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Shipbuilding design consists of three phases: conceptual design, preliminary design, and
detail design. Each design process has its challenges addressed with the proper application,
resulting in different design tools. The shipbuilding industry is facing difficulties when
moving to different design tools; data is lost, geometry does not transfer correctly, or
essential attributes are missing. Post-processing immediately after the transfer is almost
impossible. A lot of time and effort must be invested to create a working and usable model.
It is often easier to start modeling in another program from scratch.

This work aimed to investigate and evaluate the possibility of transferring a native model
between shipbuilding programs. The client aims to harmonize tools and processes in all of
its shipyards. In addition, the work identified the reasons for the incorrect transfer of
information and presented ways to achieve the best results. The information obtained from
the diploma thesis has also been forwarded to AITAC to help improve the OCX exchange
add-on.

The thesis includes six main sections: introduction, literature review, methods, results,
discussion, and summary. The method section is the cornerstone of this thesis since it is the
result of the evaluation process. The developed evaluation process is a generalizable result
of the diploma work, which can be applied to any shipyard when considering implementing
a new shipbuilding software.
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Laivanrakennussuunnittelu koostuu kolmesta vaiheesta: konseptisuunnittelu, esisuunnittelu
ja valmistussuunnittelu. Jokaisessa suunnitteluprosessissa on omat haasteensa ja ne on
ratkaistu oikealla sovelluksella, mika johtaa erilaisten suunnittelutyokaluiden tarpeeseen.
Laivanrakennusteollisuudella on haasteita tiedon siirtdmisessa eri sovellusten vélilla: Tietoja
menetetadn; geometria ei siirry oikein tai olennaiset attribuutit puuttuvat. Jalkikasittely heti
siirron jalkeen on ldhes mahdotonta. Toimivan ja kayttokelpoisen mallin luomiseen on
panostettava paljon aikaa ja vaivaa. Usein on helpompi aloittaa mallintaminen toisessa
ohjelmassa tyhjasta.

Taman tyon tarkoituksena oli tutkia ja arvioida mahdollisuutta siirtda alkuperaista mallia
laivanrakennusohjelmien valilla. Asiakkaan tavoitteena on harmonisoida tydkalut ja
prosessit kaikilla telakoillaan. Lisaksi tydssa tunnistettiin syyt virheelliseen tiedonsiirtoon ja
esitettiin tapoja saavuttaa parhaat tulokset. Diplomitydstd saadut tiedot on myos vélitetty
AITACIlle OCX-vaihtolisdosan parantamiseksi.

Opinnaytety6 sisaltad kuusi padosaa: johdanto, kirjallisuuskatsaus, menetelmat, tulokset,
keskustelu ja yhteenveto. Menetelméosio on tdman opinnédytetydn kulmakivi, koska se on
arviointiprosessin tulos. Kehitetty arviointiprosessi on lopputyon yleistettavissa oleva tulos,
jota voidaan soveltaa mihin tahansa telakkaan, kun uuden laivanrakennusohjelmiston
kayttodonottoa harkitaan.
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SYMBOLS AND ABBREVIATIONS

Dimensionless quantities

bi, M1(u)
bj, M2(v)
bi, M(t)
C(t)

M

P(i)
P(i.))
S(u,v)
W(i)

W(i.j)

B-spline basis function
B-spline basis function
B-spline basis function
NURBS curve

Degree

Control points

The control point

NURBS surface

Weights positive real numbers

Weights positive real numbers

Abbreviations

ACIS

CAD

CAM

CAE

COG

IGES

ISO

JT

MBD

MW-Tool

Association for Computing & Information Sciences
Computer-Aided Design

Computer-Aided Manufacturing

Computer-Aided Engineering

Center Of Gravity

Initial Graphics Exchange Specification
International Organization for Standardization
Jupiter Tessellation

Model-Based Data

Meyer Werft Tool



NURBS
oCX
PDM
PLM
PMI
QIF
SFD
STEP
STL
WCM

XML

Non-Uniform Rational B-Splines

The Open Class 3D Model Exchange
Product Data Management

Product Lifecycle Management

Product Manufacturing Information
Quality Information Framework

Structural Functional Design

Standard for the Exchange of Product Data
Schottky Transistor Logic

Weighted Criteria Matrix

eXtensible Markup Language
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1 Introduction

Meyer Turku Oy commissioned this thesis. The work will be used as an aid tool for creating
new process solutions. The company would use the same software solutions around Meyer
Group shipyards and harmonize their processes. The necessary resources would be obtained
immediately from another shipyard, and no guidance and familiarity should be required. This
way, the company could save on software license costs, employee acquisition and training,
and maintenance and software development. Management would also be able to monitor the

pace of progress at the various shipyards more easily and react as required.

1.1 Motivation and a brief background

Moving a 3D model from one program to another is unavoidable today. Especially
companies with a large number of subcontractor networks often find themselves in a
situation where they have to exchange data back and forth between different systems, as
shown in figure 1 (AIA 2014, p.8), especially when it comes to shipbuilding. The
shipbuilding process consists of three design phases: conceptual design, preliminary design,
and detail design. Each design process has its challenges addressed with the proper

application, resulting in different design tools. (Réisénen 1997, pp.34-38.)
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Industry Perspective

Cost of a single interface ranges from $10K
to $1M depending on scope and complexity

AlA Business
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Figure 1. Stakeholders' perspectives on the industry's current status (AlA 2014, p.8).

There are several approaches and possibilities for integration solutions for transferring data
between 3D software, the best known of which is the International Organization for
Standardization (1SO) 10303.

1.2 The goal of the research

Using 3D technology extensively throughout engineering is crucial for enhancing
productivity and controlling complexity (Astrup & Cabos 2017, p.107). The work
investigates and evaluates the possibility of transferring a native model between shipbuilding
programs. This work develops and uses an operational process to assess the quality,
customizability, and reliability of a transferable ship 3D model and its metadata. The core is

the evaluation process, which will be tested, and the results will be presented.
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1.3 Research problem

The integration solutions are far from perfect. Essential data and information stored in the
3D model are lost; this results in post-processing or, in the worst case, remodeling in a new
program, which usually causes a loss of time and money (Na, Jeongsam, Duhwan, Sanguk
2021, p.5551-5560). A study by Cabos shows that improved interoperability through
exchanging design models can reduce the modeling effort for the yard's scantling check by
more than half, saving the yard time in early design (Cabos 2015, p.257-268). There are
many data transfer standards, but a metric is lacking to evaluate the transfer quality. Factors

that are considered important should be transferred.

1.4 Research questions

Before implementing a new tool into the company, it is good to know whether it is

interoperable with other existing systems.

- What is the quality of the transferred data, and can the transferred data be further modified

in the new 3D design software?

- What factors are considered important to get the result of successful data transferring in

shipbuilding?

- Is there a data transfer standard in shipbuilding that allows 3D data to be transferred
natively from one program to another? Formats that are unique to particular CAD

(Computer-Aided Design) systems are referred to as native CAD formats.

- Is there any scientifically agreed way to transfer the 3D model and its data in shipbuilding
design to ensure the transfer of hierarchy, metadata, and geometry? These questions shall be

answered during the thesis.

1.5 Scope and limitations

The evaluation tool aims to determine which things do and do not transfer with each chosen

transferring method. If necessary, a script/convertor can be developed to improve the transfer
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quality based on this information. The research is limited to the transfer between ships' CAD
software. More specifically, a transfer between surface modeling programs will be executed.
Please see figure 2 below to understand the difference between surface and solid modeling.
For example, the thickness of the surface model is not visible even though the information
is in the object. The hull structure features to be transferred and evaluated will be defined

during the surveys.

Surface Model Solid Model

Figure 2. Hlustration of the difference between solid and surface models.

1.6 Applied method

Transfer between NAPA Designer and CATIA Structural Functional Design (SFD) V6 was
executed, and the reliability and quality were evaluated. A Weighted Criteria Matrix, also
known as the "decision-making" matrix, was applied to this work. In order to be able to fill
out the matrix, three expert surveys were conducted. With the help of the surveys, it was
possible to determine the crucial criteria for the transfer and the level of detail. VValue analysis
was combined with the weighted criteria matrix to determine the transmission characteristics

of each file format and the resulting costs.
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2 Literature review

In this chapter, the shipbuilding design process is presented in general. The process itself
results in obligatory data exchanges downstream. Different software solutions for each
design process are presented and justified. The transferable criteria are studied, and the
surface modeling is explained. The last subchapter is a critical section for the diploma thesis.
The chapter discusses different ways to validate and evaluate the quality and ability of a 3D

program transfer.

2.1 Ship design phases and relations to the data transfer

The shipbuilding process consists of several different stages. The phases are interdependent,
so upstream errors tighten schedule pressures downstream. The various stages of the process
actively communicate with each other so that work runs as smoothly as possible in all
departments. Ship design consists of conceptual design (or contract design), initial design
(or basic design), detail design, and production design, as shown in figure 3. (Roh & Lee
2018, p.10). The production design is not relevant to this thesis, so it is left out of the

inspection.

