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ABSTRACT

Damen Shipyards Group is a leading shipbuilding company, delivering over 160 vessels
annually from 32 shipyards worldwide with continued growing prospects. They keep
over 200 hulls in stock, to guarantee quick delivery times to customers. One of Damen’s
corporate values is the focus on standardisation. The modular building concept has
been applied for decades and still is unique in shipbuilding. However a trend has de-
veloped over the years in which the customers’ buying power has increased as a result
of globalisation forcing many manufacturers to produce an increasingly wide variety of
products at shorter delivery times. As a result of this, together with Damen’s rapid growth
and its approach towards offering finished products from stock, a closer look is taken at
the efficiency and advantages of Damen’s traditional production strategy.

Currently Damen Shipyards applies a make-to-stock production strategy, producing stan-
dard vessels on stock in small batches. Although these vessels are based on a standard
design, they can be equipped with alarge range of options to meet specific requirements.
However, on an individual scale these vessels contain minor deviations such as length,
width and equipment which has a significant impact on the production time and cost.
This production strategy could be optimised by shifting to an assemble-to-order strat-
egy where semi-finished products are produced to stock which are assembled after a
customer order. Additionally, standardisation methods can be applied to increase effi-
ciencies of the current production strategy. One of these methods is the platform-based
product development strategy, which is based on the development of modular platforms
which have similar interfaces and are therefore interchangeable between different prod-
uct types.

The goal of this research is to evaluate the possibility to optimise production of Damen’s
Product Group Tugs by implementing standardisation levels inspired by methods like
platform-based product development. Therefore the main question of this research is:

me

Which levels of standardization provide Damen with the most advantages?"

This research focuses on the economical side of production strategies which includes
the calculation and evaluation of potential reductions in production cost and lead times
and does not go into detail concerning the design of vessels. The Damen Product Group
Tugs, contains Damen’s best sold vessel types based on a standard design which have
the potential to benefit even more from other standardisation methods. The building
strategy of one of the vessels form the Product Group Tugs is used in this research to
evaluate the advantages of different levels of standardisation.

The methodology applied starts with the definition of production strategy variables,
their connections and related cost. Followed by the definition of different levels of stan-
dardisation through a literature study, interviews and an analysis of the product portfolio
configuration. Next, the knowledge gained is assembled in a computerised model which
calculates the total production cost, time and required manhours for the production of
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a single vessel. This model is also used to implement different levels of standardisation
to get to a standardised production strategy. With the throughput time and cost of the
standardised building strategy the impact of shifting to an assemble-to-order produc-
tion strategy is analysed by modeling the yearly production of tugs with standard sec-
tions stored on stock rather than complete hulls.

The total results of the mathematical model are promising; production time can be
reduced with 36%, production costs with 11% and the required manhours with 24%.
The total lead time can be further reduced by working in two shifts. Also, shifting to
an assembly-to-order strategy with propulsion sets and standard sections held on stock
will results in 56% lower stock cost.

To answer the main research question the three levels of standardisation have been
ranked according to the benefits they provide for Damen shipyards. The reduced variety
of the portfolio and changing to an assembly-to-order strategy with standard sections
and propulsion sets held on stock will provide Damen with a huge cost benefit. Secondly,
the implementation of modular outfitting will significantly reduce production cost and
the total lead time. And thirdly the standardisation of components within and between
vessels will mainly produce production cost but has has the potential to provide many
more benefits on a service level.

Shifting to an assembly-to-order strategy has multiple advantages for Damen. Firstly,
having semi-finished products, like sections on stock instead of complete hulls will save
maintenance cost, because they are stored on land rather than in (salt) water. Addition-
ally, due to the short production time, sections will be less affected by material price
fluctuations such as steel compared to complete hull production. Finally, risks are taken
when producing hulls on stock based on market predictions. Whereas combining sec-
tions from stock to assemble vessels according to customer’s wishes has a significantly
lower risk.

It is not expected that all levels of standardisation can be implemented simultane-

ously and within the same time frame. Therefore it is recommended to start with the im-
plementation of modular outfitting, this is an already proven concept within Damen and
has a lot more potential. Modular outfitting can be applied within single vessels, multi-
ple ship types and even between between differen product families. Also a substantial
decrease in procurement cost due to larger batches can be obtained by implementing
standardisation on a component level.
It would be interesting to investigate in future research what the ideal production line
and location will be of the production of standard sections on stock. Additionally, it is
recommended that Damen produces ship types solely at one yard, to gain from serial
production, therefore it recommended to investigate the optimal production location
per ship types. It is also interesting to look into the standardisation of compartment ar-
rangement. Finally, it would be meaningful to know to what extent modular outfitting
can be implemented between multiple business units such as high Speed Craft and Off-
shore and Transport. This could result in the development of standard modules with the
potential to be produced in large series, saving substantial time and money.
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INTRODUCTION

The content of the performed master thesis will be introduced in this chapter. The prob-
lem of this research will be introduced in the first section, followed by the background
information. In the third section the main research question and sub-questions will be
discussed. The chapter continues with the scope and finishes with the methodology and
report structure in the final sections.

1.1. PROBLEM INTRODUCTION

In 1927, two brothers began building boats in a shed in their hometown Hardinxveld-
Giessendam. Over the years, the single yard grew to be the Damen Shipyards Group,
currently one of the leaders in the shipbuilding world. The shipbuilding company deliv-
ers annually over 160 vessels of different types from 32 shipyards worldwide and keep-
ing more than 200 hulls in stock, to guarantee quick delivery times, (Damen Shipyards
Group, n.d.). The different ship types they produce include workboats, offshore ves-
sels, high speed crafts, ferries, yachts, pontoons and barges, dredging vessels and naval
yachts. One of Damen’s fundamental corporate values is the focus on standardisation.
The modular building concept has already been applied for decades and still is unique in
the ship building industry. Damen has developed a standard range in each of the niche
markets they operate. Although these vessels are based on a standard design, they can be
equipped with a large range of options to meet specific customer requirements. When
zooming in on an individual scale these standard vessels contain minor deviations such
as length, width, machinery and other installations which in the end have a significant
impact on the production time and cost.

