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ABSTRACT

Title:  Multidisciplinary Design Optimization of Life Cycle Benefit of Trimarans Using

Monte Carlo Method

Author: Lin Du

Advisor: Hamid Hefazi,Ph. D.

This thesis presentsraethodology for multidisciplinary design and optimization (MDO)

of the life cycle benefit (LCB) of trimarans. Unlike naval vessels which have a robust fire

power and other capabilities which are very difficult to be quantified, the essence of a
commercials hi p6s construction and operation is al
consider the benefits accruing from lifelong development/deployment of a commercial vessel,

taking in to account the construction time, interest rate, cost of operation, maintenance,
drydocking, annual revenue, etc. Whether or not a ship design has outstanding economic
potential, depends on only one standard value in the opinion of the shipowner which is the

life cycle benefit (LCB).

It is envisaged that an optimal design, must leadubstantial benefits accruing over the
life-span of a vessel. In thisesis the LCB of a notional trimaran is considered as the system

level objective function for multidisciplinary design optimization.



There are two major subsystems to calculatetthrei mar ansés perfor mances
program. One of them is the resistance estimation subsystem. This subsystem considering

the total resistance of higspeed trimarans equals to the combination of the viscous and
wavemaking resistance. The viscous remigte of trimaran equals to the product of the form

factor (1+k) and the frictional resistance coefficient calculated by the ITTC 1957 friction
correlation line. Thewavena ki ng resi stance is based on the
Yeung in 2004. He cani der ed t he -making measistaace duala W d¢he
summati on of t he i mdking resistarece andthelinterfefelcesmwéive wa v e

making resistance.

The structural weight estimation sulbsystem i
rules. The total weight equals to the combina
weight. The value of weight provided by this subsystem is absolutely obey the regulation.

The structural strength is completely satisfied.

In the endlthe optmization algorithm applies the Monte Carlo Method (MCM) to achieve

an optimal designThis dissertation attempts to only investigate the application of the
method in the concept design stage. Results indicate that the design variable considered have
a dramatic influence on the life cycle benefit, rendering some designs highly profitable and

some unprofitable over the entire service life of the trimaran.
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CHAPTER.1
INTRODUCTION AND BACKGROUND

The traditional ship design is a complicated procedure. For-tulltvessels, the labor cost
of design is much more than monohull ships, because the ceeffidets between the hulls
on the hydrostatics and the loads on structural comporeate the degn more

complicated

With the increasing requirement of higlerformance ships, in both military and civil
applications the market of mukhull vessels is becomingiore and mor@opular. In the
modern world, the globalization current is undeniabler¢igeirement of higiperformance
multi-hull vessels is urgenttven the manufactorying technologies hawsolved the

traditional lineardesignspiral isstill the most frequently usatbsignmethods.

The primarygoal of this dissertation is to establishredel for thecommercialt r i mar ans 6

multidisciplinary design optimization (MDO) in the concept and preliminary design stages

1.1 Motivation

The 21st century is a century of globalization, and countries all over the world intéhact
each other more frequéythan at any time in history.his status has led to boomitrgde,
transportatia and tourisim industries. Simutaneoud#yhasplaced higher demands on the
high-performanceships. With the advancement of science and technology, especially the

remarkale achievements of computer and artificial intelligence techmedagrecent years

1



some countries have used new intelligent technologies tgrage the manufacturing
industries. Examples includke fi ndusty 4.00 proposed by GermargndfiMade in China

202% by the Chi.nese gover nment

Throughout the process of the three industrial revolutions experienced in human history,
many people have predicted that the fourth industrial revolution (intelligent revolution) is
close at hand. Due to the gradual streeging of technology, human beings will be able to
liberate from lowlevel and straightforward labor and mental veomkdinsteaddevote time

and energy to creative and challenging vgork

As a result,hie complexity okengineering projects has become extely largeShip design

and manufacturing is no exceptidrhere are varioudevelopment in every componesft

ship design and construction. terms of materials,ships have progressed fronood to
composite materials For examples, the double bottom leggd the single bottom
constructiorfor oil tankers and containers for upgrading the safety and preventing Teads.
shipbs power source used work force, ani mal
them are replaced by the internal combustion engimw@n nuclear power. Another aspect

of the ship buiding development is the complexity of the structure. The increasingly number
of the catamarans and trimarans or evendiedrimarans and pentamarans indicates the
great achievement of building complicatghips. Also, from another view, the ship buiding
and design industs are highly-coupled systems Modern ship designris thereforea
multidisciplinary problem considering hydrostatics, hydrodynamics (resistance and
seakeeping), structural strength andglie maneuvering, stability, operation, maintanence,

economics and so on.

