [13 [13 [13 [13 [13 16 [16 |15 [15 [15 |a [i7 [i7 |77 37 |7 |7 |7 |7 |70 [0 [0 [0 [0
14 [1a [va [va [Ta [v6 [16 [16 [16 [16 |6 [6 [6 [¢ [0 [10 [0 [10]13 16 [16 |76 [16 [16 |17 |17 |i7 |17 [i7 |7 [7 |7 |7 |79 |79 18 |19 Ji0
T e[z e e [o (6 [¢ [0 |10 [1e |10 10 5 |5 |6 |16 [16 |17 17 [ir[7 |3 |2 |2 J7 |7 |i® [@ [i9 [ i@
T[T [T (v [1 ['2 |z |12 iz [iz|s (5 |5 |3 |0 10 [0 [i0 |10 N GECECEGE BEENENEEEE BHENENEE EEEEIE
NN B GEEEEE CEENEEEN E CEEEURE CHCECEGECHE ENEN CECECH BNCEENEE B CNCRENE
NG GEEE GGG CRENEEEE GG ERERT NEECEEEEE CRCECECECH BECEENEE GO CRORE
T9 19 |19 19 |18[5 (5 [5 (5 [18fo (9 [9 (9 fo [0 [0 [0 [0 CNGECECEGE CRCECEECE S BNCEENEE CECNCROR
19 (19 (19 (19 (19 [T6 |18 [18 |16 [18 Jo |9 (9 |9 [0 [0 [0 [0 [0 6 6 (6 [6 [6 (e e |is]s (8 [s s o [0 [0 [0 [0
19 (19 (19 [19 [19 [16 (18 [18 [18 (16 [18 [16 |16 16 fo [0 [0 [T |7 | 6 [¢ (6 [6 [6 |18 [18 |18 |18 [18 [18 |18 |16 [18 Jo [0 [0 [0 [T

=t [ O [ 7 =6l ROV

Objective Function Value = 37.698
Computation Time = 5.5 min

Final layouts of 20 facilities

Objective Function Value = 37.198
Computation Time = 4 min

opics in Ship Design Eall 2016, Myvung:Il Roh
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Optimal Facility Layout Problem of a Naval Ship

M After body (Fr. no. 68~92)
B Rectangular boundary shape

B 20 compartments, 2 watertight
transverse bulkheads, 2 vertical
passages, 2 horizontal passages

M Fore body (Fr. no. 17~44)
B Curved boundary shape

B 20 compartments, 2 watertight
transverse bulkheads, 1 vertical
passade, 2 horizontal passades

8

3
o
49
txd

Fiid
qTA

\
\
\
\

After Body - Forre Bo&y
(Fr. no. 68~92) (Fr. no. 17-44) 35

Optimal Facility Layout Problem of a Naval Ship
- Optimization Result of the After Body

Inner structure wall

0 1 ;/z 3 4 5
Passage
P P
a a
S S
6 s 7 8 9 10 s 1
H H
€ € Computed Compartment Layout Plan
Passage
12 13 14 15 16 17 18 19 e
Actual Compartment Layout Plan
0 1 7 3 1 5
l Convergence History
60,000 g 6 8 2 mn 9 10
S
S ssom
8
5 s 12 1 13 15 16 13 7 18
°
% 45,000
2,
8 40,000
' 0 500 1,000 1,500 2,000 h’w’i 4
Generation Number 36
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Optimal Facility Layout Problem of a Naval Ship
- Optimization Result of the Fore Body

Inner structure wall

—
0 1 )/2 3 4 5 6
Passage
b
3
7 8 9 10 | 11 12
i
E Computed compartment layout plan L
Passage IO
13 14 |15 | 16 | 17 18 D 22

Actual compartment layout plan |

j Convergence history |

0,000

L

Generation Number

37

Arbitrary Area

Calculation of the Right Boundary for the Compartment with

- H=28 —Fp6a2

DE® BUE =W Fooa S8

DS |58 2] v A orez
]
| Boundary Input Data | g o X
y ] ‘ 2 i & | 3 1:—15\
>
' Pad
‘ NURBS Curve ‘ mp | Represent the curved - " » " .
hull form y
r N EEE
‘ Area Curve ‘
Ll MM
3
| Curve-Plane Intersection | b
L 2 a]gi—_ ““““ R i
z = 7 7 L ST ! i
| Determine the position having arbitrary area | Area Curve i !
]
e.g., Given: x,4 and a;y 4 Y
1
Find %5 l i
I gl
Mg Fis!
X-Position

opics in Ship Design Eall 2016, Myvung:Il Roh
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10.4 Determination of Optimal Layout
of Topsides of Offshore Plant

opics in Ship Design i Fall 2016, Myung:| 1l Roh ’ !dmlnanbm 30

Existing Method for Topsides Layout (1/2)