As aresult of increasing globalisation and customers’ buying power many manufac-
turers have been forced to produce an increasingly wide variety of products, (Alizon et
al., 2007). In traditional markets one product could answer most needs, and product
development was mainly focused on the production of single products. Nowadays the
market has become more fragmented and niche markets are becoming more important.
With this trend, the traditional approach towards product development will increase cost
and throughput times notably. With the rapid growth of Damen Shipyards, the wide va-
riety of products they offer, and the increased customer buying power, a closer look is
taken at the efficiency and advantages of their traditional production strategy.

1



2 1. INTRODUCTION

1.2. BACKGROUND

Currently, the majority of the manufacturing industries strive to maximise profits by
finding ways to reduce development and manufacturing cost while simultaneously sat-
isfying diverse customer demands by keeping their product portfolios diverse. This sec-
tion provides background information on how product variety and volume influence the
applied production process and the platform-based product development method to re-
duce manufacturing cost while maintaining product variety.

1.2.1. PRODUCTION PROCESSES

It is important to get an insight in how product variety and volume influence the applied
production process. Low-volume operations processes often have a high variety of prod-
ucts and services, and high-volume operations processes often have a narrow variety of
products and services. Thus there is a trend running from low volume and high variety
in job shop production to high volume and low variety with continuous flow produc-
tion, on which operations can be positioned as presented in Figure 1.1. Complex one-off
shipbuilding is an example of low-volume and non standard production which will be
different per project also known as the job shop production process. On the the other
hand refining and transportation of oil is done in high-volumes with a standard configu-
ration of materials and ingredients which is produced according to the continuous flow
production process, (Slack et al., 2010).

Low volume, Low volume, High volume, High volume, High volume,
high variety, more , small few major little variety, continuous,
one off project | | products products components low variety

Project processes

Jobbing processes

Batch processes

Mass processes

f { §
Bl gl
Continuous processes “ 3 b i%b i

Figure 1.1: Process types for various volume and variety characteristics of the process, based on (Slack et al,
2010).

Damen’s standard vessels are produced in small series ranging from one to ten ves-
sels per year. The position of Damen products in the production process matrix is shown
in Figure 1.1. Because of higher standardisation levels during production and the serial
character it is positioned slightly to the right of the one-off shipbuilding example. How-
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ever the production process in which Damen’s vessels are being produced is job shop.
Damen aims to optimise its production process towards line flow to reduce cost and
time. This shift of production process has already successfully been performed in the
automotive and aviation industries. Two main changes which are necessary to make
this shift possible are an increase in the size of series production and a decrease in prod-
uct variety.

1.2.2. PLATFORM-BASED PRODUCT DEVELOPMENT

To reduce development and manufacturing cost while keeping product portfolios di-
verse enough to satisfy the customer the platform-based product development method
can be applied. This method is based on the production of standard platforms which
have the same interfaces, are modular and therefore interchangeable between different
product types. This method supports manufacturers to create a family of products which
share common platforms with identical components, modules or equipment, (De Weck
et al., 2003). Applying a platform product strategy can lead to multiple advantages in-
cluding a reduction in overall production cost and development time. Examples from
different industries which have already successfully applied line processes and platform
designs for their products are the automotive industry, aircraft industry and software
developers.
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1.3. RESEARCH QUESTION

Inspired by highly efficient production processes such as batch and mass production
and the platform-based product development method a high level of standardisation
is achievable whilst maintaining sufficient diversity within a product portfolio. Differ-
ent ship types can have interchangeable standardised platforms besides the well-known
levels of luxury and add-ons which are additional options. Within the numerous prod-
uct portfolios that Damen boasts, it should be possible to achieve similar benefits for
production, leading to overall cost reductions. This research will be an evaluation of
the possibility to increase the efficiency of production by implementing the aspects of
line production and the platform-based product design strategy on the Damen Product
Group Tugs. Therefore the main question of this research is:

"Which levels of standardisation provide Damen with the most advantages?"

In this research multiple levels of platform integration and different degrees of stan-
dardisarion will be defined and their effect on the cost and efficiencies of production will
be investigated. The focus of this research will be on the relation between three major el-
ements; the number of equal elements, the effect of these elements on production time
and cost and the flexibility of final products. This leads to the subquestions:

* Which parameters influence::

— the building cost,
— and the building time?

* Which levels of standardisation provide good prospects for the production of tugs?
* How do these standardisation levels influence the:

— the building cost,
— the building time,
— and the variety of the product portfolio?

* How is the Damen production strategy influenced on cost and lead time when im-
plementing different levels of standardisation?

This research focuses on the economical side of production strategies which includes
the calculation and evaluation of potential reductions in production cost and lead times
and does not go into detail concerning the design of vessels. Therefore, the wishes of
the production and sales department will play a key role in this research. The portfolio
should be diverse enough for the sales department to satisfy the customer’s wishes. The
wishes and opinions of other relevant departments such as after sales will also be taken
into account. The results will be tested against a number of scenarios based on recent
trends for the future of the maritime industry.
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1.4. RESEARCH SCOPE

Within this research the scope is limited to the Damen Product Group Tugs. The Product
Group Tugs has been chosen as the benchmark because this product group is the best
sold vessel type of Damen. This product group already contains a high level of standard-
isation and has the potential to benefit from even higher levels of standardisation. Also,
the Azimuth Asimuth Stern Drive (ASD) Tugs and Stan Tug (STu) series have the poten-
tial to benefit from standardisation strategies such as the design for operation strategy
which is currently being applied on the production of ASD2913 Tugs.