The alvances in design methods are relatively unsatisfactory compared to the development

2



of construction techniques, power, materials, and structures. The vast majority of the desig
methods still followthe traditional design spiral pattermhis linear method approach
severely hampers work efficien@s shown irFigure1.11, especially in the very coplex
multi-hull design projectslo improve the design method, many researchers have developed

new design methodologies.

mission
requirements

cost

preportions and
estimates

preliminary powering

lines and

body plan damaged

~ stability

hull d

form
capacities,

trim, and
intact
stability

hydrostatics
and bon-
L jean curves

light ship
weight
estimate

floodable length _
and freedboard

wearin
arrangements o 9
{hull and

machinery)

structure

Key:
concept design phase .! contract design phase

| preliminary design phase . detall design phase

Figure 1.1.1 Ship Design Spiral[57]

In essence, ship desgaresophisticated engineering and technical isshetthey arealso
a businessactivity. The primary objective for designers dependes on the particulartiexec
of differentstagef acontract. For instance, in the preliminary design phase, the designers

need to present a plan basedtwrequirements set out in the design thslumento attract
3



the attention of the shipwner In the contract design phke, it is necessary poovidemore
specific calculations and descriptions in detfil various requirements. That is to say, the
linear process in time is determined by the fact that the ship design itself is also a business

activity.

According to allof theabove, to improve the design efficiency of miitill ships at present,

and to meet the urgent market dematha, ship designers need titilize modern MDO
methodologiesin this investigation, the Monte Carlo method generates a large number of
stothastic models under particular constraints, such as fuel price, traveling distance and so
on, in order todetermineghe optinal model that meetthe constraints in the preliminary

and conceptual design phases

1.2 Multidisciplinary Design Optimization Method

Development of the MDO methodology was initiated in aerospace system designs and dates
back to ear |l y S6liéskiih 498336 prdposedshe coacepad déscribed

it as fAa methodology considering the interfe
subsequent work in 19987], he provided further detailnd published the MDO method

based on sensitivity analysis.

Generally, there are three distinct kimd$1DO, single level, bievel and multilevel. Each

of them haspecificadvantages and drawbacks.

1. As theinitial MDO approaches, Single Level Strategies are also knovtl ds-One
(AlIO), or All-At-Once (AAO) approaches. There are two Single Level Strategies; Multi
Discipline Feasible (MDF) and Individual Discipline Feasible (IDF). MDigcipline

Feasible (MDF) onsiders all included disciplines in a single mdisciplinary analysis
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within each iteration of the system level optimizer. MDF is the simplest and works well
with small systems. On the other hand, Individual Discipline Feasible (IDF) is an
alternate sigle level strategy that seeks to simplify the problem of integrating discipline
information through the introduction of coupling variables at the system level. IDF is
not good at investigating problems with highly coupled problekssthe same as the
outputs, the system variables are local variables as well. In MDF, every discipline share
the variables and result simultaneouslythe optimizer. From its framewaqrghownin
Figurel.21, the primary difficulty is the integration of the information to and from the

numerical disciplines.

System and Local Variables . System and Local Outputs
4 Systemn Level Optimizer s tp

~={ Subsystem 1 —

i ]

= Subsystem 2 -—

Y

|

= Subsystem 3 =

Figure 1.21 Framework of MDF

2. The BiLevel strategies have been developededuce the number of variables at the
systems levdbr high optimization efficientThere are three classes cidrel methods:
Concurrent subspace optimization (CSSO), Collaborative Optimization ataveBi
Integrated System Synthesis (BLISS). Thegproaches involve subsystems level
optimizers and a system level optimiz&sit. systemlevel decisions are made by system

level optimizer only. Similarly, all local parameters for each subsystem are solved by



subsystem level optimizers, while the systewel parameters fixed.he discipline level

optimizations arentirelyperformed for each iteration of the system level optimikiee.

system level optimizer selects values for all the system variables and all the subsystem

level coupling parameters in COhen in the subsequent independent subsystem

optimizations the system level variables are held fixed and the subsystem local variables

are selected

t hat

mi ni mize each

target valuesThe framework of © is illustrated irFigure1.2.2.
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Subsystem Target Deviations