Ship owner | - Ship Owner's Requirement
= OV, Spec, DFOK Initial Design
- Cost, Delivery
I ¥
Sales and Contract Hull Form General Arrangement Initial Hull
Marketing Design Design Structural Design
= Initial Hull Form » General Arrangement = Midship Section Plan
- Lines, Offset = Ship Calculation = Typical Bulkhead
+ Propeller Design + Waeight Estimation = Structural Analysis
Conceptual Design | « Ship Owner's Inquiry + Estimation of Engine Power
P 9 - Qutline Spec and Hydrodynamic Performancey . "-."’F“'"E")' A“"”;a"cml‘“‘ "
s ; + Model Test - . » Major Equipment Capaci
: é:"{"‘ VA ,| Outfitting Design Calculation & BOM
Hull Form : and Cost Estimation | - Cost Estimation
« Building Specifications
Outfitting . + Key Plan
* Building Specifications

Detail / Production Design

Hull Design Outfitting Design
=TT b = Lines for Construction System « System Diagram

',.‘ . ‘.‘ = Longi. Landing ' = Diagram - P&ID, Wiring Diagram

/ Production’, & - BOM

4 (Construction ‘: « Detailed Construction Plan Detail Detal « Outfitting Arrangement
’ = Local Analysis Design Design « Qutfitting BOM

method)

= Production Plans « Production Plans

= Cutting Plans Production Production = Working Plans
= Assembly Plans Design Design = Installation Plans
« Steel Material BOM « Quantity of Production

Figure 3. The procedure of ship design (Roh & Lee 2018, p.10).
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Conceptual design, also known as contract design, is a stage where many calculations are
performed to develop documentation that outlines the building requirements and ensures that
the ship satisfies the client's criteria. The concept design results include the ship's
specification, main specialized equipment, general arrangement, and performance indicators

such as speed and deadweight scale. (Trincas, Mauro, Braidotti, Bucci 2018, p.1-10.)

Along with other factors like economy, eco-efficiency, and sustainability, a high-quality
cruise ship concept design is critical to the project's overall success. According to Remes
and Bergstrom (2018), around 5% of the work is completed after the concept design phase,
but approximately 70% of the cost is calculated (Remes & Bergstrom 2018). The ship's
technical qualities are specified, and the ship's performance is decided in the early stages of
conceptual design. The ship's geometry, general arrangement, technical and architectural
specifications, and cost framework are all produced during the conceptual design phase.
(Keiramo 2021, p.24-44.)

Ship theory calculations, which include hydrostatics, volumes, capacities, and damage
stability calculations, are mostly done with the NAPA software because of their efficiency,
accuracy, and speed. The exterior design is done with Autodesk’s Alias, while the general
arrangements are made with 2D programs such as Autodesk's Autocad. Autodesk’s Alias
software is able to run and edit up to 200,000GT cruiser smoothly as a single file. (Andersson
2022.)

The ship's contract material (the contract itself and the specification with appendices) and
the rules and regulations are the basis for the basic design work, also known as the initial
design. The basic design begins with the ship's contract. During this phase, the ship's general
arrangement and the design of the systems, facilities, and hull are approved by the customer,
the authorities, and the classification society. The main materials and equipment are also
accepted. (Raisanen 1997, p.35.)

During the basic design phase, the ship's construction method, area, and block schedules are
determined, work drawing lists and procurement plans are drawn up, and the resource
reservations required for the manufacturing design phase are made. NAPA Designer and
Cadmatic are used in Hull Basic design because of their flexibility, speed, and calculation
ability, which is needed when many changes are usually made during the early phase of the

basic design process. (Réisdnen 1997, p.35.)
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Detail design begins after basic design. The materials and delivery drawings made in the
basic design are updated and supplemented in the detailed design phase. For example, the
types of notches and brackets are specified, and the seams' location is determined, taking
into account production constraints. In addition, documentation for fabrication,

prefabrication, and installation is done at this stage. (Raisdénen 1997, p.36.)

AVEVA Marine Hull and Cadmatic Hull are used in the shipbuilding detail design phase.
AVEVA Marine Hull is a robust tool for designing and producing production information
for all sorts of ship hulls. It manages the whole ship design process, from hull design to parts
manufacture and block assembly, as well as the relevant shipyard production information
and paperwork. (AVEVA 2022). Cadmatic Hull provides similar things.

2.2 Data exchange in shipbuilding

Due to the shipbuilding process, as illustrated in the previous sub-chapter 2.1, transitioning
from one program to another is necessary. The maritime industry has made several failed
attempts over the last 20 years to develop an open standard that would allow for the data
interchange of 3D ship models for class approval. One of the significant roadblocks was that
software vendors have generally been wary of ceding any competitive advantage to their
competitors. (RINA 2019.)

According to Astrup, Computer-Aided Design (CAD) models are now displacing technical
drawings and documentation as the main product definition in several major industries, such
as the automotive, aerospace, and construction industry. CAD models are used directly for
communicating designs to manufacturers, builders, maintenance crews, and regulators.
(Astrup et. al 2017, p.107.)

After many years of customer requests, PROSTEP has developed a NAPA-AVEVA link
(AG 2019); and NAPA and Cadmatic joined forces to create an integrated ship design system
that covers the whole ship project life cycle (Figure 4) (NAPA Cadmatic, n.d.). The problem
is that the Model-Based Data (MBD) transfer is limited only to the programs mentioned
above. For example, data exchange directly between Cadmatic and Aveva is impossible with
that method.
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IFY

Figure 4 Intelligent Ship Design powered by NAPA and CADMATIC (NAPA Cadmatic
n.d.).

Another promising but then failed solution was the "ng.zine - new design system for Naval
Architecture”. The aim was to make an integration tool that would act through the XML
(eXtensible Markup Language) database where the user could store current and previous
values of significant ship parameters and attributes. Ng.zine was supposed to apply concepts
of group decision-making to ensure efficient control and management. In this method, each
designer was supposed to receive assistance in selecting the appropriate parameter values
based on the specific task responsibility and the overall ship performance. With the
information provided by this method, the designers may use carefully thought-out ideas to
model their experiences, expertise, and organizational structure. (Klanac, Frank, Bralic
2008.)

For another promising method, the literature review discovered a relatively recent 3D data
transfer format intended only for the shipbuilding industry - the Open Class 3D Model
Exchange (OCX) data transfer standard. The OCX Consortium developed the standard for
the classification society considering their needs. The OCX is able to fully recreate an
idealized model representation of the original CAD model, including all of the information
needed to complete the computation scope specified by the classification society's rules.
Furthermore, the OCX contains the exact geometry provided by the authoring tool. The
design-centric work process of the OCX standard is shown in figure 5. (Standard [OCXwiki]
2022.)
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DESIGN
CENTRIC Classification society

2
WORK PROCESS Verifies & collaborates
« Comments/dialog
* Approva
\ New vessel delivered
=

4

> » Reduced time to market
* Increased quality
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= - |y
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8
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*Upload updates

Figure 5. Design-centric work process (Standard [OCXwiki] 2022).

The problem with 3D model data exchange is, of course, not just in shipbuilding but in the
whole field of engineering. The International Organization for Standardization (ISO) has
also taken up the issue and has developed several data transfer standards. The best-known
Model-Based Data (MBD) sharing format developed by 1SO (International Organization for
Standardization) is 1ISO 10303, better known as the STEP (Standard for the Exchange of
Product Data) standard. It is an international standard intended for computer and humanly
intelligible presentation of product data throughout the life cycle. The standard prescribes a
neutral format for data transfer and offers a basis for sharing access to production databases.
STEP is modular and multi-level built, which allows for mastering complex systems.
(Chakrabarti & Arora 2021, p.150-151.)

Jupiter Tessellation JT is another ISO format known as 1SO 14306. It became an 1SO
standard in December 2012 and was updated in 2017 by ISO 14306:2017 JT edition 2. The
compressible data format plays a crucial role in integrating various CAD and Product Data
Management (PDM) systems, offering a CAD-neutral representation of product data. Users
and software vendors have previously demonstrated the combined use of JT and STEP

AP242, for example, for kinematic use cases, which proved to work. More than only
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geometry models are included in the JT data model. On the one hand, it provides the
opportunity to present the models with varying levels of precision, and on the other hand, it
allows for the storage of additional data that is crucial for product creation and subsequent

procedures. The use cases of the JT format are presented in figure 6 below. (Prostep 2021,

p.2-3.)
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Drawingless Building , b i RO = A CAE Daa
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Figure 6. Use cases in categories (Prostep 2021, p.10).

2.3 Key criteria in shipbuilding design

Multibody
Simulation

Packaging

Systems
Engineenng

Tolerance
Studies

This chapter explains the critical criteria of shipbuilding and their importance and

significance in shipbuilding and data transfer between different design stages. Three main

criteria will be explained in more detail: hull structure features, metadata, and ship CAD

hierarchy.

2.3.1 Hull structure features

Principally ships are built using flat and curved steel plate panels with primary and secondary

stiffeners. The primary strength elements are a ship's backbone, including bottom plating,
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side shell, decks, transverse bulkheads, and longitudinal bulkheads, as shown in figure 7.
(Raisénen 1997, p.29.)

Deck panel

Transversal
side <P bulkhead
shell /’1—|:| Longitudinal

~——_ ————+F bulkhead
y4
/ 1

Bottom panel

Figure 7. Transversal view of the primary strength elements of a ship. Adapted from
(Raisanen 1997, p.29).

The largest ships must resist massive forces from wind and waves in addition to having
dimensions equal to tall buildings. Therefore, their structural arrangements are crucial. Ships
must typically rely on carrying cargo to make money. Therefore, in addition to having a
robust structure, they must be as light as feasible. There are several crucial standards that the
entire hull structure must meet: maintaining watertight integrity; creating barriers between
internal compartments, such as those used for cargo, fuel, and ballast water. In figure 8, the

most common hull structure features are presented. (Bruce & George 2012, p.173.)
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Figure 8. Transversal view of hull structure features (IACS 2003, p.8).

The structure must also comply with the hull shape required by hydrodynamics or the hull
designer's specifications for performance in terms of speed and seakeeping. It is necessary
to account for some uncertainty in the design when considering the forces on the ship and
the structure's capabilities. Changes in material qualities might harm the construction
throughout the ship's life. Some factors, such as corrosion and fatigue, which can contribute

to structural failures, are challenging to forecast. (Bruce & Eyres 2012, p.173.)