Hierarchical Approach (Top-Down Approach)

<|Level 1 ) )
Considerations for layout
Hull
Topsides - Antagonisms

<|Level 2 l - Affinities

Function 53 - Engineering affinities
Groups(Module) - Manning affinities

“Reallocation”

Function |
Sub-Groups(E(ﬁiﬁF‘le

caupment 558 S S&ES

Example of Modules of Guara FPSO(Modec/Toyo’s)
fabricated by Aibel

* Reference: PETRONAS, “Layout Considerations for Offshore Topsides Facilities”, 1990 ’ dlnb
. . “ 40

opics in Ship Design Eall 2016, Myvung:| 1l Roh
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Existing Method for Topsides Layout (2/2)

- Topsides Design*

System(Process)

Design mm)| Module Layout |mmp

| ]

Final Design <4mm| Structural Design -‘ Hull Interface

» Hull Design l l

Dimension, Hull Form mmp General Arrangement mmp Weight Estimation

Module Weight

* Terpstra, T, et al, "FPSO Design and Conversion: A Designer's Approach”, Offshore Technology Conference, 30 April-3 May 2001, Houston, Texas ’!Idl“b #

opics in Ship Design Fall 2016, _Mvung:Il Roh

Optimal Layout of Topsides Using Optimization Technique

_____________________________________

Input zone data & module data

L 2

Allocate modules(or function groups) to zones
using the optimization method

L 2

\ Determine the optimal layout of modules ,

Module Layout

Input layout of modules & equipment data

A 2

Locate equipment(or function sub-groups)
within modules using the optimization method

A 2

Determine the optimal layout of equipment

L —

Equipment Layout
in the Module

o

Y
\

ydlab -

opics in Ship Design Eall 2016, Myvung:Il Roh
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Optimal Module Layout of Topsides of
Offshore Plant

opics in Ship Design i Fall 2016, Myung:| 1l Roh

I!dl‘lb 4

Necessity of Optimal Module Layout

Plan view of the FPSO*
== H A
"
A %% 0% ]
t v . |
FP
No of No of design =
modules alternatives
8 40,320
10 3,628,800
12 479,001,600
14 8.72 x 10%°
16 2.09 x 101?) Too many
18 6.40 x 1015§ cases to be
considered.

* Reference: (Article) MBN, 2007.12, The DSME receives an order of FPSO off2 billion.

opics in Ship Design

jon, Fall 2016 _Myung: 1l Roh I“dlﬂb 44
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Offshore Plant

Hierarchical Approach of Module Layout of Topsides of

L

Level 1 _I Example of Level 2|

Hull D

GC

EL [| W C

WS

Topsides

GP

SS [ WI V]

SuU

:

Level 2

(a]
=
o
C
o
n

Function J_E') gg

Function S & & D _I Example of Level 3

Level 3

I
&0 G2
R e
€D o)

Sub Groups

Level 4

Equipment -
Bocke T &DS b &ELS

:

_I Example of Level 4|

* Reference: PETRONAS, "Layout Considerations for Offshore Topsides Facilities”, 1990
opics in Ship Design it Fall 2016, _Mvung:Il Roh

I!dlﬂb ']

Example of Topsides Modules (Function Groups, Function

Sub Groups)

I Wellhead w I Gas Compressing GC I Workshop/Stores WS I Safety Utilities suU
Xmas Trees W/10 Compression Train GC/10 Workshop - Mechanical WS/10 Fire Water Pumps 5U/10
Manifold W/20 Scrubber GC/20 Workshop - Electrical WS/20 Emergency Generator 5U/20
Well Control W/30 Coolers GC/30 Stores WS/30 Emergency Switchgear 5U/30
Conductors W/40 Lube Oil/Seal Oil GC/40 Laboratory Ws/40 Ups SU/40