Damen shipyards delivers varied, standardised tugs from the renowned ASD and
Stan Tugs, to Tractor tugs, Voiths and Rotor Tugs, which can offer optimal solutions for
any kind of towing operation, either in port or at sea. Damen ship handling tugs operate
in ports and terminals around the world and provide different methods of assistance,
depending on local conditions and situations, (Damen Shipyards Group, n.d.).

CASE STUDY

Within the research a case study will be performed on the building strategy of a specific
ship type in order to calculate the potential advantages of the different levels of stan-
dardisation on an individual scale. Within this research it is assumed that;

¢ the applied methods can also be applied within other product groups such as off-
shore dredging or yachts,

e the results for this case study are sufficient to represent the complete product
group Tugs,

* the results for this case study can be scaled to other ship types

* the defined standardisation levels are implementable in the building and produc-
tion strategies of all tugs. This means that no design barriers are taken into account
in this research.

Additionally, in this research the standardisation levels that will be defined will be im-
plemented into a fixed current building strategy to calculate their impact on production
cost and lead times without performing optimisation calculations.
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1.5. METHODOLOGY

This section presents the methodology which will be followed to answer the main re-
search question of this research. The different steps within the process are presented in
the flow diagram in Figure 1.2 below and are explained below.

Standardisation
Improvements

Building Modularity Standardisation Mathematical Compare
strategy Influential levels model production
variables Factors strategies

Effect on

Manufacturing
Strategy

Figure 1.2: Process flow product platform design strategy

Step 1. Determine building strategy variables
In this step the different production variables, their behaviour and how they influ-
ence throughput times and production cost will be analysed through operations
and financial methods. This step will answer the first sub-question, Which pa-
rameters influence the building cost and time?

Step 2. Explore factors influencing modularity and standardisation
In the second step the factors that influence product modularity and standardisa-
tion are determined. This is achieved by performing interviews and assessing the
production strategies of tugs. The results of the assessment will contribute to the
determination of common and unique modules across the Product Portfolio Tugs
in later steps. This survey is an adapted version composed by Asan et al. (2014).

Step 3. Determine the levels of standardisation
When the product modularity factors and most important production variables
are determined, the different levels of standardisation can be defined in the third
step. This step places the product standardisation degrees into different levels de-
pending on which production phase they influence. Steps 2 and 3 address the
second sub-question, Which levels of standardisation provide good prospects for
the production of tugs?

Step 4. Model the building strategies
The building strategy variables defined in step 2 are modeled to determine the to-
tal throughput time and production cost of a single tug. Operations and financial
methods are used to connect the production variables to throughput times and
cost. The results of running this model will answer the last part of the third sub-
question How do these standardisation levels influence the building cost and time
and variety of the product portfolio?
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Step 5. Compare results of current and standardised production strategy
In this step the effect of implementing different levels of standardisation into the
production of tugs will be determined. The differences in the throughput times,
production cost and required labour show if the implementation of the modular
product design has a positive effect. After completing this step the final research
question is answered How is the Damen production strategy influenced on cost and
lead time when implementing different levels of standardisation?

Step 6. Determine the effect of standardisation levels on manufacturing strategy
Once the effect of standardisation with the modular product design method on
the production of a single vessel has been determined, the effect on the yearly pro-
duction of the product portfolio will be examined. This will show what the overall
profitability potential is of implementing modular product design on a complete
product portfolio. This step will contribute to answering the final sub-question.

1.6. REPORT OVERVIEW

This report consists of seven chapters starting with the introduction of this research fol-
lowed by the theoretical background in Chapter 2 in which a detailed description is pre-
sented of the background of this research, explaining production processes in manufac-
turing and the principles of the platform-based product design. In the third Chapter 3
the current production strategy for one of the Damen Tugs is presented which is used as
a base case in this research. The report continues with the different levels of standard-
isation, in Chapter 4, which can be implemented in the current production strategy to
improve efficiency and reduce production cost. Once the current production strategy
and potential improvements on different levels are known the mathematical model to
calculate these improvements will be explained in the next Chapter 5 to calculate the
impact of these potential improvements. The following Chapter 6 explains which pa-
rameters are influenced by implementing the three standardisation levels and the re-
sults per standardisation level. The conclusions, discussion and recommendations for
Damen Shipyards and further research drawn from the results of this research are pre-
sented in the final Chapter 7.







THEORETICAL BACKGROUND

A literature study was performed to get an in depth view on manufacturing processes
and strategies, platform-based product development and how Damen Shipyards ap-
proaches these topics. This chapter does not directly answer a sub-question; however
this step is important because it provides the theoretical background of this research,
which places the problem entity into perspective.

The chapter is divided in five sections starting with an overview of the different pro-
duction processes. Thereafter, the Customer Order Decoupling Point and manufactur-
ing strategies are discussed. In the third and fourth sections the series effect and the
platform-based product development method are presented. The final section discusses
how Damen Shipyards currently manages its production process and modularity for
tugs.

2.1. PRODUCTION PROCESSES

Before focusing on the production process applied at Damen Shipyards some background
information is provided to get an insight in how product variety and volume influence
the applied production process. As explained in the Introduction 1 and presented in
Figure 1.1 there is a clear movement from manufacturing in low volumes of high variety
products in job shop production to high volumes and low variety between product with
a continuous flow production. The different processes in this process matrix are shortly
described in the following list based on the theory explained in Operations Management
by Slack et al (2010).

