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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  presents a methodology 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 

commercial shipôs construction and operation is an investment. The ship owners must 

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 lead to substantial benefits accruing over the 

life-span of a vessel. In this thesis, the LCB of a notional trimaran is considered as the system 

level objective function for multidisciplinary design optimization. 
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There are two major subsystems to calculate the trimaransôs performances in the MDO 

program. One of them is the resistance estimation subsystem. This subsystem considering 

the total resistance of high-speed trimarans equals to the combination of the viscous and 

wave-making resistance. The viscous resistance 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. The wave-making resistance is based on the Michillôs equation modified by 

Yeung in 2004. He comsidered the trimaransôwave-making resistance equals to the 

summation of the individual hull formôs wave-making resistance and the interferences wave-

making resistance. 

The structural weight estimation subsystem is based on the Lloydôs Register classification 

rules. The total weight equals to the combination of mainhull, sidehulls and the cross decksô 

weight. The value of weight provided by this subsystem is absolutely obey the regulation. 

The structural strength is completely satisfied. 

In the end, the optimization algorithm applies the Monte Carlo Method (MCM) to achieve 

an optimal design. This 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 multi-hull vessels, the labor cost 

of design is much more than monohull ships, because the coupled-effects between the hulls 

on the hydrostatics and the loads on structural components make the design more 

complicated. 

With the increasing requirement of high-performance ships, in both military and civil 

applications, the market of multi-hull vessels is becoming more and more popular. In the 

modern world, the globalization current is undeniable, the requirement of high-performance 

multi-hull vessels is urgent. Even the manufactorying technologies have evolved, the 

traditional linear-design-spiral is still the most frequently used design methods. 

The primary goal of this dissertation is to establish a model for the commercial trimaransô 

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 interact with 

each other more frequently than at any time in history. This status has led to booming trade, 

transportation and tourisim industries. Simutaneously, it has placed higher demands on the 

high-performance ships. With the advancement of science and technology, especially the 

remarkable achievements of computer and artificial intelligence technologies in recent years, 



2 

some countries have used new intelligent technologies to upgrade the manufacturing 

industries. Examples include the ñIndustry 4.0ò proposed by Germany and ñMade in China 

2025ò by the Chinese government. 

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 strengthening of technology, human beings will be able to 

liberate from low-level and straightforward labor and mental works and instead devote time 

and energy to creative and challenging works.  

As a result, the complexity of engineering projects has become extremely large. Ship design 

and manufacturing is no exception. There are various development in every component of 

ship design and construction. In terms of materials, ships have progressed from wood to 

composite materials. For examples, the double bottom replaced the single bottom 

construction for oil tankers and containers for upgrading the safety and preventing leaks. The 

shipôs power source used work force, animal power, wind power, and nowadays most of 

them are replaced by the internal combustion engine or even nuclear power. Another aspect 

of the ship buiding development is the complexity of the structure. The increasingly number 

of the catamarans and trimarans or even the quadrimarans and pentamarans indicates the 

great achievement of building complicated ships. Also, from another view, the ship buiding 

and design industries are highly-coupled systems. Modern ship design is therefore a 

multidisciplinary problem considering hydrostatics, hydrodynamics (resistance and 

seakeeping), structural strength and weight, maneuvering, stability, operation, maintanence, 

economics and so on. 

The advances in design methods are relatively unsatisfactory compared to the development 
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of construction techniques, power, materials, and structures. The vast majority of the design 

methods still follow the traditional design spiral pattern. This linear method approach 

severely hampers work efficiency, as shown in Figure 1.1.1, especially in the very complex 

multi-hull design projects. To improve the design method, many researchers have developed 

new design methodologies. 

 

Figure 1.1.1 Ship Design Spiral [57] 

In essence, ship designs are sophisticated engineering and technical issues, but they are also 

a business activity. The primary objective for designers dependes on the particular execution 

of different stages of a contract. For instance, in the preliminary design phase, the designers 

need to present a plan based on the requirements set out in the design task document to attract 
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the attention of the ship-owner. In the contract design phase, it is necessary to provide more 

specific calculations and descriptions in details for 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 all of the above, to improve the design efficiency of multi-hull ships at present, 

and to meet the urgent market demand, the ship designers need to utilize modern MDO 

methodologies. In this investigation, the Monte Carlo method generates a large number of 

stochastic models under particular constraints, such as fuel price, traveling distance and so 

on, in order to determines the optimal model that meets the 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 early 1980ôs. Sobieszcznsli-Solieski in 1982 [36] proposed the concept and described 

it as ña methodology considering the interference between disciplines in a system.ò In a 

subsequent work in 1990 [37], he provided further details and published the MDO method 

based on sensitivity analysis. 