System Level Optimizer

F-=—=—==========
i
]
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: =
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I
! Fr—-—=—=—====————— =
: 1 Local/Coupling Variables T
1
1
- T — Subsystem 2
. Subsystem 2 Ob}fective
. -
: Optimizer Eunction
L] T T
: | Logal/Coupling Outouts _ |
'
i F-===========-= =
' 1 Local/Coupling Variables |
1
ol Subsystem 3
—— SUbS),'St?m 3 Objective
Optimizer Function

Figure 1.22 Framework of CO

subsyst embs

3. Thereis one MDO strategy published the literature that is purposely developed for

hierarchical multievel systemsAnalytical Target Cascading (ATC), developed at the

University of Michigan by Kim et al. in 2001 describes the methodology in the context
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of an automotive vehicle designgblems[22]. In ATC, an intricate design probleis
decomposing into small and specific design problems which depend on the feedbacks
from highlevel decisions. Compared withe MDF andthe CO, the ATChas multi

levels as shown ifrigure 1.23. In the system level analysis, the system optimizer
provides the optimal subsystem targets to the second level systems and provides system
variables to the ship model. The second level systems include subsystem optimizers and
specific models, such as hull, structure, and resistance. There is a typicaévhird
subsystem for trimaran designsHigure1.23. The &&¢ mi h pokitiodis a third level
subsystem associated with one of the second level subsystems, the Structural Strength
and Weight. The Structural Strength and Weight significartly affected by the

demi haositionds p

Optimal Subsystem | System Variables i
Targets
F----- 1 - - = =1~ 1System Level Optimizer Original Ship Model
1 ' i
: : : * System Outputs I
! 1 1 System Level
1 i 1 - -
] 1 1 i
- o - I
. ' : Subsystem .
. ! becennnnn- — - Y Resistance
' ! Optimizer
1 1 ¥
' ' { .
! | F=== """ I S S, a
' . 1 Local/Goupling Variables |
1 1
' : Subsvst Structural
1
' Lo Ou ﬁ‘-"s em Strength and
: ptimizer Weight
i "
: !
: b Locaicanping Qupyis__ Second Level
1 === ===a=== -
; ' !
bl - .| Subsystem Demihulls'
Optimizer Position
l !
----------- - Third Level

Figure 1.23 Framework of ATC
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13 Shipsodé Life Cycle Benefits in Multidisdc

The value ofa commercialvessel from the viewoint of ship owners,s significantly
associated witlihe profits it can earn during its service yeatdigher theload carrying
capacity usually meansiore revenue im singleoperation,which also resultén a higher
displacenent volume with the associated increase @onstruction costFor the ship
designers,hte primary problem is ténd the balance poinbetween lad capacity and the

total cost.

Ferries, as a category of fo (Rollon/Roltoff) vessels have the proven ability to
transportpassengers arwhrgo suctasautomobiles withira shorttime span Considering
theuniquerequirements of seakeeping and speéedignershave focused their attentiam
multihull ferriesinstead of traditional monohull ships. For examgplerbert Engineering
Corporationinvestigded the economics @f ReRo trimaran container (BRoRo Trimaran
29kt), as shown irFigure 1.3.1, with a high load capacity (708 TEU), high design speed

(28.5 knotsyand medium principal dimensions aferry [19].

wwwwwwwww

n
2150 (70.5T) »ex(

DeCk 3
60N (525FT) Aa(

uuuuu

NDF SIDE RAMP

Figure 1.31 Ro-Ro Trimaran 29kt [19]

Similarly, one of he most famous trimaran fers operathg in the world, the HSC
Benchijiagua Express was built by Austal in 2084g(re 1.3.2) [56]. It is successfully
running as an automobile FRo ferry in the Canary Islands, which has attracteadtiegion

8



of ship owners to the higbpeed trimaran design

Figure 1.32 HSC Benchijihua Express[56]

Determining the LCB of these new designs is not trivial since it depends on many
parametersThe SPAR Associate, Indor example,providesthe commercially available
sof t war e fA P BbR&tEMRtNG $hiN design and constructipt2], industrial
structures and manufacturing processes cost m8 and estimathg ship repair,
maintenance and modernization[41]. Lifecycle costs and required freight rates for
commercial ship$40], as well asship modificationcosts such asestimating bulker fore

body replaement38], are also available.