With the development of production technology, curved bulkheads have also increased.
Curved bulkheads are rarely used as primary structures, more like secondary and tertiary
structures. A Knuckle panel occurs when two or more straight plates are jointly inclined.

The joint is usually made by welding, and it is called a seam. (Wartsila 2022.)

The structure of the ship's hull forms the so-called hull girder that carries the forces acting
on the ship. The primary strength elements cannot carry the loads on the hull girder alone;
stiffening structures are needed to transfer the stresses caused by the loads ahead. Structures
transferring the load forward are secondary strength elements; these include transversal web
frames, longitudinal girders, and stiffeners applied to various directions. Tertiary strength

elements are plates that are stiffened with secondary strength elements. The different
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strength elements of the ship carrying the external loads are illustrated in figure 9 and go in
the following order:

1. The plate carries the load (e.g., hydrostatic pressure)

2. The stiffeners support the plate

3. The web frame and girder support the stiffeners (Réiséanen 1997, p.29.)

Figure 9. Body parts and transfer of loads. Adapted from (Réiséanen 1997, p.29).

Stiffeners are typically manufactured from rolled forms that are integrally welded to the plate
and are used on bulkheads and decks to prevent lateral loading and buckling of the structure.
There is a particularly high risk of buckling in an unstiffened edge field, whose elastic
buckling resistance is only about 10% of the buckling resistance of an edge-supported field
of the same width. The use of stiffeners enables weight reductions but needs additional work.
However, it is good to remember that welding leads to undesired deformations. Longitudinal
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stiffeners are more effective than transverse stiffeners, but transverse stiffeners are needed
to prevent the buckling of longitudinal stiffeners. (Roh & Lee 2007, P.539-557.)

The bracket or stiffener should never be finished on a free plate field but continued to the
nearest stiffener. Hot spots can be reduced or avoided using proper end-cut, end connections,
and notch holes, as shown in figure 10. Hot spot stress is the stress at the critical point of the
discontinuity of the structure, which depends on the geometry of that point, i.e. "geometrical”
stress. The crack is assumed to nucleate at the point of discontinuity. Geometric stress can
be divided into membrane stress and shell bending stress. The geometric stress includes the
stress concentration caused by the point of discontinuity in the structure and is, therefore,
greater than the nominal stress at the critical point (hot spot). The critical point is usually
located on the boundary line of the weld and sharp edges on the structure. (Ongelin &
Valkonen 2010, p.410.)

Figure 10. Example of a notch. (Ongelin & Valkonen 2010, p.410).

The pillar also serves a crucial purpose in vertical structures. The primary purpose of the
pillars is to transport the weight of the decks and objects vertically downward to the bottom
structure of the ship, where the upward buoyant forces sustain these loads. The secondary
purpose of the pillars is to connect the structure vertically. A cargo ship's main hull may

have two different types of pillars. While machinery space pillars are strongly bracketed at
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their ends to allow tensile loadings, hold pillars that are predominantly in compression
frequently lack bracket connections at their ends. Machinery space pillars are sometimes
encountered in tank areas where the pressure from the tank's crown can place the pillar in
tension. (Bruce & Eyres 2012, p.207-223.)

2.3.2 Metadata in shipbuilding

Information systems frequently use metadata, which can take many different forms.
Examples of metadata types are shown in table 1. Most software products that we use on a
daily basis are driven by metadata for their essential functions. In general people use their
mobile devices to communicate with others via email, text, and social media, listen to music
through Spotify, share photographs and videos on Instagram, find videos on YouTube,
manage their finances with Quicken, and retain extensive contact lists. All this material
includes metadata or data regarding an item's creation, name, topic, and characteristics. The
ability for users to identify objects of interest, note essential details about them, and
communicate those details with others is made possible by metadata, which is vital to the
operation of the systems hosting the material. The metadata is gathered and organized into
predetermined categories in order to serve a meaningful function. This idea of structure is
what creates actionable metadata from raw data. In order to display certain items in
administrative or public-facing interfaces with explanation labels, they are gathered and
stored in a certain way. Although these labels go by many names depending on the user

community, their properties and elements have common terminologies. (Riley 2017, p.6-7.)



Table 1. Metadata types, examples, and uses (Riley 2017, p.7).

26

Creation date/time
Compression scheme

Metadata Type Example Properties Primary Uses
Descriptive metadata | Title Discovery
Author Display
Subject Interoperability
Genre
Publication date
Technical metadata File type Interoperability
File size Digital object management

Preservation

Preservation metadata

Checksum
Preservation event

Interoperability
Digital object management
Preservation

Rights metadata

Copyright status
License terms
Rights holder

Interoperability
Digital object management

Structural metadata

Sequence
Place in hierarchy

Navigation

Markup languages

Paragraph
Heading
List
Name
Date

Navigation
Interoperability

In shipbuilding, or even more precisely in the hull basic design phase, the most important
metadata is considered to be weight, consisting of the plate's size, material, and thickness.
Other important metadata include the center of gravity (COG), structure type, profile
information, and material side. COG is needed when planning the lifting of a block. The
material side is needed as a metadata since the pre-phase modeling is done purely with
surface modeling. Getting the material side from the surface model ensures that the

dimensions are correct in the next step of the process. (Roh & Lee 2006, p.135-151.)

In the 2000s, XML became a widely used method for encoding, transferring, and
occasionally storing metadata within internal systems. XML documents are collections of
files that include metadata. In XML, elements are defined as tags whose values indicate a

certain meaning. XML documents get their structure from the ability of components to
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contain additional elements inside them. A single root element serves as the root of an XML
document. From this initial root, more components and values sprout up, creating a
hierarchical structure that adds to the meaning of the document's metadata values. The
properties that XML elements can accept often also have their own values. An attribute and
its value clarify the meaning of an XML element. By offering a predefined property to
specify the language in which an element's value appears, XML facilitates the
multilingualism of metadata. Like relational databases, an XML document describing a

specific item is referred to as a metadata record. (Riley 2017, p.8.)

2.3.3 Ship CAD hierarchy

The folders in Windows that organize our computer data are quite similar to the hierarchies
in 3D software. They are essentially the same in 3D software, except 3-dimensional objects
are classified instead of files. Hierarchies link the translation, rotation, and scale of objects.
The parent-child relationship is used to describe the connection between the items. The item
at the top of the hierarchy is called the parent. The object at the bottom of the hierarchy is
called a child. If there is a parent-child relationship between two objects, the following
happens: when modifying the translation, rotation, or scale of the parent, the child inherits
the change; when adjusting the translation, rotation, or scale of the child, the parent remains
unchanged. (Paschall & Mastergeorge 2015, p.442-451.)

The parent-child relationship in the AVEVA Marine Steel Databank is shown in figure 11.
The ship is divided into a number of AVEVA Marine Blocks first. The maximum and
minimum extents of each of these AVEV A Marine Blocks are represented as a cube in space.
These AVEVA Marine Blocks can either represent "areas” of the ship for different Hull
Modellers to operate in or mirror the ship's actual assembly breakdown. The true assembly
breakdown can be defined if the AVEV A Marine Block only represents an "area"” of the ship
for work allocation. (AVEVA 1994, p.12.)
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Figure 11. Ship CAD hierarchy (AVEVA 1994, p.12).

A sequence of AVEVA Marine Panels is produced inside each AVEVA Marine Block to
represent the necessary steel structure. AVEVA Marine Blocks must be specified during the
modeling of an AVEVA Marine Panel, and the system will continually ensure that each
panel allocated to an AVEVA Marine Block properly falls inside the boundaries of that
block. A typical AVEVA Marine Panel consists of many Plates to which any number of
stiffeners, brackets, flanges, and openings may be attached. Figure 12 illustrates an example
of a panel. The transverse bulkhead illustrated in the panel is made up of 5 Plates, 18
stiffeners, 24 brackets, 3 flanges, and 11 clips. The definition of decks, girders, and webs
follows the same procedure. (AVEVA 1994, p.12.)
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Figure 12. An example of an AVEVA Marine Panel (AVEVA 1994, p.12).

Another important aspect of the hierarchy that must be distinguished is the topology, which
must not be confused with the parent-child relationship. Topology is a branch of
mathematics that deals with the geometric properties of substances that are not sensitive to
small deformations, that is, the properties of space that are preserved despite continuous
deformations. Designing 3D topological models is always tightly tied to the unique
specifications of a specific application category. No single 3D topological model can be used
for all applications (Zlatanova 2004, p.420). In ship modeling, surfaces are often limited by
another surface, which creates a topological connection. An example of a topology is shown

in figure 13.
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Figure 13. Topologically limited bulkhead edges highlighted.

2.4 Surface modeling and its requirements in data transferring

Historically, the representation of the geometry underwent alterations due to the production
requirements of war, notably in the aviation sector. It was discovered that using
mathematically defined curves like conics to describe fuselage cross-sections allowed for
the avoidance of working at full scale. Mathematical methods were then developed that made
it possible to mix or interpolate these cross-sections into a smooth surface. As a result,
techniques that genuinely defined an entire surface increasingly supplanted the "network of
curves™ approach. Although the first surface systems were created for the aircraft industry
and required massive and expensive computer installations, current systems are employed
in various industrial applications and today have shallow hardware needs by historical
standards. They are widely used in the shipbuilding, automobile, and shoe industries, quickly
gaining ground in many small and medium-sized businesses that produce forgings, castings,
and molded goods. (Erdem 2002, p.1.)

