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Abstract

This paper proposes a parametric modelling method based on Knowledge Based Engineering (KBE)
for an LNG bunkering vessel (LNGBV). Parametric models aim to define the geometry and main
systems configuration of the vessel starting from the principle that the vessel should be able to
perform its mission successfully. The adoption of KBE in combination with parametric modelling is
expected to improve the current practice by automating the generation of the parametric models
based on the design requirements. The results showed that different design alternatives can be rapidly
generated which in turn gives the possibility to the designer to perform a wide exploration of the
preliminary design space.

1. Introduction

Nowadays, advanced design solutions need to be developed with ever shorter lead-times due to the
enhanced competitiveness of the shipping industry resulting from digitalization, https://www.
shipfinance.dk/media/1817/shipping-market-review-may-2018.pdf, and the stringent regulatory
framework (Global Sulphur Cap 2020, IMO’s strategy for reducing greenhouse gas emissions). To
support this, the designer must perform a broad exploration of the preliminary design space to develop
improved design solutions. Parametric models form a core element of the preliminary design process
designed to facilitate this exploration. Specifically, parametric models are connected with design
optimization routines and analysis performed by dedicated software tools. By developing different
configurations associated with a design problem and predicting their performance, the designer is able
to make efficient trade-offs, Duchateau (2016). Parametric models provide a visualization of the
designed vessel, which helps the designer understand the design problem, create relevant design
solutions, and evaluate potential solutions that have been developed, Dahl et al. (2001).

The European ship design industry puts effort into developing large and expansive knowledge-bases
to support design, engineering and manufacturing, Bruinessen et al. (2013). The stored knowledge
regarding preliminary ship design contains previous design cases and existing vessel data, generalised
design cases, templates, syntactic knowledge, rules and facts, and problem solving methods, strategy
and tactics, Erikstad (2007). The common practice for parametric modelling is that parametric models
are developed via the combination of different geometric primitives (points, lines, surfaces, etc). This
practice requires a lot of manual effort and repetitive non-creative engineering work. However, the
efficient exploitation of design knowledge gives the potential to automate parametric modelling.
Consecutively, the developed parametric models can be used as an input to the most suitable software
packages, including CAD packages and analysis tools.

Knowledge Based Engineering (KBE) is a method used to identify, record, and re-use relevant
engineering knowledge in product design, van Tooren et al. (2003). The improvement resulting from
its adoption is that the proposed parametric modelling method is based on the development of
knowledge building blocks, called High Level Primitives (HLPs), rather than geometric primitives.
The HLPs are instantiated according to the design requirements and decisions and combined to form a
design solution. In order to form another design solution, the HLPs can be re-instantiated according to
the designer's decisions.
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As a case study, the proposed parametric modelling method is applied to the preliminary design of an
LNG bunkering vessel (LNGBV). From a design point of view, the LNGBYV design case is interesting
due to the fact that there are only a few LNGBVs built at the moment and as a consequence, the
design can not be reliably based on reference data.

2. Parametric Modelling in early design stages

Parametric models have been widely researched and applied in many different fields of product
design such as aerospace, Wei (2016), automotive, Wan et al. (2005), and architecture, Hernandez
(2006). By employing the parametric design procedure, the design and optimization of a mechanical
engineering system can be automated by the elaboration of sets of design parameters defined by the
designer or an optimisation algorithm, Papanikolaou (2019). Regarding early-stage ship design, naval
architects use parametric modelling to establish a consistent parametric description of the vessel in
terms of its dimensions and other descriptive parameters, Parsons (2004). The parametric models
must be flexible and generic to apply to many design alternatives, Kanellopoulou et al. (2019). Re-
garding the design of large integrated systems such as a ship, the development of parametric models is
a complicated task in order to ensure their integrity, accuracy, robustness and functionality,
Papanikolaou (2019).

There are a few commercially available software tools exploiting the capabilities of parametric
modelling. The different approaches vary from commercially available ship parametric modelling
tools such as FRIENDSHIP-Modeler via integration of parametric capabilities to a well-established
ship design system such as NAPA to more restricted methods like the parametric definition of shape
deformation functions (GMS/Facet), Maisonneuve et al. (2003). Regarding the case study presented in
this paper, NAPA software will be used for the development of the parametric models.