Gas Metering GC/50 Storage - Standby Fuel WS/50 Survival Craft 5U/50

| oritiing D

Storage - Jet Fuel WS/60 Bridges SU/60
80P oo || Risers R
Storage - Flamm. /Comb. Liquids [ WS/70
Drilling Derrick D/20 I Electrical Power Generation EL
g Risers/Manifolds R/10 Storage - Process Consumabl Ws/80
Drilling Support /30 £SD Valves RI20 | Driver / Power Generator | EL/10
Mud Systems (Active) D/40 Pigging Facilities R/30 | Switchgear | EL/20
Drilling Control D/50 Subsea Sat. Facilities R/40 I i i
Material Handling MH I Tr ission Systems Ts
N e : | Cranes | MH/10
Separation/Stabilization SS I Flare System F Relief and Blowdown TS/10
Separation $5/10 | Flare Knockout | 110 | Leydown Areas | MH20 Drains - Open 5120
Stabilization 55/20 | Tower (incl. tip) | F120 Drains - Closed TS/30
Test Separation $5/30 Piping - Process 5140
— | utitities u
Produced Water Treatment $5/40 Living Quarter LQ Piping - Safety TS/50
Seawater System ur1o
Oil Export Pumping $5/50 Living Quarters LQ/10 i Piping - Utilities. TS/60
N Instrument Air System u/20
0il Metering 55/60 Living Quarters Utilities LQ/20 4 Cables - T5/70
Diesel System ur30
I Sheltered Area LQ/30 i Cables - Electrical T5/80
Gas Processin GP - HVAC u/40
] Helideck La/40 Ducting - HVAC 579
Gas Processing GP/10 Potable Water /50
Condensate Processing GP/20 I Control C Sewage Systems U/60 I Water Injection wi
Dehydration GP/30 | Central Control | /10 Heating Systems ur70 | nsection | wro
Fuel Gas GP/40 | Local Control | c/20 Cooling Systems u/80 | Treatment | wi/20

* Reference: PETRONAS, “Layout Considerations for Offshore Topsides Facilities”, 1990
opics in Ship Design ion, Fall 2016 _Myung-Il Roh

ydlab
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Characteristics for the Representation of Relationship
between Topsides Modules

M Antagonisms: Characteristics which preclude an module being
safely located near another specific module unless mutually
protected (e.g., “two modules should be distant from each other.")

M Affinities: Characteristics which make it particularly advantageous
to locate one module close to another specific module (e.g., “two
modules should be adjacent to each other.”)

opics in Ship Design i Fall 2016, _Mvung:Il Roh ’ !dmlnﬁnbm a

Relationship between Topside Modules
- Antagonisms

M Characteristics for defining antagonisms

B Active behavior characteristics: Probability of a module initiating
major incidents

B Reactive behavior characteristics: Propensity for a module to escalate
major incidents initiated elsewhere.

Antagonisms Matrix
FUNCTION GROUP w D SS GP GC R F LQ C WS MH U SU EL TS W
REACTIVE| 3 3 3 3 2 3 3 3 3 2 2 2 3 3 3 2
ACTIVE
WELL HEAD w 3 -
DRILLING o3 3 - Each number (1~3) represents a
SEP./STABILIZATION SS 2 3 3 - . o
GAS PROCESSING P quantitative value of the risk when two
GASCOMPRESSION ~ 6C 3 |3 3 3 3 - modules are located in adjacent zones
RISERS R 3 3 3 3 3 3 - . .
FLARE SYSTEM ¢+ 5 |3 3 3 3 3 5 .close. The higher number, the more risk
LIVING QUARTER LQ 0 33 3 3 3 3 3 Iayout.
CONTROL C 0 3 3 3 3 3 3 3 i -
WORKSHOP/STORES WS 0 3 3 2 2 3 3 2 1 1 -
MATERIAL HANDLING MH 1 3 3 2 2 3 3 2 2 2 1 -
UTILITIES u 1 3 3 2 2 3 3 2 2 2 1 1 -
SAFETY UTILITIES su 1 3 3 3 3 3 3 3 2 2 1 2 2
ELEC. POWER GEN. EL 3 3 3 3 3 3 3 3 3 3 2 2 2 3
TRANSMISSION SYSTEMS TS 3 3 3 3 3 3 3 3 3 3 2 2 2 3 3
WATER INJECTION wi 0 3 3 2 2 3 3 2 1 1 1 1 1 1 2 2

* References
PETRONAS, “Layout Considerations for Offshore Topsides Facilities”, 1990

