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Executive Summary - Intent

«  This compilation is connected to the SEUS Best Practices Baseline (Milestone 2, M12), Deliverable
D1.1 — Results and analysis of the best practices research (M18), and Deliverable D1.2 — Result and
analysis of the survey (M18).

« This version is updated in size and scope from the version presented at the SEUS Workshop on
November 15" (Netherlands)

*  The objective of this work is to provide an overview of the State of the Art of Shipbuilding in Europe,
focusing on the aspects tackled by the SEUS Project, as stated in D1.1:

“Results and analysis of best practices research (...) will be presented as descriptive
summaries, user stories, and other research material (articles, synopsis for white
papers, abstracts of research, etc.) in a what that can be used further for software

development input and as a coordination canvas of the project.”

« Atthis stage (January 2024), the authors expect that the SEUS partners can use this as a reference
and common ground for our understanding so far.

« This is a work in progress. We expect to get feedback from the partners by mid-February, with
comments on points of improvement as well as gaps.
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Executive Summary - Topics

With respect to the intent, this draft explores the current state of digitalization in ship design and
shipbuilding, covering the following themes:

EU Place in Shipbuilding Market — Current trends in European ship design and shipbuilding industry.

The Ship Design and Shipbuilding Process — Current practices and logical stages in the ship upstream lifecycle.

Multi-domain Taxonomy — Paradigms in how ship data is represented in ship design and shipbuilding.
The Ship Design and Shipbuilding Toolbox — The state of digital tools used in the industry.

Distinctions in Ship Design and Shipbuilding — Unique perceptions and challenges to the application of lifecycle management
tools in ship design and shipbuilding.

Single Source of Truth (SSoT) Concept or Attempt — Attempts to develop an SSoT solution.

@ NTNU



Executive Summary - Findings

*  The European shipbuilding industry is unique due to its focus on custom and specialized ships,
heavy multi-organization, and offshoring strategies.

*  European maritime cluster and ecosystem is well-positioned to tackle digital transformation.
Better ship data management can enable more effective (1) decision-making and planning, (2)
communication between disparate stakeholders, (3) knowledge retention, and (4) risk management.

« An effective digital solution can tackle integration challenges that exist across domains (functional,
physical, people, time, process, and context), parties involved, and ship lifecycle phases.

« Solutions focused on lifecycle management, such as PLM, can help to promote a cohesive view of

the ship model data. However, enterprise solutions such as PLM or ERP still face challenges in
terms of adoption, time for training, and lack of interoperability with existing third-party tools.
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Best Practices on Ship Design and Shipbuilding: Outline

1. EU Shipbuilding and the SEUS Project
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digitalization.

WP1: Best practices for smart shipbuilding

i WP2: CAD+PLM
Platform development

manages

Sre
%2
SEUS Smart
*  wes’  PLM+CAD
WP3: Open platform Platform
development
12

WP4:
Implementation
at shipyards

WP6: Dissemination and communication %&g

WP7: Project management

EU Shipbuilding and
the SEUS Project

This document is a live draft for the WP1: Best Practice for Smart Shipbuilding and is intended to
be a compilation of literature regarding ship design & shipbuilding processes and maritime

This WP addresses research, evaluation, and
compilation activities to identify the best
practices for the smart PLM approach in

shipbuilding. It aims to build a new body of
knowledge for the value shipbuilding can
expect to gain from digitalization, a single-
source of truth approach with compelling
information and data sharing for all
stakeholders. The applied nature of such
research and interconnection with the
computational tool development process (WP
2,3) and end-user perspectives (WP5) will
deliver a practical approach to innovation and
implementation of EU shipbuilding industry
expertise.

WP1: Best practices for smart shipbuilding
Responsible: NTNU

@ NTNU



This draft is also intended to be an input to WP2, WP3, and WP5.

This WP addresses research, evaluation, and
compilation activities to identify the best WP2: CAD + PLM Platform Development
practices for the smart PLM approach in Responsible: CADMATIC

shipbuilding. It aims to build a new body of
knowledge for the value shipbuilding can
expect to gain from digitalization, a single-
source of truth approach with compelling
information and data sharing for all
stakeholders. The applied nature of such
research and interconnection with the
computational tool development process (WP
2,3) and end-user perspectives (WP5) will
deliver a practical approach to innovation and
implementation of EU shipbuilding industry
expertise.

v

WP3: Open Platform Development
Responsible: CONTACT

v

WP5: Knowledge Management & Skills
Development
Responsible: UTU

v

WP1: Best practices for smart shipbuilding
Responsible: NTNU

Additional feedback on sections that require modification is greatly appreciated.

EU Shipbuilding and B NTNU
the SEUS Project
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Best Practices on Ship Design and Shipbuilding: Outline

2. EU Place in Shipbuilding Market
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The Maritime Industry is a peculiar and one-of-a-kind industry.

The industry takes on unique features from manufacturing and construction. As it falls between craft
production (Engineer-to-Order) and continuous production (Assembly-to-order), best practices from
either industries are not directly transferrable.

Four peculiarities of the industry,
adopted from Emblesmvag (2014):

Industrial

Manufacturing 1. Temporary multi-organization

2.  Site Production

3. One-of-a-kind nature of
products

4. Regulatory Invention

Complex
Planning

Construction &
Infrastructure

EU Place in
Shipbuilding Market




Ships are more complex to manufacture than other craft vessels, both in terms of size and
manufacturing difficulty.

A 537-ton Airbus A380 comprises four million individual parts from 1,500 companies from multiple
countries globally (Slutsken, 2018). On the other hand, a USS NIMITZ Aircraft Carrier has about a billion

parts.

Automobile
23 Hrs

3 000 Parts
1.9 Tons

¥
Aircraft Carrier
11 000 000 Hrs
= 2 000 000 Parts
= /

— 60 000 Tons
12 000 000 Code Lines

Harmony of the Seas
10 000 000 Hrs

900 000 Parts
54 000 Tons \
i 500 000 Code Lines

1000 000 Hrs
b 550 000 Parts
3 000 Tons
1 500 000 Code Lines
A380
80 000 Hrs
X 100 000 Parts
537 Tons
Fighter Jet 1 000 000 Code Lines
60 000 Hrs
40 000 Parts
24 Tons
2 000 000 Code Lines
¥ + + + + + + i
5 10 15 20 25 30 35 40 45
Manufacturing Time

https://www.cesa.eu/the-industry (Adopted from Cottrell, et al. (2009))

EU Place in
Shipbuilding Market

USS Nimitz Class
(Naval-Technology)
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Four main markets comprise the Maritime Industry and drive the supply/demand of vessels globally.

CHARTERER SHIPYARD

1. THE FREIGHT MARKET 3. THE SHIPBUILDING MARKET

Derivatives Voyage Time-charter A network of shipyards and brokers. New
Market Market Market ships ordered from shipyards at negotiated
FFA for Ships fixed Ships fixed prices for delivery in two or three years

settlement for a specific for a period time depending on orderbook, resulting in
against voyage and of time outflow of cash and inflow of ships
freight index cargo
b= i
o
§ = Companies 2 s
(0 rraaeangii )
& S COMPANY A z 3
% Balance sheet oz
5 Liabilities Assets
— -Debt +Cash -~
-Equity - Ships
T T T
COMPANY B
D Balance sheet ——
Liabilities Assets
< < Debt +Cash " e
S 8 -Equity -Ships g g
(e}

2. THE SALE AND PURCHASE MARKET 4. THE DEMOLITION MARKET

Second-hand ships bought and sold
between shipowners at negotiated prices.
This market alters the balance sheet of
individual shipping companies but not the
available shipping capacity.

* *

SHIPOWNER DEMOLITION YARD

EU Place in
Shipbuilding Market

Ships sold to demolition yard for breaking
up at prices per lightweight (Ilwt) negotiated
indiviually for each ship. Results in an
outflow of ships and an inflow of cash, the
size of which depends on scrap prices

(Stopford, 2007)

1.
2.

Of these markets, the ship design and
shipbuilding (SD&SB) market is the most
capital-intensive to disrupt.

Complications arise due to:

High product complexity

Lack of product and process
information

Low-Risk appetite due to
regulatory and safety risks
Need for external incentives to
drive change
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SD&SB market is heavily influenced by these global maritime trends, along with local production
factors and a wide-range of clientele needs.

SD&SB clientele may vary from the navies, cruise lines, large shipping and freight companies (COSCO,
Maersk, Frontline, etc.), shipping industrial conglomerates (Hyudai, Mitsui, Kawasaki, etc.), oil
companies, offshore contractors, and other entrepreneurial shipowners.

Other inputs

The 5 main types of products:
» Trading vessels (oil tankers, bulk

(" Upstream ) T4 N carriers, containerships are the 3
. industries L g 3 highest-volume ship types)
£ m—r NS =t - Offshore vessels
7 B;;::;{) Shipbuilding || mess ! 5 21| § = * Industrial vessels
1 SR S « Passenger vessels
] a S Fishing =3 :
E Others ‘:/“\ 1; g | ® Naval VeSSE|S

- LT é § E
N / =

Production factors

e

(OECD, 2023)
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SD&SB Industry covers a wide range of services and companies providing these services.
Companies support the design, build, operations, and decommissioning of a ship throughout the entire
vessel’s lifecycle.

Ship Lifecycle

END OF LIFE

Upstream Value Chain Downstream Value Chain

BUILD PHASE IN-SERVICE PHASE

CONCEPT PHASE

Specification Supply Chain Service Support
Advisory and Production
r Training Spare Parts Training Maintenance Repair Dismounting l
REQUIREMENTS
& o e PRODUCTION COMMISSION OPERATION P OPERATION DECOMMISSION
SPECIFICATION

Engineering FAT/ISATHAT
Commissioning

Condition Analysis Cwverhaul Renewal Upgrade Refurbishing
Certification Workshop Equipment
Special Lifecycle Services
BUILD PHASE IN-SERVICE PHASE END OF LIFE

https://www.gabler-naval.com/lifecycle/

EU Place in
Shipbuilding Market

CONCEPT PHASE




These stakeholders are highly coupled throughout the lifecycle of the vessel.

Companies ranging from design firms, yards, operators, suppliers, and scrapping yard all closely work
together from the ship design and manufacturing stages to scrapping and recycling.

‘ Vessel life cvele management by shipowner

Design ’“"_] Commercial operation bcrappm'g and g
mannl’a?ctunng 1 S2 recycling LM F
S1 / S3 ' \
r 7 »
: VX
Shipbuilding subsector 2X ’/A,!i‘
o o) | /
o Operator ‘ 0, ‘ g
Ship manufacturing: ¥ X \pe . A\\\;’i&"
« manufacturing Ship technical servicing subsector: Scrapping and A ““‘QQ&
shipyard.  repair shipyards, recycling subsector: ‘ \““.\__ Am D o
& general shipyards ® service companies, e scrapping shipyards, Labour e . ‘1\ 4\'&"‘ }/\J
(manufacturing and ® suppliers with repairs made by  recycling companies. \, ‘V"k“' e Hll INSR
repair) that also build ) the owner. l")" \‘ ‘;\\'% /‘)
ships. - ‘ R Fiag Stata
U J U ot || Waterways
AL . ‘-
| | - - g Rd
Suppliers of various materials, systems and eq:ittoms?rfr_“d' - ______‘! wo ) FagSute )  ComstiSmte)  PortStale )
(Montwitt, et al., 2018) (Kogak, 2015), Adopted from (Maritime Industry Foundation, 2013)
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Despite a highly distributed network of stakeholders worldwide, Asian shipyards have become
economically attractive due to lower labor and materials costs.

Up to 73% of global newbuild deliveries come from China and South Korea while Europe only shares about
8%.

Deliveries in million CGT Share of deliveries by country (in %)

60 100%
90%
80%

70%

o~
(=)

40% — 73%

50%

Million CGT
8

40%
20

30%

20%

10%

0%

O ®m v o A W W ~— ¥ N O M VW o N WV ©® —

~ ~ N~ ~ [se] 0 @ o~ o~ o~ [} o o o — — — N

o~ o~ o~ o~ o~ o~ o~ O~ o~ o~ o o o o o o o

— — —_ —_— — - - - — — ~N ~N ~ N ~ ~ ~N ~
m EFurope Japan S.Korea mChina All others mEurope Japan S.Korea mChina All others

(Clarksons, 2023)
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Common ship types like container vessel, gas, dry bulk, and tankers have the highest demand
among vessel types. These ships are mainly produced in non-European yards.

Europe dominates the passenger and non-carrying cargo (NCC) vessels market to distinguish itself from
competitors. In 2022, Europe comprised around 78% of global passenger vessel deliveries and around
30% of specialized vessels.

Orderbook by segment and region (million cgt)

= Table 2.2 Deliveries of newbuilt vessels by type and building country, thousands of gross
Number of yards that have tons, 2022
received orders in 2022 china Lot I;epuhllc thppmes ':rai: Europe | th:‘::s::rﬂ w{:;:’dl Perce;n;igr:
30 Bulk Carriers 11233: 5360 443 ° 344 98 : L 17477 314
0il Tankers 4203 17450 8294 Pomel 157 100 147270 265
Containerships 5361 1487 3263 50 44 10205 ; 18.4
Gas Carriers 8990 268 3665 1 i ¢ 4838 8.7
Ferries and Passenger 391 : 84 : 4: o 50 2028 65: 2580 : 46
20 Ships l : : : : | H | : s
General Cargo 1793:  216: 52 : 18 75 18 2255: 41
= Offshore 1240 50 184! 0f 21 398 2300 1720 31
Chemical Tankers 614: 326 343 i 1 36 1345 24
10 Other 160 96 5! 5 0f 131 39: 431 0.8
Total 25895 ' 9585 16254 - 396 444 2464  542° 55580 0  100.0
i [ Percentage share 466 172 292 0.7: 08 44 1.0 100.0:
Source: UNCTAD calculations, based on data from Clarksons Research, 2023.
0 - 4 Notes: Propelled seagoing merchant vessels of 100 GT and above. See also http://stats.unctad.org/shipbuilding.
Container Gas Dry Bulk Tanker Offshore Other
mChina ®m South Korea m Japan Europe m Rest of the world

(Danish Ship Finance, 2023)
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Over the years, Europe continues to grow in the passenger and NCC vessel markets, with passenger
vessels comprising around 88% of the EU orderbook as of 2022.

Non-cargo carrying vessels (fishing vessels, research vessels, tugs, dredgers, and other specialized vessels)
that focus on offshore, short-sea, and deep-sea missions are considered big segments in the future.

Number of new ships that shipowners anticipate
20 building in the coming five years

— 16.85 16.8 Ottshore
2 ___ |

drilaling Passenger transport
2

Orderbook in million CGT

Offshore
5 shipping
58 Deep sea
81
0
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
@ Passenger ships @ Offshore and other non-cargo carrying vessels
General cargo and other dry cargo @ Gas tankers
® Tankers Container ships Short sea
@ Bulk carriers 21
(Statista, 2023) (Norwegian Shipowners' Association, 2022)
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Highly specialized vessels and complex NCC ships include:

—

Platform Supply Vessel Seismic Vessel Wind Earm
Installation Vessels

Source (Top Left, clockwise): Hurtigruten (vard.com), Selvag Senior (Skipsteknisk), Spartacus (Royal IHC), Skandi Flora (DOF), Polarcus (Ulstein), Van Oord
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Shipbuilding Market



Although the number of newly constructed ships produced by European yards is relatively low, they
still constitute a significant percentage of global new orders market value.

Based on Clarkson Research, Europe was responsible for 55% of the total value in global new orders in
2016, primarily due to its focus on building expensive, specialized, and customized ships (SEA Europe,
2017).

Bubble Size = relativ market volume in USD

Colours of bubbles = market saturation against 10 year forecast
red: > 60%

Yellow: 30% - 60%

green: < 30%

DWT/GT

Figure 24: Shipbuilding market forecast 2016-2025
[Source: BALance TC calculations]
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Due to continuous investments in complex vessels and Research and Development (R&D),
European Original Equipment Manufacturers (OEMs) are the largest marine equipment suppliers
worldwide.

European companies supply about 52% of the maritime equipment worldwide. From 2010-2014, the average
production value was around 71.3 billion euros.

Equipment Suppliers Market Shares
EUROPEAN MARINE EQUIPMENT MANUFACTURERS & SUPPLIERS: Global production volume average = € 125.5 bn
A world market leader

» + 22,000 big, small or medium-sized marine » Employ more than 350,000 people directly.

manufacturers and suppliers. )
» Represent 50% of the worldwide market share.

» Deliver various materials, systems and equip-
ment or act as service providers in engineering
and consulting.

b Invest 9% of the industry sales in research,
development and innovation, i.e. amongst the
highest investment intensity in RDI activities in

» Generate an annual turnover of about € 60 bn. Europe, M European companies supplied volume (EU28+Norway)

M RoW supplied volume

(OECD, 2023) and (SEA Europe 2017), Adopted from (BALance Technology Consulting (2017))

EU Place in
Shipbuilding Market



European shipyards have adapted to new demands by offshoring the construction of certain ship
parts to keep costs low, allowing them to focus on complex outfitting and repairs.

For instance, in the North Sea, yards focus on ship repair and new builds. About 8% are scrapping
shipyards.