Generally, there are three distinct kinds of MDO, single level, bi-level and multi-level.  Each 

of them has specific advantages and drawbacks. 

1. As the initial MDO approaches, Single Level Strategies are also known as All -In-One 

(AIO), or All-At-Once (AAO) approaches. There are two Single Level Strategies, Multi-

Discipline Feasible (MDF) and Individual Discipline Feasible (IDF). Multi-Discipline 

Feasible (MDF) considers all included disciplines in a single multi-disciplinary 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 single 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 problems. As the same as the 

outputs, the system variables are local variables as well. In MDF, every discipline shares 

the variables and result simultaneously to the optimizer. From its framework, shown in 

Figure 1.2.1, the primary difficulty is the integration of the information to and from the 

numerical disciplines. 

 

Figure 1.2.1 Framework of MDF 

2. The Bi-Level strategies have been developed to reduce the number of variables at the 

systems level for high optimization efficient. There are three classes of bi-level methods: 

Concurrent subspace optimization (CSSO), Collaborative Optimization and Bi-level 

Integrated System Synthesis (BLISS). These approaches involve subsystems level 

optimizers and a system level optimizer. All system-level decisions are made by system 

level optimizer only. Similarly, all local parameters for each subsystem are solved by 
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subsystem level optimizers, while the system level parameters fixed. The discipline level 

optimizations are entirely performed for each iteration of the system level optimizer. The 

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

level coupling parameters in CO. Then in the subsequent independent subsystem 

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

are selected that minimize each subsystemôs deviation from the system level specified 

target values. The framework of CO is illustrated in Figure 1.2.2. 

 

Figure 1.2.2 Framework of CO 

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

hierarchical multi-level systems. Analytical 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 design problems [22]. In ATC, an intricate design problem is 

decomposing into small and specific design problems which depend on the feedbacks 

from high-level decisions. Compared with the MDF and the CO, the ATC has multi-

levels as shown in Figure 1.2.3. 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 typical third level 

subsystem for trimaran designs in Figure 1.2.3. The demihullôs position is a third level 

subsystem associated with one of the second level subsystems, the Structural Strength 

and Weight. The Structural Strength and Weight are significantly affected by the 

demihullôs position. 

 

Figure 1.2.3 Framework of ATC 
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1.3 Shipsô Life Cycle Benefits in Multidisciplinary Design Optimization 

The value of a commercial vessel, from the viewpoint of ship owners, is significantly 

associated with the profits it can earn during its service years. Higher the load carrying 

capacity usually means more revenue in a single operation, which also results in a higher 

displacement volume with the associated increase in construction cost. For the ship 

designers, the primary problem is to find the balance point between load capacity and the 

total cost. 

Ferries, as a category of Ro-Ro (Roll-on/Roll-off) vessels, have the proven ability to 

transport passengers and cargo such as automobiles within a short time span. Considering 

the unique requirements of seakeeping and speed, designers have focused their attention on 

multihull ferries instead of traditional monohull ships. For example, Herbert Engineering 

Corporation investigated the economics of a Ro-Ro trimaran container (02-RoRo Trimaran 

29kt), as shown in Figure 1.3.1, with a high load capacity (708 TEU), high design speed 

(28.5 knots) and medium principal dimensions as a ferry [19]. 

 

Figure 1.3.1 Ro-Ro Trimaran 29kt [19] 

Similarly, one of the most famous trimaran ferries operating in the world, the HSC 

Benchijiagua Express was built by Austal in 2004 (Figure 1.3.2) [56]. It is successfully 

running as an automobile Ro-Ro ferry in the Canary Islands, which has attracted the attention 
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of ship owners to the high-speed trimaran designs. 

 

Figure 1.3.2 HSC Benchijihua Express [56] 

Determining the LCB of these new designs is not trivial since it depends on many 

parameters. The SPAR Associate, Inc. for example, provides the commercially available 

software ñPERCEPTIONò for estimating ship design and construction [42], industrial 

structures and manufacturing processes cost model [39], and estimating ship repair, 

maintenance, and modernization [41]. Lifecycle costs and required freight rates for 

commercial ships [40], as well as ship modification costs, such as estimating bulker fore-

body replacement [38], are also available. 