Quantitative Risk Assessment, SIPM Report EP 55000-18, May 1990 a8

Guidelines for Risk Analysis Data, Doc. Ref F-RADS, _SIPM, June 1990

2017-06-17
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Relationship between Topside Modules
- Affinities

M Characteristics for defining affinities
B Engineering affinities: The need to locate certain modules close
together, the most fundamental being the requirements of the
process logic
B Manning affinities: Ways to minimize the movement of staff around
the platform

Manning Affinities Matrix fix |

FUNCTION GROUP W D SS GP GC R F 1Q C WS MH U SU EL TS W
LUND| 3 3 3 3 1 2 0 3 3 3 3 2 1 2 0 3

WELL HEAD w 3 - 3 3 3 3 3 3 3 3

DRILLING D 3 - 3 3 3 3 3 3 3

SEP./STABILIZATION S 3 - 3 3 3 3 3 3

GAS PROCESSING GP 3 - 3 3 3 3 3

GAS COMPRESSION GC 1

RISERS R 2

FLARE SYSTEM F 0

LIVING QUARTER mQQ 3 3 3 3 3

CONTROL C 3 3 3 3

'WORKSHOP/STORES WwWs 3 3 3

MATERIAL HANDLING MH 3 3

UTILITIES U2 Each number (1~3) represents a quantitative

e, 2 value of the advantage when two modules have

TRANSMISSION SYSTEMS TS 0 frequent movement of staff each other in the

WATER INJECTION w3 aspect of manning affinities.

* Reference: PETRONAS, “Layout Considerations for Offshore Topsides Facilities”, 1990 ’ dl“b
/ ! 49

opics in Ship Design Fall 2016, _Mvung:Il Roh

Relationship between Topside Modules
- Definition of Adjacency Factor between Modules

d11
Adjacency Factor between Modules Q =
(= Affinities - Antagonisms) 4qnN

Adjacency Factor Matrix m

FUNCTION GROUP w D SS GP GC R F LQ C WS MH u SU EL TS W
WELL HEAD w - 6 6 3 2 0 0 3 3 3 3 0 0 6 6 2
DRILLING D - 3 3 2 0 0 3 3 3 3 0 1 1 3 2
SEP./STABILIZATION SS - 3 3 0 0 3 3 3 3 0 5 5 6 2
GAS PROCESSING GP 3 5 5 5 5 6 6 0 0 1 1 0
GAS COMPRESSION GC - 1 1 1 1 5 5 4 4 3 3 0
RISERS R - 2 2 2 2 6 6 3 3 0 0
FLARE SYSTEM F - 5 5 4 4 4 4 3 3 3
LIVING QUARTER LQ - 3 3 0 0 3 3 3 3
CONTROL C - 5 5 5 3 3 3 3
WORKSHOP/STORES WS - 3 3 6 6 6 6
MATERIAL HANDLING MH - 5 5 5 6 6
UTILITIES u - 0 0 5 5
SAFETY UTILITIES N - 5 5 5
ELEC. POWER GEN. EL - 3 3
TRANSMISSION SYSTEMS TS 3
WATER INJECTION wi -

ydlab «
‘opics in Ship Design is Eall 2016, Myvung:Il Roh ’ n
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Proposal of an Algorithm for Optimal Module Layout
- Formulation of an Optimization Problem

— Definition of a problem }

Determination of module layout which minimizes total material flow (F;)
considering the magnitude of accident risk and the distance (F,) between
total COG of modules in transverse direction and centerline

—I Formulation of the problem I

N-1 N
Minimize F; = z Z (‘Ii,j . di_j) ; Total material flow

i=1 j=it+1

N N
and F, = Z(Wi'yi)/ZWi ; Weight distribution
i=1 =1

N: Number of zones and modules
q;,j: Adjacency factor between module i and module j
d; ;. Distance between module i and module j
w;: Weight of module i

yi: y-coordinate (transverse position) of module i

opics in Ship Design

Fall 2016, _Mvung:Il Roh

I!dlﬂb 51

Proposal of an Algorithm for Optimal Module Layout
- Algorithm for Optimal Module Layout :
=
Selection i
v
Crossover
| Initialize Population |:>| Evaluate fitness |<:> P _\;‘ w:{ —~
I’ [ T \‘_::: -Calculate
1 . 1 - Total material flow
. Perform Selection i Perform Crossover |, between modules
1 ! - Center of gravity
! I : of modules
| g
Until Te ; 1 Check
: Perform Mutation | - Pareto optimal
{ | rank of each
----- B-----------------’ individual
| Replace Population |:>| Evaluate fitness |<:>
opics in Ship Design Fall 2016, Myung:Il Roh ’“dlnb 52
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Proposal of an Algorithm for Optimal Module Layout