(Trusted Docks, 2023)

EU Shipbuilding and EU Place in The Ship Design and Muli-domain The Ship Design and Distinctions in Ship Single Source of Truth @ \[’ I T\ l
the SEUS Project Shipbuilding Market Shipbuilding Process Taxonomy Shipbuilding Toolbox S%TSIIJ%TI;:; Concept or Attempt




There are about 150 yards in Europe and roughly 40-50 (first-tier yards) are active in global market
for large seagoing commercial vessels, comprising 7% of global yard capacity.

These first-tier yards manage to utilize up to 80% of their capacity in 2022. Capacity dropped in 2023 due to long building periods
but a 105% utilization demand is expected in 2024. This high yard utilization demands high-efficiency yard planning.

Share of global orderbook (%) and yard capacity (million cgt)

50% 24
144
- Number of yards
38% L 18
[—
25% 12
13% 47 6
— 44
52
e |
0% — 0
China South Korea Japan Europe Rest of the world
Yard capacity = Dry Bulk m Container mGas m Offshore Other m Tanker

(Danish Ship Finance, 2023)
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Global Shifts and Sustainability Goals also increase the overall uncertainty and volatility in the market.

UNCTAD’s Uncertainty Factors related to the maritime industry are driving changes not only in regulatory
maritime policy but also in influencing ship demands and maritime solutions.

Geopolitics and Trade

: Environment Industry 4.0 Trends
Dynamics

Accelerating environmental and

: . regulator nda Automation and Robotics
US-China Trade Tensions egu atory age .
. : Melting of Polar Caps Internet of Things (1o0T)
affecting tariffs . )
: Rising Sea Level Big Data, ML/AI
Race for Arctic Resources R .
o " Ocean Acidification Advanced Materials
Tension in Maritime . .
. ... | Ocean Pollution (and the Biotechnology
Chokepoints Structural shifts in
S subsequent effects on food Renewable Energy
globalization patterns
supply)
GHG Emission

Adopted from (UNCTAD, 2019)
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Due to increased focus on environmental regulations, a large portion of today’s fleet may be part
of the future’s demolition pool.

Clarkson Research has estimated that about 30 to 40% of today’s yard capacity is needed to decarbonize the
fleet.

2023 2023 2024 2025 2027-2030
EEXI (|MO)_ Cll (|MO) M FuelEU Maritime IMO Medium Term
Energy Efficiency Design Carbon Intensity Shjppimg to be included EU regulation to limit the ) IMO exp.ecfed to
Index for Existing vessels. Indicator. Operational in the EU ETS carbon _yearly average GHG implement fife cycle fuel
Technical carbon carbon requlation that trading system. intensity of energy used standard similar to FuelEU
intensity regulation yields rating from A-E on-board a ship sailing and a glopol cqrpgn fax
mirroring EEDI. based on prévious year's from and/or fo EU ports. on shipping emissions

performance.

We have estimated potential additional phase-out requirement due to Cll to comrespond to 25-30 million CGT p.a. 2025-2030.

With significant estimation uncertainty, we take a cautious approach and assume only 50% additional phase-out due to Cll

(Clarksons, 2023)
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Maritime rules and regulations are not only governed by global regulatory bodies (such as IMO) but
also by Classification Societies.

Class Societies, selected based on flag state requirements, are organizations that develop and apply
technical standards for ship design, construction, survey, and inspection.

BUREAU

Technology and
efficient solutions

Energy-efficient and
improved performance

DNV-GL

Safe, efficient,
and sustainable
operation

ClassNK x«r™ ¢

NIPPON KAIJI KYOKAI ~ «orean reister
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These shifting maritime laws and regulations mean design thresholds related to safety and the
environment change year after year.

Designers must stay up-to-date with policies as work templates and reference designs may not always be
transferrable.

Environmental Pollution regulations that
may affect ship layout, tankage
arrangement, etc.:

« CEPA

* Oceans Act

« Canada Shipping Act

+ Ballast Water and Sediments
* MARPOL 73/78

« SARA

* Wildlife Act

(ClearSeas, 2023)
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In summary, the European SD&SB market is faced with a few unique features:

Industry is designed to maximize custom and
specialized ships (from OEMs to ship-type
investments) which requires a high degree of
systems integration in both design and
construction

Extreme multi-organization with yards abroad
requires high collaboration and robust data
security

Limitations in shipyard capacity and yard
utilization require specialized facility planning

A unigue maritime ecosystem means that the
European market is well-placed to tackle
sustainability challenges and explore innovative
market segments but needs low-risk strategies
to do this

EU Place in
Shipbuilding Market

Strength

Weakness

» Level of innovation

» Innovative SMEs and strong position of ma-
rine equipment industry

» Strong linkages between yards and Marine
equipment

» Efficiency
« Specialisation in niche markets

« Spillovers between defence and commercial

segments

» Cost levels

» Access to skilled labour

» Potential difficulties in knowledge protec-
tion (especially among SMEs)

» Fragmented government responses

Opportunities

Threats

« New segments, continuous innovation

» Greening of shipbuilding industry

o Existing transport policies (greening of
transport, increased transport quality)

» Enhanced requirements regarding shipping
standards

+ Demand shift from EU to Asian buyers
» Strengthening of Asian maritime cluster

e Increasing development of marine equip-

ment industry

» Competitors moving up the ladder

« SME’s not surviving the crisis
s Flexible and swift competitor’s govern-
ments to support their industry
« Critical mass required to maintain/refresh
high skilled workforce. Europe may be too
small compared to competitors. Ageing

workforce

« Price competition in light of economie crisis

(Thamby, 2023)
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How can European SD&SB remain innovative but also increase production efficiency?

As the Production Efficiency curve suggests, trade-offs between product innovation and process efficiency
exist. Is there an optimal set of conditions that can enable high product innovation and process efficiency for
the European market?

The “production efficiency escape” gap

eThis is where we want to be

*Product is key, not production efficiency

¢(But can’t be too inefficient!) High volume shipbuilding
is here.

Product

Process

Rate of major innovation/

Fluid phase Transitional phase Specific phase (Koenig, 2019)

EU Place in B I
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Awareness of the benefits of digitalization has increased to handle the rising design and construction
complexity and business uncertainty in the SD&SB market.

The motivation behind digitalization ranges from increasing business competitiveness to asset reliability,
which includes the need for advanced manufacturing and operational solutions.

Digitalization

Al automate

1 of
Contribute to_ (RSN Business process _J) + Digitization: the conversion of information into a
P couironmental k & i computer-readable format.
Protection optimize loT

increase ,oo
Competitiveness - . . ..
siisiated” | « Digitalization: the use of digital
@ improve /SeTN technologies to optimize business processes.
: Y
IT companies

B e g ion:
1 with P m AR + Digital Transformation: the total and overall

Collaboration == S '/ v needs ¢ societal effect of a widespread digitalization of the
! 2 Service quality = " industry.
3 BC /oo
' Cyber ' '2‘%

Security /

il'lc,-etase

(eI  Standardization

Advanced

1
1 Collaboration Education & Robotics increase

Cost efficiency 3

within Training VR

: Co,
.Sh;pp 't ng hlrlbure t
SISy Collaboration
Sustai p p——
L Ssapehe 1| @D :Nodes relevant to motives for digitalization
Satons value creation
3 Cultural Change . ‘Nodes relevant to measures necessary to
Stakeholders 1 proceed further/enjoy benefits of digitalization
2
In supply chain Establishing a . :Nodes of specific technologies of Industry 4.0
special team (areas of interests for those shipping companies)

(Ichimura, et al., 2022)

EU Place in
Shipbuilding Market

Definitions adopted from naval-architect.io
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Studies and assessments show that there are multiple opportunities for process improvement with
digitalization across the ship’s lifecycle, from ship design to operations.

Upstream Downstream

Value Chain

D“-g:;::‘;’r:g; & Smart Products § Services || Digital Customer Services Digital Workplace & Supply Chain

Design & Engineering Manufactura 4.0 Maintain & Support Supply Chain

3D Digital Smart Spares on Demand  Real time Customer
Modeling fain. o llot anchice (additve)  product, 10T || Relationehip  RefgtieProcess - Supgy Chein
— a ML and Al Management
k: ] i
¢l L B 2 I
2 - -
& - -
‘“!? LN}
& Machine
3 I Leamning
a
8 ot el il
lanufacturin
: e Joriocuiall PR | P -
o Build Digital Digital
Thread * Thread
Maintain E wcu?{“rd =1
place 47
] a (¥ ¥ W27
) w3 [ ] —
High 3DScon  VirtualDesign || Augumented 4B Knowledge Visualization MR Integrated
Performance Reality 29222 pture & Simulation Supply Chain
Computing Training
& Secure Collaborume Y
M Program E »
- Digital Infrastructure
E’ Collaboration
3 Master Data Ihnngunnnt
o

Outcome

EU Place in
Shipbuilding Market

Organization

Reduced time Coordina
to produce build process

(Spoehr, et al., 2021), Adopted from Ash (2018)

‘ Supplier
ooy | Rocuced time Intageation &
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Business Opportunities: There is a projected market of up to 5.5 billion USD by 2030 on maritime
digitalization, especially in digital shipyards. These solutions cover vessel management and
predictive maintenance.

European interest in digitalization can be attributed to the large number of OEMs already present in the
region, which are themselves facilitating advanced digital solutions for their equipment.

Maritime Digitization Market Size, By Application, 2018 - 2028
266.5 Bn

1 I I I I I I I

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
M Fleet Management m Vessel Management ¥ Inventory Management

M Energy Management M Predictive Maintenance
(KBVResearch, 2023)
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Sustainability Opportunities: The improvements in operational efficiency and logistics can enable

ships to be more sustainable.

Up to 20% of fuel savings can be attained with better vessel utilization and alternative route planning.

DNV-GL's Areas of Improvement to meet Sustainability Goals

@

LOGISTICS AND
DIGITALIZATION

Speed
reduction

Vessel
utilization

Vessel size

Alternative
routes

HYDRODYNAMICS

MACHINERY

Hull coating

optimization (RSB
P Electrification

Air lubrication

Engine de-rating

hybridization Wind power

O

AFTER-TREATMENT

Carbon
capture and
storage

EU Place in
Shipbuilding Market

(DNV, 2023)
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Why clusters are important? Clusters are a group of industries that are directly and indirectly tied
to an industry within a geographical area. These clusters help to drive and facilitate innovation.

THEORETICAL MODEL OF INDUSTRIAL COMPETITIVENESS

Source: Jakobsen et al, 2003 (Attracting the winners)

PUBLIC POLICY CLUSTER DYNAMICS

Fiscal and moneta li
R Demanding customers LONG TERM

Tax & subsidi > é:‘“' "‘:_"” RELATIVE
Regulations operation
Labour market Open information and trust PEII!':g::ﬂT::CE
Education Mobility of competence

Ré&d

(Menon Economics, 2022)
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European clusters and cities are globally perceived to be leaders in digitalization and are well-
positioned for transformation.

Fig. 17 - Score based on experts” answers to “Which Fig. 18 - Score based on experts” answers to
cities do you consider the five leading centers for “"Which cities are taking the lead in the green
maritime technology of the world?" transformation of the maritime industry?”

Source: Menon Economics & DNV (2021} Source: Menon Economics & DNV (2021)

OsLO
SINGAPORE
COPENHAGEN
ROTTERDAM
HAMBURG
LONDON
SHANGHAI

TOKYO

EU Place in
Shipbuilding Market

Fig. 19 - Score based on experts” answers to “Which
cities have the strongest capabilities and are best
positioned for the digital transformation?”

Source: Menon Economics & DNV (2021)

(Menon Economics, 2022)




EU Place in Shipbuilding Market: Section Summary

Unique features of the European SD&SB market:

* Industry is designed to maximize custom and specialized ships (from OEMs to ship-type investments) which
requires a high degree of systems integration in both design and construction

+ Extreme multi-organization with yards abroad requires high collaboration and robust data security

+ Limitations in shipyard capacity and yard utilization require specialized facility planning

*+ Aunique maritime ecosystem means that the European market is well-placed to tackle sustainability challenges
and explore innovative market segments but needs low-risk strategies to do this

Opportunities in digitalization:

*  Maritime digitalization can help to drive business competitiveness and meet global sustainability goals
* The European maritime cluster and ecosystem is perceived to be well-positioned to tackle digital
transformation

EU Place in E l_\ r I ‘l_\ l
Shipbuilding Market



Best Practices on Ship Design and Shipbuilding: Outline

3. The Ship Design and Shipbuilding Process

The Ship Design and
Shipbuilding Process



Recall: SD&SB Industry covers a wide range of services and activities throughout a vessel’s

lifecycle.
Given that the SEUS’ project focus is on the upstream value chain, the Ship Design (concept and
detailed engineering) and Shipbuilding (Construction) phases are explored in this section.

Ship Lifecycle
| Upstream Value Chain 4

Upstream Value Chain

COMNCEPT PHASE BUILD PHASE ‘
Specification Supply Chain Service S
Advisory and Production
ﬁ Training
REQUIREMENTS
& COEF&%TSEON PRODUCTION COMMISSION
SPECIFICATION
Engineering FAT/SAT/HAT

Commissioning

o 4
https://www.gabler-naval.com/lifecycle/

The Ship Design and B \ r I \ \ I
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Upstream Value Chain

manufacturing sys-

conceptualisation

design construction tems
and components

required design modelling/analysis

3D

2D

activities man-hours

man-hours

offshore support vessel:
300 000 - 500 000 man-hours in

hours upstream value chain until delivery

current commercial engineering tools & methodology
Empower Hullvisc

rhinoceros 30~ CFD -NUMECA o NUMECA AutoCad AutoCad
ynacap 3
clickview NAPA ROROPT Nextix Cadmatic AVEVA suite
CADMATIC AutoCad Cadmatic 3D beam TKHeat
Cadmatic EDSA EPLAN FoxPro  Nauticus Rules

" common library parts, L
3D modules for main blocks architec- 5 connect subsystems,
3D concept model to 541y sis (CFD, FEM) ture and interface of oonﬂguranonox:r:l!m. check of design rulps
libray modules
systems

- >

The Ship Design and
Shipbuilding Process

(Ulstein, 2015)

and testing

level of modelling detail required

\— redesign and re
n hour
after delivering

AutoCad AutoCad
AVEVA suite AVEVA suite (epoch-era)

ment)

report and docu-
mentation based on
a common module
library

aid via reporting and
simulation, develop-
ment of modules

(take into accounta  (include scrapping
set of possible op- during design)
erations)

Compared to the downstream value chain, the ship upstream activities are cost-intensive due to the
level of engineering and labor required.

Where the upstream stages are broken

(lifecycle assess-

down into:

Concept Design (covering preliminary ship
design)

Detailed Engineering (covering contract
and functional engineering)

Intermediate Engineering (or production
engineering)

Steel Construction

Parts Fabrication

Outfitting (covering on-block and onboard
outfitting)

Launching

Delivery and Testing

Commissioning
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Upstream Value Chain

Concept Functional Transitional Detail Production Unit Ship Construction - Part A Ship Construction - Part B
Design Engineering Design (Modeling) Design Planning Manufacture Unit Manufacture Area Completion & System Test
Requirements * Specified Essential system modelingto Production drawings with the With design configuration complete the Each unit proceeds through the Each unit ds thi jh the il Unit identiti retired and h: moved in the
Optimization » Amranged support i ing & y details to support lower level definition of detail work orders systematic manufacture and maximum manufacture and maximum outfitting to achieve f ship i i
through CAIV = Routed promate detail design definitive production are systematically created and issuedto outfitling to achieve cost cost jes fi ion design with syst ions and testing through all levels (1-7)
« Analyzed configurations. initiate production work from workstation design
* Validation Test Plans
Maturity . ICDR ICDR FCDR

v

100% Complete

v
\

PRR 100% DETAIL PLANNED 100% ERECT 100% CRAFT COMPLETE
All Systems Complete’

On Unit 2210

Delivery

Must Begin

Bogin
Detal Design

Planning

Early Design

1 Unit 2110 Unit 2110 cut || Fab
Opportunity

Ship Area Completion
Assy/Pre-Outfit | Paint § Cold-Outfit ~ Erect |
Systems Modjiing Unit Design Details, Production Plann

Unit Manufacture System Activation & Test

0% Complete--

3-6 Months of Detailed

e
Planning Complete Production Test Procedures
(Sustainable Window )

!
Production Test Requirements

i
Production Test Execution & Documentation
STUDIES FUNCTIONAL DD&C CONTRACT
CONTRACT(S) DESIGN CONTRACT Program Detail Design &
Program Study Program Functional Construction (DD&C) Phase
Phase Engineering Phase

Lead Ship Construction

(Hitchcock, 2023)
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Ship design involves several design iterations, from preliminary concept design to detailed
engineering, intended to converge into a design that suits the client’s needs. For custom designs, ship
design begins with requirement elucidation and ensuring that the vessel can perform the expected

operations or Ship Mission.

There are several approaches to ship design, from the traditional Design Spiral to more modern approaches

such as model-based and set-based design.