Shama (2005) provided an overview of the central issue of lifecycle assessment (LCA) of a 

ship [34]. The author discussed the universal LCA concept for general industry as well as 

the unique features applied to ships. Environmental effects including welding emissions of 

CO2 and NOX, and particulate matter (PM) are also considered. The high cost in ship 
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demolition stage, which is easy to ignore, is also considered in detail. 

Pal (2015) investigated the PWBS (Product Work Breakdown Structure), illustrated in Table 

1.3.1, and ZWBS (Zone Work Breakdown Structure) and compared them with Ship Work 

Breakdown Structure (SWBS) in 2015 [29]. The autherôs research further clarifies the 

complexity of lifecycle management. Classifications societies, like ABS, also participate 

with surveys based on reliability and maintenance techniques [2].  

Table 1.3.1 SWBS Digits and Description [46] 

SWBS Digits Description 

000 General Guidance and Administration 

100 Hull Structure 

200 Propulsion Plant 

300 Electric Plant 

400 Command and Surveillance 

500 Auxiliary Systems 

600 Outfit and Furnishings 

700 Armament 

800 Integration/Engineering 

900 Ship Assembly and Support Services 

Thoben et. al (2009) investigated the Maritime Life Cycle Management during ship 

operations [44]. They considered the ship owners demands as the primary issue. The 

efficiency and effectiveness of ship operation are significantly affected while considering 

the least amount of repair and maintenance. 
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Hart et al. (2009) used an integrated multidisciplinary particle swarm optimization (PSO) 

approach for optimizing revenue for conceptual ship design [14]. They used regression 

equations and the principal dimensions to calculate the values of subsystems, like steel 

weight, outfit weight, displacement, running cost and so forth. All these subsystemsô values 

are the variants of the three system level objective functions ï annual cargo capacity (t), 

lightship weight (t) and annual transport cost (£/year). The authors provided a multiplicative 

weighting factor for each of them and summed up their products as the resulting objective 

function. One of the conclusions of their work was that PSO performed worse, both in 

computational expense and minimum function values, compared to a Monte Carlo method. 

This conclusion about the advantages of 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 ship life cycle, encompasses concept 

design, preliminary design, contract design and detail design. Different design stages have 

their own specific goals. In the concept and preliminary designs, typically the regression 

equations can be used to calculate some parameters as a temporary estimation. For example, 

the outfitting cost and steel weight would be calculated by an empirical equation. Estimation 

of various parameters, however, are separate and the all-important impact of changes in one 

parameter on the others cannot be determined. The method presented in this research 

substantially enhances this process by providing an integrated optimization tool, focused on 

LCB, using an MDO approach. Elements of LCB are evaluated and optimized using a 

combination of methods which includes estimation of structural weight based on 

classification rules [9], resistance and speed using Michelleôs integral [8] as well as some 

empirical relations for other parameters. Details of this model are presented in the next 

chapter. 
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To handle this highly-coupled problem, an MDO model including structure and resistance 

subsystems, a new ship hull generating method, and a hydrostatic calculation method were 

developed. As stated earlier, from previous investigations carried out by other researchers, 

Monte Carlo method has much less computational costs compared to other advanced non-

gradient optimization algorithms such as the PSO especially when the number of models to 

be investigated is large. 

Results presented in this work are for a range of principal dimensions, based on ownersô 

requirements on load carrying capacity, sea-route, cruising speed, and so on. For a given 

principle dimension, a parent trimaran is created. This parent hull is transformed by changing 

variables, such as stagger, separation and offset values while retaining the principal 

dimensions, leading to a family of trimarans. The transformation procedure is carried out by 

use of Monte Carlo Method (all the geometry transformation variants are random). The new 

models in each family have new offset values, different demihull positions, displacements 

and wetted areas. Subsequently, the resistance subsystem and structure weight subsystem 

calculates the resistance and structural weight of every new model respectively. These values 

are fed with other parameters to the LCB calculation script to determine the LCB of each 

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

1.4 The Optimization Algorithms and Monte Carlo Method. 

Generally, there are two classes of optimization algorithms, the gradient based algorithms 

and the non-gradient based algorithms. The gradient based algorithms are suitable for the 

optimization problems with sinple objective functions. For example, the gradient descent, 

the Newtonôs and Quasi-Newton Methods, the Conjugate Gradient and so on. In this 

investigation, because the number of variables is large, and the relationships between 
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intermediate variables are complicated and highly-coupled, the non-gradient algorithms are 

appropriate. 