Before the development of computer-aided surface modeling, car profiles had to be created

using a clay model of the bodywork and trial-and-error shaping techniques until the model
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was visually pleasing and operationally effective. The clay was then physically measured to
determine the body panels' geometry. With surface modeling and the tools available in a
decent surface modeling application, the three-dimensional geometry and aesthetic form are
established in one step and may be changed or sculpted interactively on the graphics screen.
Surface modeling is advantageous when modeling shell objects such as car body panels,
aircraft fuselages, or fan blades. (Erdem 2002, p.4.)

The commonly used surface creation methods in CAD are shown in figure 14. According to
Indovance, wireframe modeling is seen as a more straightforward method of describing
things than surface modeling. Surface modeling software is not as extensive or complex as

solid modeling. (Indovance 2021.)

Centre line
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Boundary curve

(e) swept surface (f) curve mesh surface (g) fillet between plane and cylinder

Figure 14. Example of surface creation methods (Erdem 2002, p.6).

NURBS, or Non-Uniform Rational B-Splines, are mathematical models of three-
dimensional geometry that can precisely represent any shape, from the most intricate organic
free-form surface or solid to a direct two-dimensional line, circle, arc, or curve. NURBS
models can be used in any industry, from manufacturing to animation and illustration,
because of their adaptability and precision. A NURBS curve is defined by its degree, control

points, knots, and evaluation rule. (Associates, R.M.N.&amp n.d..)
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Conceptually, the basis functions of the B-spline are determined by the knots. The average
of the control points and weights to form a point depends on the values of the B-spline basis
functions at the parameter. A mathematical formula is used by the evaluation rule to assign
points based on a given number. The degree, control points, and knots are all part of the
formula. There are a few B-spline basis functions in the formula. A parameter is a value that
the evaluation rule begins with. The evaluation rule can be compared to a black box that
consumes a parameter and produces a point. The degree, knots, and control points determine
how the black box functions. A NURBS curve becomes harsh when duplicate knot values
are in the knot list's midsection. The NURBS curve can be curved into a sharp kink at the
extreme, shown by a full multiplicity knot in the middle of the knot list. (Associates,
R.M.N.&amp n.d..) The mathematical formulation of the NURBS surface is:

i 52 (W (i, )P (L, j)by M109P, M2
S BNz (W (i, )by M1, M2())

S(tu,v) =

Where W(i,j) are the weights (positive real numbers), P(i,j) are the control points, and
bi,M1(u) and b; M2(v) are the B-spline basis function. (Blake, Kerr, Thorp, Jou 1994, p.16.)

The mathematical formulation of the NURBS curve is:

oW (P (i)b; M©®)

(0= k(W (Db,M®)

Where W(i) are the weights (positive real numbers), P(i) are the control points, and b; M(t)
are the B-spline basis function of degree M. (Blake, Kerr, Thorp, Jou 1994, p.16.) An
example of the difference between the polygonal and NURBS model is presented in figure
15.
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Figure 15. Difference between the polygonal model and the NURBS model. (Associates,
R.M.N.&amp n.d.).

2.5 Evaluation of 3D data transfer quality

In the past ten years, significant developments have been made with a particular emphasis
on three-dimensional (3D) CAD model comparison, most notably as part of product lifecycle
management (PLM) programs to improve product information reuse and data sharing
(Briére-Coté, Rivest, Marzana 2013, p.173-195). According to Li, the PLM component
involves retrieving and reusing parts, products, and related information to decrease costs and
delays while lowering the risk (Li, Liu, Ramani 2004, p.971-979.). The solution lies in
comparing 3D CAD models as a form increasingly seen as a neutral and efficient language
for representing and retrieving product data in PLM vaults. Contrarily, there have not been
many advancements in the pair-wise comparison of 3D CAD models intended for identifying
and documenting discrepancies. These advancements have primarily come from
standardization plans or 3D CAD software advancements. (Briere-C6té, Rivest, Marzana
2012, p. 771-794.)

Comparison of three-dimensional (3D) CAD models that reflect the geometric description
of mechanical parts is defined as the act of calculating and displaying differences or
similarities between the 3D CAD models. Table 2 shows six key application domains for 3D

CAD model comparison use cases, each associated with one of three solution domains:
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shape-based retrieval, equivalence/similarity assessment, or difference detection. (Briére-
Coté et al. 2012, p. 771-794.)

Table 2. Domains for 3D CAD model comparison applications, use cases, and solutions.
(Briere-Coté et al. 2012, p. 771-794).

Solution domain

Shape-based Equivalence/similarity Difference
Application domain Use case retrieval assessment identification

Product information reuse = Design concept
= Manufacturing process
= Simulation/analysis data
= Pricing information
= Sourcing information
= Qualification tests results

Product rationalization and = Eliminate duplicate parts

standardization * Improve sourcing
= Form part/product families

= Find interchangeable parts X X X
= Identify common platforms

= Identify differentiation enablers

= Verify interchangeability

CAD modeling management =Prevent model duplication
= Promote modeling best- X
practices

CAD data = CAD migration

translation/remastering * CAD data exchange X
= CAD interoperability
=Long term archival

CAx models authoring = CAM models X
=FEA models

Engineering change * Change documentation

management =Impact analysis
= Change transposition X
= Change propagation
= Evolution control

Product information reuse utilizes a product's shape to collect and evaluate reusable product
data, such as manufacturing methods, sourcing and price information, and qualification test
results, to achieve one of PLM's primary goals of decreasing costs and delays. Product
rationalization and standardization remove duplication and organize similar existing
components and items into new families or optimized manufacturing batches to improve
outsourcing effectiveness. CAD modeling management uses a geometric comparison
between old and new 3D CAD models to prevent model duplication and promote modeling

best practices. CAD data translation and remastering track any potential loss or deterioration
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of 3D CAD shape data that is automatically (translation) or manually (remastering)
converted to formats other than the one it originally came from. CAx models authoring
examines the geometry of intermediate or analytical models in relation to the master model
from which they were produced. Engineering change management detects and evaluates the
effects of ordered shape changes on a part's definition and downstream models, such as
process plans, NC programs, analysis, and simulation models. Cases of shape modification
and transposition fall within this specific application domain. (Briére-Coté et al. 2013, p.173-
195.)

The three solution domains for the inventoried use cases are chosen based on the two

essential characteristics of 3D CAD model comparison challenges, as shown in figure 16.
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Figure 16. Relationship between the needed amount of information and cardinality using

solution domains and fundamental operations. (Briére-Coté et al. 2012, p. 771-794).

e The degree of detail expected from the comparison will vary depending on its
intended use. It can range from a simple "Yes-No" or "Passed-Failed" diagnosis to

detailed measures of the differences between the compared models.

e Cardinality refers to the ability of a reference model to be compared to a single target

model (1:1, pair-wise) or many models (1:n), typically from large sets.

Greater computational efficiency is required because greater cardinalities limit the number

of comparisons made in a single operation. Similarly, it makes sense that higher levels of
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information require more complicated difference representation systems and more detailed
difference calculation algorithms. By defining a relationship between the level of detail and
cardinality, Antoine Briére-Co6té and her colleagues established six separate fundamental
roles for contrasting 3D CAD models (see table 3). Each fundamental function pertains to a
basic query that the 3D CAD model comparison is supposed to address and sheds light on
the kind of outcome that may be anticipated. (Briere-Cété et al. 2012, p. 771-794.)

Table 3. Comparing 3D CAD models: fundamental operations. (Briere-Coté et al. 2012, p.
771-794).

Basic function Basic question Expected result
A. Find duplicate Which models are equivalent? Finite sets of objects
B. Find similar Which models are similar? Ordered, scale- based distributions
C. Detect difference Are the models different? Binary results (Yes/No, Pass/Fail, etc.)
D. Estimate difference How different are the models? Qualitative, global, scale- based measures
E. Locate differences Where are the differences? Graphical reports, loci, regions
F. Elaborate differences What are the differences? Classifications, local measures, descriptions

The three solution areas organize these fundamental processes. Either equivalence or
similarity assessment, which entails giving a qualitative assessment of how similar or unlike
two models are to one another, involves determining their equivalency by some specific
criteria or estimating their relative similarity using a metric. By simultaneously using
comparable similarity measurements and a comprehensive set of 3D CAD models, shape-
based retrieval can locate duplicate or similar models. Finally, it refers to identifying the
models' differences to distinguish specific differences between two models, providing their
respective locus concerning the modeled shapes or a complete description of their properties.
(Briére-Coté et al. 2012, p. 771-794.)

Calculating the differences between pairs of 3D CAD models involves two methods—model
data structure matching and comparison and explicit geometric comparison. The explicit
representation of geometric objects, such as solids, surfaces, or point sets, for which
geometric attributes, such as volume, area, distances, and locations, may be assessed, is used

in the explicit geometric comparison. In contrast, model data structure comparison and
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matching deals with CAD data structures, model data elements (such as boundary
representation entities or modeling procedures), and their properties. The comparison of
global geometric attributes, the calculation of point-to-part variation, and the comparison of
spatial occupancy are a few examples of explicit geometric comparison approaches. It is
possible to quickly determine whether two models are geometrically equivalent by
comparing global geometric properties like the volumes, total surface areas, and moments
of inertia of the 3D CAD models, among others. Such a method has been applied in
geometric validation mechanisms and CAD modeling management systems due to its low
computational cost and the availability of comparative metrics. (Briere-C6té et al. 2013,
p.173-195.)