- Representation of the Module Layout

v

Crossover

Deck zones filled with modules | :

F® +0 H-0O +HO +O + ©
GRFH e ot ok et cre
O T e 10 T6e T e e

“Representation of the positions of modules with a chromosome”
Encoding Decoding

Optimization
|135811246791210|~|837101164251129|

@OOOOOCOOO®O

opics in Ship Design i Fall 2016, _Mvung:Il Roh ’ !dmlnnnbm 53

Proposal of an Algorithm for Optimal Module Layout

Layout

- Selection (Roulette Wheel Selection)

2
I Selction

Individual [ C, C3 Cy Cs Co %4 Crossover

F 460,136 323,287 406,656 317,550 587,101 350,094 496,949

Ft 2.17x107° | 3.09x 107 | 2.46x107® | 3.15x 107 | 1.70x107® | 2.86x 107® | 2.01x 107

Pserection 12.5% 17.7% 14.1% 18.0% 9.8% 16.4% 11.5%

Fitness (Ft) Calculation | Roulette Wheel |

1 C, Cy
Ft=—-F o Ft=f if F>0)
C;
Probability of Selectigr] |
‘VV C5
Ft(i) G

P () = ——
selectlon(L) Zi Ft(i) C,

* Fitness: Quantitative value for measuring the quality of each individual. The higher fitness, the better
individual. The fitness is usually the value of the objective function in the optimization problem being
solved.

opics in Ship Design i Eall 2016, Myvung:Il Roh ’ !dwlunnb“ 3
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Proposal of an Algorithm for Optimal Module Layout
- Crossover (PMX: Partially Mapped Crossover*)

1st Parent(P,)

| 871063495 2|

2"d Parent(P,), .
| 0 2 4i3 1 56 7 8 9 |
-
| 315 |

| 8 7 X 4 9 X 2 |
X 2

| 8 7 6 4 9 |

1st Child(C,)

8 7 653 1 5:4 9 0 2 |

* Reference: Goldberg, D.E. and Lingle, R, 1985. Alleles, Loci and the Traveling Salesman Problem. Proceedings of the First International Conference on Genetic Algorithms,
San Francisco, CA, USA. pp.154-159

opics in Ship Design ion, Fall 2016, Myung:l Roh ’!dlnb 55

Proposal of an Algorithm for Optimal Module Layout
- Mutation

Crossover
Mutation

1st Child(C;) — Before mutation

| 8 76 31 5490 2|
1st Child(C,) — After mutation
| 8 36 71 249 0 5|
opics in Ship Design ion, Fall 2016, Myung:| 1l Roh ’“dlnb 56
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Example of Optimal Module Layout of FPSO

- Input Data

Adjacency factor between modules

Module ID| 1 2 3

o

EN

wow w|a

O

o o o o ofa

wo oo o oflv
Wwnowww wloe

W AN owww wle

o wa AN W W W W
W W W N W W W W
WAANNWOOOOO

Modules to be optimized |
Module ID Module name Module weight [ton]
1 Electrical BLD'G 910
2 Power generation 2,270
3 Water injection 2,240
4 Utilities area 1,700
5 Separation Train1 1,810
6 Separation Train2 2,050
7 Injection comp. 2,800
8 /M metering 960
9 SDV platform 780
10 Recompressor 1,590
1" M/F dep. tower 1,7
12 Laydown area 105

Zone ID of FPSO topsides in this example(plan view) |

PORT SIDE
A

T LA

) ©
©
®

o®

©®

S IRZ AR AR
1

STBD SIDE

opics in Ship Design

Fall 2016, _Mvung:Il Roh

Example of Optimal Module Layout of FPSO
- Pareto Optimal Set! bz Using Weight Method?

Single objective function using weighting method'

F=wF,+(1-w)F,, 0<w<1

"Pareto optimal set: Solutions that cannot be
improved in any of the objectives without
degrading at least one of the other objectives. The
set of Pareto optimal outcomes is often called the
Pareto front or Pareto boundary.