Light Ship
Weight Estimate

Structure

BRI

== =
Design L —

Ireration Design !
‘1 llc:ilmu Design Design Design

esign osi
Iteu;l:m: Tteration Ttexation
; 4 5

Classic Design Spiral (Andrews 1981)
(Development and refinement of a single design, ~up to 8-12
weeks per design iteration)

The Ship Design and
Shipbuilding Process

(NAVSEA, 2012)

Desin pace Sy | Desgn Space Sy 2 Desgn pace Sy 3
1| 1 |

Synthesis Model-based Design Optimization
(Multiple designs developed and tested concurrently,
high computing requirements)

(8]

[63]

3)
“)

&) 7 - -~

Set-based Design (Bernstein 1998)
(Design exploration divided into teams based on systems,
Most commonly practiced today, high collaboration)
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At each ship design cycle/iteration or model, naval architects and designers assess critical ship
features and perform design activities. -

However, these activities are not always performed linearly.

Ship Exvenlape
ull Farm

Garerl [ ropside Appendage
Amngement Arrangerent | Configuration

Common Ship Design Activities -

Mechanical
Systanvs
Hydrostatics: el | P“ (e ][] [ae] [om J'm
Centers EE— List (MEL] | Canstruction
o8

*  Ship Weight Estimation and Area/Volume Assessment

TOTALSHIP ANALYSIS I

(Will it float?) [t j s, | [ E i | [t
* Intact Stability Assessment (Will it float upright?) |y | L= Sp | Lsconws | | g | |t
+ Damage Stability Assessment (Will it sink in case of RS —
damage?)

Hydrodynamics: RADICAL RO
*  Propulsion Trade-off Analysis (How will it sail?) /’ MooEL

* Vessel Performance Evaluation (Will it be able to perform
its mission?)

» Electric Load Assessments (Will it have enough power to
sail and perform its mission?)

® TOPSIDE &
MAIOR FEATURE]

IMPLICATIONS

O t h e I‘S WEIGHT MODULE a{:‘;ﬁiﬁiﬁ?&i‘{
* General Arrangement (GA) Drawings (Will everything fit SRR -
inside the hull and structure?)

+ Safety Compliance Review (Can it perform its mission
and sail safety and meeting international regulations?)

4
T3 \ LAYOUT
el | [t (Andrews, et al., 2006)
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In the early stages of design, automated methods with low-fidelity data can be used for the systematic
exploration of the design space. However, decision-making itself at this stage can’t be automated due
to close client collaboration and the lack of design information. Elexibility and collaboration are key in

early Concept Design.
To manage multiple engineering variables and cost estimates related to ship design, naval architects and
marine engineers need to understand various design trade-offs (via design matrix or similar).

Design Variable Design trade-offs:
1 Lower Costs vs Improved Vessel
2 Performance & Mission Capabilities
==
E; o eo|zlele Simplified Hu_II form Vs Increased
5] Ship Stability
(e |®]¢4 .
I=] Simplified Structure vs Increased
é}" |95 General Arrangement (GA) flexibility
® ® 6 Increased Structural Complexity vs
Lower Weight
L L L

New consideration: Greener Ship
Design

(Doerry, 2009)
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Due to the interactions between Design Activities, ship design especially at the Concept Design

stage is highly complex due to dependencies between parts (or combinatorial complexity) and due to
uncertainty.

Uncertainty in ship design covers not only structural or technical uncertainty but also ship behavioral
uncertainty and contextual uncertainty.

AN

new arivers increase /

the amount of uncer > &

lainly and cor(nplexily /

perceptual
embraces the un-
cerlainly of all olher
aspects, plus value
prcterences and
personal experi-
ences (gul leeling)

new lechnologies and
melhods Lo beller
handle decreases un-
certainty and complexity

temporal
changes through

lime: expecla-
tions, probabilistic
contextual distriblmgn, u.ncx
context paramcters: petlad sillalivns
no conbrol of enlilies

uncertainty
(lack of knowledge)

behavioral outside the system
key performance
structural indicators, based
phisical object: preci- on cmpirical and
sion with direct measure discret madels

complexity
(information relevant
to define a system)

(Gaspar, 2013)
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To drive effective decision-making, reference (historical or analogous) data and contextual knowledge
are critical in the Concept Design stage. Errors in this stage are cheaper to amend.

Risk margins and adjustment factors are commonly used at early design to manage the lack of certainty.
Rule-of-thumb thinking, and experience become highly relevant, as opposed to theoretical design thinking
which can be time-consuming and costly to implement.

Example: How to estimate ship weight with ~700 components (excluding steel parts)?

Historical data on one analogous system or subsystem i, R "”f‘;}',? Ny ™
(with adjustment factors) — T -

Statistical analysis of historical projects (with
weight ratios or derived equations)

Bottom-up detailed estimate (Too time-consuming)

Documented cost of a built ship of the
same design (Not available)

What happens if the weight estimate is Restart design loop? More
completely erroneous and how can we know?  costly if unseen in the future:

The Ship Design and
Shipbuilding Process




Concept Design — Sample Process Execution
Concept Design Stages at Ulstein

Bl Ga/model 21)

Set design
basis, manage
requirements

@l Define starting
point

Estimate
station keeping

Propulsion
config

Electrical main
power system
(SLD+S-ELC)

Machinery
config

Weight
estimate

Initial Stability
check

F-ELC, FOC,
Emission,
Sewage

Equipment
specification
proposal

Calculation
(Pricing)

witank

{15)

Validate station
keeping cap.

(16)
| Initial structural
check

Prepare
Outline

Building
specification

Presentation

Visualization

Hand over
project Sales

verification

Prepare
addendums to
contract

Contract
commitiee

Ready for start up?

Negotiations

(Sales)
Quotation

Appendix A
and hour
estimation

G2
Proposal in line with requirements
and dient expectations?

(Hovden, 2018)

NOTE: These process maps are interpretations of the ship design (concept phase) logic and may vary from company to company.

The Ship Design and
Shipbuilding Process
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A team in the Concept Design Stage sees:

Ship AS Complex System of Systems (SoS) with plenty of
converging and conflicting design requirements.

Main Goal of ship designers: Use strategic (often risk-
based) decision-making to arrive at a competitive and feasible
ship design that meets client’s requirements

Information:

« Data is critical but low-fidelity information is typically
available

* Lots of uncertainty from missing data, from client, from
interdisciplinary team members

* Heavy reliance on contextual knowledge

The Ship Design and
Shipbuilding Process




When the high-level concept is defined, further granularity in design definition and evaluation is
performed in the Detailed Engineering stages. Unlike Concept Design, there is less uncertainty in the
design and there is a shift in focus to ensuring feasibility is assessed and details are complete.

To handle the complexity of a vessel, the ship is often broken down by function or systems.

Level of Technical Characteristics Marine examples

complexity system

I (simplest) Component Elementary parts whose

manufacturing does not include
assembly.

i Mechanism Parts consisting of a number of
sub-assembly components, contributing to simple

functions.

T Machine. Systems that perform a closed Propulsion systemn
equipment function. marine machinery,

topside equipment
{cranes, winches, etc).
v System System that encapsulates different Ship, marine structures,
machines, equipment, and sub- subsea systems, etc.
systems. each fulfilling a fanction
towards a commeon “functional and
spatial vmty” (Magee & de Weck,
-

v Super-system, Higher-order systems, due to the Fleet, marine transport
system-of- existence of common fonctional nnity  system. offshore oil
systems across several Level IV systems, and gas infrastructore,

possibly with operational and efc.
managerial independence (Maier.
1998).

(Pettersen, 2018), Adopted from (Hubka & Eder (1998))

The Ship Design and
Shipbuilding Process

F1-Trawling
F2 - Conning
F3 — Accommodation

F4 — Work deck

FS — Process deck/Factory
F6 - «Reefer» storage

F7a = Machinery

F7b = Propulsion

[ B0

1: trawl handling
mechanism

2: Factory design

|| SiE |

4; cargo
containments

Protected work deck

F
FF

(Ebrahimi, et al., 2020)
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Ship breakdown standards such as Ship Work Breakdown Structure (SWBS) and SFl are commonly

utilized and have been in use since the 1980s.

ESWBS Group
000

100
200
300
400
500
600
700
800
900

Developed in the 1970s to manage US Navy ship systems

Description
General Guidance and

Administration

Hull Structure

Propulsion Plant

Electric Plant

Command and Surveillance
Auxiliary Systems

Outfit and Furnishings
Armament
Integration/Engineering
Ship Assembly and Support
Services

Up to ~900 components can be defined

The Ship Design and
Shipbuilding Process

SFI Group System Main Groups are:

L {05 B

8 I¥ 8T RS

(SpecTec, u.d.)

Developed in the 1970s to be a common code for maritime and offshore rigs
Up to ~700 components can be defined
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At Detailed Engineering stage, various design analyses and evaluation are performed, often
concurrently among different teams to manage all the required systems that need to be evaluated.

Ship Design Process

Engmeermg Design Productlon Design

(NAVSEA, 2012)

The Ship Design and B \ r I \ \
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Example concurrent workflow for SWBS 299, 300,500:

4 Electrical Systems
5. Propulsion

6. Machinery Arrangements ~
7. Hull & Deck Machinery Systems

(NAVSEA, 2012)

Source (Top, clockwise): Siemens.com, edibon.com, https://www.cadcrowd.com/

EU Shipbuilding and EU Place in The Ship Design and Muli-domain The Ship Design and Distinctions in Ship Single Source of Truth @ \[’ I \
the SEUS Project Shipbuilding Market Shipbuilding Process Taxonomy Shipbuilding Toolbox th?;'JQU’I‘I(;:g Concept or Attempt J l ]




Common outputs from Concept Design

Ezsantial performance requirements

Principal bull dimensions and holl form coefficients (Cp, Cx)

Arealvolurme summiary

Configuration sketches: inboard profile and main deck plan
Payload definition, for example. space, weight. critical
dimensions, adjacencies, required support services
Description of misaion-critical systems und features

Welght K0 esthmate, L-digit level

Propalsion plant 1ype, instalied power, and number of

propulsors

Installed electric generuting capacity
List of major squipment

Manning estimate

Speedipower eatimate

Endurance fuel extimate

Intuct stahility check

Estimates of critical perfonmance aspects, us required, &2,

radiated noiss or seakeeping
Coal estimale

Technical risk asseszment and risk managament plan

(Gale, 2003)

(Vestbgstad, 2011)

Technical deliverables
increase dramatically during
this stage.

Each deliverable will also
require management,
planning, and checking,
which inflates the cumulative
work hours.

The Ship Design and
Shipbuilding Process

Common outputs from Detailed (Contract) Design

Ship specincation

Lines drawing

Appendage drawing

Ceneral ammgemenss (outbeard profile,
inboard profile, all decks and holds)

Topside arrangement

Capacity plan

Weight report { 3-digit level, KO and
LG, 20-stadion weight distribution,
eyradii}

Srructusal design crlena manual

Mudshap Section

Steel seantling drawings (dacks,
bulkhenads, chell expunsion, tvpical
sections, deckhouse)

Machimery comtral system diagnums

Propulsion and auxiliary machinery
arrangement drawings (plan views,
elevatins, and sections)

Propalsion shafiing arrangement

Propeller desipn

Electrie bosd anabysis

Electric power and lighting svstems
Ome line dingrams

Fault current analysis

Mavigalion system diagram

HVAC lowd amalysis and design criteria

Wentilation and air candiioning sysiems
cliugnms

Piping systems analysis

Dingrummatic arrangements of all piping
syslems

Fire comrod diagram by decks and profile

Mechanical syatems arrangements, for

example, deck. hull and ship coatrol
Sysiems

Living space arrangements (becthing,
messing, sanilary, recreathon, ewc.)
Commissary space arrangements

Pilot House, Chast Reom, and other
working space arfangements

Iraesior eommunications system diagram
Muster Equipment List (MEL)
Preliminary ship manning document
Pollution comtrol systems report

Londing conditions

Flondable length curves

Trim and stability bookler

Dasmage stabality analysis

Endurance fuel analyss

Hydrodyiamic model test results, for
example, resistance, propeller open

(Fernandez, 201

waler, sell-propulsion. maneuvering,
seakeeping, ele, and performance
ASSRSSMENE DeRts

Srack pas fow analyais

Evaluations of ather aspects of reguired
pcrfofmanu

Availability analysis (Ao}

Muintznance Plan

Snpparahility Plan

Crew Training Plan

T&E Flan

Sufely analysis

Procurement specifications for long-lead-
time and other impartast ot
components, for example, muin
propulsion engines, diesel generators,
reduction gears, anchor windlass

Muodels and Mockugs

Coal ealinsale

Technical risk assessment and risk
management plan

Initial regulatary bady review

Building plan

Budget contral lise (estimated weight of
all required material by material
Tamily or cost code)

Production plan (Gale, 2003)




Design work planning and execution at this stage involves the coordination of tasks involved in (a)
detailed design definition, (b) design evaluation (quality control and testing), and (c) design
compliance (regulatory and specification compliance)

The Ship Design and
Shipbuilding Process

Week
Activity 1 2 3 5 6 7 8 9 10 11 12 13
ISSUE N+1
H“ll F‘]rm PESIGN/ DESIGN/
RAVDNG SUEN | DRAWING SSUE N-1
General Arr. Dwg o
a1s - L SUEN = L

Stability Analysis f =
Weight Estimate IS SR 1, -

i z L [SSUE N z 3
Acq. Cost Estimate g i =
Systems Definitions g : %
- Fhid Systems = MEL, CSEL, CSPAFSRCYCLE N & - = =
* Propulsion Sys + Outfit & Furnishing| H z z 2
- HVAC - Etc 8 5 : E:
Other Arrangements | = = g z £
= Machinery - Compartmentation k] =l od 7 ]
* Topside * Structural g 2 &}
Analyses / Testing _
- . B . \p FORCYCLE X g Ay No1
- Survivability - RMA g
* Structural  * Producibility 3
Configuration < PD | A ll PD >
Review ‘LN!’ ‘LN+1”

KEY: B DESIGN/DRAWING FREEZE A COMPLETE EVENFDESIGN TEAM RIW]NTDMT[GNM CRITICAL PATH

(NAVSEA, 2012)
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Alternative project task decompositions may exist depending on the scope of the project and
depending on a company’s documentation standards.

For example, basic and detailed projects may have varying degrees of engineering work requirements. A
Detailed Project Design package may be applicable for ready-to-build ship, while a Basic package is
applicable for a ship design proposal.

o ALIGNMENT
SYSTEM CONTINUITY
. STIFFINNG
; : ELEMENTS
E = = G TRANSVERSE SPACE BETWEEN MAIN FRAMES
5 g k2 AND THE FRAME DISTANCES
Z < i < VERTICAL THE LONGITUDINAL
= = : LONGITUDINAL STRUCTURAL STRUCTURES
g — ¢ Ez [ norizonTaL | * ARRANGEMENT
PROJECT =) Gag OF THE SHIP's
» = TRANSVERSAL HULL
= = x £ S
= E=z2 SIMPLE
o ‘i g LONGITUDINAL THE STEEL —
PRELIMINARY g HORIZONTAL |, pLATES TYPE-
- = DIMENSIONAL
EROJBGT TRANSVERSAL CHOICE
SHEAR BENDING ‘ E
£
- e 3 ] " = RAM it
SHIP'S HULL THE RESISTANCE T0 COMPOUND |»{  TORSIONAL BENDING | : TOUITSNT .
STRESS i weicaions
. -
l—P‘ SHEAR AND TORSION BENDING ‘ STRUCTURE.
OF THE
’—»{ DYNAMIC FATIGUE SPACES
FATIGUE BRIDGE CONTROL
VIBRATIONS FATIGUE ROOM
STABILITY CALCULATIONS OFERATING
CONDITIONS
ELLECTRICAL
EMERGENCY STABILITY

PRELIMINARY
CALCULATIONS

AN
Halamt SIZING OF

LOADING CONDITIONS ELECTRIC

MAIN ENGINE

PRELIMINARY BODY LINES

RESISTANCE PRELIMINARY SPEED PERFORMANCES
> TosHIP INFORMATION

ADVANCE

PROPELLER
FERFORMANCES

ANTIFOULING

Basic Project Design Detailed Project Design

NOTE: These task decompositions are interpretations of what is needed at the detailed design and may vary from company to company. (Manea & Manea, 2023)
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For example, the following timeline and lifecycle incorporates the document approval with the main
systems (and task) breakdown from Ulstein:

ULSTEIN - Product Development Lifecycle

DEPARTMENTS

Marketing Stage Sales Stage Planning Stage Engineering Stage Production Stage Outfitting Stage Sea-Trial Stage On-Service Stage
[ Preliminary Design
[ Analysis & Simulation
Design [ Equipment Package ]
[ GA, Layout & BOM ]
[ Design Qutsourcing ]
Steel Outfitting Basic Design Steel Outfitting Detail Design ]
Steel Hull Basic Design Hull Detail Design J
Hull Production Design
Accommodation [ Acc. Basic Design Acc. Detail Design
[ Machinery & HVAC Design ]
Machinery
[Pipe Routing & Machinery Qutfitting Detailed Design]
Electrical [ Electrical Basic Design I Electrical Outfitting Detailed Design ]
[ Power System Preliminary Design ]
Power
[ Power System Integration Engineering ] [ Commissioning & Test ]
[ Documentation Approval Process - Internal & External Stakeholders

(Thamby, 2023)

NOTE: These task decompositions are interpretations of what is needed at the detailed design and may vary from company to company.