There are many non-gradient algorithms such as the genetic algorithms, the simulated 

annealing algorithm, the particle swarm optimization (PSO) algorithm, Aritificial neural 

network and so on. Eventhough these methods are widely used, there are some drawbacks. 

For example, the pre-matrue phenomenon in genetic algorithms, and highly computational 

costs of advanced algorithms. 

The Monte Carlo Method is a class of computational 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 

coupled-problems. Compared with the genetic algorithms, for example, the Monte Carlo 

Method can completely solve the pre-mature issue (the result convergent at a local optimum 

instead the global optimum) with large population size. With the significant development in 

computers performance (floating-point operations per second) in recent decades, the Monte 

Carlo Method is increasingly important in solving complicated coupled-problems with large 

population size. Based on these considerations and the previous studies by Hart (2009), 

Monte Carlo Method is suitable for the trimaransô MDO program in the concept and 

preliminary design stages. 

This investigation is focusd on the 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 algorithms. A disadvantage of the Monte Carlo Method, 

however, is the requirement of population size. The size of population must be large enough 

to ensure the solution is closed to the theoretically global optimum.



14 

CHAPTER.2  

MULTIDISCIPLINARY DESIGN OPTIMIZATION OF TRIMARAN 

FERRYôS LIFE CYCLE BENEFIT 

The main elements of an optimization problem are defining the design space, the objective 

function(s) and the constraints. In this chapter, the objective function, life cycle benefit 

(LCB), and the constraints of the high-speed trimaran ferry design optimization are 

introduced and the design space is specified. 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 as the operational distance, which depend 

on the particular design requests. 

2.1.1 Objective Functions and Constraints of Optimization 

The life cycle period of ships, in this investigation, includes the building process and service 

times. Life-Cycle-Benefit, as the definition of benefit, equals to the LCR (Life-Cycle-

Revenue) minus the LCC (Life-Cycle-Cost), which should be positive and as large a value 

as possible. This has been illustrated in equations (2.1.1)) (2.1.2)) and (2.1.3)). 



15 

,#",#2,## (2.1.1) 

,#2,##3ÅÒÖÉÃÅ 9ÅÁÒÓ !ÎÎÕÁÌ #ÏÓÔ!ÎÎÕÁÌ )ÎÃÏÍÅ#"3 (2.1.2) 

#"33ÈÉÐ #ÏÓÔ (2.1.3) 

The CBS (Cost Before Service) is, in general, the shipbuilding cost. In this dissertation, the 

LCB (LCR-LCC) is equal to the annual income and cost multiplied by the service life (say 

25 years), respectively, then subtracting the CBS, as shown in equation (2.1.2)). The annual 

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

(2.1.4)). 

!ÎÎÕÁÌ #ÏÓÔ#ÁÐÉÔÁÌ#ÏÓÔ  2ÕÎÎÉÎÇ#ÏÓÔ  6ÏÙÁÇÅ#ÏÓÔ (2.1.4) 

!ÎÎÕÁÌ )ÎÃÏÍÅ!ÎÎÕÁÌ#ÁÒÇÏ#ÁÒÇÏ4ÒÁÎÓ&ÅÅ2ÁÔÅ (2.1.5) 

3ÈÉÐ #ÏÓÔ,ÁÂÏÒ #ÏÓÔ-ÁÔÅÒÉÁÌ #ÏÓÔ/ÕÔÆÉÔÔÉÎÇ #ÏÓÔ-ÁÃÈÉÎÅÒÙ #ÏÓÔ (2.1.6) 

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 consumed during the transportation shown in equation (2.1.4)). The 

annual income depends on the annual cargo transported multiplied by the revenue rate of 

transportation as shown in equation (2.1.5)). In this investigation, the ship cost is considered 

as the only component of CBS, which includes labor cost, steel cost, outfitting and machinery 

cost in equation (2.1.6)). 