2Reference: Conom, ¥+ ltiobjective Programming and Planning,
Academic Press, New York

Pareto optimal set? obtained from the parametric study
for the weighting factor

400000

w = 0.0496
398000 @
396000
N< 0.5

394000 <
o e w > 0.5

392000 :

P
390000 ®
388000
w =038
386000
0 05 1 15 2
Fa

Number of population 100

Number of generations 300

Probability of crossover 100%

Probability of mutation 20%

Elitism applied

450000 - -
Mean Fit Best Fit
440000

430000
420000

410000

400000 —+

390000
380000

1 21 4 61 81 101 121 141
Generation

opics in Ship Design

Eall 2016, Myvung:Il Roh

ydlab =
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Example of Optimal Module Layout of FPSO
- Pareto Optimal Set by Using Rank-based Method* (1/2)

* Rank-based fitness assignment method: A method that determines the rank for each individual according to
domination relation and calculates the fitness by using the rank.

Determination of the rank
for each individual

r(t) =1+ p(t) F

Multiobjective ranking for the individuals |

A

1 ®5

\ 4

F

Calculation of the fitness by using the rank |

1 . L .
Ft = /r incase of a minimization
r incase of a maximization

* Reference: Fonesca, C. H. and Fleming P. J,, July 1993. Genetic Algorithms for Multiobjective Optimization: Formulation, Discussion and Generalization,
Proceedings of the 5th International Conference on Genetic Algorithms

opics in Ship Design i Fall 2016, _Mvung:Il Roh ’ !dmlnanbm 50

Example of Optimal Module Layout of FPSO
- Pareto Optimal Set by Using Rank-based Method* (2/2)

oo s Lo Number of population  : 500
aa0000 ss0000 o Number of generations : 100
o o Probability of crossover : 100%
420000 " 420000 . .
85 Probability of mutation : 20%

00000 a5 F
330000 330000 Elitism . applied

o 1 2 s 4 s s 9 o 12 34 s 6 7

F, F
ason00 X to50 asono0
w0 S > 000 . w00 400000
t =100
<] Pareto optimal set by weighting method 398000
Optimum which can not be obtained @
4 400000 396000 + by the weighting method
3 338000 @ g 394000 - ®
-
396000 b © [ ]
I e 392000 -
_, 394000 L) . (]
59
392000 390000 - ®
.
330000 L] 388000 - ®
388000
° 386000 . . . . :
386000
o 05 1 15 2 25 0 05 1 15 2 25
F, F>

* Reference: Fonesca, C. H. and Fleming P. J, July 1993. Genetic Algorithms for Multiobjective Optimization: Formulation, Discussion and Generalization,
Proceedings of the 5th International Conference on Genetic Algorithms

opics in Ship Design i Eall 2016, Myvung:Il Roh ’ !dwlunnb“ o
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Example of Optimal Module Layout of FPSO
- Optimization Result

Modules to be optimized | Existing Module Layout of Topsides |
PORT SIDE
Module ID Module name ,
1 Electrical BLD'G == S
“ S I~ | NN N PG N
2 Power generation AFT VIV YN Y @%4 . \%\\FWD
3 Water injection @ @Eﬁ @O @ @ W — J%/
4 Utilities area el -
5 Separation Train1 STBD SIDE
6 Separation Train2
7 Injecti o
nyection comp- Existing Optimization
8 1/M meteri
metering Adjacency between Modules (F;) | 463,010 | 393,050 (-15.1%)
9 SDV platform
P Transverse position of COG [F,) 2.7814m | 0.4395 m (-84.2%)
10 Recompressor
1 M/F dep. tower ‘
12 Laydown area Optimal Module Layout of Topsides |
- PORT SIDE
=) 7
& - ]
Al ol e B oo T
AFT YOOI O DI N
L Ol e G 6 @le //
\ YIS YIS ST~
STBD SIDE

opics in Ship Design

Fall 2016, _Mvung:Il Roh

I!(".nb 81

Optimal Equipment Layout in the Topsides
Module of Offshore Plant
(for Liquefaction Module)

opics in Ship Design

Eall 2016, Myvung:Il Roh
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Considerations on Optimal Equipment Layout
in the Liquefaction Module for Offshore Plant

M Safety

M Compactness

R

<LNG FPSO>

<Exploration and Production
of the Natural Gas>

<Liquefaction process system>

m Safety studies: HAZard and Operability (HAZOP), HAZard Identification (HAZID), Failure
Modes and Effects Analysis (FMEA), Fault Tree Analysis (FTA), Event Tree Analysis (ETA)

B Optimal layout: Maintenance, Working space area, Emergency area

B Available area for the liquefaction cycle of offshore application is smaller than that of onshore
plant.