The Ship Design and
Shipbuilding Process
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Design Evaluation Tasks of the design can involve simulation testing and physical testing — from FEA
to towing tank testing.

Resistance and +  Determining resistance and propulsion characteristics. It may be important to improve the

Propulsion Tests accuracy of the prediction beyond that estimated using predictive standard series techniques.
For some ships, the hull form parameters may be outside of the range of available data and
model tests may be particularly important. Appendage details may require investigation.

+  Determining the impact of changes, comparing alternative hull forms, or optimizing the hull for a
particular purpose. Selecting final bulbous bow characteristics to suit various operating
conditions may require comparative tests.

«  Improving the level of confidence in a powering prediction. This could be desirable for many
reasons, including the selection of a specific diesel engine or gas turbine.

Propulser Tests *  Evaluating wake characteristics of the hull to assist in propeller design and optimization.

« Evaluating alternative propulsors or improving the accuracy of propulsor efficiency predictions.

«  Determining propulsor cavitation or noise characteristics. For some ships where these
characteristics are KPPs, such tests may be essential to confirming such performance.

Maneuvering Tests o Defermining the maneuvering characteristics. This may be particularly important for hull forms
that have unusual proportions for which prediction techniques are not accurate. Also, ships
that conduct alongside operations such as underway replenishment maneuver in very confined
areas or have particularty demanding maneuvering requirements. They may require tests
where predictions are not accurate or a higher degree of accuracy is required.

s Evaluating alternative control surfaces relative to maneuvering requirgments.

Ship Motions Tests o Predicting accelerations, periods, and magnitudes of motions. Unusual hull forms or

characteristics may require tests to accurately determine the range of accelerations. This could

be to assess operating limits, to provide structural or system design information, or to support

HS| objectives.
*  Predicting slamming characteristics.
Special +  Determining astern powering or stopping characteristics.

L]

Hydrodynamic Tests Flow visualization. This may be needed to align appendages, or for special mission ships, to

assist in minimizing hydrodynamic noise.

Fin stabilizer alignment.

Determination of propeller-induced vibratory forces.

Shaft and strut alignment.

Topside airfiow.

Dynamic Stability. The increasing interest in dynamic stability and unusual hull forms may

require tests to assess stability characteristics in special conditions.

«  Examining special hydrodynamic phenomena. An example of this might be the behavior of TOWl ng Tan k Te Sts

water within a well under specific conditions. -

s  Determining structural loads. These may be reguired for structural design purposes or to (S|ntef_ no)
investigate operating constraints.

- s s s .

(NAVSEA, 2012)
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In addition to technical testing, design compliance and review are critical to ensure that the ship can
get class approval for operations, meet pollution requirements, and satisfy clients’ needs.

In addition to the Classification Society’s Approval (Class Approval) upon review, ships may also require
additional certificates. Each certificate will have its unique requirements. Regulatory bodies will inspect that the
ship is compliant with these requirements.

For example, passenger ships in the UK will require the
following certification:

» Passenger Ship Safety Certificate

* International or Domestic Safety Management Certificate
* MCA approval for manning

* MCA approval for passenger counting and recording

« if over 24m but under 400GT a Declaration on Anti-
Fouling Systems

* International Anti-Fouling Certificate (instead of a
Declaration) if 400GT or over

« if carrying Dangerous Goods and built after 1 September
1984, a Document of Compliance for the Carriage of
Dangerous Goods

« if over 1000 GT, a Certificate of Insurance or Other
Financial Security in Respect of Civil Liability for Bunker Oil
Pollution Damage

(Maritime and Coastguard Agency, 2023)

|
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Complexity in detail design is a mix between technical complexity and the complications of managerial
coordination.
Activities