Several studies are dedicated to the parameterization of the hull. The generation of the parametric
model of the hull is used for hydrodynamic optimization. Biliotti et al. (2011) developed a framework
for the automatic optimization of the fore hull forms of a fast frigate. Brizzolara et al. (2015)
researched global hull optimization by using CFD. Timur (2015) developed a parametric modelling
tool in Java programming for rapid hull geometry generation. Sanches (2016) presented a method for
parameterization regarding different merchant vessel types by using FRIENDSHIP framework.

Several studies are examining parametric modelling from the holistic design approach perspective.
The holistic design approach is explained in Papanikolaou (2014). Parametric models for different
vessel types are created in the studies Papanikolaou (2010), Papandreou and Papanikolaou (2015),
Priftis et al. (2016), Marzi et al. (2018), Kanellopoulou (2019). The developed models were further
optimized by optimization algorithms. The software used for the parameterization is either NAPA or
CAESES. In the context of SHOPERA project Kanellopoulou (2019), a series of parametric models
have been generated for various types and sizes of ships, such as RoPax ships, cruise ships, tankers,
bulk carriers, container ships and general cargo carriers using Computer-Aided Ship Design (CASD)
software tools. Furthermore, the H2020 European Research project — HOLISHIP — Holistic
Optimisation of Ship Design and Operation for Life Cycle (2016-2020), Papanikolaou et al. (2020),
aims to achieve improved vessel concepts for the 21% century.

Parametric models have also been developed based on the Design Building Block (DBB) approach.
More specifically, in the context of Low Carbon Shipping and Shipping in Changing Climates, the
Whole Ship Model (WSM) was developed. The model combines a parametric model with the
operational profile and a range of performance-enhancing or emissions-reducing technologies,
Calleya et al. (2016).

Therefore, engineers are effectively using parametric modelling in a wide variety of applications in
the ship design field. Depending on the way of setting up the parametric models, they can reflect
different design methodologies and adapt to various design problems. The present paper examines the
application of a parametric modelling method based on KBE for preliminary ship design. The
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proposed approach differentiates itself from the traditionally established method based on CAD. The
difference between KBE and CAD is highlighted in La Rocca (2012).

3. Knowledge Based Engineering (KBE)

KBE is defined as a technology that allows capturing product and process multidisciplinary
knowledge employing integrated software applications that can automate the repetitive design activi-
ties, and as a result, reduce engineering time and cost, La Rocca and van Tooren (2010). The core of
KBE is the identification, record, and re-use of engineering knowledge by combining Artificial
Intelligence (Al) techniques, IT tools and Object-Oriented methodologies, van Tooren et al. (2003).

KBE which was developed as part of Knowledge Based Systems (KBSs) in the field of Artificial
Intelligence (Al), dates back to 1970s, Sobieski et al. (2015). Regarding engineering applications,
KBSs faced two major limitations, namely the inability for geometry manipulation and data
processing, La Rocca (2012). The technological advancements in the field of CAD and CAE systems
addressed these limitations, and the concept of KBE began to be widely applied in product design, La
Rocca (2012). Nowadays, KBE tools are being used by many companies operating in the automotive
and aerospace sector. In the aerospace industry, Airbus, Cooper et al. (2001), Fokker EImo, van den
Berg (2013), are some examples, to mention but a few.

The KBE product model represents the core of every KBE application, and it consists of a structured
and dynamic network of classes where both product and process knowledge, both geometry-related
and non-geometry related are modelled using a broad typology of rules La Rocca (2012). The KBE
product model consists of High Level Primitives (HLPs), which are objects containing product and
engineering knowledge that can be used and re-used in different configurations La Rocca and van
Tooren (2006). The HLPs can be seen as functional blocks that allow the designer to define a product
as a result of a structured set of HLPs. These functional blocks are a set of rules using parameters to
initiate objects that represent the product under consideration or to apply an engineering process to the
initiated object Schut and van Tooren (2007). A clear example of different aircraft configurations
resulted from the combination of the re-instantiation of the same five HLPs is shown in Fig.1.