6ÏÙÁÇÅ #ÏÓÔ0ÏÒÔ#ÏÓÔ&ÕÅÌ#ÏÓÔ (2.1.7) 

!ÎÎÕÁÌ #ÁÒÇÏ 7ÅÉÇÈÔÃÁÒÇÏ ÃÁÐÁÃÉÔÙ2ÏÕÎÄ4ÒÉÐ0ÅÒ9ÅÁÒ (2.1.8) 
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The port cost relies on the displacement of ships and local policies and the handling rate 

(speed of loading and unloading) of ports which is an essential aspect. The fuel cost is 

significantly associated with the engine power. Annual cargo weight is the product of the 

cargo capacity and round trips undertaken in one year as depicted in equation (2.1.8)). The 

cargo capacity (or deadweight cargo capacity) volume is the amount of cargo that can be 

loaded excluding provisions, lubricant, and fuels for the vessel. The round-trip-per-year is 

the number of times of transportation that a ship can run during its service years. As an 

example, the vessel ñSuzhouò, from Shanghai, China, to Osaka, Japan, would make a round 

trip within a week. Then the number of annual round trips would be 52. The number of life 

cycle round trip is ςυυς equaling 1300 times without considering the weather delays 

or scheduled inspection and maintenance in the 25 years. 

 

Figure 2.1.1 LCB Inputs and Outputs Flow Chart 
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In order to calculate the LCB there are three kinds of input parameters in Figure 2.1.1, 

namely; 

¶ Five Local Individual Parameters,  

¶ Four Input Values from Subsystems  

¶ Ten Principal Dimensions and Block Coefficients.  

The Local Individual Parameters include some design criteria specified by the owners, such 

as Round Trip Miles and Service 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 significantly changed in different ports. So, the Local Individual Parameters should be 

given according to the particular design requirements. The rest of the parameters, however, 

are generally provided by the subsystems, such as Hydrostatics Subsystem, Structure 

Subsystem and Resistance Subsystem. 

The constraints for this optimization include the geometry transformation limitations and the 

given local individual parameters. The local individual parameters constraints are provided 

by the consumers and markets, which are barely affected by the designers. The geometry 

transformation limit, on the other hand, usually depends on the designersô experience and 

common sense (for example, the separation distance should not be too far for the reduction 

of resistance, because the cross deck must be significantly enforced to provide enough 

strength to avoid failure. The considerable cost of structural 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 difficult to be 

accurately identified. For instance, the outfit weight, machinery weight, running cost 

(associated with the Deadweight Tonnage), fuel consumption and other parameters must 

generally be estimated by using empirical equations. In this investigation, the author 

modified the equations of trimaran intermediate variables based on those from monohulls. 

All such intermediate variables for LCB calculation, in this investigation, are determined by 

empirical equations illustrated in Table 2.1.1. 

Table 2.1.1 Empirical Equations of Intermediate Variables 

Intermediate Variables Equations 

Outfit Weight (t) 7 ,Ȣ"Ȣ$Ȣ#Ȣ ς ,Ȣ"Ȣ$Ȣ#Ȣ  

Power (KW) 0  2ÅÓÉÓÔÁÎÃÅ6  

Machinery Weight (t) 7 πȢπρχ0Ȣ 

Ship Cost (USD) # σȢυ ςπππ7 Ȣ συππ7 ςτππ0Ȣ  

Capital Cost (USD) # πȢςυ# 

Lightship Weight (t) 7 7 7 7  

Deadweight (t) $74 Ў 7  

Running Cost (USD) # τ ρπ$74Ȣ 

Fuel Consumption (t/hour) $#
υȢχ ρπ0 πȢς

ςτ
 

Sea Hours (hour) $
2ÏÕÎÄ 4ÒÉÐ -ÉÌÅÓ

6
 

Fuel Cost (USD) # ρȢπυ$#$ &0 

Port Cost (USD) # φȢσ$74Ȣ 
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Fuel Carried (t) &# $#$ υ 

Misc. Deadweight (t) $74 ςȢπ$74Ȣ 

Cargo Deadweight (t) $74 $74 &#$74  

Port Hours (hour) $ ς
$74

(ÁÎÄÌÉÎÇ 2ÁÔÅ
πȢυ 

Round Trips per Year (times/year) 2409
συπ

$ $ ςπ
 

Voyage Cost (USD) # # # 2409 

Annual Cost (USD/year) # # # #  

Annual Cargo (t/year) !# $47 2409 

Transportation Cost (USD/t) #
#

!#
 

Together with the inputs in Figure 2.1.1, these intermediate variables can calculate the LCB 

of trimarans sent from the geometry transformation. The MATLAB code of the LCB 

calculation is in Appendix A.  

The brief data flow chart of LCB calculation script is shown in Figure 2.1.2. From the figure, 

the relationships of intermediate variables are clearly described. 

 

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 reliable and straightforward, there are thirteen MATLAB scripts 

used for this dissertation. The names and purposes of them are in Table 2.2.1. 