Inputs Outputs

&
Hm;!;:::nm Report HVAC ““"A'"'fj;f:"""’ Review'Set Y Reviewsset Auxilliary
Equipmentand [— Assessment Requrements and Integrated Systems
Periias o e X and Sot Topside Design Architectural
sl s £ et Architecture recuirements and
Report Arangement ° Margins
Report Master = Area/Volume/Access L3 e
Eauipment
Uist i L Set
° :e:ou Hull s ok sc‘:::g Review/Set HVAC
1. erformance f—— ocatcns 1o crew,
o= A ot A s
ct g requirements and
& T e Margins
cuipment List £ L a °
Structural Reviow/Set
Adequacy RevewSat E"W:"’"‘”" =
olumenank
© T charactersitics Detes. :ﬂl-w
o
Croulste e $rangements @ 30
it B Space Resenation
. rawing Rovenset | Loo
® a: | Revewser
b suwabilty C)
Roquiremants, Oata
Circulate Design A " onoept
hasorai r o Hll Form ‘ O Ravow'Sot
rawing”
v ° Auation
- » Assess Systems
& i Weight Architecture
Define Propulsion Reew / Set Risks. )
Machinery System -
Amangements @ 30 —
Ragan Hia Space Resenation e o > ° Rewew'Set
oysiems s ey RevewSat command and
Assessment | o Lo = other Mission surweillance
o T Define Electrical systems (C4ISR) systems
. . .- Define Cargo and System architecture architecture
Pian Hull Ammunition and | Arrangements @ 30 ° *
Form Model . | Handling System @ — | Space Resenation
Tost Diagramatic LOD [ =
CH ° L L] L Set Alternative. Revew'Set
a ropulsion ‘combat
Defne Steering e Architectures tor L> systems
System @ 3D Nawgation Limits » Trade Studes architecture
Space Resenation (Bricge, Canl, ° %
Loo / otc)
°
o o Revow/'Set
= Electrical System
s &
e ], | S -3
s @ Schematic [ petiieces o
Systems Lol — Define Cargo, Stores,
Adequacy ® = vi Personnel &
° . ) Revew'Set eapons Elewators |
proveprw s Non-construction Construction Reiow'Set Gargo and st @ Gonpenent Lo
Pty ’ . Systams
mcmones Performance | Administration Electrical eirsndets. >
" Impacts to Combat N N
e Engineering Hull outfit e
Systems.
Repart ) Material handling HVAC
Sunhability | . . &
Assessment Report Materials Joiner eiowsa ;:::nw e Hab & Crew
o Integrated : - ot ervce
T Operations Control Machinery e ecuirements. Component List
Assess Fight ) - " | Archvtecture, and Lob
Dock & Manger [— Design Production Service Paint Losd T Marging 3
Design ° . . °
~~~~~~~~ — Quality assurance Pipe I e
Testing/Trials Structure

The Ship Design and
Shipbuilding Process

Unit construction

(NAVSEA, 2012)
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Detailed Design — Sample Process Execution
Design Stages at Constanta Shipyard

PE OF THE TECHNICAL
TYPE OF SHIPS. g
INTERNATIONAL || REQUIRED BY CHARACTERISTICS
: . THAT THE SHIP
STANDARDS smpowneRsHIP [
AT THE MOMENT ||
I B THE LEVEL OF
IMO MAIN DIMENSIONS THE MARKET
CONVENTIONS OIL TANKER || LoapinG capacrry || PRICES FOR
TECHNICAL SU ) .
|m:\ [Lur\l[wl I EXPERIENCE | | REASEARCH | ‘ "““ t“ ‘ RESOL‘:TIQN‘, BULK CARRIER SPE
- R CONTAINER SHIP FUEL
1 i i GENERAL CARGO || CONSUMPTION
| TECHNOLOGY ‘ ‘ LEGISLATION | OTHERS CRUISING RANGE
I3 T OTHERS

THE CLASSIFICATION SOCIETY RULES

TECHNICAL EXECUTION

THE BASIC

THE MARKET RESEARCH

THE GENERAL THE MAIN
GRRANGEMENT DIMENSIONS

PRELIMINARY
CHNICAL

SPECIFICATION

[* STABILITY
CALCULATIONS

THE PROCESS OF THE RESOURCES AND POSSIBILITIES EVALUATION

I

INITIAL
OFFER
REQUESTS

FINANCIAL

ERTIY
EQUIPME!

¥ ¥ ¥ ¥
. THE SPACES THE ESTIMATION OF
LATES THE LIFTING neepep ok || THE "’:'I":E:'I"I‘:“ AN
DOCK CUTTING CAPACITIES SECTIONS 5
oS CONSUMPTIONS.
BIMENSIONS oF AND BLOCK- !
CRANES SECTIONS 'i:';:lu':‘;"“:::
ASSEMBLING
EXECUTION

THE
THE THE
MATERIALS || EQuipmEnTs | MANPOWER
N . AND UTILITIES
SUPPLY SUPPLY
CosTs CosTS CONSUMPTIONS
COST

THE
BANKING
CHARGES

ESTIMATING
CONSUMPTION

PROFESSIONS |~—
THE QUALIFICATION LEVEL

THE 1
HUMAN
RESOURCES

OF

REQUIRED
NUMBER OF PEOPLE

APROVAL

NOTE: These process maps are interpretations of the ship design (detailed engineering phase) logic and may vary from company to company.

The Ship Design and
Shipbuilding Process

(Manea & Manea, 2023)
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A team in the Detailed Design Stage sees:

Ship in discrete functional parts and systems that must be assessed
for client and regulatory compliance, technical feasibility, and
compatibility with other functional parts.

Main Goal of ship designers: Correctly define and evaluate functional
parts or systems using existing tools (focus on individual specialized tasks)

Main Goal of ship and systems managers: Ensure proper coordination
(with internal and external parties) to meet project deadlines and support
the facilitation of functional parts and systems integration.

Information:

+ Data is increasingly becoming available. Quantity of information balloons tremendously
and the coordination of meta-data and revision information becomes critical

» Data integration becomes harder as format types and the number of team members
increase drastically

* Inherent data quality becomes relevant, so data checking and quality control need to
happen simultaneously or after data in generated

The Ship Design and B \ I \ I
Shipbuilding Process



When a ship design is ready for construction, intermediary steps related to ship design contracting

follows.

HYDRODYNAMIC
TESTS BASIN FOR APPROVALS OF THE DELIVERY PAYMENT
THE SHIF MODEL CLASSIFICATION FRICK: TIME TERMS
SOCIETY ¥ [ ¥
| SHIPYARD MANAGEMENT |
OFFER PROPOSAL
> IN qufp\-mn :
DESIGN THE BASIC INFORMATION MANAGEMENT N
DEPARTMENT DE = iPPROV
S—— E— — SHIPBUILDING
- CI;XE.( l.T.")N EXECLTION CONTRACT PRIII'[I.\.?I. I-.l’lll
PLANNIN OF THESHIE Ll g OFFER PROPOSAL CONTRACT o “F"_m'r' P
DEPARTMENT CONSTRUCTION ESTIMATION FOR THE CLIENT PROPOSAL FOR THE N S SRR -
MASTER PLAN ] SHIPBUILDING APPROVED B
FOR CONTRACTING [~ CLIENT FOR THE MANAGEMENT
THE REQUESTS MATESEAL . THE EXECUTION OF EXECUTION OF THE
> CosTs [ ) ) : OUTPUT
PGB MATERTATS THE SHIFBUILDING SHIFRUILIMNG [+
S L1 [ Estivamon INFORMATION NEGOTIATIONS
AND EQUIPMENT TR
FERS EQUIPMENT ' .
PIHAL OFFERS L Q cost |l ; CONTRACTUAL CONTRACTUAL THE PH
—ow o DELIVERY TERM PAYMENT TERMS CONTRACTING
MANFOWER ESTIMATION B - LAY
TECHNICAL 1 f SHIPBUILDING INFORMATION
DEFARTHENT CONSUMPTION INTERNAL EXECUTION
ESTIMATE >  COST [ SHIPY ARD CONTRACTUAL - -
. ESTIMATION CONTRACTUAL [ | PENALTIES FOR DELAYS | fg—oy “I;:" ':L't'“:l'::"ri?‘;':’::d _;::'E'L::ﬁ"
FINANCIAL OBLIGATIONS DUE TO THE SHIFYARD -
FINANCIAL cosTs LT FAULT
DEPARTMENT ¥ S————
ESTIMATION THE CO T ¥
THE LAW IN FORCE FOR APPROVAL OF THE
GOVERNING THE CONTRACT PRICE THE E ; BOARD OF
CONTRACT ADMINISTRATION

* SHIFBUIL

(Manea & Manea, 2023)
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NOTE: These process maps are interpretations of the ship design (contract phase) logic and may vary from company to company.
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When a contract is won, the ship design and design outputs are converted so they are production-ready. This phase is
often called ‘transitional design’ which involves the conversion of the functional ship outputs into Block and or Zone
orientation based on the facilities available in the yard. The ship virtual prototype is also often ready for the
development of production drawings.

Zones are developed for ease of construction. These are areas of sea-frame that are in physical proximity, and
that serve similar or bundled functions and services. Some yards will use the term superblock or block
assemblies instead of zones.

(Gale, 2003)

T

INCREASING
DETAIL

/

The Ship Design and
Shipbuilding Process

Type | Zone | Description Type | Zone | Description
Cargo| BK | Bilge Keel & Double Bottom Mach | SG | Steering Gear
[ WORKSTATION Cargo| HA | Multipurpose Hold #1 Cargo| FZ | Freeze/Chill
ZONE Cargo| HC | Multipurpose Hold #2 Cargo| CF | Cargo Fuel Tanks
INFORMATION Mach | AX | Auxiliary Machinery Room Accom| A3 | Accommodations Upper
PREPARATICN Accom| A1 | Accommodations Lower Cargo| FS | Foc'sle
1 CONTRACT RANSITIONAL Mach | BT | Machinery Bilge & Waste Tanks || Cargo| HD | Topsides Hold 2
Mach | MU | Machinery Upper Cargo| BW | Bow
Mach | ML | Machinery Lower Cargo| HB | Topsides Hold 1
Mach | MM | Machinery Mid Cargo| SP | Specialty Cargo
Mach | SY | Shaft Alley Accom| HQ | Bridge & Communications
Accom| A2 | Accommodations Mid Cargo| EV | Elevator Houses
x 29 f 7- Machi 3 e O 1 OO )
L — 22 Total Zones { 7- Machinery, 11- Cargo, 4- Accom } — 3 IPT Areas (Pal, 2015)
. —_— T
[ BASIC DESIGN F-ENGINE'EHING Source: T-AKE program, Spring 2005
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Block Assemblies, Super Blocks and or Zones are made up of systems, steel blocks, and their
respective sub-divisions (e.g., a structural block or outfit unit, a subassembly of either, and ultimately,

a part or component).

-
i)

Modular Shipbuilding

~ 4= Ship Trials & Delivery

/ T N
D~ ‘\ e 1 Onboard Zone Outﬁmng&
/f -\\\ % \ Compartment Completion

// g ‘ﬁ [
15 = #1 Grand Block Assembly &
AT A { | Additional Pre-Outfitting

\ \
A @-c@ @_— @__ e

bzssem blv

’A.{’“’Ai‘h D T TR R S O [ WS S (e

Part Fabrication

(Koenig, 2019)
NOTE: Not to be confused with the actual shipbuilding process. Arrows indicate one way for ships to be
decomposed in modular shipbuilding.
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To facilitate construction, work is organized according to Group-technology based process lanes.
Shopfloor work is grouped in terms of production characteristics and processes. Cellular work centers or
process lanes become easier to establish, consolidating equipment and workers with similar skills. Task
packages are therefore reorganized or developed from zone-based data to suit finer divisions of labor.

Ship production design
Task breakd:
1 A i
| Cutting ’ Welding ‘ ‘ Assembling
scheduling
l Virtual flow l Virtual flow v

Section1 | =P & | gection x l%m{),_sﬂhmﬂ
(Song & Zhou, 2021)

NOTE: This diagram may vary from company to company.

The Ship Design and
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Work and task description documents can increase substantially during the production phase, to
incorporate all the technicians in the shop floor. Demand and work content variability become tricky to

coordinate.
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(Koenig, 2019)
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For shipyards that have multiple projects, this degree of scheduling inflates rapidly. A high
understanding of utilization and workload leveling, advanced planning, and communication are key.

Stage ldesign | ‘plsnning | Production ‘pmduclion ||purchssing ‘ |commercia\ | |qus\ity | Human output
function g g resources

Product Corporate Production Facility Supplier Market Quality Workforce good
development Plans Strategy plans relations Strategy Certificates strategy enquiries
contract Specification Projexct Production Production Long lead Contract Quality Resource
strategy strategy strategy items plan plan
Functional Tactical Design for Work Purchase Cost Design Training Design
design plan production station orders analysis quality needs Approval
Purchase Purchase Value Stores Purchas Material Supplier Training Available
Specification plan analysis control orders costs ratings needs materials
Manufacture Deail Detail Workstation Part Materials Cost Quality Safety Parts
design schedules analysis manufacture supply monitoring control ready
. . . Units
assembly Deail Progress Work Unit Equipment Cost Quality Safety ready
design monitor study assembly supply Monitoring control
construction detail Progress Work Ship Sub- Cost Quality safety Ship
design monitor study construction contracts monitoring control complete
‘ {esting | Test Test Production Tests Supplier Test Test Ship
i review trials performance results procedures acceptance
delive i
Design Contract | Methods ‘ Review Purchase | | Contract Guarantee Personnel Repeat
review review review , . busi
review review audit usiness

Bruce’s 10x10 Activity Map for Ship design
and Shipbuilding

(Bruce, G., 2021)

The Ship Design and
Shipbuilding Process

Simultaneous Scheduling
(Sollid, F. 2016)
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In Ship Construction, the ship is mainly viewed as a combination of structure and outfit.

(Bonnin-Pascual, et al., 2012)

Outfitting
Piping & hull attachment fittings, furnishings, cargo
handling gear, cargo piping, electrical generation and
distribution, main propulsion machinery, etc.

Structure (Hullform + Superstructure)
Hull Shell Plating, Decks, Stiffeners,
Rudders, Castings, etc.

Hierarchical, flow-oriented Heterogenous, Not very flow-oriented

The Ship Design and
Shipbuilding Process
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Due to the heterogeneity of outfitting parts, outfitting work is often completed at different times leading
to various outfitting phases during construction.

Machinery and generators (covered in wood Engine installed after ship blocks have been
boxes) are already outfitted on the steel or assembled.
structural block.
Delay in installation allows for concurrent
Better working conditions and access, with design and production, but much more costly to
downsides in weight for assembly install

The Ship Design and
Shipbuilding Process

Figures from (Sanchez, 2018)



The ship construction process becomes highly focused on flow and the coordination of materials,
parts, and labor.

The focus question is: How can we incorporate more hierarchical practices to make material flow, labor
coordination and planning more efficient and less costly? Economies of scale (EoS) are critical to consider.

:I Material procurement I
’—I—Hfmgw‘. Example: How to best manage the construction of a Suez Max
— Tanker?
== Tanker ~150.000 dwt
— * Hull steel for tanker vessels is approximately 20.000 tons
! of steel per vessel
Loy [T » If the yard delivers 20 Suez tankers, it will need to

process: 400000 tons of steel
» Large vessels will have approximately 3.000-4.000 pipes

Well over 1 million parts to coordinate

Category Shipbuilding Aviation Automobile
Erection
Number of Part
tber ot Farts 2501000 15-150 0.3-1
{Ten Thousand)
Manufacturing Order production and

Method Engineer to order (ETO) Order production

The Ship Design and B \ I \ I
Shipbuilding Process

assembly

(Koenig, 2019)




Shipyards need to understand how EoS affects their business and how they can strategically keep
costs low by increasing volume or scale.

Based on Eo0S, it is smarter to spread capital and non-manufacturing costs and focus on specialized labor and
capital. These strategies are reflected in the shipyard design of a shipbuilding company.

Example: Integrated Yard

If a shipyard thinks it can handle the costs of steel
fabrication, systems integration, and assembly — it will have
a more integrated yard with a steel stockyard and steel
fabrication workshops.

FLAT PANEL

.....

Hyundai’s Mipo shipyard in Ulsan, South Korea (Fritzell, 2022)

The Ship Design and
Shipbuilding Process




As of late it is much more expensive to build the hull in Europe due to high labor costs and throughput
costs. For example, in 2013, European yards had a lower productivity average compared to shipyards

in Japan and Korean.

These business & production factors have a heavy influence on the shipbuilding and build strategy. The build
strategy is a plan for design, materials management, production, and testing in the shipyard.

SHIPBUILDING DESIGN METRICS

METRIC JAPAN KOREA CHINA EUROPE E‘)’::;:
LOW |JAVERAGE| HIGH LOW | AVERAGE| HIGH LOW | AVERAGE| HIGH LOW | AVERAGE| HIGH

Technology Leve| {Best Practice Level) 4.1 4.45 4.7 4.2 4.5 4.7| 36 3.8 4 43 4.6 4.8 434
Productivity - CGT/Employee Year Incl. SC 173 201 211 57| 82 89 13 22 29| 31 43 140| 82
Performance - Man Hours/CGT Incl. SC 11.6 9.47 9.5 34.9 23.03 22.5] 156.7 88.1 68.8| 63.9 44.29 14.3] 64|
Steel Tonnes/Worker Year Incl. SC 128 185 268 17| 68 91 17 26 32| 20 23 55 75
Steel Tonnes/Steel shop Area t/m? 1.66 234 2.76| 1.9 2.43 2.98 1.01 0.49 0.5 0.52 1.57
Steel Shop Area/Total Shipyard Area 0.095 0.104| 0.189] 0.067 0.137| 0.189 0.252] 0.192 0.266]| 0.384 0.152
CGT/Shipyard Total Area CGT/m’ 0.26 0.44 0.77 0.39 0.68 1.25 0.36 0.45 0.5 0.28 0.36 0.78 0.43
Production Workers Incl. SC/Total Employees incl SC 0.83 0.81 0.78, 0.9 0.83 0.83 0.9 0.92 0.68| 0.7 0.69 0.68 0.85
Total Employees Incl. SC/Total Area TE/m* 0.0012| 0.0015| 0.0045| 0.0044| 0.0059] 0.0145| 0.0172 0.014] 0.0279| 0.0048( 0.0083] 0.0098| 0.0070
Annual CGT/Total Shop Area C6T/m’ 3.1 4.27 13 3.26 4.95 8.54 141 112 1.34] 2.04| 2.99
Annual CGT/Building Berth Area CGT/m* 3.2 55( 104 125 143) 175 63 9| 109 74 102 138 870

Prof. T. Lamb, 2013, Class 10, p. 24

The Ship Design and
Shipbuilding Process

Corporate business strategy

Shipyard market strategy

* Ship types
* Sizes
* Ship owners

Shipbuilding strategy

Ship designs Production facilities
* Ship types * Capacity
* Sizes * Technical capability

General interim products /PWBS

Build strategy

* Application of company shipbuilding strategy to one ship/contract
= [Each is custom-made even if the ship design is the same

(Koenig, 2019)
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Semini et al. conducted studies on the different strategies employed in Europe, particularly in Norway.
They found that although there are still some shipyards that fully construct a ship locally, the most
common strategies include offshoring the entire hull construction and or blocks abroad.

Start of
production

Steel block Block Ship Dock Cuay Dmm;slf;nn.
construction,// outfitting assembly outfitting outfitting '::ﬁ ne

Launch Delivery

Pre-outfitted blocks shipped for

Complete Norwegian
P =0 assembly

production (strategy 1)

Morwegian block
outfitting (strategy Il)

Morwegian dock
outfitting [strategy IIl)

Morwegian quay
outfitting [strategy IV)

Foreign builder(s) Barge/towing - Norwegianyard Ship already launched, towed for

outfitting and painting

The Ship Design and
Shipbuilding Process

(Semini, et al., 2018)



STRATEGY | - Complete Norweigan Production

CONCEPT PRODUCT SHIP DOCK & QUAY
CONCURRENT STEEL BLOCK & PARTS FABIRCATION ASSEMBLY
DESIGN ENGINEERING ERECTION OUTFITTING TESTING
STEEL HULL CONSTRUCTION
FLAT PANEL
LINE
STRUCTURAL| | STRUCTURAL SUB- SUB-
MATERIAL = MATERIAL 3> ASSEMBLY ASSEMBLY |
CONTRACT OR STOCKYARD | |PROCESSING SHOP CURVED PAINTING
CONCEPT OR FUNCTIONAL ASSEMBLY
= O-) PRELIMINARY = DESIGN SHOP
x DESIGN (Detailed
; Engineering)
(s} MATERIAL ON SUB- DOCK &
= BLOCK BLOCK ON BLOCK SHIP ON BOARD ON BOARD
7 9 PROCURE- md P> ASSEMBLY =» -> > -> -> > > SEA
S { OGLA PARTS FABRICATION AND PROCUREMENT OUTFITTING | ASSEMBLY | PAINTING OUTFITTING ERECTION OUTFITTING ™ OUTFITTING > i
o
e TRANSITIONAL OR —> PIPE SHOP
o WORKSTATION
3 INFORMATION |
5 PREPARATION e MACHINE SHOP
P OUTFIT
m WAREHOUSE rey- ELECTRICAL ——  UNIT
SHOP —

a SHOP
z
o b3 JOINER SHOP
o
8 SHEET METAL
. > SHOP

PARTS
ENGG

MARINE
EQUIPMENT
SUPPLIERS
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STRATEGY Il - Block Outfitting and Assembly in a Norweigan Yard (Hull Construction Abroad)

CONCEPT SHIP DOCK & QUAY
DESIGN PRODUCT ENGINEERING CONCURRENT STEEL BLOCK & PARTS FABIRCATION ASSEMBLY ERECTION OUTFITTING TESTING

MARINE
EQUIPMENT
SUPPLIERS

m
z
@
o}

PARTS FABRICATION AND PROCUREMENT

Py PIPE SHOP

b MACHINE SHOP

CONTRACT OR
TRANSITIONAL OR OUTFIT
O» o b TUNCTIoNA 5 WorksTATION || MATERIL ] waReHOUSE gt EECINOA ey unT | ONSUE | BlOCK | BLOCK L ONBLOCK | SHP . ONBOARD o ONBOARD o PQ%K® >@®
INFORMATION - SHOP ASSEMBLY PAINTING OUTFITTING ERECTION OUTFITTING OUTFITTING
DESIGN (Detailed PREPARATION MENT OUTFITTING TRIALS
Engineering) L) JOINER SHOP et

5 SHEET METAL
SHOP

EUROPEAN DESIGN & PRODUCTION FIRM

STEEL HULL CONSTRUCTION
2 FLAT PANEL
< LINE
: TRANSITIONAL OR MATERIAL

WORKSTATION STRUCTURAL || STRUCTURAL SUB- SUB-
frr L — 4 -
w INFORMATION PRS&J?E > | MATERIAL &» MATERIAL 9 ASSEMBLY ASSEMBLY
n PREPARATION STOCKYARD PROCESSING SHOP CURVED PAINTING
ASSEMBLY
SHOP
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STRATEGY Il - Dock Outfitting in a Norwegian Yard (Pre-outfitting)

CONCEPT SHIP DOCK & QUAY
PRODUCT ENGINEERING CONCURRENT STEEL BLOCK & PARTS FABIRCATION ASSEMBLY
DESIGN ERECTION OUTFITTING IESUNG
[=7]
=z
Y E —» PARTS
Zed ENGG
ig
5o
]
w v
PARTS FABRICATION AND PROCUREMENT
I
52 — '
= = MACHINE SHOP
= CONCEPT OR ONGhONAL: || TRANSITIONAL OR MATERIAL OUTFIT
bz O-) PRELIMINARY = DESIGN 9 WORKSTATION o opncyRE- WAREHOUSE e ® UNIT
=2 DESIGN (Detailed Al MENT SHOP > SHP L ONBOARD _ oNBoaRD | OQSKE L
ELECTRICAL ERECTION QUTFITTING ™ OUTFITTING
g g Engineering) > CTRI TRIALS
S8
X
o o
) ®
STEEL HULL CONSTRUCTION
FLAT PANEL
LINE
TRANSITIONAL OR Py
WORKSTATION STRUCTURAL || STRUCTURAL SUB- suB-
> INFORMATION > PRSE':JFE’ TT” MATERAL B> WMATERIAL 3% ASSEMBLY ASSEMBLY
o PREPARATION STOCKYARD | | PROCESSING| | SHOP P PAINTING
[ ASSEMBLY
g SHOP