3-lifting surfaces

oR Concorde
Prandtl R N

Fig.1: Design variations for the aircraft’s preliminary design van Tooren et. al (2003)

Knowledge is the core element of every KBE model. Knowledge can be defined as relations between
facts and becomes central when it comes to reasoning processes Rehn (2018). Design supporting
knowledge includes the methods and data (presented in forms of handbooks), software for recording
analysis (CAD and CFD software) and humans experts van Tooren et al. (2003). The challenges of
the method can be identified in the identification of the knowledge in an organization, its capture, and
formalization in reusable rules and the way of embedding them in the KBE system.
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KBE has been extensively researched and applied in preliminary aircraft design. More specifically,
the Design Engineering Engine (DEE), which is an integrated design support tool, was developed for
the aircraft's conceptual design at TU Delft van Tooren et al. (2003). The DEE consists of an initiator,
an optimization algorithm, and the relevant analysis tools connected with aerodynamics, structures,
and manufacturing. Further information can be found in Schut and van Tooren (2008).

Ship design is a suitable field for the application of KBE due to its associated complexity. However,
the applications of KBE in the maritime field are limited due to the high level of customization. The
study of Wu and Shaw (2011) suggested a basic (preliminary) ship design knowledge-model for
information storage and retrieval using KBE and developed a semantic inquiry function that allows
users to use the retrieved information immediately. The acquired knowledge was collected from
experienced engineers or information from journals and theses. In addition, KBE methodology has
been also used for ship hull structural member design Yang et al. (2012). The concept of exploiting
gained knowledge in ship design forms a part of current scientific research. The data-driven design
developed by Gaspar (2018), make use of data regarding both the product (ship) and the process
(design) to extract information and knowledge. Also, Arendt and van Uden (2011) developed a
decision-making module for enhancing automation in ship design. The selected method for the
creation of the database was the Analytic Hierarchy Process (AHP), which was applied in the
selection of the temperature sensors in a fuel transport system.

Following the KBE principles applied in aircraft’s preliminary design, the proposed parametric
modelling method was developed. It is expected that the method will improve parametric modelling
by the automation of the models’ generation.

4. Proposed Method

The method consists of eight steps, and its flowchart is depicted in Fig.2. The method consists of the
following steps:

1. Identification of the design requirements
The first step of the research procedure is to determine the design requirements. These are
dependent on the vessel type, its associated functions, and the specific design problem. In
general, for commercial vessels, the design requirements focus on deadweight, speed, and
building cost of the vessel. The design requirements correspond to the input variables, which
lead to the tuning of the parametric model.

2. Main drivers analysis
The main drivers analysis is conducted to identify the way that the vessel should be
parameterized. The main drivers analysis mainly depends on the vessel type and its associated
functions. In this step, the vessel's functions are mapped to the required systems.

3. Determine the HLPs
The third step consists of the determination of the HLPs (the ‘building blocks’) of the
examined vessel. The principles of KBE will be used for the definition and modelling of the
HLPs. The HLPs form the toolkit from which different parts can be combined to form the
different vessel's alternatives.

4. Qualitative description of the HLPs
The fourth step is associated with the way that the HLPs are parameterized. The qualitative
description will be the guideline for the mathematical representation.

5. Mathematical representation of the HLPs
The mathematical description of the HLPs is derived from their qualitative description. Here
their interrelations are defined, and from this, the vessel's architecture can be created.
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6. Define the HLPs for each “total ship” architecture

The selected HLPs from the vessel's toolkit are combined to form the “total ship” architecture
according to the design decisions of the Naval Architect. The different design decision
combinations lead to different solutions in the design space.

Tune the HLPs to fit the design problem
The selected HLPs are then tuned to fit the specific design problem. The design requirements
are used as guidelines to form feasible and suitable design solutions for the design problem.

Extract and evaluate the geometric model

The output of the framework is the geometric model of the vessel for the Naval Architect to
visualize their ideas and use the model as an input for analysis. The case study presented here
uses NAPA software for this visualization; however, this step can be performed by other
software packages as well according to design needs and preferences. Besides, a first weight
and stability analysis based on semi-empirical methods should also be included in this step to
give an idea about the feasibility of the design solution.

g 2

Step 1. Identification of the
design requirements

\ J

Step 2. Main drivers
analysis

Step 3. Determine the
HLPs

Step 4. Qualitative
description of the HLPs

. 7

a Y

Step 5. Mathematical
representation of the HLPs

\ J

{ N
Step 6. Define the HLPs
for each "total ship'
architecture

{ )

Step 7. Tuning the HLPs to
fit the design problem

. v

Step 8. Extract and
evaluate the geometrical
model

Fig.2: Flowchart of the proposed method



The proposed method was developed generically to apply to different vessel types and to fulfil
different design problems. However, to bound the research work, a proof of concept was built based
on the parametric modelling of an LNGBV. In addition, the case study was tailor-made for C-Job
Naval Architects. In the context of C-Job design tools, all the relevant knowledge was gathered to be
used for the building of the HLPs and the tailoring of the case study according to the company's
design process. Further information can be found in Charisi (2019).