Shama2005)provided a overview of theecentralissue of lifecycle assessment (LCA) of a
ship[34]. The authodiscussed the universal LCA concept for general industryell as
the unique featurespplied toships. Environmental effectincluding welding emis#ns of

CO; and NQ, and partiaulate matter (PM)re also considered. The high cost in ship

9



demolition stage, which is easy to ignaeealsoconsideredn detail.

Pal @015 investigated the PWBS (Product Work Breakdown Structure), illustrafeakile
1.31, andZWBS (Zone Work Breakdwn Structure) and compared them wi&hip Work
Breakdown Swucture SWBS in 2015[29]. T h e  a uréséaech farther clarifeethe
compkxity of lifecycle management. Classifications societies, like ABS, also participate

with surveys based on reliability and maintenance techni@jes

Table 1.31 SWBS Digits and Descriptio [46]

SWBS Digits Description

000 General Guidance and Administration
100 Hull Structure

200 Propulsion Plant

300 Electric Plant

400 Commandand Surveillance

500 Auxiliary Systems

600 Outfit and Furnishings

700 Armament

800 Integration/Engineering

900 Ship Assembly and Support Services

Thoben et. al Q009 investigated the Maritime Life Cycle Management during ship
operatios [44]. They consideredthe shipowners demands as the primasgue The
efficiency and effectiveness of ship operation are significaafflscted while considering

the least amount @kpair and maintenance

10



Hart et al (2009 used an integrated multidisciplinary particle swarm optimizaiRsO)

approachfor optimizing revenue for conceptual ship desifiiit]. They used regression

equations and the principal dimensions to calculate the values of subsystems, like steel
weight, outfit weight, displacement, running cost and sofortt Ale s e subsyst ems?®d
are the variants of the three system level objective funciicersnual carga@apacity (t),

lightship weight (tand annual transport costy€ar).The authors provided a multiplicative

weighting factor for each of them asdmmedup their products as the resulting objective

function. One of the conclusions of their work was A& performed worse, both in
computational expense and minimum function values, compareMamee Carlo method.

This conclusion about thedvartagesof the Monte Carlo method for this MDO application

is, in part, the motivation for this dissertation.

Traditionally, the ship design, which is the beginning of shipgclfde, encompasses concept
design, preliminary design, contract design and detail deBifferent design stages have
their own specific goals. In the concept and preliminary desigpially the regression
eguations cabe used t@alculate some parameters as a temporary estimation. For example,
the outfitting cosaindsteel weightvould be calculated by ampiricalequation Estimation

of various parameters, however, are separate and timepalitant impact of changes in one
parameter on the others cannot be determined. The method presentedrasdaish
substantially enhancélis process by providing an integrated optimization tool, focused on
LCB, usingan MDO approach. Elements of LCB are evaluated and optimized using a
combination of methods which includes estimation of structural weight based on
classification ruleg9], resistance and spd8aswelsassome Mi ¢c hel
empiiical relations for other parameters. Details of this model are presented in the next

chapter
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To handle this highkcoupled problem, @MDO model including structure and resistance
subsystems, a new sHipll generatingnethod and ahydrostatic calculatio methodwere
developed. As stated earlierpin previous investigatiancarried out by other researchers
Monte Carlo methodhas much less computational costs compared to athenced non
gradient optimization algorithmsuch aghe PSO especially whehe number of model®

be investigated is lge

Results presented in this work are for a rangerwfcipal dimensionsh ased on owner s
requirements on load carrying capacity,-saate, cruising speed, and so on. For a given

principle dimension, a pametrimaran is created. This parent huliransformed by changing

variables, such asstagge separation and offset valueghile retainingthe principal
dimensionsleading to a family of trimaran¥he transformatioproceduras carried out by

use ofMonte Carlo Method (all the geometry transformation variandsandom). The new

modelsin each familyhave new offset values, different demihull positions, displacesment

and wetted area Subsequentlythe resistance subsystem and structure weight delnsys
calculatstheresistance arnstructual weight of every new modeéspectivelyThese values

arefed with other parameters to the LCB calculation scripteterminghe LCB of each

model. The model with maximum LCB is the best design in this ingiig

1.4 The Optimization Algorithms and Monte Carlo Method.

Generally,there are twalassesf optimizationalgorithms,the gradient based algorithms