a
w :
= 5 ASSemely o BLock Sl sLock onBLock _|
= PARTS FABRICATION AND PROCUREMENT FOR HULL CONSTRUCTION SR P assemBLY [ PAINTING OUTFITTING
] (WARM OUTFITTING)
w
5
A —> PIPE SHOP
OUTFIT UNIT
|, WAREHOUSE ———t——3 JOINER SHOP L

by JOINER SHOP
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STRATEGY IV - Quay Outfitting

MARINE
EQUIPMENT
SUPPLIERS

CONCEPT PRODUCT SHIP DOCK & QUAY
CONCURRENT STEEL BLOCK & PARTS FABIRCATION ASSEMBLY
DESIGN ENGINEERING ERECTION OUTFITTING TESTING
= =
z
o
i CONTRACT OR
wz CONCEPT OR FUNCTIONAL DOCK &
05 PRELIMINARY &»  DESIGN _ ONBOARD Soh
ZE DESIGN (Detailed OUTFITTING " _oP's
ﬁ g Engineering)
an
S0
g 3
Sa
3
STEEL HULL CONSTRUCTION
FLAT PANEL
LINE
STRUCTURAL STRUCTURAL SuB- SUB-
MATERIAL 9> MATERIAL 3 ASSEMBLY ASSEMBLY
STOCKYARD PROCESSING SHOP CURVED PAINTING
ASSEMBLY
\ SHoP
[=] TRANSITIONAL OR
[4 MATERIAL ON SUB-
WORKSTATION BLOCK BLOCK ON BLOCK SHIP ON BOARD
$ INFORMATION > PROCURE- = PARTS FABRICATION AND PROCUREMENT i gjfé'fﬁhg P assemBLY | PAINTING ™ OUTFITTING | ERECTION "> OQUTFITTING
a PREPARATION MENT
w
E —>  PIPE SHOP
(4}
w b3 MACHINE SHOP
z
= OUTFIT
WAREHOUSE f—p ELECTRICAL | 3! UNIT
> SHOP SHOP

fred  JOINER SHOP

> SHEET METAL
SHOP

PARTS
> Ence.
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Each strategy faces its own risk, both in data and systems integration, due to the variability in the
stakeholders, interactions, and information exchange.

Every yard will have unique facets of their production, aligning and deviating from these four strategies.

Strategy | Strategy Il
Complete Norwegian Production Block Outfitting & Assembly in a Norwegian Yard

o ee 20e (20T

* Low innovation potential
* High capital cost requirements
* High control over design accuracy and quality

* High pressure to mature design before hull construction
Reduced larity and i ibility with '

outfitting

Strategy Il Strategy Il
Dock Outifitting in a Norwegian Yard Dock Outfitting in @ Norwegian Yard

+ High integration requi
* High modularity and i

amon,
2 0 S = * Lower costs

* Risk of design shared with stakeholders abroad
* Incompatible for designs with complex outfitting

* Lower control over design accuracy and quality
overtime

The Ship Design and
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When the vessel is launched and on-board outfitting is complete, testing and sea trials are performed
to ensure that the vessel can float and is operational as expected.

Ship Ceremonial Christening and
Commissioning

The Ship Design and
Shipbuilding Process

Side and Slipway Launching Turning Tests and Bollard Pull Testing



Construction — Sample Process Execution
Shipbuilding Stages at Constanta Shipyard

¥ ¥ ¥ v ¥ ¥ _
Pre_acceptan Ce FINANCIAL DESIGN SUPPLY MARKETING FPRODUCTION TECHNICAL
ACCOUNIING DEPARTMENT DEPARTMENT DEPARTMENT DEPARTMENT DEPARTMENT
Of the DEPARTMENT
CO n Str u Ctl 0 n ESTIMATING THE CONTRACTING
PROCESS PHASE EVOLUTION
PI an ESTIMATION OF THE * f r
CONTRACTUAL ESTIMATION OF THE THE NECESSARY
TECHNICAL PROJECT || THE SHIPBUILDING L'(JI\'I'IHL."I'I\'U LABOR FORCE FOR TECHNICAL
APPROVAL PHASE WORKS EXECUTION || CONTRACTING e THE SHIPBUILDING CAPABILITIES
'VOLUTION BY THE iy N PROCESS ) y
EVOLUTIO PROJECT COMPLETION o STAGES AND EQUIPMENT
. I ) ) DELIVERY - -
CLASSIFICATION DEVELOPMENT R EXECUTION ANALYSIS
E— . . . ~ TERMS . .
SOCIETY PHASE EVOLUTION ANALYSIS
CONTRACTUAL > + SHIPBUILDING \F(f)RKS EXECUTION
DELIVERY SCHEDULE LUSLALLY SHIPBUILDING WORKS DETAILED SCHEDULE BROKEN DOWN BY
INFORMATION EXECUTION SCHEME APPROVED I;L'P'\R IMENTS \I’PRU\-‘L'I). BY 'I'H-I_'
BY THE SHIPYARD MANAGEMENT B - R
SHIPYARD MANAGEMENT
l Y T
PI{O(JR.-\MMI'\(jf PROJECT OUTPUT SHIPBUILDING WORKS EXECUTION
) -+ T ————» DETAILED SCHEDULE APPROVED BY
PLANNING DEPARTMENT MANAGER INFORMATION X f_
THE SHIPYARD MANAGEMENT

ANALYSIS THE SHIPBUILDING WDRKS

EXECUTION SCHEME

SHIPBUILDING WORKS
EXECUTION SCHEME PROPOSAL

SHIPYARD MANAGEMENT APPROVAL [— SHIPYARD MANAGEMENT

(Manea & Manea, 2023)

@ NTNU

NOTE: These process maps are interpretations of the ship design (ship construction) logic and may vary from company to company.
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Construction — Sample Process Execution
Shipbuilding Stages at Constanta Shipyard

EXECUTION PROJECT
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PROJECT
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CLASSIFICATION || o RESENTATIVES -3 ADDITIONAL WORK ADDITIONAL WORKS SHIPBUILDING
SOCIETY IN THE SHIPYARD QUOTATION APPROVED BY THE WORKS
CLIENT EXECUTION

ACCESS

MATERIALS
equipment |[]  WORKS

EXECUTION VENTILATION
MANPOWER

SHIPBUILDING

CONSUMPTION
VOUCHERS

MOD TIONS

ouTPUT
INFORMATION

ADDITIONAL
EXECUTION TIME

APPROVED
. . ADDITIONAL WORK ¥ WORKS SCAFFOLDING
B QUOTATION CONTRACTUAL EXECUTION
ACCEPTANCE DELIVERY TIME
SHIPBUILDING
SHIPBUILDING WORK INTERNAL ANALYSIS |
THE CONTRACT WORK B EXECUTION
PRICE OF THE EXECUTION STAGE ANALYSIS WITH THE CLIENT OR
NO NEWBUILDING ANALYSIS CLIENT REPRESENTATIVES IN
ADDITIONAL THE SHIPYARD
COSTS NOT ACCEPTED l
ACCEPTED BY THE R . DELIVERY NOTE TO THE
. ; EXECUTION BY THE SHIPBUILDING
SHIPYARD CLIENT
NO EXTRA POSSIBILITY SHIPYARD WORK
EXECUTION ANALYSIS DELIVERY ACCEPTANCE BY THE
TIME CLASSIFICATION COCIETY
COSTS ADDITIONAL WORK
QOUTATION

(Manea & Manea, 2023)
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NOTE: These process maps are interpretations of the ship design (ship construction) logic and may vary from company to company.
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Construction — Sample Process Execution
Shipbuilding Stages at Constanta Shipyard
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(Manea & Manea, 2023)
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NOTE: These process maps are interpretations of the ship design (ship construction) logic and may vary from company to company.
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Sea Trials and
Testing

NOTE: These process maps are interpretations of the ship design (ship construction) logic and may vary from company to company.

Construction — Sample Process Execution
Shipbuilding Stages at Constanta Shipyard

SHIP'S
INCLINATION
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o]

SPECIFICATION OF
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SPECIFICATION OF
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(Manea & Manea, 2023)
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A team in the Construction Stage sees:

Ship as STRUCTURE + OUTFIT, focusing on the hierarchical construction and assembly of physical
ship parts and blocks.

Main Goal of ship designers: Develop a virtual prototype that can be used for reorientation of ship
definition into ship blocks and work packages in the shopfloor. Refine ship definition.

Main Goal of planners: Ensure proper and efficient coordination of parts and materials (with external
suppliers and stockyards), proper planning of technicians and staff on the shop floor, and continual liaising
with the design team.

Main Goal of finance and business team: Develop strategic plans for sustained competitiveness and
ensure availability of resources and facilities that align with business strategies.

Information:

 Information on ship design becomes more and more detached from functional representations

» Work information balloons from ship data to construction information (mainly broken down in action or tasks)
 Information from multiple suppliers and yards need to be integrated

+ Information from checking and tests generated

The Ship Design and E \ I \ l
Shipbuilding Process



Costs are most heavily influenced at the early stages of the design, when less knowledge is available.
Risks are gradually reduced but errors become extremely expensive to correct as the design matures.

30 000 hours
60 000 hours

300 hours
3000 hours
4 Shipbuilding cantract

Business

idea Concept design Basic design >
(Need) ¢
Acquisition Timeline
— e
P re-milesicoe § Phase 0 Phase | Phans Il Fhase 1N
Dienerrmna ot of o i Frogian Delniaen Engneeing & Fricsiic; i,
Mizson Heed ored Elpl-:l';:ph:-n and Rk Marasactunng Do ployrmend, and
Reduclion De#:ﬂtrr. %r.:u\:n Ehﬁﬂl

becomes seatabks
whan dme o maks |

rleiiel == TOEAY

Future
——

L1 ) 1

L — — m—— T — (Shields, 2017), Adopted from
Piefrrtion Desgn (Mavris and DeLaurentis, 2000)
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Recall that in the production spectrum, ships fall between craft and mass production.

In the Production vs Innovation curve where there is always a trade-off between production efficiency and
product innovation. European shipbuilding therefore faces more challenges to tip towards improved process

efficiency.

European
Ship
Production Product
Craft Mass Innovation
production production
L/ | | | | | /| L N
“ | | | | 1 o "\  Process
] o 5 E""-. Innovation
Violin Spacecrafi Office Ship Commercial Car Computer chip : ' :
building airliner
European
Ship
Production

(Koenig, 2019)
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In addition to the costs in production efficiency, there are additional costs in the form of knowledge
leakage. Training and the exchange of tacit knowledge will be critical to circumvent these effects.

The learning curve effect is a phenomenon where the unit cost of production decreases in a predictable

pattern as the number of units produced doubles. This is due to improvements in worker and management
learning, tooling, production processes, and engineering changes.

NASA estimates about 85%

Example Improving Parameter Cumulative Parameter Learning Time Frame  Number of
. Curve Slope, Volume
learning curve effect for the percent Doublings
1 1 1 1 1 1 1. Model-T Ford Price Units produced 86 1910-1926 10
shipbuilding industry which is i tion ’ el -
equiva|ent to aerospace W|th 2. Aircraft assembly Direct man-hours per unit  Units produced 80 10251057 a
. 3. Catalytic cracking Days required per 100 Million barrels run 90 1946-1958 10
about 80 to 85% |earn|ng curve units for petroleum million barrels
. 4. Cost of fluid cracking Cost per barrel of Installed design 94 1942-1958 5
effects. This means that SD&SB units capagity capacity of plants 80°
. i . 5. Equipment mainte- Average time to replace a Number of replacements 76 Around 1957 4
IS very sensitive to Iearnlng nance in general group of parts during a
electric plant shutdown

curve effects. (Cunningham, 1980)
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Ship Design and Shipbuilding Process: Section Summary

Each phase in the upstream value chain sees the ship differently. As such, the reorientation of ship data is common.

» Concept Design: Ship AS Complex System of Systems (SoS) with plenty of converging and conflicting design
requirements.

» Detailed Engineering: Ship in discrete functional parts and systems that must be assessed for client and regulatory
compliance, technical feasibility, and compatibility with other functional parts.

« Construction: Ship as STRUCTURE + OUTFIT, focusing on the hierarchical construction and assembly of physical
ship parts and blocks.

Data serves multiple purposes across the entire upstream value chain:

*  For decision-making and planning

«  For communication as different teams are spread out to handle complexity

« To circumvent learning curve effects

« Tointegrate disparate stakeholders that can also lead to information ownership issues
* To help de-risk innovation

The Ship Design and
Shipbuilding Process



Best Practices on Ship Design and Shipbuilding: Outline

4. Multi-domain Taxonomy

Muli-domain
Taxonomy




There are a few key features in ship design and shipbuilding that affect the information systems that
are used in design firms and yards, as noted in the previous section.

Unfortunately, these features have not changed drastically since the 1990s. The reliance on legacy tools
increases the risks of incurring high technical debt in ship design software.

1. Information and data management priorities vary Business function | Mid-1960s Mid-1990s
. t f the lifecvele Ship specification System System
In eve_ry stage o y ) Ship design System \aries with zone,
2. Functional Breakdown structures are common in system, other
design while Physical Block and Zone Coat salimation System Varies
. Budgeting System Product and process
Breakdovyn structures are common in Planning System Product and process
construction Operations System / trade \aries with trade,
3. Challenging exchange and retention of area, sk
mfor_mgtlon across each phase_ . (Koenig, et al., 1997)
4. Rapid increase in data generation from design Design and Build Orientation from 1960s to 1990s

definition, evaluation, and testing
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Decomposition of work as a basis for planning: The definition of a standard ‘work element’ has always
been a challenge in ship design. Historically, the work element is based on functional breakdowns, but
this has led to constraints in incorporating scheduling and planning data.

As echoed by NAVSEA and by Pal (2015), breaking down a ship by functions greatly limits the incorporation of
planning data, BOM, BOP, and connection with the data format.

Product Straciure Work Typse
(Group) 100 - Hull Structure Ship
(Element) 101 - Ef&iﬁiﬁ_;}ﬁ;ﬁlﬁgsm- }_"'"“ . Eleetrical Administration
(Subgroup) 110 - Shell and Supportin P Hull Qutfit  Engincering
subgroup fo— pporting Bloc I'"' HVAC Material Handling
. b ., . . Ameney Juiner Materials
(Element) 111 - :k}\‘cll Plztﬁg]; burfﬁcc .:::{.\.wnl.lll_ﬁ Machinery Operations Contral
Ship and Submaring Paint Production Serv.
Pressure Hull ComponentiCommadity P;:_,L QA ! n
(Element) 112 - Shell Plating, ) Strmciure Test/Trial
Submarine Nonpressure
Hull
(Subgroup) 120 - Hull Structural Bulkheads .
(Element) 121 - Longitudinal Structural M
Bulkheads Nan Construction Canstruction
(Element) 122 - Transverse Structural o . L
BLI'thBdS Dzulgnm“ |_in||t|u||3 Fabrication On Block

Planning Testing Sub Asembling Grand Block
Procurement  Delivery Assembling Erection

Material Mgt Guarantes O Uit O Board (Koenig, et a|_, 1997)

1960s 1990s
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Despite the incorporation of
process, planning, and work
type datain PWBS, there is
still missing information
with the definition of a ship
‘Work Element’.

Tedious conversions, revision
control, and manual
incorporation of 2D/3D files
are still the norm today.

(Pal, 2015)

Requirements Functional Ship Work Breakdown Sy s WOk Sysens vt Product Work Breakdown Zone Work Breakdown
[t

(Detail Design) Structure (PWBS) | Structure (ZWBS)

J

Functions.
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Recall that shipbuilding falls between construction and manufacturing: Construction and
manufacturing industries have different ‘work element’ philosophies. Which philosophy does the ship

designer and planner choose?

Construction-oriented
industries evolved with a
focus on the work to
complete the project.

Craft Mass
production production
/ | | | | | /L
P D IS B R R B U b
TaSk Or ACtIVIty Violin Spacecraft b(:l)lflfcl;l:r?g Ship Co;ril;?:;tr:ial
Focused

Car  Computer chip

Muli-domain
Taxonomy

Manufacturing-type
industries evolved with a
focus on planning units

Intermediate
Product Focused




A common systems engineering approach to the definition of work involves the understanding that

these work elements evolve throughout the ship lifecycle.

The v-model is one way to view the evolution of the work element definition. It incorporates a functional ship

concept with physical materials and realization.

Business or Operation
Missi ddi the problem in its context = and Life Cycle
Analysis Support

* Problem statement

+ Stakeholder identification + Validated system

Stakeholder 5
Needs Have we built the KAV
f right system? 2
| Definition by g
| (“Acceptance”)
\
\ + Stakeholder needs : x‘i'::“e: dssvs:f:“
* Selected system concept > ¥ .
System * Trained operators and maintainers
Requirements +——"17'¢ we bullt the Verification
\[ guren system right?
\\ Definition
\\ * System requirements
\ (functional + non-functional) >
. « System functions ég; Integrated system
( * Functional interfaces Architecture N
&Design <+ § &— Integration
\ Definition § ¢
Feedback h
and iteration * Architecture description
(physical/allocated) * System elements (sub-systems)
* Design specifications * Operator/maintainer/training material

* Physical interfaces
Implementation

Muli-domain
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HiShip concept _1‘>

at each step of the

- Materials and components

System

Zone

Grand block

Block

Subassembly

(Koenig, 2019)
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Unfortunately, this symmetrical assumption of the process is often incomplete and not realistic.
Ship design and construction process are not linear and are more stochastic and complex.

The simplification of the v-model may not apply for a ship due to the following features adapted from Erikstad
(1996). The ship is,

* Highly-integrated structure, operating in the boundary between two fluids
*  Multi-dimensional, partly non-monetary performance evaluation

» High cost of error

+  Shallow knowledge structure

«  Strong domain tradition

«  Strict time and resource constraints on the design process

«  Predominantly ‘one-of-a-kind’ and ‘engineering-to-order’ solutions

Muli-domain
Taxonomy




An alternative approach to systems design is a process of mapping between design domains (Coyne,
Rosenman, Radford, Balachandran, & Gero, 1990; Pahl & Beitz, 1996; Suh, 1990). Pettersen identified
three main domains to consider in ship design.

Synthesis: Find functional specification meeting the needs, and physical description meeting the specification.

Physical domain

a

Analysis: Checking what functions the physical description can produce, and what needs the functions meet.

(Pettersen, 2018)
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Outside functional and physical domains, other studies extend to include team, workplace, and
workflow data for a more complete virtual prototyping of a shipyard.
Network Maps are developed in these studies to understand ship data connections between these domains.

Product Model gﬁ ) (" Workflow Model
O
- Product Name - Task name
- Dependency b/w Products - Dependency b/w Tasks
- Dependency b/w Products & Tasks - Planned Workload
/
Workplace Model I (X X
tO3 1
Workplace Name @' - Team Name
Facility Name - Worker Name
Dependency b/w Workplace & Facilities - Dependency b/w Team & Workers
- Task Skills
Jqme Wi s s Skill Value
Constraints -)— - Available Facilities

(Okubo & Mitsuyuki, 2021)
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The incorporation of additional planning data (including workplace, workflow, and people) broadens
the concept of a ship digital twin to a more temporal aspect of the entire ship digital thread.

The digital thread enables end-to-end connection with digital models and twins across the entire lifecycle.

Digital Model Digital Twin Core
) i

Partial Model | =

‘é: =E Funvtigh/Logic/Bel | \ Simulation-BOM “ -BOM i | oM |

- Qe ——

; ==
9| £ = :
‘8 | y Lal }
z| B i = — Digital Thrka ’%
— ——
a — .

aratio 0 )
B Partial Submodel
g2 MRO
E E ;“ — s . I | T / -
o B - it _

28 | ‘-' A i m -

5 > L i i,

I y S

BOM Bill of Material, E-BOM/M-BOM Engineering/Manufacturing BOM, BOP Bill of Pracesses, MRO Maintenance Repair and Overhaul, Cax CA-Application (Eigner, 2020)
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What types of data are required to enable the integration of information and increase ship design
traceability throughout the lifecycle?

Increasing management of various data domains increases overall traceability. These could be in the form of
data (structured, unstructured), meta-data, and business ontologies.

il €5 I
Market and 5 PR
Intelligence ot

Modular Breakdown or Systematic Breakdown

2 o
& ¥ Module Tree ex. SFI, Ship Work Breakdown (SWBS)
s e
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y o Geographic Functional
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e Shipyard Facility Map \\\ =BRIY :
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Functional Domain
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Task or Process Domain
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Geographic Domain

Heatmap

Shipyard Facility Map

Company Geographical Data
Contextual Domain

The Maritime Fuecutive

S Overviem
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@ NTNU

Market and Business Intelligence
Muli-domain
Taxonomy



Unfortunately, the integration of these domains faces 2 main challenges: (1) Domains are used
concurrently across various stages of the entire lifecycle, and (2) these domains are exchanged across