The most challenging aspect of the computation process in the second method for computing
model differences, which compares the data structures of the models, is the matching of
equivalent model elements between data structures. For model elements, there are four

matching techniques:

e Static identity-based matching compares items based on a persistent, unique

identification given to them at creation and kept up to date via change.

e Signature-based matching seeks a comparable counterpart by using a certain subset

of an element's traits or features.

e Similarity-based matching associates model elements based on how similar their

combined geometric and / or descriptive properties are measured to be.

e Syntax-specific matching is the process of matching model elements while
considering the semantics of the data representation scheme used in the compared
3D CAD models, such as the precise connections between model elements. (Briere-
Coté et al. 2013, p.173-195.)

2.5.1 3D data translation validation software

The literature review found several 3D data transfer validation tools. Software included in
several studies has been selected for a closer look. Such programs include Capvidia's

CompareVidia, ITI Transcendata's CADIQ, and Core technologies 3D_Evolution.
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CompareVidia is software created and published by Capvidia. It can compare and validate
any two CAD models quickly and efficiently. The software is compatible with Creo,
SolidWorks, NX, CATIA, Inventor, QIF (Quality Information Framework), STEP AP242,
IGES (Initial Graphics Exchange Specification), STL (Schottky Transistor Logic), and

more. (Capvidia.com. n.d..)

Model-based design (MBD) data quality concerns that affect later reuse for manufacturing,
simulation, data interchange, and collaboration are found by the vendor-neutral program
CADIQ. Essential engineering processes, such as engineering change, revision control, and
manufacturability, can be validated using CADIQ. CADIQ examines similar models'
geometry, design elements, and product manufacturing information (PMI) to spot major
variations. Additionally, CADIQ compares CAD assembly structure when doing CAD
assembly analysis. Results, summary text, and statistical reports may all be viewed
separately in the CADIQ Viewer. CADIQ supports neutral cad systems such as ACIS
(Association for Computing & Information Sciences), IGES, JT Open, Parasolid, QIF,
STEP, and 3D PDF (PRC & U3D). (Iti-global n.d..)

The approved 3D Evolution Quality Checker checks all 3D geometries independent of the
CAD format. It is the only conversion tool that complies with VDA 4955/2 and SASIG/PDQ
certification standards. Systematic selection of the geometries and error clearings are made
possible by the checker's tree structure's listing of error categories. For VDA-check-related
problems like twisted faces, mini-faces, and many more types, 3D Evolution also features
specialized automated healing and interactive clean-up procedures. The outcome may be
saved in HTML format and complies with VDA 4955/2 and SASIG/PDQ requirements. The
quality checker may be used for single components or entire assemblies and can operate in

batch mode, much like all other modules. (Coretechnologie n.d..)

2.6 Utilization of tacit knowledge

Shipbuilding at the Turku shipyard dates back to the 1700s. Therefore, the company has a
lot of unpublished information and knowledge about shipbuilding. Based on the tacit

knowledge, the literature review focused on the right and considered essential themes.
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3 Methods

In this chapter, the applied methods are described in detail. The 3D model transfer was done
from NAPA Designer to CATIA V6 Structural Functional Design. The transferring methods
were selected based on the literature review. Utilization of the tacit knowledge in three expert
surveys helped define the level of detail and the criteria to be transferred. The data obtained
from the surveys and value analyses were used to fill out the weighted criteria matrix, also
known as the decision-making matrix. For this chapter to function as an evaluation process,

it is crucial to follow the same order shown in the headings below.

3.1 Testing data transfer between surface modeling tools

The quality of the 3D model transfer was tested between NAPA Designer and CATIA V6
SFD and in more detail from NAPA Designer to CATIA V6 SFD. The initial design is done
with NAPA Designer, after which the company moves to CATIA V6 SFD since it is required
to transfer the model to CATIA V6 Structural Detail Design (SDD) for detailed design. Both
3D programs are surface modeling software. Based on the literature review, the cardinality
level is selected to be 1-to-1, as presented in figure 16, since the testing is done between
these two programs only. The client provided the required licenses for testing purposes, and

the model shown in figure 17.
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Figure 17. The native model to be transferred from NAPA Designer to CATIA V6 SFD.

3.2 Data transferring file formats

Based on the literature review, three different transferring file formats were chosen for the
transfer. The file-transferring formats were selected according to their ability to transfer data
and innovativeness. The first transfer was executed as a STEP transfer. First, the 3D model
was exported from NAPA Designer as a STEP file. Then the same file was imported to
CATIA V6 SFD using the basic import function in CATIA V6 SFD with Application
Protocol 242.

The second transfer was executed with a Meyer Werft (MW) script. First, an IGES file with
all non-planar surfaces and wireframe contours was exported from NAPA. Secondly, a
topological XML text file containing planar surfaces as text (equations/vectors) and all
specifications of each part (referring to IGES Surfaces) was exported from NAPA. The next
step was to import the exported IGES file into CATIA V6 SFD with CATIA V6 SFD
standard import feature. The final step was importing the XML into the previously imported
IGES file via MW-Tool.

The third transfer was done using the OCX transfer. First, the 3D model was exported to the
OCX file, including the NURBS curve definition. Then the exported OCX file was imported
to CATIA V6 SFD using the OCX import add-on created by AITAC. Mladen Radoni¢, the
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OCX developer, imported the 3D file to CATIA V6 SFD and forwarded the new CATIA file
for further study. The OCX add-on is not yet available for CATIA users since it is under

development. The add-on is coming to the market in the summer of 2023.

3.3 Expert survey 1: ldentifying the criteria for transfer

The first expert survey aimed to identify the main criteria and the sub-criteria to be
transferred. The experts were carefully selected based on their work experience and
understanding of the shipyard's processes and tools. The purpose was to get several lists with
different shipbuilding criteria combined with those repeated the most. The expert survey can

be found in appendix 1 at the end of the thesis.

3.4 Expert survey 2: Level of data required for successful transfer

The second expert survey aimed to define the level of data to be transferred. In the initial
phase of the project, the geometry is sufficient, while in the final phase of the project, all the
information found in the model is needed. The same experts from survey one were obligated
to fill out the second form during a meeting. There were many discussions regarding when
the transfer should occur. The discussion was guiding and helping what kind of state of mind
the experts should have and with what attitude should the transferring point be chosen. Please

see appendix 2 for more details.

3.5 Expert survey 3: Defining the transfer importance of each criterion

The aim of expert survey three was to get an understanding of what are the most important
criteria that must be transferred. The identified criteria from survey one were presented, and
a weight value for each criterion was asked to be filled out, keeping in mind the transferring
point decided in expert survey two. The weight scale options were from 1 to 5. One was
rated as not needed, and five as must-have. More details about the scaling options and
questions can be found in appendix 3. The same experts from the previous surveys were

obligated to fill out the form.
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3.6 Weighted Criteria Matrix WCM and value analysis

The weighted Criteria Matrix was used to decide which transferring formats best suit the
company, considering their needs at the defined transferring point. The identified criteria
from survey one and the total value weight from survey two were used in the WCM
(Weighted Criteria Matrix). With the help of value analysis, the transmission characteristics
of each format and the resulting costs were determined. The selected transfer methods were
evaluated based on their ability to transfer the 3D model. Please see table 4 for more

information about how the transfer was evaluated.

Table 4. Evaluation table.

Does not .
- : Transfers partially Transfers perfectly
Hierarchy ranster
0 1 2
Does not Dummy geometry Transferred as a
Geometry transfer transferred only native geometry
0 1 2
Does not Dummy metadata Transferred as a
Metadata transfer transferred only native metadata
0 1 2
Inaccurate accurate
Accuracy
0 1
Low High
Costs
1 0

The weight value was multiplied by the corresponding file format score. In the end, each
criterion and its corresponding score are summed together. Figure 18 shows how the
calculation was performed. The criteria scoring was done with the Meyer group's tacit

knowledge.
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Criteria Weight |STEP
Hierarchy - -
Parent-child 2—>2
Score - Iil
Topology 3—>2F
Score IEI
Name 3—mp2}
Score lil
Combined scores [16]

Figure 18. An example of calculating the scores. The arrows show the process.

3.7 Transfer validation

The geometry transfer validation was done with the help of a 3D_Evolution software created
by Core technologies. The software was used to check only those transfers whose geometry
was challenging to verify visually. In addition to the geometric comparison, some of the
criteria, such as the accuracy of the metadata, were checked and compared to the native file
by hand.

Native software Target software

Import the desired format
1) Export io the desired format IR R =R =1 - RS 1. Save the imported file
2. Export a STEP file 2. Exportasa STEP

Import the STEP file ‘ ‘ Import the STEP file

3D_Evolution

Figure 19. Geometric evaluation with 3D_Evolution.



44

As shown in figure 19, geometric verification takes place by exporting the model from the
native program, which in this case is NAPA Designer, to the desired file format. The new
file format is imported into the target program, which in this case is CATIA V6 SFD. The
imported file is saved in the new program. After this, the newly saved file is exported from
the new program in STEP format. Finally, the native program is also exported to the STEP
file from NAPA Designer. Both STEP files are imported into the 3D_Evolution program,

verifying the models' differences.



4 Results

The chapter presents the results of the chosen transferring methods and expert surveys. The
results from the expert surveys have been used in the Weighted Criteria Matrix. The matrix
results are presented at a general level; the detailed results of the matrix are shown in

appendix 4. However, no conclusions or decisions are made in this chapter.

4.1 Results of the transfer methods

None of the chosen methods have managed to transfer the 3D model correctly and
seamlessly. Table 5, presented below, explains in more detail the shortcomings of each
transfer method. Surprisingly even the STEP file, known for its geometry transfer

capabilities, failed to transfer the longitudinal bulkheads and the deck.

Table 5. Summary of failed geometry transfers.