and the nofgradient based algorithms. The gradient based algorithms are suitable for the
optimization prblems with sinple objective functions. For example, the gradient descent,
t he Newt on é\ewtoa Méethodd,uttee sConjugate Gradient and so on. In this

investigation, because the number of variabletatige and the relationships between
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intermediate &riables are complicated and higlalgupled, the nogradient algorithms are

appropriate

There are manyongradient algorithms such as the genetic algorithms, theladi@ou
annealing algorithm, the particle swarmtimization (PSO)algorithm, Aritificial neural
network and so on. Evéroughthese methods are widely used, there are soengbdcks.
For example, the prmatrue phenomenon in genetic algorithms, and highly computational

coss of advanced algorithms.

The Monte Carlo Method is a class of compiotaal algorithms with randomly pick samples.
Instead of complicated mathematical equations and calculations, the variables are all selected
randomly. This method is very appropriate for simulating systems with the great amount of
coupledproblems. Compactkwith the genetic algorithms, for example, the Monte Carlo
Method can completely solve the pgrature issue (the result convergent at a local optimum
instead the global optimum) with large population size. With the significant development in
computers pdormance {loatingpoint operations pesecond) in recent decades, the Monte
Carlo Method is increasingly important in solving complicated couptetlems with large
population sizeBased on these considerations and the previous studies by Hart (2009),
Monte Carlo Method is suitable for the t

preliminary design stages.

This investigation ifocusd orthe concept and prelimiary design stages. Since the number
of models to be considered is large. The time cost for optimization would be significantly
high with above mentioned algorithmé. disadvantage othe Monte Carlo Method,
however,is the requirement gfopulation size. The size of population must be large enough

to ensure the solution is closed te theoretically global optimum.
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CHAPTER.2
MULTIDISCIPLINARY DESIGN OPTIMIZATION OF TRIMARAN
FERRYO0S LI FE CYCLE BENEFI T

The main elements of an optimization problem defining the design space, the objective
function(s) and the constraintk this chaper, the objective function, life cycle benefit
(LCB), and the constraints of the higheed trimaran ferry design optimization are
introduced and the design spacspecified. Also, the programming strategy is illustrated in
this chapter, including the data flow diagrams of the main script and LCB calculation script.

The readers should have a brief understanding of the whole program after this chapter

2.1 Trimaran Ferry Life Cycle Benefit Optimization

The objective function and constraints of the optimization would be introduced in this
section.The Life Cycle Benefit is the objective function associated with lots of parameters.
The constraints are the design requirements such apénational distance, whiatepend

on the particular design requests.

2.1.1 Obijective Functions and Constraints of Optimgation

The life cycle period of ships, in this investigatiorludes thebuilding process and service
times. Life-Cycle-Benefit, as the definition of benefit, equals to the LCR (Ofele
Revenue) minus the LCC (L#&ycle-Cost) which should be positeyand adarge a value

as possible. This has been illustrated in equa(@sl)) (2.12)) and(2.13)).
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CH" L H2, H# (2.11)

, #2, ##3A0QRADOT T GAIOOT 1T QAIAT 1 A" 3 (2.1.2)
#" 33EEBDOO (2.1.3)
The CBS (Cost Before Service) is, in general, diipbuildingcost. In thisdissertationthe
LCB (LCR-LCC) is equal to theannual income and cost multiplied by the service life (say
25 years), respectively, then subtracting the CBS, as shown in eqiZati@)). The annual

cost is the combination of the capital cost, running cost and voyage cost as shown in equation

(2.14)).

T 1T @GAIOGAPEOAI2HOTOG# T O UACA#T OC (2.19)

IATIHA T OAT ##AOE@GT 4 OAT O&AA2. (2.15)

=)
>

SEEDOOAAHATIOOOAOAHEAD OO AEDP OEIAQ EEA TAD (2.16)
The capital cost is the interest on loans from banks/investors. Running cost is the
combination of crew cost, supplies, drydocking, insurance and so on. Voyage cost includes
the port fee and fuel osumed during the transportation shown in equathd4)). The
annual income depends on the annual cargo transported multiplied by the revenue rate of
transportation as shown in equat{@il5)). In this hvestigation, thehipcost is considered
as the only component of CBS, which includes labor cost, steel cost, outfitting and machinery

cost in equatioii2.1.6)).
61 UAGAHOOT 00#&0D1 #1 00 (2.17)