Project processes
Project processes are usually applied for highly customised products with high variety
and low volumes. The production time is often long and the resources are specialised for
each product which leaves little space for product variability. Examples of project pro-
cesses are shipbuilding, most construction companies, movie production companies,
large fabrication operations such as turbo generator manufacturers.

Job processes
Job processes are similar to project processes with high variety products produced in low
volumes but the products are usually smaller. In jobbing processes the same resources
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are used to produce series of products even though the products differ in their require-
ments. Examples of jobbing processes include specialist toolmakers, furniture restorers,
tailor work, and printing jobs of for example advertisement.

Batch processes
Products with less variety and larger volumes are manufactured through batch processes.
Batches of different products pass through the same sequence of production. The size
and variety levels of batches can vary largely between a few and hundreds. Examples of
batch processes are machine tool manufacturing, the production of food (for example
dishes in a restaurants) and components for mass-produced products.

Mass processes
In mass processes goods are produced in high volumes with little variety. The products
can be built up out of components in multiple variants creating many different end prod-
ucts. As long as the interfaces between those components are the same the production
process can continue smoothly without interruption. Examples of mass processes are
automobile plants, a radio production factory and food processing.

Continuous processes
The final process is even more advanced than mass production because the operation
works continuously without having to stop. Continuous processes usually run for longer
periods of time. Continuous processes are suitable for products with high volumes and
low variety which is the case in for example petrochemical refineries, electricity utilities,
steel making and paper making facilities, see Figure 1.1.

2.1.1. PRODUCTION COST AND THROUGHPUT TIME

Now that it is known how manufacturing processes match with different product vari-
eties and volumes it is good to understand what the relation is between the different
production processes and the production costs and lead times.

Processes which are applied to produce products in lower volumes with a high variety
such as project and job processes usually have long lead times and high costs. Many
components need to be delivered and installed by different suppliers. Also, preparation
and development times such as engineering and project management take a lot of time
and cost a lot of money because each final product is different. On the other hand, if
variety is limited and batch sizes increase (like in batch processes) production will speed
up and production costs per product will reduce. Investments in equipment and engi-
neering is no longer required because each series of products is produced with the same
tools and runs through the same process. In addition to that, with less variety, the num-
ber of suppliers will decrease and therewith logistics and transport will be simplified.
When looking at the shipbuilding industry, most yards apply the project or job processes.
Varying requirements of the customer, thousands of components and long lead times re-
quire good planning, preparation and communication between the different stakehold-
ers. This process can be improved by implementing characteristics of the other pro-
cesses. To speed up the shipbuilding process and reduce production cost one should
aim to reduce variety and increase the batch size. This does not necessarily mean that
the batch size of the end product should be increased, but that the variety in equipment,
components or even sections should be reduced. This will lead to the application of
batch processes on a smaller scale with increased series sizes and reduced lead times
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due to higher production efficiencies.

2.2. CUSTOMER ORDER DECOUPLING POINT

Another factor which concerns manufacturing and supply chain operations is the Cus-
tomer Order Decoupling Point (CODP). The CODP is accoriding to Jodlbauer et al. (2012)
"the point in the material flow of manufacturing where the product is tied to a specific
customer order." The CODP contributes to the alignment between operations in a firm
and the market requirements and is used as a reference point for deciding which man-
ufacturing operations and supply chains to use. The main manufacturing strategies in-
clude make-to-stock, assemble-to-order, make-to-order, each with a different position
of the CODB illustrated in Figure 2.1.

CODP
N/
Make-to-stock MTS
CODP
Assemble-to-order MTS / \ f MTO
CODP
;.._ ‘ MTO

Make-to-order

Figure 2.1: Customer Order Decoupling Point, (Jodlbauer et al., 2012)

It can be seen in the figure that the CODP can be positioned at different stages of the
production. When make-to-stock is applied the COPD is positioned more towards the
customer or downstream where finished goods are delivered from stock. In assemble-to-
order the CODP divides the manufacturing operations into forecast-driven operations
and order-driven operations. Forcast-driven operations are upstream of the CODP and
customer order-driven operations are downstream of the CODP. In make-to-order and
engineer to order the CODP is positioned at the start of the supply chain, where pro-
duction starts after an order is placed. The relation between the CODP and the different
manufacturing strategies are based on research performed byJ. Olhager, (2010) and Jodl-
bauer et al.(2012) .

Make-to-Stock
Make-to-stock is applied for highly standardised (commodity) products which are pro-
duced in high volumes per period with little variety. In this strategy stock is held within
the distribution system which can be in many forms; from raw materials at suppliers to
finished goods at the manufacturer. The CODP in this case is therefore positioned down-
stream towards the customer. Make-to-stock is a push driven manufacturing strategy in
which price plays a dominant role, where quality and delivery are major qualifiers and
where flexibility is less important.

Make-to-Order
Engineer-to-order and make-to-order manufacturing strategies are applied for special
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and customised products which are produced in low volumes per period with a large va-
riety. This strategy is customer focused, therefore quality, delivery and flexibility play an
important role and price is often less important. Additionally, delivery speed is currently
becoming more important. The CODP in this strategy is positioned upstream towards
the suppliers. Make-to-order is pull driven, time-phased due to its high flexibility and
low volumes per product.

Assemble-to-Order
The assembly-to-order strategy contains a mix of make-to-stock and make-to-order based
on demand, volume and variability. This strategy is often applied when different types of
products are manufactured. The CODP position can be either upstream or downstream
and determines the choice of applying make-to-stock or make-to-order to different sec-
tions within a single production system or the supply chain.