various stakeholders.

Dock | Quay | Commlssmnlng&

Conceptuallzatlon Product Engineering (‘;‘}‘) Steel Construction and Parts Fabrication J;‘J} Assembly \Erectlon /| Outfitting | ’Outfttlng Testing

Tender Package| Detailed Design Package Machine Instructions and Work Package Data
Deliverables Data Analysis Data (CFD, CCM etc.) Materials and Components Data
(Overall Standards)
2D Drawings & 3D Models

o °
'&1

Proprietary Data In-house Software Standards & Documentation
e. t Planning and Scheduling Standards & Documentation

Market or z
) _ . . Sea Trial
S e(;:'ﬁecf;tﬁon Commercial Supplier and Equipment Data e
External Data P Data ata

(including Third- i
party Choices) | Classification Rules
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These domains not only differ in contents and formats but also in their purpose and ownership.

Integration solutions must also consider whether the information gathered is generated - from external third
parties, or proprietary sources.

upstream value chain

Internal

Classification CAD N():(Ailt? = Suppliers Info
S°°'e%%§“" BV, (NX, AutoCad) model tests, Star (Wartsila, MAN FEEG 3 Party
CCM) W)
Previous Previous Suppliers ; Propri
. oprietar
e e Bata Yard Data Sea Trial prietary
(Gaspar, 2018)
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Third-party sources or external parties may involve propeller suppliers, external designers, and
classification societies, among others.

MEKANISK UTSTYR ) TEKNOLOGISKE TIENESTER
‘_/ =

raner | Vinsjer | Propeller R A . Klassifisering | Ingenigrtjenester =

Kraner | Vinsjer | Propeller y\/ARTSILA FRAMO BRUNVOLL lassifisering | Ingeniar s i et DNV
Motorer | ete. | Teknologisk FoU | Installasjon | etc.
ELEKTRISK OG ELEKTRONISK » HANDEL
UTSTYR “I'

. oD el Agenter | Grossister og FRYDENBO [=1=Tm

DP | Programvare | Spesialisert KONGSBERG  —

distributgrer
maskinvare | Utstyr for bro | etc.

ANNET DRIFTSUTSTYR

NORDOX
o 2 i e DESIGN
Maling | Smegremidler | Kabler Egm v @JOWN E

Skipsdesign

C

| Kjettinger | Livbater | etc. ULSTEIN' WARTSILA
= " VARD 1§
Verft W=ﬂCDN a Fincantieri company ULSTEIN"

(Menon Economics, 2023)
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How can we properly integrate the standards used by different offshored yards, geographically
disparate design offices, and contractors?

There are plenty of data risks that come hand in hand with the multi-organization happening across the entire
lifecycle. These data risks include information theft and design reproduction.

— Novelty
§ Invest to perform Proprietary
O internally OR Keep internal
Outsoure

Competitive

Advantage
8 Utility
% Commodity Outsource OR
S Qutsource exploit & keep
pd internal

Low High
Relative capability

(Every, 2015)
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Multi-domain Taxonomy: Section Summary

Why is data and information management difficult to define in SD&SB?

+ Integration challenges due to multiple data domains that transform, converge, or are used in parallel throughout life
cycle. These domains include Functional, Product, People, Geographic, Time, and Contextual domains.

« The mapping of information and domain connections is not well-understood

» Information exchange capabilities, through legacy breakdown structures, are limited

« Data Management standards vary in different teams, different tools, and different phases

Muli-domain
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Best Practices on Ship Design and Shipbuilding: Outline

5.  The Ship Design and Shipbuilding Toolbox

The Ship Design and
Shipbuilding Toolbox




Historically, ship design and construction have been heavily reliant on design and modeling tools.

In the 1950s to 1970s, CAD/CAE/CAM systems for ship design were extremely popular, and developments in
bespoke software solutions for naval architects happened at a rapid rate.

Year

Hardware

Software

End Users .

1972-78

197986

1987-94

1995-03

Big computing centers, Main frames,

Punched cards and alphanumeric terminals
Medium computing centers, Midi/Mini computers,
Alphanumeric terminals and graphic terminals
Local area networks, Workstations,

¥-terminals, PCs

Remote networks, PCs, Workstations,
Parallel processors

Independent programs, Sequential

files, Batch processes

Integrated programs, Medium level
independent databases, Interactive processes
Fully integrated programs, Single database,
Interactive graphic processes, Open systems
‘Windows environment, Object oriented
programming, [mproved inter-program

data exchange

Big shipyards

Big and mid-size
shipyards

Big, mid-size and
small shipyards
All sizes of

shipyards,
Design firms (Ross, 2003)
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Since the 1980s, CAD (Computer Aided Design) and CAE (Computer Aided Engineering) solutions for
ship design have been continuously developed and used to assist with specialized modeling and

analysis tasks.

Program Name Capability

NavCAD Resistance and power prediction

GHS Hwvdrostatics, stability, longitudinal strength

MAESTRO Structural design and optimization

NASTRAN Finite element analysis (FEA)

SafeHull FEA for yielding, buckling, and fatigue strength of ship structures
ShipWeight Weight and center of gravity estimation

(Ross, 2003)

The Ship Design and
Shipbuilding Toolbox



Typical Ship Design CAD and CAE Capabilities include:

CAD Capabilities CAE Capabilities
Hull Design Pipe Thermal Loading Conditions Propper
Deck and Bulkheads Definition Expansion Speed/Power HVAC
Compartmentalization Pipe and Pressure Plate Bending Launching
Profiles and Arrangements Flow Electrical Loading Seakeeping
Distributed Systems Hydrostatics and Weights and Centers  Noise Analysis
Drawings Stability Structure
Engineering Analysis Volumes and Cargo Maneuvering and
Early Stage Design Capacity Control

(Ross, 2003)

The Ship Design and B T
Shipbuilding Toolbox



CSM/CAM (Computer-Aided Synthesis Modeling/Computer-Aided Manufacturing) applications have
also been in use for steel and parts fabrication, and for ship assembly.

CIM Concept of Hitachi Zosen
—p Information flow I

B

CAD(HICADEC)

: Basic

BUH DN
1000 TUEEJ/PIOM

| Admin.
" Svs
Business
Account.

Material
Personnet

Hitachi Zosen

(National Steel &
Shipbuilding Co., 1996)

is limited by the reach of the placer || l ‘ |

(Ku, et al., 2010)

Source (Top, clockwise): Sprutcam, CATIA, CADMATIC
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Typical Ship Design CAM Functions:

CAM Capabilities

Accounting for weld shrinkage Paint Design and Monitoring
Dimension Control Part Coding and Hierarchy
Interface between product model and robots Nesting
Robotic Programming Plat and Profile Forming
Production Management Support Pipe Bending
Lifting Planning Cable Length

(Ross, 2003)

The Ship Design and B T
Shipbuilding Toolbox



Testing methodologies since the 1960s have greatly improved — from model hulls faired and fabricated
manually to CNC-machined hull forms.




Given the high reliance on computer-aided tools, Information Integration has been critical in the
industry to manage the data from CAD/CAE/CAM software. Systems Integrators and Product Data
Managers are essential members of ship design teams.
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With the popularity of digital twins and virtual prototypes, these frameworks may potentially expand to
robust information architectures that involve enterprise solutions and real-time data.

Enterprise {Analytics,
Data Simulation,...)
‘as built’ or
Digital Model ‘as delivered’ DT1 brz bT3
SysLM DT4 DTS DT
DIGITAL TWIN (DT1)
Supplemental
Data & Digital Twin Core
L 0
Instance Digital Model
Service Data
Order Structured Physical Submodel  Submodel
2 Twin Data dData -
5 Product vz
=5 Structured Customization Data
3 k] Raw Data
5% [ Enterprise loT Platform Unique
g é Unstructured Physical Identifier Number
S = Twin Data
g3
if —
Sa

Tool Stack )

Sensor Data,
Product Modifications,
Synchronizatio

—

- |am
- mam

Environment 3

Sample Framework for Manufacturing

The Ship Design and
Shipbuilding Toolbox

(Eigner, 2021)
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A similar or equivalent idea to ‘ship digital twin’ has been envisioned since the 1970s in the form of a
‘Ship Product Definition Model’.

According to Ross (2003), ‘an important aspect of product definition involves their three-dimensionality. Traditional ship design is
carried out in 2D in preliminary stages and extended to 3D in detailed stages. The extension from 2D to 3D results in a large
expenditure in time and labor...a product model enables designers to use the same model of a ship from the earliest stages of the

design to production.’

definition
and design
calculations

Concapt
dasign

‘Guneration’
preliminary
lines to ship
database

Design
ldatabase)

Loading
inner
structure

p—
Single Integrated Database Visualization of geometric Hull/Outfit Integration ,”5“ snp made
GUI with a consistent format model Interface Checking - s
Topological relationships Build Strategy CAD/CAM - | o
among components Generation of Drawings Multi-user capabilities [N | —
ol -

Macros Nesting Production Support P 1| Gree
Parametric Definitions BoM 3 = JE
Open Data Structure Walkthroughs ‘ & .

e
Generation of Structural Part Data &) | e
Penetrations Libraries — =

The Ship Design and
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Future features and capabilities of a
Ship Product Definition:

Is this achievable and can
naval architects today have a
tool with these functionalities?

TABLE 13.1V  Full List of Future Requirements for Product Model Program

Design: Conceptual/Preliminary

Design

1. Concept/Prelimunary  Design
Engineering Analysis Tools

2. Reusable Product Model

3. Develop Initial Build Strategy, Cost
and Schedule Estimates

4. Classification/Regulatory  Body and
Owner Compliance Support

Design: Functional Design

5. Comnectivity Among Objects

6. Tools to Develop Standard Parts,
Endeuts, Cutouts and Connections

Design: Detailed Design

7. Automated Documentation

8. Detail Design Engineering Analysis
Tools

9. Design for Fabrication, Assembly

and Erection

Linkage to Fabrication Assembly

and Erection

11. Automatic Part Numbering

12, Interference Checking

13. Linkage to Bill of Material and
Procurement

14. Weld Design Capability

15. Coating Specification Development

16. Definition of Interim Products

17. Consideration of Dimensional
Tolerances

18. Context-Sensitive Data
Representations

10.

Production: Fabrication Processes

19. Processes to Cut'Form Siructural
Plates and Shapes

20. Documentation of Production
Processes

21. Information Links o Production
Work Centers

22. Piece and Part Labeling

23. Creation of Path or Process Pro-
grams for NC Machines and Robots

24. Development of Interim Product

Fabrication Insiructions
25, Simulation of Fabrication Sequences

The Ship Design and
Shipbuilding Toolbox

Production: Joining and Assembly
Processes

26. NC Programs for Joimng and
Assembly

27. Automated Subassembly/Assembly
Processes

28. Programmable Welding Stations and
Robotic Welding Machines

29. Locations Marking for Welded
Attachments

30. Definition of Fit-Up Tolerances

31. Control of Welding to Minimize
Shrinkage and Distortion

32. Programming for Automated
Processes

33. Definition of Fit-Up Tolerances for
Block Assembly Joinis

Production: Material Control

34. Capabilities for Material Pick Lists,
Marshalling, Kitiing and Tracking

35. Tracking of PiecelParts Through
Fabrication  and Assembly

36. Communication of Staging and
Palletizing Requiremenis o
Suppliers

37. Documentation of Assembly and
Subassembly Movement

38. Handling and Staging of In-Process
and Completed Parts

Production: Testing and Inspection
Guidelines

39, Testing and Inspection Guidelines

Operations Management:

High-Level Resource Planning and

Scheduling

40. High Level Development of Build
Strategy

41. Order Generation and Tracking

42, Performance Measurement

43, Production Status Tracking and
Feedback

44, Inventory Control

45. High Level Planning and Scheduling

Operations Management: Production

Engineering

46. Development of Production
Packages

47. Development of Unit Handling
Documentation

4E. Parts Nesting

49. Development and Issue of Work
Orders and Shop Information

Operations Management:
Purchasing/Procurement
50. Material Management

Operations Management:

Shop Floor Resource Planning and

Scheduling

51. Prowision of Planning and
Scheduling Information to Shops

52. Work OrderWork Siation Tracking
and Control

53. Detaled Capacity Planning for
Shops and Areas

54. Collect and Calculate Costs for a
Major Assembly

Umbrella: Umbrella

55. Datacentric Architecture

56. Computer-Automated  as Well as
Computer-Aided

57. Interoperability of Software

58. Open Software Architeciure

59 Accessible Database Architecture

60. Remote Networking Capability

61. Full Data Access (Read Only) to All
Project Participants

62, Assi it of Data O hip

63. User-Friendliness

64, Enterprise Product Model

65, Integration With Simulation

66, Information  Management

67. Scalability

68, Transportability

69, Configuration Management

70. Compliance With Data Exchange

Standards. (ROSS, 2003)
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Past & Nostalgia: From years of trying to integrate ship data, what are our major learnings and
setbacks?

We now have the following capabilities:

* Quicker 2D / 3D design processes

* Reliable documentation of the whole ship design process

« Ability to process and explore several configurations during early stages
« Exporting and data exchange capabilities between formats

« Connection between design (drawing) with performance (analysis)

* Revision control capabilities

* Precise determination of modelling effects into hydrostatic and hydrodynamics of
the design

« Parametrization and optimization of geometry and performance (via scripting
languages)

The Ship Design and E P T P U
Shipbuilding Toolbox



Past & Nostalgia: From years of trying to integrate ship data, what are our major learnings and
setbacks?

« 20+ years of promising integration
« Difficult & expensive to adapt and use new software
« Converging from format .XYX to .ABC means loss of data
« Adaption challenges from multiple parties:
— Developers (closed & proprietary software)
— Experienced engineers (resistance to change)
— Classification Society (lack of easy way to document)
— Young engineers (lack of parsimony)
— Market (not willing to pay for innovation)
— Academia (not training properly)

The Ship Design and
Shipbuilding Toolbox




What are the main features we need to consider when developing effective computational tools for
ship design and shipbuilding industry?

Computational tools for Ship Design and Shipbuilding
Use of computer algorithms, simulations, and data analysis to support and enhance engineering

processes.
¢ Operations-oriented — Ability to improve ® 2D/3D Models — Flexibility to reorient 2D/3D
operations and processes representations
®  Cost and Efficiency — Ability to reduce ® Level of Detailing — Flexibility to provide various degrees
costs and enable on-time delivery of detall
®  Innovation Enabling — Ability to enable ®  Analysis and Simulation — Coupling capabilities with
new and emergent designs and processes other analysis and simulation functionalities
®  What other metrics should be ® Integration Capabilities — Ease of connection or
considered? integration with other tools, formats, and Information
[ J

Data Handling — Ease of Information management from
storage, access, analysis, transformation, and sharing

The Ship Design and B TNU
Shipbuilding Toolbox q



For usability features, it is important to consider how the tools enable integrated and or fragmented
design practices.

Source of Truth (SoT) Spectrum

Fragmented design practices

Use of multiple sources Single Source
Tools are focused on a specific or specialized task Tools are able to perform multiple sasks
Decomposed Data / Info Encapsulated Data / Info
Requires Import / Export Database Integrated
Exchanging coherence for freedom Exchanging freedom for coherence
Loss of efficiency (converging files) Loss of opportunity (bounded options)
m ﬂ B
7%
Yan'

The Ship Design and
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These usability features are not one-dimensional, and trade-offs need to be selected. These trade-off
decisions will also vary based on the lifecycle phase.

Fragmented

2D/3D

Level of De-
talling

Analysis and
Simulation

Integration
ca?:aabiliﬁaa

Data Hand-
ling

2D/3D

2D/3D

Every level of
detailing requi-
res a new mo-
del

A new model
for every new
analysis, with
minimal  rele-
vant info requi-
red in each mo-
del

Single software
for one task,
one model for
each task

Individual files

for each
model, small
size, large

number of files

Level of Detailing

Comprehensive mo-
dels with capacity to
filter and extract mul-
tiple view points

Level of Detailing

One simulation of
one small part or
portion of the whole,
a new simulation for
each time/ phase/
degree of hierarchy.
Faster and simpler

Every level of detall
has very defined
borders, not con-
nected in a flow (one
file for each level)

Separated data for
every level, with de-
fined amount of re-
quired data/ files to
establish a level

Analysis and Simulation

Model and analysis
tools coupled to-
gether, with simula-
tion on the go, pro-
mising possibility to
optimize  topology/
arrangement

Simulation of the
whole model, with fil-
ter in specific parts
and analysis of
overall consequen-
ces. Time consu-
ming and complex to
analyse.

Analysis and Simu-
lation

One simulation/ soft-
ware for one type of
behaviour, no con-
nection with other si-
mulations. Separa-
ted and individual in-
puts and ouputs.

Very defined
boundary of inputs
and outputs. Every
simulation has it's
own data.

The Ship Design and
Shipbuilding Toolbox

Integration Capabilities

All in one software, eit-
her able to provide
most of the analysis,
either able to incorpo-
rate older compatible
models in to the larger
system

Flow of detailing, with
zooming and filtering,
with categories divi-
sion such as
taxonomy, size, ow-
nership, spatial posi-
tion, functional require-
ments.

“All in one" software,
such as FEM, CFD, dy-
namics, thermodyna-
mics sharing the same
set of inputs.

Integration  Capabili-

ties

Separated files, with
separated analysis
and results. Easy to fil-
ter, hard to see multi-
domain  consequen-
ces.

Data and Handling

One file with mul-
tiple models, larger
size

Few files with large
data (size), and
zoom/filtering
capabilities  inside
the software to deli-
mit boundary at any
stage.

Inputs and outputs
shared among si-
mulation. A single
(or fewer) large data
sets with multiple
values and attribu-
tes to be filtered.

Single or fewer files
with simulation and
results integrated.
Better on see multi-
domain consequen-
ces, harder to filter.

Data Handling

(Gaspar, 2019)
Integrated
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These practices reflect and further facilitate either decentralized, centralized, or distributed information
systems. Decentralized information systems perpetuate information silos that do not correspond with

each other.

There are pros and cons to the different information systems. For instance, centralization of data allows for
easier decision-making and data retrieval. Whereas with decentralization, the risk of single points of failure is

decreased.

Parameter

Centralized

Decentralized

Control

Users lose ownership of their
data as assets are transferred
to central servers.

Users retain ownership of their
data.

Centralized Decentralized Distributed Third-Party Intermediary

A centralized exchange serves
as a go-between for the buyer
and the vendor. Due to the
engagement of third parties, it
charges operations fees.

Decentralized exchange serves
as a “trustless” platform for
transaction authorisation.
Transactions are free of
middleman fees.

Single Point of Failure

A single point of failure in a
centralized network can
jeopardise the entire
network's security.

Because the information is
disseminated throughout
numerous blocks that are
added together, a
decentralized network does
not have a single point of
failure.

User-Friendly

Beginners will find it simple
and intuitive to operate.

Complex, will require
education/training.

Anonymous

Centralized networks cannot
keep user data anonymous.

Decentralized networks are
built on the principle of
anonymity.

The Ship Design and
Shipbuilding Toolbox

(Ardana, 2022)
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With the current status quo of how ship design and shipbuilding activities are performed, what degree