The sources of the company's intellectual capital, which were used, included:

¢ Interviews from Naval Architects to understand the company's design process and design way
of thinking.

o Datasets of machinery components from manufacturers.

o RefWeb tool (in-house developed data visualization tool for design intelligence and big data
analysis).

¢ Naval architectural empirical design rules.

o Classification rules and regulations.

5. Case study: Preliminary design of the LNGBV

The preliminary design of the LNGBV is examined as a case study. The LNGBYV was selected to be
examined because there are just a few vessels built and as a consequence, its design can not be
reliably based on design trends of reference vessels. In addition, the demand for building LNGBVSs is
expected to increase due to the wider adoption of LNG as a marine fuel; the use of LNG lowers the
polluting emissions, and thus, the compliance with the stringent IMO's regulatory framework can be
achieved, Kim et al. (2019). The LNG bunkering infrastructure forms a key point on the establishment
of LNG as a marine fuel, Jingjing et al. (2015). However, the ship-to-ship (S-T-S) bunkering around
the world brings new opportunities as unlike a fixed LNG terminal, it is not dependent on location. At
the moment, several LNG bunkering vessels are operating worldwide, which are either custom-built,
small LNG carriers converted to bunkering vessels, or bunker barges (pushed or self-propelled),
Charisi (2019).

From a design point of view, the LNGBV has similarities with the LNG carrier. However, there are
also significant differences, such as their operational profile. The LNG carrier is an ocean-going
vessel transporting cargo worldwide, while the LNGBV aims to bunker other vessels. Thus, the
LNGBYV has less capacity and sails for short distances. According to naval architects at C-Job, the
significant components of both of these vessels are the following: the LNG cargo containment system,
the propulsion system, the boil-off gas (BOG) handling system, the inert gas system, the bunkering
equipment, the S-T-S equipment, and the superstructure. A unique characteristic of the propulsion
unit of the LNG carriers is that the BOG from the cargo can be used in different ways. The most
common way is that the BOG is being used as a fuel source for propulsion. The LNGBV
differentiates itself from the LNG carrier in its high manoeuvrability capabilities connected with
safety during port operation and S-T-S bunkering process.

5.1 Application of the proposed method to the design of the LNGBV

The proposed method is applied step-by-step to the design of an LNGBV. A detailed description of
the steps is given.

5.1.1 Identification of the design requirements
In order to define the design requirements, a real design problem of C-Job was considered. A detailed

description contains proprietary details. Thus, the detailed client's requirements were simplified to
approach a more generic form of the problem. Design requirements were set related to the following:
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The LNG cargo capacity and the LNG cargo handling system layout.

The required service speed and propulsion layout

Manoeuvrability characteristics.

Compliance with the applicable regulations, codes and standards related to the preliminary
design stage.

5. The technical systems for the BOG treatment and the inert gas system.

6. The crew accommodation.

7. Ballast water storage.

o S

5.1.2 Main drivers analysis

The main drivers analysis aims to identify the vessel's parts, which will be parameterized. The starting
point is the identification of the vessel’s required functions resulting from the design requirements.
Regarding the LNGBV, the required functions of the vessel are to float, move, manoeuvre, navigate,
transport LNG cargo, bunker other vessels, accommodate crew, and ensure safe operation. Thus, these
functions were mapped to the required vessel’s systems, Table I.

Table I. Mapping LNGBYV functions to LNGBYV systems

(5] = o
= © % £ £ % o gg g q;, L >
S| 3 g > g8z 2 g% E G 2R
o = = 3 £5 8 S 3 S g o 3
> z =8 @& °
Hull v
Propulsion v v
system
Cargo handling v
system
Bunkering v
equipment
BOG handling v
system
Inert gas system v
Ballast water v
system
Thrusters v v
Rudder v
Superstructure v
Bridge v

Specifically, the hull of the vessel ensures that the vessel is floatable. The propulsion system and the
thrusters (if azimuth thrusters are selected) are responsible for the sailing of the vessel. The main
systems influencing the vessel’s manoeuvrability are the selected propulsion system, the thrusters
(azimuth and bow), and the rudder. The LNG cargo handling system should also be included in order
to ensure the transportation of the LNG cargo. The bunkering equipment and the ballast water system
ensure bunkering operations. Safety is a significant aspect to be taken into account for the design of
this vessel’s type; therefore, BOG handling system and inert gas system are also included. Finally, the
superstructure and the bridge are included in the design to accommodate the crew and to enable
navigation.