2.3. SERIES EFFECT
One of the conclusions that can be drawn from the previous sections is that within ship-
building, final products, components and sections should be reduced in variety and in-
creased in batch size to make production more efficient. If batch sizes can be increased
in production another phenomena comes into play which is the series effect. When a
certain activity is repeated several times, less time is needed to be perform this activ-
ity after repeating it several times and the performer will become better at it. In other
words, the activity is performed more efficiently due to learning. Companies and facto-
ries repeating the production of a certain product also experience improved efficiencies
leading to reduced lead times and cost. This learning phenomenon was first discov-
ered in 1936 by T.P. Wright and applied in the aviation industry. He developed a learning
theory and proved that labour costs decreased with learning by applying it in airplane
production, (Yelle, 1979, Heizer et al., 2011). The process of learning from repetition can
be illustrated with learning curves. Learning curves show the amount of work needed
to be performed to produce a certain number of units. As the number of repeated units
produced increases, it can be seen that the amount of work required to complete them
reduces. In Figure 2.2 a good example of a learning curve is presented. The gradient of
the curve depends on the learning rate of the process. The learning rate is a percentage
which states how much time of the first unit is needed to complete the double amount of
units, (Heizer et al., 2011). The same rate is applied when the number of units is doubled.
It should be noticed that the learning curve and rate depend on many factors and
that it can change over time. The learning curve can be disrupted by human factors,
changes in the production process, or external factors such as suppliers or malfunction-
ing of equipment. The learning rate is different from company to company and strongly
depends on the type of activity which is performed. Also the working attitude within a
company can influence the learning rate. The learning curve is a useful tool for opera-
tions managers to determine future production and purchase cost standards for items
produced (Heizer et al., 2011, De Weck, O.L.,2006).
The following Figure 2.1 shows different learning rates for numerous activities. When
looking at these relations the shipbuilding industry will have a learning rate in the same
range as the automotive and aircraft industry of approximately 80%.
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Cost / time per repetition

0 Number of repetitions (volume)

Figure 2.2: Learning Curve, (Heizer et al., 2011)

Table 2.1: Learning Rates for different activities, (Heizer et al., 2011)

Example Improving Parameter Cumulative Parameter  Curve slope
(%)
1 Model-T Ford production Price Units produced 86
2 Aircraft assembly Direct labot-hour per unit Units produced 80
3 Equipment maintenance at Average time to replace a number of replacements 76
GE group of parts
4 Steel production Production worker labor-  Units produced 79
hours per unit produced
5 Integrated circuits Average price per unit Units produced 72
6 hand-held calculator Average factory selling price  Units produced 74
7  Disk memory drives Everage price per bit Number of bits 76
8 Heart transplants 1-year death rates Transplants completed 79

There are several ways to calculate the required amount of time to produce a desir-
able number of units with the learning procedure.
Firstly and most easy approach is the arithmetic approach to learning-curve problems,
(Heizer et al., 2011).The down side of this methods is that it does not tell us how many
hours will be needed to produce other units.
Another approach to determine the amount of work for any unit is the logarithmic ap-
proach. The logarithmic approach allows us to determine the hours required for any
unit produced, but there is a simpler method.
A third method is the learning-curve coefficient technique which does not only allow to
calculate the labour for any unit and any learning rate. This is done with the learning-
curve coefficient (C) which depends on both the learning rate and the number of units.

When applying the learning-curve theory to assess future efficiencies of production
attention should be paid to the following points. The gradient of the learning curve is
directly linked to the production time of the first produced unit, this should therefore
be handled with care and accuracy. Also keep in mind that the learning curve will not
automatically apply to indirect labour and material cost.

In previous research, (Scorpecci, 2007), data was collected for the recalculation of
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Compensated Gross Ton (CGT) in shipping, shipyards reported information on man-
hours used for specific ship designs built in series which seemed to be linked to the se-
ries effect (or learning curve). As can be seen in Figure 2.3, this effect strongly reduced
the number of man-hours involved in the building of those ships. There are clear in-
creases in efficiency as workers become more familiar with their tasks. This research
also pointed out that a similar effect, though of a smaller degree, may also be present if a
shipyard is building a certain ship type with only limited size variations, as the workers
then become more familiar with production details. When comparing this graph to the
three calculation methods described above the amount of required work is calculated
with the logarithmic approach.

1
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0.9 N y = -0,1483Ln(x) + 0,9995
0.85 N R2=0,972

0,8 \
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Figure 2.3: Reduction of workload (series effect) from the first to the 10th ship,(Scorpecci, 2007)

2.4. PLATFORM-BASED PRODUCT DEVELOPMENT
The objective to reduce development and manufacturing cost while keeping product

portfolios diverse enough to satisfy the customer can be achieved by implementing platform-

based product development. Working with platforming can lead to multiple advantages
including reduced overall production costs and development time (De Weck et al., 2003,
Nieuwenhuis, 2013). Platform-based product development supports the manufacturer
to create a family of products which share common platforms with identical compo-
nents, modules or equipment.

Over the years, many methodologies and tools have already been developed to im-

plement the product platform strategy in practice, which are presented in the work of
Alizon et al. (2007).
In this research the definition of product platform is taken from Meyer and Lehnerd
(Meyer et al., 1997) and is stated as follows: "A product platform is the set of parts, sub-
systems, interfaces, and manufacturing processes that are shared among a set of products,
and allow the development of derivative products with cost and time." To add to this de-
scription, a product family can also be described as "a group of products that share sim-
ilar features and functions and can be easily adapted to satisfy a wide variety of customer
requirements or target specific market niches," by (Conner Seepersad et al., 2000).
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A product platform ideally consists of a base platform from which different products

can be generated by adding or removing components or units, as long as they share the
same interface, (Conner Seepersad et al., 2002)
J.J. Nieuwenhuis (2013) evaluated in his dissertation the appropriateness of product plat-
forms for engineered-to-order shipbuilding. He illustrates multiple examples of manu-
facturing companies which successfully switched from producing complex products in
a one-of-a-kind way to mass customisation with the platform-based development ap-
proach. This stresses again that even though shipbuilding is characterised for producing
one-off project based products it is not a reason to discard platform-based product de-
velopment on beforehand.