T 1T GAIOTAECERAGR OICADAAEIOW A40EDPOAOC (2.18)
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The port cost relies on the displacemehships and local poliees and he hanting rate

(speed of loading and unloading) of mowthich is an essential aspect. The fuel cost is
significantly associated with thenginepower. Annual cargo weight is the producttioé

cargo capacitand round tips undertaken in one year as depicted in equéBdrB)). The

cargo capacity (or deadweight cargo capacity) voluntbeésamount otargothat canbe
loadedexcludingprovisions,lubricant,andfuels for the vessel. Th@undtrip-peryearis

the number otimes of transportation that a ship can run during its service y&aran
example, the vessel ASuzhouo, odldmakear@hdanghai ,
trip within a week. Then the number of annual roundstimuld beb2. The number of life

cycleround tripis ¢ U L ¢equalingl300 times without considering the weatHefays

or scheduled inspection and maintenance in the 25 years.

Life Cycle Benefit Estimation
Local Individual Parameters (5)

Round Trip Miles Intermediate variables (22)

Fuel Price
Handling Rate Outfit Weight
Cargo Transportation Fee Rate Lightship Weight
Service Years Machinery Weight  Port Days
DWT Sea days
Input Values from Subsystems (4) (I\jﬂ;rsgcﬂ[[))\‘zf"l'r FD:éllyC(;?r];ngpllon
SteelWeight (Subsystem) Power Round Trip Per Year
Service Speed Annual Cargo
Resistance at Service Speed ’ Ship Cost
Displacement Tonnage Capital Cost Annual Income
Running Cost Annual Cost
Fuel Cost Cost before servi
Principal Dimensions and Block Coefficients (10) Port Cost ostbelore serviee
Lyn Byu Tvn Dvu Cemn Voyage Cost

Lon Bon Ton Don Cepn

'

LCB = (Annual Income - Annual Cost ) X Service Years - Cost before Service

Figure 2.11 LCB Inputs and Outputs Flow Chart
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In order to calculate theCB there are three kinds of input parametersigure 2.11,

namely;

M Five Local Individual Parameters,

1 Four Input Values from Subsystems

1 Ten Principal Dimensions and Block Coefficients.

The Local Individual Parameters include some design critpeeified bythe owners such

as Round Trip MileandService Years. Some of the criteria are flexible and always changing
due to the global economic factors such as the Fuel Price. Others, like Handling Rate, could
be significantlychangedn different pots. So, the Local Individual Parameters should be
given according to the particular design requirements. The rest of the parameters, however,
are generally provided bthe subsystemssuch asHydrostatics Subsystem, Structure

Subsystem and Resistance Susibam.

The constraintfor this optimization include the geometry transformationtations andthe

given local individual parametershe local individual parameters constraints are provided
by the consumers and markets, which are barely affected byesligndrs. The geometry
transformation | i mit, on the other hand,
common sensddr example theseparation distance should not be too far fordaection

of resistance, because the cross deck must beisamtif enforced to provide enough
strength to avoid failure. The considerable abstructural enforcement is not worth for the

reduction of resistance).
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2.1.2 The LCB Script and its Intermediate Variables

In the concept and preliminary design stages, some intermediate variables are tifieult
accurately identified.For instance, the outfit weight, machinery weight, running cost
(associatedvith the Deadweight Tonnage), fuel consumption and other paéeesneust
generally be estimated by using empirical equations. In this investigation, the author
modified theequations of trimaran intermediate variables based on frmsemonochulls.

All suchintermediate variables for LCB calculation, in this invegsi@g are determined by

empirical equations illustrated Trable2.11.

Table 2.1.1 Empirical Equations of Intermediate Variables

Intermediate Variables Equations
Outfit Weight (t) 7 ,8n8g8y8 ¢  BrB8gBys
Power (KW) 0 2A0EOOAT AA
Machinery Weight (t) 7 ™ip x0 8
Ship Cost (USD) # o® c¢nAM™® ouvfdAm CT MR
Capital Cost (USD) # TR ¥
Lightship Weight (t) 7 7 7 7
Deadweight (t) $74 Y 7
Running Cost (USD) # T prn$ 748
Fuel Consumption (t/hour) $# V& p:TO @
Sea Hours (hour) 21 6;4 BEBTAOC
Fuel Cost (USD) # pgtus #$ &0
Port Cost (USD) # o $ A
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Fuel Carried (t)