5.1.3 Determine the HLPs
Following the main drivers analysis, the HLPs are defined. The HLPs can be seen as the building
blocks, which can be combined to form the LNGBV. The HLPs can be re-shaped following different

design decisions to form another design solution. The required systems resulted from the main drivers
analysis are the hull, the propulsion system, the cargo handling system, the bunkering equipment, the
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BOG handling system, the inert gas system, the ballast water system, the thrusters, the rudder, the
superstructure, and the bridge. For this specific case study, these systems were filtered and translated
into HLPs by taking into account the properties of the expected outcome, the NAPA geometric model.
The hull was translated into three different HLPs, namely the afthull, midhull, and forehull. This
decision was made to enhance the flexibility of generating different hull shapes. The HLP Engine
Room corresponds to the propulsion system of the vessel. Similarly, the HLP Cargo Space is
equivalent to the cargo handling system. The inert gas system and the BOG handling system are
combined to form the HLP of the Technical Space. The ballast water system results from the vessel's
design. Thus, it is not an influential design entity that should be taken into account. The HLP
Superstructure contains the superstructure and the bridge. The bunkering equipment, the stern
thrusters, and the rudder are not taken into account since these entities do not add information to the
geometric model at this design stage. The HLP Bow Thruster Room was developed to accommodate
the bow thruster system. Finally, the HLPs Aftpeak and Forepeak were defined for geometrical
purposes.

To summarize, the HLPs which will be used for the synthesis of the LNGBV are the following:

1. Engine room

2. Cargo space

3. Superstructure
4. Technical space
5. Bow thruster space
6. Aftpeak space

7. Forepeak space
8.  Afthull part

9. Midhull part
10. Forehull part

5.1.4 Qualitative description of the HLPs

The qualitative description of the HLPs forms the basis for their mathematical representation. In order
to proceed with the qualitative description of the HLPs, the sub-parts of the HLPs which should be
taken into account should be defined.

An example is given for the engine room. A detailed description of this step can be found in Charisi
(2019). According to Wértsilad Encyclopedia of Marine Technology, the engine room is defined as the
compartment onboard a ship that includes the main propulsion machinery as well as the control room,
the auxiliary machinery, and other equipment. The engine room layout, design, and arrangement are
governed by SOLAS- International Convention for the Safety of Life at Sea Ch.1I-1 Part C, and IGF
code.

According to Klein Woud and Stapersma (2002), the following spaces will form the typical layout of
the engine room of a small cargo vessel:

e a main machinery space including the propulsion engine, gearbox transmission, diesel
generators and auxiliaries
» asteering gear room, which is located above the rudder
» awaorkshop, in which maintenance is carried out
« acontrol and/or main switchboard room
Regarding the required level of detail for the preliminary design phase, the following aspects are
considered to be the design drivers for the engine room layout:

+ type of propulsion

+ selected machinery components
» type of propulsor(s)
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» required propulsive power
» required electrical power
* requirements for manoeuvrability

An example layout for the direct mechanical drive engine room for the LNGBV is shown in Fig.3.

Workshop
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Genset 2

=
Diesel/ DF zE
Engine = 8
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S

s

(&)

Fuel equipment room

Fig.3: Direct mechanical drive engine room layout
5.1.5 Mathematical representation of the HLPs

Each HLP forms a class containing the relevant attributes and methods which are required to create
the design solution. Regarding the case study, the expected outcome is the NAPA parametric model of
the vessel and an estimation to ensure initial stability and buoyancy. Therefore, four different methods
were developed for each HLP associated with their definition, tuning, geometrical representation, and
weight estimation.