B By determining the optimal operating conditions and doing the optimal synthesis of the
liquefaction cycle, the required power for the compressors can be reduced which will result in
the reduction of the compressor size and the flow rate of the refrigerant. Thus, the overall sizes
of the liquefaction cycle including the pipe diameter, equipment and instrument can be reduced.

B Therefore, the compactness can be achieved by optimization studies such as determination of the
optimal operating condition or optimal synthesis of the liquefaction cycle.

For the optimization of the process layout, ‘Compactness’ &
‘Safety’ are the most important consideration.
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Characteristics of Equipment Layout in Topsides Modules
of Offshore Plant

M Limited Installation Area

B Considering the limited Hull area, equipment shall be placed on the multi-floors module.
B Same functional systems shall be installed in the same module in order to reduce the
piping installation space.

M Easy Installation and Maintenance

B Offshore installation shall be performed on the module basis to easily install each
modules on the hull area.
B Every maintenance can be easily performed on each modules basis.

* MR: Mixed Refrigerant, PMR: Pre-Mixed Refrigerant
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Necessity of Multi-Deck Layout in the Liquefaction Module
of LNG FPSO

iquefaction Module

7
Ci;How can we arrange the equipment
items?

* Main Dimension of the LNG
* Length: 488.8 m
+ Displacement: 600,000 ton

* Production: LNG 3.6 MTPA*
* MTPA: Million Ton Per Annual

For the compactness, the plant layout for the liquefaction process
system of the LNG FPSO is multi-deck equipment layout!

* Reference: (Website) http://www.shell.com/home/content/innovation/feature_stories/2010/fing ’ dl“b 65
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Procedures of Process FEED of Liquefaction System of LNG FPSO
and Importance of Optimal Equipment Layout in Module
Procedure of Construction of LNG FPSO

Exploration
& Feasibility Pre-FEED FEED EPCI Commissioning
Study
Engineerin N . =N\ "
(Detgail Desiggn) r/ Procurement i} Construction ) Installation
{5 well Components, el scale, Required Daily Production, Environment & Geographical Factor, etc.
I @ Process Configuration and Simulation | Ve 1 | - Determining optimal operating conditions of
Utility Consideration \r the liquefaction cycle of LNG FPSO

2 Configuration of the process system and operating conditions of each stream of the refrigerant
./ and natural gas such as temperature, pressure, specific volume, flow rate and mole fraction".
1) Mole fraction: Components of the
I @ Process & Utility Hydraulic Calculations I mixed refrigerant and natural gas

", = Diameter of the pipe for each stream

A4
I @ PFD (Process Flow Diagram), UFD (Utility Flow Diagram) I

S Diagram to show the safety & control logic of the topside systems
and heat & material balance tables2)

® PED (Process Equipment Datasheet), UED (Utility Equipment Datasheet)
PID (Process Instrument Datasheet), UID (Utility Instrument Datasheet)

S Datasheets to show the operating conditions and diameter of the inlet and outlet of each
< for pe ing ion, and ion of the topside process systems

I ® P&ID (Pipe & Instrument Diagram), SAC(Safety Analysis Checklist) I

[] = Diagram that shows all data about the operating conditions, process control logic, safety and
< mai for the and ir , and vendor data about the equipment.

- Determining optimal
|® Plant Layout for Liquefaction Process I {== | plant layout by using the
optimization technique

S For the compactness, the plant layout for the liquefaction process system of the LNG FPSO is
multi-floor plant layout!
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Initial EQquipment Layout in Topsides Modules

of Offshore Plant

Selection of Potential
Liquefaction Process Cycles
Optimal Operating
Conditions (PVT)
[rvan] = Equipment
nnay Selection
Case 1
Initial
Equipment
Layout
| MWANA
— AAAAAR. >
Case N

Liquefaction Cycle
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Used to control the flow rate > : Control Valve

Used for sensing the flow rate ]:. Pressure Control
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. Determination of Pipe Line Sizing
. Safety Considerations (Pressure Safety Valve)

. Safety Considerations (Blowdown Valve)
4. Operational Considerations

. Maintenance Considerations
. Isolation Considerations

. Vendor Data

@: Temperature Control
@: Flow Rate Control
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