&# $#% v

Misc. Deadweight (t) $74 c8t$A°C
Cargo Deadweight (t) $74 $74 &# $74
Port H h $ v 74

ort Hours (hour) c(ATAEéA@
Round Tri Year (times/ 2409—2"T"

nd Tri r r (tim r _———

ou ps per Year (times/yea 5 5 Cﬁ
Voyage Cost (USD) # # # 24009
Annual Cost (USD/year) # # # #
Annual Cargo (t/year) ' # $4 24009

#

Transportation Cost (USD/t)

# I #

Together with the inputs iRigure2.11, these intermediate variableancalculate thé.CB

of trimarans sent from thgeometry transformationThe MATLAB code of the LCB

calculation is iMppendix A

Thebrief data flow chart of LCB calculation scriptskownin Figure2.12. From the figure,

the relationshipof intermediate variablesrecleaty described.

Local Individual Parameters (5)

Round Trip Miles
Fuel Price

Handling Rate
Cargo Transportation Fee Rate 5—

Sea Hours '
}~)—R0und Trip Per Year -— Annual Cargo
Port Hours

Annual Income4-| Life Cycle Benefit '—

|

Service Years

Misc. DWT
Daily Consumption — Fuel Carried 3— Cargo DWT

DWT

Input Values from Subsystems (4)
SteelWeight (Subsystem)

Lightship Weight =

Service Speed
Resistance at Service Speed
Displacement Tonnage

Principal Dimensions and Block Coefficients (10)

Ly By Tvu Dvn Coamn
Lou Bou Ton Dou Cepn

|
[ Povlrver + Machinery Weight

Ship Cost

Outfit Weight

Fuel Cosl] Voyage Co

Running Cost
Port Cost ;| Annual Cost
Capital Cost

1 |

Figure 2.1.2 LCB Calculation Script Data Flow Chart.
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2.2 Programming and Data Flow Chart of the MDO

To ensure the program is relialdad straightforwardthereare thirteen MATLAB scripts

usedfor this dissertation. The nasiand purposeof them aren Table2.2.1.

Table 2.21 The Name and Purpose of MATLAB Script

Name Purpose
Main Script The top level script
FunCTriPDrandTrans Transform the originakimaran to the parent trimarans
FunCRawMesh Initially meshing the original model and the parent models
FunGeoTransVer Transform the parent models to the later generation models
Meshing the models for resistanstucturalweight and hydrostatic
FunCTriPrePro calculation;
Calculate the Principal dimension, hull form coefficients and o
FunCTriParaCal specifications. Meshing the underwater for hydrostatics
resistance calculation, the whole ship for structural weight estim
FunCTriHydrostaticsCal | Hydrostatics calculation including the center of buoyancy.
FunCTriWeightPre Preparing the steel weight calculation
FunCTriWeightCal Calculate the steel weight of each model

FunCTriResistance

Calculate the resistance of each model

FunCTriLCB Calculate the LCB and FYP of each model
roundup Roundup a number to the higher digit
stiread Read the STL file to MATLAB workspace

* Wrote byDorn Harlev.https://www.mathworks.com/matlabcentral/fileexchange/é8if8ad
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https://www.mathworks.com/matlabcentral/fileexchange/6678-stlread

The general data flow of the MDO program is illustrated=igure2.21. The Main Script

has three pdsesPrepare, Loop of Calculation and Storage, Find the Optimum.

Prepare

Main Script

Loop of
calculation and
storage

Find the
Optimum

Original Trimaran STL file
| Load the model into MATLAB workspace

stlread
Transform the original trimaran to the parent
trimarans with different principal dimensions.

FunCTrPDrand Trans
‘ Initially meshing the parent trimarans.