In general, for each HLP the following equations apply:

Lenght; = f1;(IndependentVariables;)
Width; = f2;(Independent Variables;)
Height; = f3;(Independent Variables;)
Weight; = f4;(Independent Variables;)
GeometricModel; = f5;(Independent Variables;)

Therefore, the main dimensions of the vessel are defined as follows:

Lpp = Z Lenght Inner Blocks

Beam = max (Width Inner Blocks)
Height = max (Height Inner Blocks)
Depth = Draft + Min Required Freeboard

The HLPs are modelled based on Object Oriented Programming (OOP) principles. Python was chosen
for the development of the HLPs. The reasoning is that Python is a user-friendly coding language,
which is open-source and is supported by an active and growing community of users.
5.1.6 Define the HLPs for each “total ship” architecture

Metaphorically, step 6 can be visualized as picking the appropriate “lego bricks” from the vessel's
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“tool kit”. To do this, there are three sub-processes. Firstly, the design requirements and the naval
architect’s decisions are defined. Then, the relevant knowledge is retrieved from the company’s
databases. Finally, the required HLPs are defined.

5.1.7 Tune the HLPs to fit the design problem

It should be noted that up to this step, all the dimensions of the HLPs are set to zero. Step 7 is
associated with the method of tuning the HLPs to form a solution suitable for the specific design
problem. The process consists of two sub-processes, namely the tuning of the parameters of each
HLP, and the balancing of the parameters of the individual HLPs to create a feasible design solution.

The sub-process of tuning the parameters for the individual HLPs starts with the load balance analysis
for the LNGBV. The primary electric consumers for this vessel are the inert gas system, nitrogen
generation system, the bunkering systems, the voyage fuel supply system, the bow thruster and the
general ship systems (deck equipment, engine room equipment, ventilation, heating, workshop,
domestic facilities, cargo room equipment). A first prediction of the required propulsion power is
taken from the reference vessel’s data stored in the RefWeb. In turn, the individual HLPs are tuned
and as a result, the design solution is developed. By taking this design solution as a starting point, the
HLPs are re-tuned in order to form a balanced design solution.

5.1.8 Extract and evaluate the geometrical model

The subprocesses of the final step can be divided into the development of the parametric model and its
assessment. For the development of the parametric model, the geometric model of the HLPs is created
in NAPA. For the assessment of the design solution, the regulation regarding the minimum freeboard
area, the initial stability, the manoeuvrability requirement, the ballast capacity are checked.

5.2 Results

The design of an LNGBV of 7,500 m? capacity with a service speed of 12 kn, high manoeuvrability,
and accommodation for 14 crew members is examined. Different design options were developed by
adopting different options for the LNG cargo handling system layout, the propulsion layout, the
positioning of the technical spaces and the superstructure. Indicatively, the parametric models for 4
different designs are shown in Figs.4-7. Their characteristics are presented in Table Il. It should be
noted that each design is developed within five to ten minutes.

For the first design solution, the propulsion system consists of a hybrid drive (two dual-fuel (DF)
engines, two electric motors, and four generator sets). For the storage of the cargo, two bilobe tanks
were considered. The superstructure was positioned fore to improve visibility. The technical space,
which includes the inert gas system and the GCU, is positioned on the forepart of the vessel. There is
also the option to include a reliquefaction plant placed on the deck.

Regarding the second design solution, the use of a membrane tank for the cargo handling system was
examined. Direct mechanical drive consisting of two DF engines and two fixed pitch propellers (FPP)
was selected. Two generator sets provided the required power for electric consumers. The
superstructure is positioned on the aft part of the ship. A bow thruster was included to enhance
manoeuvrability and compensate for the limited manoeuvrability of the mechanical drive propulsion
system. The technical space was placed on the deck.

For the third design solution, it was decided to examine the use of cylindrical tanks for the LNG
storage. For the propulsion layout, it was selected to use a mechanical drive consisting of two diesel
engines driving two FPP. A bow thruster is also included and the superstructure was placed in the aft
since more deck space was available at the afthull. For the fourth design option, the use of four
cylindrical tanks was examined. Diesel-electric propulsion was selected (the generator sets were
positioned on the engine room on the forepart), and the technical spaces were placed on the aft (inert
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gas system and GCU). The superstructure was placed in the fore to enhance visibility. The developed
NAPA models are functional and can be used for further stability and strength calculations within
NAPA.
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Fig.6: Design Solution 111 (cylindrical tanks, mechanical propulsion system)
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Fig.7: Design Solution 1V (cylindrical tanks, diesel-electric propulsion system)