According to O.L. De Weck (2004), manufacturers can reduce overall production costs
and development time, while satisfying diverse customer demands by implementing a
product platform strategy. However, he also states that platform-based product devel-
opment should only be considered when one or more of the following criteria can be
met.

* The product family is a system with a common basic set of attributes;
* The product family has a long life cycle and distributed ownership;

* The product family has highly interconnected systems with a need for future growth
and a constant update of technologies;

e The product family must adopt to rapidly changing environments, trends and fast
clock speed technologies;

* The product family has a stable core functionality but has variability in secondary
functions and/or external styling;

* The product family interfaces with an intricate peripheral customised architecture.

When looking at the shipbuilding industry, and at literature (Nieuwenhuis, 2013) several
of these criteria can be met in shipbuilding,

* Within product families, common features such as parts, components and systems
can be found in the product. Additionally, within a single shipyard common pro-
duction processes and engineering tools can be identified, such as the new Prod-
uct Lifecycle Management (PLM) and Product Data Management (PLM/PDM) pro-
grams which have recently been launched at Damen Shipyards to standardise data,
engineering and supply chain processes;

* Product families in shipbuilding have a long life cycle; some ship types are offered
on the market for over a decade, like the ASD 2810 tug of Damen Shipyards;

* Also, as mentioned earlier customers in the shipbuilding industry are known to
be volatile with rapidly changing requirements, due to continuous technological
improvements. Therefore product families need to be able to adapt rapidly.




16 2. THEORETICAL BACKGROUND

Besides the fact that it could be interesting to implement platform-based product devel-
opment in shipbuilding, results from Damen Shipyrads internal interviews and external
research show that many shipbuilders are interested in potential benefits of implement-
ing standardisation and modularity, the two elements of platform-based design reuse.
Standardisation and modularity ensure that design solutions are reusable. Additionally,
the robustness of the platform determines to what extent the platform-based solution
will have to be changed when design requirements change, (Nieuwenhuis, 2013, Simp-
son et al., 2016). Product standardisation can be achieved at many different levels in-
cluding:

¢ Product features,

e Parts,

* Components (incl. interfaces),

* Systems,

* Arrangements,

* Design, production and assembly processes.

Even though it is not yet common practice within the shipbuilding industry a num-
ber of shipyards already (unknowingly) apply a product platform based development
approach, (Nieuwenhuis, 2013). In the super yachts built at Icon Yachts the engine
room, stairs and electrical spaces have fixed positions and arrangements such that a
large number of yachts with varying arrangements could be developed. Additionally,
trailing suction hopper dredgers produced by IHC which can be ordered in three sizes
where the customer can chose from different (standard dredging packages) to be to ful-
fill their dredging requirements and Navy SIGMA Vessel ordered at Damen are produced
from standard hull, weaponing and communication modules which can be mixed and
matched according to the customer’s wishes.

Various other product manufacturers of Complex Product Sytems (CoPS) have for
many years already successfully implemented the product platform strategy. Examples
from different industries which apply platform designs for their products are listed be-
low.

2.4.1. AUTOMOTIVE

Several examples of platform applications can be found in the automotive industry of
which a few are listed in this section.

Fiat Tipo simplified the car’s design and assembly already in the 1980’s by sharing modu-
lar pre-assembled components and modules such as doors and the cockpit across multi-
ple Fiat marques (Pandremenos et al., 2009). Also, SMART’s are built from pre-assembled
modules including a fixed body frame and flexible modules such as door, body pan-
els, glass and roofs. Its customers can combine the frames in different colours to their
own taste without affecting the production process. SMART is also characterised by its
outsourcing because its suppliers are totally integrated into the production plant, (Pan-
dremenos et al., 2009).

Figure 2.4a demonstrates the Body-in-White (BiW) (Paralikas et al., 2011) case study;,
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which compares the use of modular platforms to a fixed design of an under-body struc-
ture of a car. The top Figure represents the under-body structure of the Biw. Two alterna-
tive designs of the under-body structure of the BiW are presented in the middle picture
2.4b, a modular and an integral one. The integral under-body (left) has an inflexible
architecture which makes it unsuitable for other design variants.

The modular design of the under-body
structure is divided into three main mod-
ules: the floor, the front end and rear-
end modules, see right-hand side of Fig-
ure 2.4b. These modules can be mixed
and matched to create alternative design
variants. Additionally, these modules can (a) under-body
easily be scaled since only a small por-
tion of the under-body parts will require re-
designing. Based on this modularity and
scalability three alternative design variants
of the under-body structure can be cre-

ated as can be seen in the third Figure
2.4c. (b) Integral & modular

Another good example of platforming ,{ ‘ Foort “ =

in the automotive industry is the Modu- -
lar Transverse Matrix platform, also called AL”—"‘Q i
MQB (Modularer Querbaukasten) devel- { o sy
oped by Volkwagen, (Volkswagen, 2016). = i
This modular chassis forms the base for cars

of different car brands including Volkswa-

gen, Audi, SEAT and Skoda. Despite the dif'Figure 2.4: Modular under-body(Paralikas et al., 2011)
ferent wheelbases, lengths and engine types

this modular platform can still be used. Additionally, this makes it possible to assemble
cars from different brands at the same production plant.