FunCRawMesh
Transform 500 models from each parent trimarans, they have
the same principal dimension with their parent trimarans
FunGeaTrans
Preallocating the tnimarans geometry matrix, the tnmarans' performance matrix. Meshing the underwater
part of trimarans for resistance and hydrostatics, meshing the whole ship for structural weight.
FunCTriPrePro
Send one model o the following loop for structural
weight, resistance and hydrostatics calculation.
FunCTriParaCal
FunC TriHydrostaticsCal
FunCTrWeightPre
FunCTriWeightCal
FunCTriResistance

‘ Calculate the LCB and FYP for the model

FunCTrlLCE

l

Storage of Specification and performance

{

Find the model with the highest LCB value and output it as the optimum

Figure 2.21 The Data Flow Chart of MDO baselon T i

mar ans©o

The first part, Prepare, is tipeocedure of loading, meshiagdmodeltransformation. The

original model would be transforméato twenty parent trimarans with differteprincipal

dimensions. Then, every parent trimaran would be transfoimiedcb00 models with the

same principal dimensiontsu t d i

fferent

modds would be meshed and saved
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The second step is calculat®he scripts calculate the performances like the structural
weight, resistangeand hydrostatics. The LCB and FYHrét Year of Profit)are the output

of this phase. These two values would be saved at the end.

The last step ofhe main script is to find the model having the higheS€B value. The
specification of the trimaran having the highest LCB value would be satiedilATLAB

code ofthemain script $ inAppendix B

2.3 Hydrostatics and Geometry TransformationMethods

Before calculating thetructural weight, resistance and otpeoperties of a trimaran, the
first stepis to digitalize the model in the MATLAB workspadster loading the STL file of

a trimaran model, the surface of trimaran hull forms are digitalized and saved in matrices.

With particular constraints, the origineimaran model would be transformed into several

new modelsyeferredtoas t he fAparent model so. Every

par e

models with the same principal di mensions bu

positions.In the end, the scripivould calculate the hydrostatics, wetted area, hull form

coefficients of all the models. Then, the results will be sent to the resistance and structural

weight estimation scripts for other calculations.

2.3.1 Trimaran Geometry Transformation Script

Before theprocessing of transformation, t&J L file must be digitalized in the MATLAB
workspace. IfFigure2.31, t here i s a visualizati oapne. of
The surface is digitalized and disciizeglinto a group of offset points. The red circle marked

half trimaran is the data directly read from the STL file, the blue dot marked half illustrates

22
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the trimaran model in the MATLAB workspace. The blue maglflat surface indicates the

water surface and identifies the draftloétrimaran.

RawMeshing of Trimaran

60

Depth{m)
FNCISTRFN

Length(m)
-10
Width(m) 60

Figure 2.3.1 Trimaran Surface Digitalization Example

Trimaran ferry optimization based on Monte Carlo Method, at thegmirand preliminary
design stages, neetb generata large numbeof new trimarans. A PrBrocessingcript
was developed tareate trimarans randomly with conditiosgch asthe fixed waterline
length ofmain hull and demihulls Then the required variables of all the trimaran models
were substituted in the equationis Table 2.11 for intermediate variables of LCB

calculation Figure2.3.2 indicates the details of this process.
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STL file of Parent hull form

Pre-Processing Script

Trimaran transformation
according to Monte Carlo
Method

Trimaran Models Storage

[Models' LCB Storage |

Meshing Script

t

| Hydrostatics Subsystem |

{

Structure Subsystem | | [Resistance Subsystem|
Input 1 - 4

Paramete E—-I LCB Calculation I—

Figure 2.32 LCB System Level Data Flow Chart

The PreProcessing scripghown inFigure2.3.3 includesthe geometry transformatioand

the model meshingrhe parent trimaran CAD file is inputted initially. Then, the model is

scaledtowad t he targetds principal di mensi ons.

2 meters, and the targetés |l ength is 100
times. The scaling ratios can be different for X, Y and Z directions. Afterttigaprincipal
dimensions will be randomly changed in a given range, for exampldp of the target
length. The new models in each iteration, in this case, will have principal dimensions

between 95% and 105% of the target.

24
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Figure 2.3.3 Flow Chart of Trimaran Models Generator

Sincethe principal dimensionare confirmed in eachparticulariteration, the separation

distance (SP) and stagger (ST) of demihulls are randomly picked. Simultaneously, the
mairhull anddemihulls offset values were changed because their buoyancy centers are also
individually selected by Monte Carlo Methotdthe coupling changes in tbe mi hul | s 6
positionandthé r i ma r a n s 6pravifieths tenaraw deformatien a high degree of
diversity when th@rincipal dimensions ameterminedin the end, the script saves the offset

values before meshing.

The meshing scrigiscretiza the surface omainhull and demihulls, and the meshing grid
matrix will be sent to the hydrostatics subsystAmew iteration startafterthe hydrostatics

calculation ofthe previoudrimaran model is done. When the results from LCB script is
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