By taking into account the design cases, it can be seen that the leading factor for determining the
length and the beam of the vessel is the cargo room layout. Other influential parameters were the
selection of the propulsion layout and the positioning of the technical spaces on the forehull, afthull,
or on the deck. Therefore, by developing different variations of the HLPs and using them to create
different design solutions the naval architect can visualize and understand the impact of the major
design decisions to the vessel, the LNGBYV in this case.
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Table I1. Characteristics of the design solutions

LNGBYV 7500 LNG

Design Solution |
(bilobe tanks,
hybrid propulsion

Design Solution 11
(membrane tank,
mechanical

Design Solution 111
(cylindrical tanks,
mechanical

Design Solution 1V
(cylindrical tanks,
diesel-electric

system) propulsion system) | propulsion system) | propulsion system)
GENERAL
Length overall 109.54m 102.87m 110.40m 115.82m
Length b.p.p 106.86m 100.36m 107.71m 113.00m
Beam moulded 22.00m 24.00m 19.00m 27.00m
Height 16.00m 11.00m 18.00m 15.00m
Depth(min) 6.5m 5.8m 7.5m 5.50m
Draft 5.13m 4.6m 6.07m 4.10m
Lightshipweight 6350t 4740t 6680t 6680t
Block Coefficient 0.80 0.73 0.80 0.81
Deadweight 3750t 3750t 3750t 3750t
Total installed 3300kW 2700kW 3570kW 3600kW
power
Inert gas system YES YES YES YES
GCU YES YES YES YES
Religuefaction plant OPTION YES YES OPTION
TANK CAPACITIES
Ballast water 3900 m* 4480m? 5300m3 5330m3
PERFORMANCE
Speed (at the design 12 knots 12 knots 12 knots 12 knots

draft and 100%
MCR)

PROPULSION SYSTEM

Hybrid drive, 4
diesel generator
sets, 2 electric

Mechanical drive, 2
diesel generator
sets, 2 DF engines,

Mechanical drive, 2
diesel generator
sets, 2 DF engines,

Diesel electric
drive, 4 diesel
generator sets, 2

motors driving the 2 2 FPP 2 FPP electric motors, 2
azimuth thrusters azimuth thrusters
ACCOMMODATION
Crew (Single 14 people 14 people 14 people 14 people
Cabins)

6. Discussion and Conclusions

The present research work proposes a parametric modelling method based on the principles of KBE.
The case study focused on the preliminary design of the LNGBV. The main idea of the technique was
the development of the parametric models based on the combination of the different building blocks,
the HLPs. The HLPs can be seen as lego bricks, which can change shape, size, and re-order according
to the design case and the Naval Architect's decisions.

The significant benefit of the proposed method is that each parametric model is automatically
developed within a few minutes. In turn, the generated solutions can be further evaluated with
analysis tools. As a result, the Naval Architect is able to perform a broader exploration of the design
space and thus, come up with improved designs developed in shorter lead times. In contrast to
repetitive engineering work for developing the parametric models, the Naval Architect is committed
to creative tasks such as figuring out which design decisions should be examined for each design
problem, which is their impact to the final design, which different design variations should be further
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examined and optimized.
7. Recommendations for future research

The results of the application of the proposed method to the LNGBYV are promising. The presented
case study is a self-contained proof of concept, which shows potential in the automation of parametric
modelling by using the KBE methodology. However, further research is suggested to harness its full
potential.

From a design perspective, it is worthwhile to develop an HLP toolkit to address the design of
different ship types. As a first step, the proposed parametric modelling method should be validated for
the design of different vessel types with geometrical similarities. As a next step, it is suggested to
develop a parametric modelling method to address the design of vessels with radically different
geometrical features. This improvement will lead to the exploration of more innovative design
concepts.

In order to compare the different solutions, their performance should be assessed. Therefore, research
and integration of performance functions into the proposed framework will enable the assessment of
the developed design variations. The interface of the proposed framework with the suitable state-of-
the-art analysis tools will enable the calculation of each design’s performance. Finally, an
optimization loop can be also implemented to generate optimized designs according to the design
problem. In the context of C-Job Naval Architects, it is suggested to develop the connection with the
Accelerated Concept Design (ACD), which is the in-house developed optimization tool based on a
surrogate assisted optimization algorithm, the Constrained Efficient Global Optimization (CEGO)
algorithm, de Winter et al. (2019a,b).
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