MW-Tool

Brackets did not transfer

Deck did not transfer

Profile end cut did not transfer
Girders and Webs did not transfer
Openings transferred partially
Pillars did not transfer

Profile end cut transferred partially
Cutout transferred partially

Notch transferred partially

Seams did not transfer

OCX

Profile end cut did not transfer
Pillars did not transfer
Notch did not transfer

Cutout did not transfer

STEP

Deck transferred incorrectly

Bulkheads transferred partially
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4.1.1 Differences between native and target software via STEP transfer

Figure 20 shows the final result of the STEP transfer in CATIA V6 SFD. The import of the
STEP file to CATIA partly failed for an unknown reason. The deck appeared but with the
wrong limits. None of the longitudinal bulkheads were visible. However, the deck and
bulkhead stiffeners did manage to transfer with all the details. The STEP import to any other
software was successful. The problem was probably caused by CATIA requiring the
trimming curve of the surface to be provided in a certain direction which was different from
the default in NAPA. NAPA offers a solid STEP export, which allows better results for

viewing.
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Figure 20. The final result of the STEP transfer in CATIA V6 SFD.

4.1.2 Differences between native and target software MW-Tool transfer

An evident deficiency was visible when comparing the native NAPA Designer file with the
target system CATIA V6 SFD after importing the 3D model with the MW-Tool. For

example, the deck, girders, and openings were not transferred. Only the contour of the door
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openings managed to transfer. This is explained by the fact that MW-Tool (Meyer Werft
Tool) was created for hull form design. The tool's original purpose extends earlier to the
design phase than the chosen transfer point. In figure 21, the resulting file in CATIA is

shown.

Figure 21. The final result of the MW-Tool in CATIA.

4.1.3 Differences between native and target software via OCX transfer

The OCX managed to transfer almost everything correctly. The corners of two bulkheads
had strange roundings, and one whole bulkhead was missing because an unfinished import
tool was used in the study. These imperfections on the deck and bulkheads were related to
the NURBS and are under development by AITAC. The deck stiffeners were larger than the
native NAPA Designer file because the stiffener cross-section was missing in the test
database data setup, so the default was used. The final result of the OCX transfer is shown

in figure 22.
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Figure 22. The final result of the OCX transfer.

4.2 Expert survey 1: Criteria for transfer identified

The identified general criteria are shown in table 6. The main criteria were hierarchy,
geometry metadata, accuracy, and costs. The sub-criteria for hierarchy were the topology,
parent-child relationship, and name. The geometry consisted of many sub-criteria, such as
panels, profiles, and openings. A few metadata sub-criteria worth mentioning were material
thickness, quality, and side. From the accuracy, sub-criteria such as the weight of the
different parts and center of gravity were identified. Cost criteria consisted of transfer time,

license, and remodeling sub-criteria.



Table 6. Identified criteria.

Criteria

Hierarchy Criteria

Parent-child Metadata

Topology Thickness

Name Quality

Geometry Structure type

Straight panel Profile information

Curved panel Material side

Knuckle panel Accuracy

Seam Weight of the panel

Stiffener Weight of the stiffener

Pillar Weight of small parts

Bracket Total weight

Opening Center of Gravity

Profile endcut Other

Cutout Transfer time

Notch Money (license, development, maintenance costs)
(LUGS) Possibility of editing afterwards
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4.3 Expert survey 2: Level of detail defined

Based on the experience from previous software implementations at the company and
resource constraints, a relatively challenging but realistic transfer point was chosen. Based
on the literature review, the level of details to be transferred was identified as "difference

identification, " as shown in figure 16 in chapter 2.5.

The "Difference identification™” solution domains are divided into two main functions: locate
and elaborate on the differences. A more detailed presentation on the differences between
the source NAPA Designer and the target CATIA V6 SFD model is presented in chapter 4.6.

4.4 Expert survey 3: Important criteria defined

The completed redefined criteria table is shown in appendix 4. All criteria that received a
rating of more than three were considered essential to declare the transfer successful. The
least important criteria were: profile end cut and cutout, notch, and lug. The criteria such as
name, seam, bracket, the weight of the small part, transfer time, and money were evaluated
as "would be nice to have". The critical criteria are shown in table 7. The main difference

between tables 6 and 7, in addition to the weight value, is the defined geometrical sub-
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criteria. The straight panel is divided into clear structural objects such as a deck, girder, and
bulkhead. The opening is also separated more precisely, such as the opening in the girder
and deck. The deck opening is marked with an asterisk since the criterion is left out of the
evaluation. The examined 3D model did not have any deck openings. The same goes for the

lug.

Table 7. The summary of the redefined and combined evaluated critical criteria.

Criteria Weight
Hierarchy -
Parent-child

Topology

Geometry

Deck

Deck opening*

Straight Girders and Webs

Openings on Webs

Longitudinals and transversal bulkheads
Openings on bulkheads

Curved bulkhead

Knuckle panel

Stiffener

Pillar

Metadata

Material thickness

Material quality

Structure type

Profile information

(>

(2 10 O 2 I I S T O B S O B S O

A |00

Material side

Accuracy

Weight of the panel (+ -1%)
Weight of the stiffener (+ -1%)
Total weight tolerance (+ - 1%)
Center of Gravity tolerance (+ - 1%)

P

Costs -

Possibility of editing afterward 5
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4.5 Results of the weighted criteria matrix

The results of the Weighted Criteria Matrix are summarized with two different diagrams.
The first diagram presents how well the crucial criteria are transferred to CATIA V6 SFD
using different methods. The capability of reusing the model achieves long-term savings.
The long-term savings shown in the second diagram differ because, in addition to looking at
the reusing capability, other costs are also considered, such as the license, development, and
the time it takes to transfer the 3D model. Therefore, the second diagram is more detailed

and includes things not considered essential to transfer at the chosen point.

The diagrams shown in figures 23 and 24 present summarized results of the five main
criteria. If the detailed results of each sub-criteria are of interest, they can be found in
appendix 4. Sub-criteria lug and deck openings were left out of the calculations, as these

were not modeled in the original model.

Transferring capability of the crucial criteria and savings
= 100 = 100= 100

100%
90%
80% B 75 75
70%
60%
50%
40%
30%
20%
10%

0%

B STEP ® MW-Tool m OCX

Figure 23. Transferring capability by the crucial criteria.
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General criteria
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Figure 24. Transferring capability by general criteria.

When comparing the transferring capability of the crucial criteria and the general criteria
shown in figure 23 and figure 24, the OCX gives the best results. The OCX file format
managed to transfer 85% of the crucial and 76% of the general criteria. The total on the right
corner presents the average of the transferred criteria. Referring to the first diagram, OCX
performed better in all categories except the hierarchy, and the cost was shared equally with
the MW-Tool. The hierarchy included the parent-child relationship and model topology. The

cost focused on the possibility of editing the model afterward.

The weakest result was achieved with the STEP transfer. STEP did not receive points for
anything other than the transfer of geometry. STEP only got half of the maximum points. In
the first diagram, STEP got a satisfaction rate of 10%, and when checking the general criteria
table, STEP got 27% of the maximum 100%. The geometry transfer was rated as "a dummy
geometry transfer". The MW-Tool got a success rate of 67% when the crucial criteria were

reviewed and 54% when the general criteria were reviewed.
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4.6 Results of the validation software

The results of the geometric comparison are presented in figures 25, 26, 27, and 28. When
comparing the native-STEP and OCX-STEP files, it should be noted that the extra lines in
the OCX view are seams. The STEP file exported from NAPA Designer did not contain
seams, which suggests that the plates were not transferred; however, the geometric shape
that is the core of this validation has moved correctly. The most considerable inaccuracies
in the geometry are on the deck. The differences in the deck are due to the NURBS definition,
which is not yet implemented for the AITAC OCX importer.
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Figure 25.Top view of the deck. The port side is shown. The native file is on the right side,

and OCX is on the left. Corresponding differences are highlighted with colors.

In figure 25, the port side of the deck is shown. OCX has approximated NURBS and drawn
the estimated geometry with the help of a polyline. As seen from the picture, the estimation
differs significantly from reality. This is also the reason for the difference in the right side
of the longitudinal bulkhead. Since the lower deck is completely missing from the model,
the bulkhead uses the same NURBS estimation to create the lower limit. The web on the
right is also missing. The same situation that is shown in figure 25 repeats itself and can be

seen on the starboard side presented in figure 26.
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Figure 26. Top view of the deck. The Starboard side is shown. The native file is on the

right side, and OCX is on the left. Corresponding differences are highlighted with colors.

In figure 27, the left corner of the transversal bulkhead is curved downwards. The lack of
implementation of the NURBS also explains this error. In addition, it is noticed that the T-
beam flange between the openings is narrower compared to the native STEP model. The

deck stiffeners are higher, and the pillar is missing in the OCX -STEP.

//#:/ %%\\%-

Figure 27. Transversal view of a bulkhead. The native STEP file is on the right side, and

OCX - STEP is on the left. Corresponding differences are highlighted with colors.
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In figure 28, only the stiffeners of the bulkhead are visible. The bulkhead is defined with
NURBS curves, even though it is a straight panel. It is important to note that most of these
bulkhead inaccuracies would not exist if the lower deck had also been exported from the
native file, as the OCX would typically keep the source topology. The pillar is also missing

in this picture because it has not been implemented yet.

Figure 28. Transversal view of a bulkhead. The native file is on the right side, and OCX is

on the left. Corresponding differences are highlighted with colors.
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5 Discussion

This chapter analyzes the validity, reliability, and sensitivity of the results. The results are
compared to previous similar research. The key conclusions and findings are presented as
well as the novelty and generalization of the results. At the end of the chapter, topics for

future research are suggested.