(c) Modular variants

2.4.2. AIRCRAFT MANUFACTURING

Airbus and Boeing have both successfully applied platform-based product development

in their aircraft families. Every model in their company shares multiple modules with

other models. Also Dassault has been successful in used platforms for its Falcon business-
jet aircrafts. This principle is most successful when the design, production, assembly

and operation are of relatively similar aircrafts, (Frigant et al., 2005). Many of Falcon’s air-

craft models share the same wings and cockpits including identical instrument panels,

piloting procedures, avionics and the other systems. The length of the fuselage main-

tains variable to be able to change the number of seats. The same counts for the Airbus

aircrafts in the A330/A340 range which also share the same engines but the number of
engines differ between 2 and 4, (Frigant et al., 2005, Fujita, 2002). These companies have

accomplished to reduce production time and cost, maintain product variability and by
standardising components and modules have increased the amount of outsourced work.
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Figure 2.5: Platforms Aircraft (Fujita, 2002)

STRETCH-BASED DESIGN

The so called stretch-based design is based on the enlargement of the fuselage according
to the number of seats required, This stretch-based design has been implemented for
several variations of aircrafts including the DC-9 range and B-777, (Fujita, 2002, Simpson
et al., 2006). The aircraft is built up out of fixed modules including main wings, tail wing
and engine as presented in Figure 2.5 and only the fuselage is adjusted according to the
number of seats.

Meyer et al. (2010) presents another example of products which consist of a scalable
platform. The Black and Decker drills, sanders and jig saws circular saws that all share
a common motor which can deliver a certain amount of power based on varying wire
stack length.

2.4.3. SOFTWARE PLATFORMS

Apple is another good example of a company which implemented modular design in its
products. The iPOD, iTouch, iPhone and other i-products share similar operating and
software systems such as iTunes. Part of the apple system is so modular that it can also
be used on Windows-based computers, (Meyer et al., 2010).

DIFFERENCES BETWEEN COMPLEX MANUFACTURING INDUSTRIES
Knowing that some industries have already successfully implemented platforming into
their product development and production, it should be taken into account that the
shipbuilding industry differs greatly in several aspects from these industries. The main
changes between the shipbuilding and the automotive and aeronautical industry have
been investigated in the dissertation of J.J. Nieuwenhuis (2013) and are listed below.
Firstly, they differ significantly in series size and development time. In general the
shipbuilding series and specifically the series sizes of Damen Shipyards Tug production
ranges between one and ten, with the total development times of about one to two years.
In the automotive industry, series sizes can range from 10.000 to over a million units.
Platforms used in the automotive industry are usually applied in the production of and
multiple car types from different brands. Development time of new models can there-
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fore take up to ten years . The series size within the aviation industry can be up to 1500
consisting out of multiple generations of platforms. Platform development time for aero-
nautical applications is also around ten years.

Secondly, the above mentioned industries differ in decision ownership which can
also influence the appropriateness of platforming. In the automotive and aeronautical
industry, the manufacturer only have ownership of main decisions, which makes the
application of design reuse relatively easy. Shipbuilders have a more complicated posi-
tion as the customer often influences the decision making already during product de-
velopment. This makes the implantation of platform strategies more challenging. J.J.
Nieuwenhuis (2013) gives examples in his research from Asian shipbuilder which only
execute excessive customization for very high prices and German mechanical engineer-
ing industries which benefit from design reuse for small series of engineered-to-order
products.

Thirdly customers in shipbuilding are not only involved during production develop-
ment, they are also known to be volatile, and therefore design requirements frequently
change and the predictability of customer requirements is perceived to be low. One of
Damen’s highly valued and unique selling points, based on interviews with employees
from sales and design and proposal departments, is the willingness to customise a prod-
uct according to customer’s needs. To successfully implement the product platform ap-
proach, this high degree of product customisation should not be affected or customers
should be convinced that the benefits outweigh the decreased customisation potential.
It is therefore a great challenge to find the optimal ratio between reducing variety and of-
fering customization. Within Damen, the development and success of the Schelde Naval
Shipbuilding’s SIGMA already prove that customer requirements can still be fulfilled by
using standard modular product platforms.

The mentioned differences between shipbuilding and other industries and listed chal-
lenges can influence the way in which platform-based product development is applied
within the shipbuilding industry but does not make it inappropriate. Applicability of the
platform approach will increase for Damen Shipyards if requirements such as the high
degree of customisation and small series sizes are met during platform strategy devel-
opment. Also, due to continuous technological improvements the platforms should be
easily renewable, this ensures long-term benefits from a single platform.

2.5. PRODUCTION PROCESS AND MODULARITY AT DAMEN

Damen shipyards builds complete (standard) vessels with a make-to-stock strategy based
on market predictions and can therefore deliver vessels to its customers faster than its
competitors. Damen’s standard vessels are produced in small series between one and
ten vessels per year. In Figure 1.1 Chapter 1 the position of Damen Shipyards within
the production process matrix is shown and explained. Damen is likely to reduce lead
time and cost if they could turn their production process more towards line flow, which
is already done in the automotive and aviation industry. Two main changes which are
necessary to make this shift possible are an increase in production size and a decrease
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in product variation.

The current Damen Standard Process Flow is shown in Figure 2.6. Increasing the
level of standardization and modularisation within this stage will contribute to a shift
towards a line flow production process.