Table 2.2.1 The Name and Purpose of MATLAB Script  

Name Purpose 

Main Script The top level script 

FunCTriPDrandTrans Transform the original trimaran to the parent trimarans 

FunCRawMesh Initially meshing the original model and the parent models 

FunGeoTransVer Transform the parent models to the later generation models 

FunCTriPrePro 

Meshing the models for resistance, structural weight and hydrostatics 

calculation;  

FunCTriParaCal 

Calculate the Principal dimension, hull form coefficients and other 

specifications. Meshing the underwater for hydrostatics and 

resistance calculation, the whole ship for structural weight estimation 

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 

stlread* Read the STL file to MATLAB workspace 

*  Wrote by Dorn Harlev. https://www.mathworks.com/matlabcentral/fileexchange/6678-stlread 

https://www.mathworks.com/matlabcentral/fileexchange/6678-stlread
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The general data flow of the MDO program is illustrated in Figure 2.2.1. The Main Script 

has three phases: Prepare, Loop of Calculation and Storage, Find the Optimum.  

 

Figure 2.2.1 The Data Flow Chart of MDO based on Trimaransô LCB Optimization 

The first part, Prepare, is the procedure of loading, meshing and model transformation. The 

original model would be transformed into twenty parent trimarans with different principal 

dimensions. Then, every parent trimaran would be transformed into 500 models with the 

same principal dimensions but different offset and demihullsô position. In the end, all the 

models would be meshed and saved. 
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The second step is calculations. The scripts calculate the performances like the structural 

weight, resistance, and hydrostatics. The LCB and FYP (First Year of Profit) are the output 

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

The last step of the main script is to find the model having the highest LCB value. The 

specification of the trimaran having the highest LCB value would be saved. The MATLAB 

code of the main script is in Appendix B. 

2.3 Hydrostatics and Geometry Transformation Methods 

Before calculating the structural weight, resistance and other properties of a trimaran, the 

first step is to digitalize the model in the MATLAB workspace. After loading the STL file of 

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

With particular constraints, the original trimaran model would be transformed into several 

new models, referred to as the ñparent modelsò. Every parent model generates 500 new 

models with the same principal dimensions but different hull form offset and demihullsô 

positions. In the end, the script would 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 the processing of transformation, the STL file must be digitalized in the MATLAB 

workspace. In Figure 2.3.1, there is a visualization of the raw meshing of trimaranôs surface. 

The surface is digitalized and discreteized into 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 
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the trimaran model in the MATLAB workspace. The blue meshing flat surface indicates the 

water surface and identifies the draft of the trimaran. 

 

Figure 2.3.1 Trimaran Surface Digitalization Example 

Trimaran ferry optimization based on Monte Carlo Method, at the concept and preliminary 

design stages, needs to generate a large number of new trimarans.  A Pre-Processing script 

was developed to create trimarans randomly with conditions such as the fixed waterline 

length of main hull and demihulls. Then the required variables of all the trimaran models 

were substituted in the equations in Table 2.1.1 for intermediate variables of LCB 

calculation. Figure 2.3.2 indicates the details of this process. 



24 

 

Figure 2.3.2 LCB System Level Data Flow Chart 

The Pre-Processing script shown in Figure 2.3.3 includes the geometry transformation and 

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

scaled toward the targetôs principal dimensions. For example, the STL file modelôs length is 

2 meters, and the targetôs length is 100 meters, then the STL file model will be enlarged 50 

times. The scaling ratios can be different for X, Y and Z directions. After that, the principal 

dimensions will be randomly changed in a given range, for example, υϷ of the target 

length. The new models in each iteration, in this case, will have principal dimensions 

between 95% and 105% of the target. 
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Figure 2.3.3 Flow Chart of Trimaran Models Generator 

Since the principal dimensions are confirmed in each particular iteration, the separation 

distance (SP) and stagger (ST) of demihulls are randomly picked. Simultaneously, the 

mainhull  and demihulls offset values were changed because their buoyancy centers are also 

individually selected by Monte Carlo Method. The coupling changes in the demihullsô 

position and the trimaransô offset values provide the trimaran deformation a high degree of 

diversity when the principal dimensions are determined. In the end, the script saves the offset 

values before meshing. 

The meshing script discretizes the surface of main hull and demihulls, and the meshing grid 

matrix will be sent to the hydrostatics subsystem. A new iteration starts after the hydrostatics 

calculation of the previous trimaran model is done. When the results from LCB script is 
































































































































































































































































































































































































































































































































































