5.1 Comparison and connections with former research

Research by Yong-Dae Kim and Ho-Jin Hwang from 2005 stated that STEP Application
Protocol 215 (Ship Arrangement), 216 (Ship Hull Form), and 218 (Ship Structure) were
studied for more than ten years and that they expected the ship STEP to be used for seamless
data exchange among various CAD/CAM (Computer-Aided Manufacturing)/CAE
(Computer-Aided Engineering) systems of the shipbuilding process. (Kim & Hwang 2005,
p.23-32.) Seventeen years later, there is still no possibility of transferring a 3D model

seamlessly with the STEP.

Zlatanova Siyka ended up in her research with a conclusion where she claims that it is
impossible to have one topological model suitable for all types of applications (Zlatanova,
Rahman, Shi 2004, p.419-428). During the research, the statement has become more
evident. Although the shipyards Meyer Turku and Meyer Werft have one owner and the
same programs used in the early phase of the design, the topology determination is very

different. Exemplary model topology differences between shipyards were found.

One defines the location of an opening using the X, Y and Z coordinates in space, and
another defines the position of the opening by the adjacent objects; for example, using the
deck and bulkheads. The difference between the first and the second method is massive.
When the opening is determined using X, Y, and Z coordinates, adjusting the height of the
deck will not affect the location of the opening. On the other hand, when the opening is
defined by the distance, which in this case is tied to the ship's deck, it is noticed that by
adjusting the deck’s height, the opening's position also changes. Another example of the
topological difference found was the bulkhead reference. If referencing is done to the deck

below and above, then by changing the height of the deck, the length of the bulkhead follows.
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On the contrary, referencing the bulkhead to the coordinates in space, changing the height
of the decks will not affect the length of the bulkhead.

The Open Class 3D Exchange (OCX) format was created as part of the APPROVED project,
Astrup, and its main function was to integrate the majority of the structural data and 3D
geometries required for 3D Model Based Approval (3D MBA) of a ship. The OCX interface
is still in the development and testing phases; thus, more OCX files from actual projects
created by various CAD vendors need to be checked to ensure the quality of 3D models
while removing any potential incompatibilities on the OCX interface. (Son, Seppéld,
Merikanto, Aae, Astrup 2022, p.258-272). While researching, it has been noticed that OCX
is already showing excellent capabilities in seamlessly transferring the hull structure features
and the metadata. In this work, it has been possible to identify the current shortcomings of
the AITAC import add-on, which is under development. The shortcomings are not
necessarily related to the OCX schema but to the compatibility and data mapping between
NAPA Designer and CATIA V6 SFD and the current incompleteness of the AITAC add-on

solution.

5.2 Objectivity, reliability, and validity

The method section is a combination of interviews, Briére-Coté’s way of carrying out the
evaluation, and the Weighted Criteria Matrix, also known as the decision-making matrix.
The Delphi method has been partially applied. For example, each interview was a
consequence of the previous interview. Each round of interviews made it increasingly clear
what was seen as essential to transfer and when. The method is interview-oriented and based
on the tacit knowledge of a group of experts in the field with more than ten years of
experience. Many similar interview studies have been conducted in the shipbuilding
industry, one example of which is Lauri Vesala's diploma thesis from 2019 with the title
"The study of future change in the ship design process". In this case, the chosen method was

seen as the most appropriate.

A total of ten experts participated in the interview study. The company did not have more
available professionals in the field to offer. The client did not want to involve experts from
other companies because they did not understand the client's processes and needs. It is known

that interview of ten experts is not as reliable as an interview with 30 experts, but it is reliable
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enough for the customer's needs. Again, the tacit knowledge found in the company has been
used to help ensure the correctness of the criteria table and the OCX results obtained from

the evaluation process.

The current results achieved with the evaluation process serve the purposes of the Meyer
Turku shipyard. As the final result of the evaluation process, OCX provided the best
conditions for a native transfer. Most of the deficiencies were due to an unfinished add-on
solution being used. Also, from the customer's point of view, OCX was the best solution for
their needs. Therefore, it can be stated that the resulting evaluation process is sufficiently
reliable. The results would probably not change if similar surveys were done in a different
shipyard with a similar goal. The criteria primarily depend on the set/chosen point of model

transfer.

None of the translation validation software mentioned in subchapter 2.5.1 supported NAPA
Designer native format. So a proper and realistic end-to-end validation comparing the native
NAPA Designer model to the resulting CATIA V6 SFD model with the software's help was
impossible. The problem with this solution was that when the NAPA Designer source model
was exported to STEP, its geometry changed for an unknown reason. For example, in figure

28, a strange structure can be seen in the bulkhead opening on the right side.

The incorrectly transferred OCX deck geometry was investigated in more detail with the
help of a software developer from JP Structural Design Oy. The OCX exported from Napa
defines the deck as a plane trimmed with one boundary curve. This NURBS curve has been
imported to Rhinoceros, and there it has been found that the knot vector corresponding to
control point 375 has a full multiplicity of 3, which means that the point has a sharp corner.
The control point 375 is presented in figure 29. Thus, it can be concluded that the error is

not caused by the OCX scheme but by AITAC's still ongoing development work
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Control Points

CV[373] (177.84, 12.7333, 25.5)
CV[374] (177.84, 12.217, 25.5) Knot 375 has
CV[375] (177.84, 11.7, 25.5) multiplicity of 3

CV[376] (176.46, 11.7, 25.5)
CV[377] (175.08, 11.7, 25.5)

Figure 29. Top view of the port side of the deck and NURBS curve.

5.3 Assessment of the results and sensitivity analysis

The weight values in the criteria table are rounded averages, so they would not be sensitive
to changes. Consequently, the weight value results would not change if professionals in the
field had been asked to fill in the table considering the chosen point to transfer the data. If
more than one non-professional fills out the table, there might be some changes in the weight

value queue.

The survey could have specified the difference between parent-child relationship and
topology. Many designers did not necessarily understand the difference between them.
Could this have affected the results in the big picture? The weight of these two sub-criteria

in the overall results is minimal, so the results would not change much if this were the case.

Another criterion that has not been understood without further explanation was accuracy. It
should have been mentioned that the accuracy is compared to the source 3D model. The
weight data is typically not transferred directly from one program to another but depends on
metadata. Even if the metadata is transferred correctly, there might still be differences in the
weight information. The difference can occur, for example, by errors in the geometry during
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the transfer, which may not be visible at a glance. The accuracy should be observed only in
terms of geometrical accuracy. Note that there is a difference between accuracy and precision
which is often perplexed by people. In the end - if the transfer of the metadata is accurate
and the transfer of the geometry is precise enough - the resulting model should be
satisfactory. In chapter 4.6, the problem with the precision of the geometry transfer via OCX
is visible in figures 26, 27, 28, and 29. This easily misunderstood criterion did not affect the
results, as this was specified verbally. However, it should be mentioned that the OCX
standard allows the transfer of the exact weight & COG data to check and detect differences
in the result automatically. For example, the current AITAC add-on solution uses the COG

information for orienting purposes.

The results would have changed a lot if the scoring of the evaluation table had been changed
to "yes = 1 point and no = 0 point format”. In this way, for example, STEP would have
received maximum points for transferring geometry, even if the geometry was useless. OCX
and MW-Tool would have received significantly lower scores. This type of rating would
also affect the overall results, which would not explain the possibility of reusing the model
in the new program. After all, the ultimate purpose of the work was to investigate and

evaluate the possibility of transferring a native model between shipbuilding programs.

5.4 Key findings and conclusions

Seamless native integration between shipbuilding software is now closer than ever before
with the OCX standard. The transferred model from NAPA Designer to CATIA V6 SFD
was editable. It had all the needed information, such as the material quality and thickness.
All the features that did not transfer were because the development of the OCX import tool
on top of the CATIA V6 SFD software is still under work by AITAC. PROSTEP has
compared the maritime shipbuilding industry's current standards and the OCX standard in
an analysis of the OCX standard. On February 3, 2021, PROSTEP presented its analysis at
the Consortium's inaugural meeting. The following three OCX standard features were
highlighted as the primary takeaways: A topological model, shipbuilding semantics and

features, and compartments' spatial and logical organization. (Standard [OCXwiki] 2022).

In the basic design phase, it is essential to transfer the features shown in chapter 4.4, table 7.

The license costs and the time required for the transfer have not been perceived as
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particularly important. Only reconfiguration is considered essential when the model is to be
reused in the further steps of the design process. OCX has managed to transfer 85% of the
criteria perceived as important. With the help of this work, it has been possible to identify
the shortcomings of the AITAC OCX importer. When AITAC completes the import of the
OCX tool and implements the support for the NURBS curves and surfaces, imports the
pillars, creates the category mapping option, and the libraries for openings, it will reach 95%.
According to an expert from Meyer Turku, a transfer success rate of 50% is useless, and
80% is usable. From 80% onwards, every single percent will significantly save working time
and costs. Can the AITAC OCX be recommended for Meyer Turku's needs? Since the
AITAC OCX import tool is not ready, it is difficult to predict whether the program will work
reliably and the amount of cleaning required before genuinely using the model as desired. It
is recommended to have standardized structure data libraries between the software to achieve
the best results. Meyer's shipyards must also agree on the method of modeling and the
desired topology. For example, the panels should be limited as much as possible by reference
planes or surfaces - if they are not entirely straight. A (reference) plane, instead of a surface,
should be used as a reference if a deck is straight. If the panel is referencing an adjacent

object, ensure the reference geometry objects intersect and do not just touch.