of integration would be feasible throughout the entire lifecycle?

______________ Integrated
(Horizontal,
across the

Steel Construction and Parts Fabrication Assembly Erection m‘:"’;"l‘" o:‘n;{m c“"g'."";x"'" ||feCyC|e)

Detailed Design Package Construction and Work Package Data
W
X

Deliverables Data

2D Drawings & 3D Models

.ﬂ.ﬁ!. [@CADMATIC @ soovmunce AV=VA

Internal Reference Data
W X ‘
Proprietary Data ﬂ%ganiss

In-house Software Standards & Documentation

moomaric ABS s AVIVA FREEXL

Integration
(Vertical, across
stakeholders)

External Data

Classification Rules
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Currently, ship design companies use a combination of various business enterprise solutions to
manage these integration needs and enable better planning and resource management. These
enterprise tools include Enterprise Resource Planning (ERP) and Product Data Management (PDM).

Research & Development, Production, Maintenance,
Design Distribution Customer Service

Importance/Value

First Idea Production Launch End of Production End of Life

Product Life Cycle
(Gill, 2018)

The Ship Design and
Shipbuilding Toolbox



A common ship design data management solution today includes multiple databases and servers to
manage technical and planning data.

However, these solutions still face common concerns in maintenance and usability, including the lack of
automatic information flow processes.

Pre-contract

N . - Production
4 work ;::,m E—p S Concept Design Ml NS D iled Design NI {EE— Do —

s
|
HiR--
|
E

|

: Weight and Power
i specficationand  Vessel Performance gmntm\
| Design Elucidation & Construction

Analyses

# 1 HoB

e'?‘e E r- L5

== 1 INFORMATION FLOWS
Automatic Flow

Resource  Finance Purchasing & Supplier Hullform Development

Planning  Control Commun ication & Stability Analyses

==+ Manual Flow

NOTE: These information map is an interpretation of the DMS needs of a company and may vary.
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These concerns are echoed by the technical and administrative staff in SD&SB firms.
In Ulstein, for example, the persistence of information silos and difficulties in information exchange leads to

inefficiencies in data retrieval.

THE VOICE OF ULSTEIN

SUPPLIER’S

DATA VARY

AND DEPTH
AND QUALITY

TIME SEARCHING FOR
INFORMATION

MANUAL OR NO
PROCESSES FOR
APPROVAL

DIFFICULT TO
SHARE
INFORMATION

DATA STORED IN MULTIPLE
PLACES. NO SINGLE SOURCE OF
DATA.

The Ship Design and
Shipbuilding Toolbox

A LOT OF
EFFORTTO
SECURE THE
QUALITY OF
THE
INFORMATION

UNCERTAINTY
ABOUT THE
RELEASE

STATUS AND
MATURITY ON
DATA

PLANNING
OCCURS IN
THE
DIFFERENT
“SILOS”
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Ship Design and Shipbuilding Toolbox: Section Summary

SD&SB Toolbox has traditionally evolved to cater to very technical design and modeling needs. Enterprise solutions
are a modern attempt to handle the coordination and maintenance of these tools.

The current limitations of the existing toolbox include:

* Unclear degree of integration required (both horizontal across the lifecycle and vertical across various stakeholders)
+ ERP and PDM solutions are able to meet limited functions that are bound to a single or only a few lifecycle phases
+ EXxisting tools perpetuate highly disparate information systems
» Features such as the following are often not considered when deliberating what tools to adopt:

 Flexibility to reorient 2D/3D representations

» Flexibility to provide various degrees of detail

» Coupling capabilities with other analysis and simulation tools

The Ship Design and
Shipbuilding Toolbox



Best Practices on Ship Design and Shipbuilding: Outline

6. Distinctions in Ship Design and Shipbuilding

Distinctions in Ship
Design and B q I q I
Shipbuilding




What solutions would enable better integration of the data across different lifecycle phases as well as

vertical coordination of different stakeholders?

Design Production

Ay
Management \.\ Q Contractors

Calculation Supplier

Information silos = high coordination effort,
inconsistent data, significant risk for errors

(Naval Architect.io)

Concept
(bidding phase)

Initial design
(classification)

Detailed design

Production design

Construction

Delivery

After service
(MRO, operations)

A

*  Design applications: P&ID, 3D
Hull Structure, and Outfitting,
Electrical, production
documents creation etc

Project management:
milestones, deliverables,
subcontracting, resource
planning

Data: 3D models and linked
meta-data of all parts, 2D
documents, BOM
management, loT and ILS

* Intelligent integration layers,
specific for shipbuilding
purposes

(CADMATIC)
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The digital twin trajectory was originally designed to complement Project Lifecycle Management (PLM).

Initially, the digital twin concept was developed to model how physical and virtual systems should interface,
naturally leading to the development of tools for the management of product data. Today, PLMs help
companies to capture, codify, process, and communicate product knowledge across their organizations.

Conceptual Ideal for PLM

Data

---------------------

Process

Or. Michae! Geleven, Univensity of Michigan, Lurie Englroering Center, Dec 3 2002 (G”eves 2016)
7
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Figure 3




Parallel models exist in other industries. Building Model Information (BIM) in construction has the
longterm intent of capturing building data and processes in an integrated and interoperable manner.

BIM Maturity Model

Level 0 Level 1 Level 2 Level 3
Comuphier Cormupler Busiding Inlergraled
Auded Auded lInformation Busiding
Design Maoceiling I
£
. Lo
iBIM E. E | Data
Maturity S )
"
-
20 3D \
CPIC IO - Comrs O |
CAD :;“:z'mj Whm / Processes
— - I1SO BIM
Drawings, lines arcs text etc Models, objects, collaboration Intergrated, Interoperable Data

Tools

0

Paper

File Based
Collaboration

OBSIDIAN

| we: e owa cana | cost | ruee | sme | v |

Distinctions in Ship
Design and
Shipbuilding

(Barlish & Sullivan, 2012)
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The potential of PLM and future hopes cover not only product data, but also database management,
modeling tools, and process management.

Database

NI

Product Hierarchy

[T —

Modelling Tools

oStructural
*CFD
*Seakeeping

B B
_ ad
Product Management

Ship
1

Aft Section Fore Section
11 1.2 13
Crane Cargo Tanks Bow
121 1.2.2 13.1

- B EL

Value Chain Processes

) — =)

Work Processes

S U= P Sy ———

Distinctions in Ship
Design and
Shipbuilding

(Andrade et al., 2015)
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Hopes for PLM usage in the SD&SB industry:

 PLM methods provide a way of dealing with huge amounts of data in a
complex product’s life-cycle.

« Many techniques, such as efficient information indexing, database
management, product decomposition and analysis, and project management.

 Promotes a single source of truth

 PLM involves not only control over the design and engineering but also some
sort of control over all value chain steps, via:
— Database: indexation tools and document management

— Modelling and Simulation: tools, composed of all the software used to design and virtual
prototype the vessel

— Value Chain Processes, management of the lifecycle processes

— Product Hierarchy: handling the diverse classification ship functions, systems, and components
— Product Management: administrating all the information related to every physical component

— Project Management: connecting the processes among the vessel life-cycle

Distinctions in Ship
Design and E q I q I
Shipbuilding




A PLM tool can be coupled with other enterprise solutions such as ERP/PDM and other CAD/CAE/CAM
software.

; Customer or order . : Dismantling
: S Rules and lations
Dcsngnlproccss placing agency | |GEnyi s Breaking
i (ERP/BPM, etc.)
CSIg Inspectic 1
Computer aided design and = — nprcp:c;sm
manufacturing (CAD/CAM/CAE), Product lifecycle Conrversion
finite element analysis (FEA) and management (P LN})I'_ Dkiisi sd ioftaiiig
computational fluid dynamics (CFD) (CAD/CAM/CAE, FEA,
CFD, and ERP/BPM, etc.)
- -— o
Enterprise resources f 1 v{

. Inspection Rules and regulations
process management [~* Repairand P — &

v

design process (ERP/BPM) Pap- SIS process (Classification society)
Production
|
[nspection process
Classification and Classification and
approval process approval process

(Sharma, 2010)
NOTE: These information map is an interpretation of the DMS needs of a company and may vary.
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Several academic attempts have been made focused on theoretically defining a PLM-centric approach

for Shipbuilding.

Process management

New product

development
process

Supplier Relationship
management

Materials Spec
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Supplier quality
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Marine Shipbuilding Product Life Cycle (PLM)

Project management system

Gate management [EEpIE
9 management
t Output
management
55

WBS managem

it I
Template managemen

_ . schedule/progress
Project information /prog

management
TDesign progress statu

CAD (CATIA, etc.)

3D CAD

CAD-BOM

Material
Specification PDM
Part code | [N CUEINERE CAD / Drawing
BOM extraction E-BOM/ Spec change Technical standard
Drawing management management
—>

BOM gem

Temporary work
management
Design change Process/material

management Specification

R&D Management

rt inspection
nagement

Development material

evelopment process
t

Prototype
Production

Requirement

Quality management

Quality standard

g 1t

Registration of
requirements

Requirement
management

M Requirement
management

Requirements
change
management

Change impact
assessment and
tracking
management

document
D (| +
= L4
problem il Standard/Law
management management

Register a problem

Test management

Client Audit

il

SCM

Production
planning

Demand
forecasting

Ll

Financial plan

Profitability cost

3
1
3
&
-1
]
3
1
=2
Y

Cost management

Production cost

!

management
CAD DB Shipbuilding product Integration Database 1
ERP WMS MES MDM
E-BOM/M-BOM M“ter?'ﬂ’ roduct Material M-BOM  Baseline
ode Specification information
deruni Production management
Code/unit Product Information Material/Product management
management Code
Cede management
- Process
WBS(Cost code) “ﬁf‘r‘;‘g;gﬁ“g management

NOTE: These information map is an interpretation of the DMS needs of a company and may vary.
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However, there are several concerns with the application and adoption of PLM:

« Additional work to add existing data in the new format/standard/library

» Lack of ship design terms, tools, and methodologies incorporated in the available tools, with
the designer adapting to a more mechanical engineering approach to traditional ship design
analyses.

« Lack of seamless integration with third-party ship design tools

» Proprietary and closed software package, constraining customization

* High cost to acquire, install, train personnel, and keep servers running.
* Resistance to experienced engineers to use a new tool

* Risk of being locked to a system, and losing independence if features and license terms
change

« Ignore that individuals have different preferences on how they solve the problem and that a
certain methodology proposed by the PLM system is not the most effective among the ship
design community

« Inability to incorporate commonly used ship design files (data types) in the database, as well
as to open the large diversity of CAD files

- Forget that Word, Excel, and PPT are key means to compile and share information, forcing
internal reports
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Perceptions of PLM usage vary per person in SD&SB firms.

For example, in Ulstein, there are positive perceptions of how PLM contributes to better control of ship design
data. However, there are concerns with the rigid documentation required.

Naval architect

Stability engineer

* Currently the software is too slow ¢ Import of 3D model
* Concerned about higher work load with 3D » More accurate weight estimation
model

* Need CAD engineers to maintain Hydro

library/items * Parametric modelling
. Positive to shared library with searchable « No export of hull lines

attributes
* Positive to workflows and project control
* Re-use

 Better control of price — reduced margins

Machine/electrical * 3D model looks better — easier
communication with customer

¢ Concerned with more rigid documentation

control SCM

* Question the need of documentation early e Better control of what the naval architect

in the projects have put in the vessel
* Positive to searchable attributes

Weight engineer

* Positive to added information ( BOM, Weight
of components, Center of gravity, Technical
specification of components, volumes)

* Walk-through the vessel (Hovden, 2018)
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Fears and expectation regarding the unknown

In the path towards digital transformation, it is common to face a trough of disillusionment. Are there ways the
industry can de-risk the exploration of new solutions or better define expectations?
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How to arrive at an optimistic future for ship design and shipbuilding?

* Re-use and build up on former designs, allowing the designer to fetch former
designs from a database, building up new concepts based on the new information

 Re-using advanced 3D models for many value-chain phases (sales, concept,
basic, construction).

« Keep the collected and analysed data as accessible as possible during the design
process

» Access to the analyses made during the design process, options, and behaviour of
the systems under the multiple operational scenarios studied, without the filter of a
locked proprietary system.

« Must integrate smartly the data used as input and gotten as output from the
available ship design tools, as well as incorporating empirical knowledge from
stakeholders.
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What frameworks and practices from other industries would be worth incorporating to a computational
tool/solution for the European SD&SB market?

DevOps & Open
Standards

Construction (BIM) Aerospace (3D DMU)

Conceptual design
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deplo,,

Transferrable DevOps Elements r’f
Ops
@‘

” b"-"nltor
+ Data (and code/methods) available to designer and users
* Version control of files and infrastructure to enable collaboration and rollbacks

»  Multi-hierarchical data, allowing plural data tags, such as functional/spatial/economic
hierarchies, multiples level via tags or object properties (main machinery can be part of a
propulsion system in one division (functional) and part of the hull in another division
(physical).

« Data format as open as possible, including numbers (e.g. simulations inputs, codes and
results) and models (e.g. 2D and 3D models in open-source formats, such as SVG or STL)

» Collaborative storage and editing capabilities, in line with modern software repositories, such
as GitHub, with features such as versioning, tracking of changes, reviews, ownership levels,
task assignments, automatic documentation, web interface, and intelligent search algorithms.

+ Tools to open and manipulate the available data must be accessible to all stakeholders,
without the necessity of large installation packages or extensive server configuration

«  Continuous integration of collected and generated data, across the lifecycle
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Best Practices on Ship Design and Shipbuilding: Outline

7. Single Source of Truth Concept or Attempt
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SEUS Proposal: Smart Platform Desired Elements
As part of the SEUS proposal, certain desired elements are considered covering expertise in ship design and
shipbuilding, CAD/CAE/CAM functionalities, and information management.
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Current & Next Steps

As part of the development of the WP1, the following steps are planned to supplement the findings from the
literature review and research.

Engage with ship designers and yards to understand their concept of an
SSoT & PLM Solution
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Ongoing Interview

Survey and interviews are ongoing with shipyard partners to determine gaps in research findings, and
supplement SD&SB process maps found in literature reviews.

Introduction
1. Please describe your role at the company.
2. How many years have you been working within or in connection with the Maritime Industry?

Activity-based Questions
What are your three main activities?
Please describe the workflow associated with each of these activities.
For each of these activities, who do you interact with? (i.e. immediate team, department, company, and external parties)
For each of these activities, please describe how information is exchanged.
For each of these activities, what communications tools do you use?
For each of these activities, what digital tools do you use? How fragmented or integrated are these tools?
For each of these activities, how do you:
a. Access data (or retrieve data)
b. Store data
c. Transform data (or process, analyze, and handle data)
d. Share data within your immediate group, department, company, and external parties
10. What are the risks, uncertainties, and issues that you encounter when accessing, storing, transforming, and sharing data more efficiently?

Single Source of Truth B [_\ T I \ \ l
Concept or Attempt
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Ongoing Interview

Survey and interviews are ongoing with shipyard partners to determine gaps in research findings, and
supplement SD&SB process maps found in literature reviews.

11. Please rate how these challenges affect the efficiency of your group’s work. (1 — Applicable to 5 — Does not apply)

a.

TFE R 2

Excessive time spent searching for information.

Difficulty sharing information.

No single source of data.

Suppliers’ data vary in depth and quality.

Manual or no processes for approval.

Person-dependent knowledge resides in people’s heads.

A lot of effort spent securing the quality of the information.
Uncertainty about the release status and maturity of data.
Planning occurs in different ‘silos’.

13. How crmcal is it for you to access data in these domains? (1 — Applicable to 5 — Does not apply)

a.

~®ooooT

Functional or Systems-based Data
Product Data

Process or Task-based Data
People or Human Resource Data
Geographic Data

Contextual Data

Single Source of Truth B l_\ r I \ \ l
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Ongoing Interview

These surveys are also conducted to determine any immediate feedback or preconceptions with a SSoT

solution (inclusive of PLM).

Solution-focused Questions

14. What is your concept of a Single Source of Truth (SSoT) or Product Lifecycle Management (PLM) solution in your line of work?
15. What features of an SSoT or PLM solution would be most valuable for in performing the three main activities mentioned earlier?

16. Please provide feedback on the following SSoT Interfaces.

Company Name

Company Name

Single Source of Truth B \ r I \ \ I
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Improved interfaces (aligning better with existing
software solutions) to supplement the interviews
are underway. Additionally, a more formalized
approach to conducting these interviews is
being defined.
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Conclusion

Since the 1980s, the potential of incorporating computer-aided design and computational tools into shipbuilding
has been acknowledged. With the realization of digital twins, digital threads, and PLM — how far off are we from
realizing these forecasts?

It is the view of the author, from the research reported in
this paper, that ship design is a far from simple process and
furthermore the momentum behind developments in
preliminary CASD to simplify the initial design ‘synthesis’ is
no longer necessary or desirable. The more sophisticated
design description, provided by an integrated synthesis,
rightly makes the designer consciously address, as early as
possible, many of the less tangible design issues. With the
developments underway in CAD. Artificial Intelligence and
Expert Systems®®? the ship designer, along with the other
designers ‘on the grand scale’, must mould the application to
design of computer methods to provide an open, responsive
and ‘softer’ approach to CAD.

*digital tools
(Andrews, 1985)
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