The MW tool is a workable solution when moving from NAPA Designer to CATIA V6 SFD
only when the model transfer occurs very early in the design process because it was designed
for this purpose. What kind of benefit will this achieve? Using such a tool currently would
not bring any significant practical benefits because it takes a lot of effort and time to make
the model fully reusable. Things that can be transferred with the tool can be modeled almost
as efficiently from the beginning. For example, the MW-Tool for transferring the hull
structure features requires preparation on NAPAS' side, preparation on CATIAS' side,
manipulating the XML, and manipulating the resulting panel objects to have the correct
topology. Referring to the previous sentence, the time spent utilizing the interface for half a
deck takes about 4 - 8 hours, depending on the NAPA output, amount of parts, and
complexity. The time spent for interactive modeling of the same area takes approximately
8-10 hours. The STEP file, as such, is not able to transfer the 3D files natively.
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5.5 The novelty value of the results

The diploma thesis has been involved in the AITAC OCX add-on piloting phase. Therefore,
it is the first outside of AITAC that has been able to study the model obtained with the add-
on importer. With the help of the work, it has been possible to identify the current
shortcomings. As a possible future customer, the wishes and feedback have been well

received.

The first evaluation process for implementing a new tool in Shipbuilding design has been
created along with the work. As a result of the evaluation process, Meyer Turku got the
feedback it wanted about a possible native transfer. The current transferring limitations have
been identified and can be found in table 5 under chapter 4.1. Based on the current
limitations, the company can decide whether the model transfer should be done at an earlier

or later stage than what has been chosen for the study.

The results also provide novelty information on whether more resources need to be acquired.
More resources are needed if the transfer is done at a very early stage because maintaining
the CATIA V6 SFD model is not as easy as with NAPA Designer.

5.6 Generalization and utilization of the results

The resulting evaluation process is a generalizable result of the diploma work, which can be
applied to any shipyard when considering implementing a new shipbuilding software. It is
crucial to determine what are the criteria to be transferred between programs. The next step
is to define the level of data to be transferred, and based on this information, each criterion
should be given a weight value. The Weighted Criteria Matrix shall be filled out with the
help of evaluation table 4 from chapter 3.6. Finally, the researcher has to evaluate each
transfer method by hand since no validation program exists for the shipbuilding industry.

The transferable criteria identified in the work are also generalizable results.

It is essential to understand the needs of the company. If the aim is to reuse an existing 3D
model, then the restrictions and limitations of the transferring method have to be identified.
If the model contains little detail, it may make more sense to remodel the model from scratch

in another program rather than importing it; this is because fixing and modifying the model
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in a new program is usually more challenging. If the model contains many details, then

remodeling the model does not make sense, but a translator should be used.

5.7 Topics for future research

While doing the work, it was noticed that a software tool to ensure and verify the quality of
the transfer in shipbuilding does not exist, unlike in other disciplines. Researching and
developing such a tool would be necessary when implementing new software in a company.
Most of the criteria have been checked by hand. If the model were significantly larger, it

would take much time to verify the model alone.

The next interesting research would be to study the limits of OCX. Would OCX be suitable
elsewhere than in the shipping industry? Is the OCX capable of being taken all the way down
to production? It would also be interesting to find out what kind of role OCX will play in
PLM and PDM solutions.
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6 Summary

This work aimed to investigate and evaluate the possibility of transferring a native model
between shipbuilding programs. The research showed that a perfect native transfer between
ship software is not yet possible, although it has come a long way. Depending on the moment
of transfer, it is possible to reach up to one hundred percent. The more details there are in
the 3D model, the more demanding it is to achieve a perfect native transfer. It was possible
to define a 3D data transfer point and the transferable criteria with the help of the surveys.
The final result of the work was an evaluation process, which is the method chapter of this
work. Based on the evaluation process, the best-suited transfer format for the client's needs
is the OCX. Although AITAC's OCX add-on is still under development, it was already able
to transfer the desired features with a success rate of 85%. When the development of the
OCX add-on is finished, the success rate should increase to 95%. The most significant
shortcomings at the moment are NURBS surfaces, NURBS curves, and pillars. These
shortcomings are not due to the OCX standard but an unfinished AITAC add-on.

MW-Tool is not suitable for native transfer at the selected time. The reason is that the tool
was initially developed for a very early transfer from NAPA to CATIA SFD V6. The benefits
of using the MW-Tool are not seen, as it takes a lot of effort and time to make the model
fully reusable. The features that can be transferred with the tool can be modeled almost as
efficiently from the beginning. The STEP file remains not usable as such. None of the
transferred features could be edited. Metadata was also completely lost in the transfer. The
incorrect geometry transfer of the deck and bulkheads noticed during the work has been
reported to NAPA. Napa has investigated the problem and found out that it was probably
caused by CATIA requiring the trimming curve of the surface to be provided in a certain

direction which was different from the default in NAPA.

The reasons for the incorrect model transfer identified have been delivered to the software
developer and client. The information gathered by this work has been delivered to the client.
The client has all the information to decide whether the selected transfer time is sufficient or
if the transfer time should be adjusted more toward the initial design. The modeling method,

which can achieve better results, has also been delivered to the client.
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Appendix 1. Expert survey 1

Please fill out the form based on your experience and knowledge.

Job description:

Work experience in the field:

What do you think are the criteria that you expect to move from one software to
another in shipbuilding?

Why?

Hierarchy:

Criteria 1:

Criteria 2:

Criteria 3:

Criteria 4:

Criteria 5:

Geometry:

Criteria 1:

Criteria 2:

Criteria 3:

Criteria 4:

Criteria 5:

Metadata:

Criteria 1:

Criteria 2:

Criteria 3:

Criteria 4:

Criteria 5:

Accuracy

Criteria 1:

Criteria 2:

Criteria 3:

Criteria 4:

Criteria 5:

Cost

Criteria 1:

Criteria 2:

Criteria 3:

Criteria 4:

Criteria 5:




Appendix 2. Level of data to be transferred

Before you mark the area where you feel you need a native transfer, think about the following
questions and only then mark the location. To understand the meaning of the milestones, please

familiarise yourself with the process of both Meyer shipyards.
1. When shaould the transfer occur in order to save time for the next phase of the design?

2. How is this affecting other disciplines?

MW A B B1 B2 B3 C ca | b
GA L




Appendix 3. Valuing criteria results

to have at the given transferring point?

1=Not needed

2 = Mot important at the given transferring point

3 =Would be nice to have

4 =|mportant information at given transferring point
5 =Must have at the given transferring point

Please fill the table from 1 to 5 based on the agreed transfer point for further study. What do you feel is important

MW A B Bl B2 B3 C cl

MT - GA L

Criteria

Weight

Hierarchy

Parent-child

Topology

Name

w|bd b

Geometry

Deck

Deck opening*

Straight Girders and Webs

Openings on Webs

Longitudinals and transversal bulkheads

Openings on bulkheads

Curved bulkhead

Knuckle panel

Seam

Stiffener

Pillar

Bracket

Profile endcut

Cutout

Notch

Lug*

NINININWOIODIW |0 0SSO

Metadata

Thickness

Quality

Structure type

Profile information

Material side

(|00

Accuracy

Weight of the panel (+-1%)

Weight of the stiffener (+ -1%)

Weight of small parts (+ -1%)

w b (s




Criteria Weight
Accuracy -
Total weight tolerance (+ - 1%) 4
Center of Gravity tolerance (+ - 1%) 4
Costs -
Transfer time 3
Money (license, development, maintenance costs) 3
Possibility of editing afterwards 5




Appendix 4. Results of the Weighted Criteria Matrix

Criteria Weight | STEP | MW-macro | OCX
Hierarchy - - - -
Parent-child 4 0 2 2
Score - 0 8 8
Topology 4 0 1 1
Score - 0 4 4
Name 3 2 2 2
Score - 6 6 6
Combined scores - 6 18 18
Geometry - - - -
Deck 5 0 2
Score 0 10
Deck opening* 4

Score

Straight girders and webs 5 1 0 2
Score 5 0 10
Openings on webs 4 1 0 2
Score 4 0 8
Longitudinals and transversal bulkheads 5 1 2 2
Score 5 10 10
Openings on bulkheads 4 1 1 2
Score - 5 10 10
Curved bulkhead 4 1 2 2
Score - 4 8 8
Knuckle panel 4 1 2 2
Score - 4 8 8
Seam 3 1 0 2
Score - 3 0 6
Stiffener 5 1 2 2
Score - 5 10 10
Pillar 5 1 0 0
Score - 5 0 0
Bracket 3 1 0 2
Score - 3 0 6
Profile endcut 2 1 1 0
Score - 2 2 0
Cutout 2 1 1 0
Score - 2 2 0
Notch 2 1 1 0
Score - 2 2 0




Criteria

MW-macro

OCX

Geometry

Lug*

Score

Combined scores

Metadata

Material thickness

Score

Material quality

Score

Structure type

Score

Profile information

Score

Material side

Score

0 |N [0 N0 N O|O|O|O

Combined scores

OO0 |O0O |0 |0 |0 |0 |0 |0 |O

)
S

Accuracy

Weight of the panel (+ -1%)

Score

Weight of the stiffener (+ -1%)

Score

Weight of small parts (+ -1%)

Score

Total weight tolerance (+ - 1%)

Score

Center of Gravity tolerance (+ - 1%)

Score

SR (dlr|lo|lo|dk s+

Combined scores

OO0 |O|O O |0 |O |0 |O

0| OO0 |O|+ |k, ||k

[
(e)]

Costs

Transfer time

Score

Money (license, development, maintenance costs)

Score

Possibility of editing afterward

Score

OO (W |k | W]|Fr

Combined scores

6

vk, | OO0 |0 (O

0|V O O |W|F

* Missing from the native model, therefore not used in the evaluation.