Raw Vessels on X Take .
materials Assembly stock Sell Customize payment Deliver

| Customer :
\ request |

\
Lead Time

Figure 2.6: Damen standard process flow

Damen Shipyards is aware that the efficiency of their traditional production strat-
egy needs a closer look and has recently been focusing on improving efficiency, de-
creasing production time and cost. Several projects and pilots have been launched to
make their production process more industrial. Two of these initiatives include the
integrated building strategy (bottom hat principle) and Design for production (D4P),
(Teuben, 2015). D4P is based on taking production strategies into account during the
design phase to smoothen production. The integrated production strategy is based on
producing sections upside down in order to perform hotworks underhand, rather than
uncomfortably overhand, after which the section is turned placed into position as pre-
sented in Figures 2.7 and 2.8.

1. Hot works Upside down 2. Turn hat 3. Place hat on bottom
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Figure 2.7: Bottom hat principle, (Teuben, 2015)

EXCELLERATE

Excellerate is another program which focuses on optimisation and standardisation of
the production process at Damen shipyards. The main goal of Excellerate is to bring
‘working with standards to the next level in a multinational environment’ thereby real-
ising shorter lead times and reduced production cost, (Damen Excellerate 2016). These
standards are achieved by creating a Damen Standard Product Approach which includes
clear and standard process structures, systems, solutions captured in handbooks and
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Figure 2.8: Integrated Building Strategy, (Teuben, 2015)

parts captured in a catalog. Excellerate facilitates this process by means of creating tem-
plates for standard ship types of different product groups. If this is done uniformly, a
smooth and standardized shipbuilding process is created with aligned operations and
supply chains. A product template is structured such, that production is maximally sup-
ported to build standard ship types in an industrial manner, without unnecessary inter-
ference.

Cost price Down & Quality Up

g‘;‘ e 2 X PRIMAVERA
_—o = % nestix
Standardize Products Standardize Processes Standardize Tooling

Figure 2.9: Key objectives Excellerate, (Damen Excellerate, 2016)

Getting the right materials, at the right time on the main assembly line is crucial in
order to achieve the goals mentioned. If all parts on board are known, pre-purchased
and double checked quality will improve. Also quality improves by the fact that pro-
cesses become simple.

Not all ship types qualify for the creation of a template. Ship types of which Damen
Shipyards has a large market share and a high market growth are the ones that qual-
ify in the first place for a template, which will be further explained in Chapter 4. The
ASD3212 is the first template of the product group Tugs, followed by the ASD2810 and
the ASD2811 is the third template which will be developed in the near future, (Damen
Excellerate 2016c).

If Damen can continue the development of these pilots and programs great improve-
ments in the current lead times and cost will be achieved. However, the mentioned pilots
and Excellerate run individually from each other without much interaction between the
them. Results from interviews F show that the cooperation and communication between
the two initiatives can be more harmonised to bring these potential improvements to a
greater success.

DECISION MOMENTS
At Damen Shipyards efficiency is being improved and lead times and production cost
are being decreased through D4P and Excellerate. However on the longer term Damen
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is aiming to continue these improvements which is presented in Figure 2.10. The top
bar represents the current production strategy for an average ASD2810 with a total lead
time of x weeks. The second and third bar represent the effect of D4P and the integrated
building strategy on the total lead time which have the potential to be reduced with 35%.
By implementing different levels of standardisation and modularisation which will be
investigated in this research the lead time is expected to be halved.

This figure also shows the release moment of the Unrestricted Action List (UAL) which is
presented with a red sandglass. This is the moment when it is decided to build a certain
vessel type or a series of vessels. The yellow sandglass represents the order moment of
Long Lead Items (including thrusters, gensets and main engines). During production the
delivery moments of long lead items are pointed out by red triangles. The release date
of the UAL is in all projects approximately one month before the start of steel cutting.
When the decision moment and delivery time for long lead items stay unchanged, it can
be seen that as a consequence of the reduced lead time the order moment of the long
lead items shifts to the left of the UAL. This creates a contrasting situation in which the
decision moment for the production of a vessel is after the order moment of long lead
items for that same vessel.

x weeks — current situation

Yy vy
X Sections Blocks Hull Outfitting Comm.
UAL  Cal
0.75x weeks — pilot ASD2913 YYyY Y
Sections Blocks  Hull Outfitting Comm.
0.65x weeks — D4P & integral building Yy v

X h{ Sections  Blocks Hull | Outfit. Comm.

0.5x weeks — D4P & platform Yy v

strategy Y h¢ Sec.Blocks Hull | Outfit. Comm,

Figure 2.10: Production planning including standard platforms, (Teuben, 2015)

Figure 2.11 shows a simplified overview of the yearly production of tugs with the cur-
rent production time of, UAL release dates and long lead items order and delivery dates.
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Figure 2.11: current production planning



2.5. PRODUCTION PROCESS AND MODULARITY AT DAMEN 23

In the next Figure 2.12 the same overview is presented with the halved production
time. In the new scenario longlead items are no longer ordered per product but are taken
from a stock pile of long lead items. The group of yellow, green and orange sandglasses
represent the stock of different types of long lead items. When an UAL is released an
order will be placed to replenish the stock. In this way production can continue without
depending on delivery times and no decisions need to be made considering long lead
items before the release of the UAL. The same can be done for the production of standard
sections on stock which will be ordered when the UAL is released, assembled during
production and replenished by a serial production line of sections. The size of the initial
stock for an average yearly production should be calculated if this is beneficial.

M

~ .t
Initial Stoak
L

1year

Figure 2.12: Production planning including standard platforms

When having standard sections and propulsion sets on stock, a shift from a make-to-
order strategy towards an assemble-to-order strategy is noticeable. Whether this change
in production strategies is beneficial for Damen or not will be investigated in the follow-
ing chapters.
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2.6. CONCLUSION

This chapter has given the theoretical background of this research starting with the link
between product variety and volume and different production processes such as project,
job, batch, mass and continuous process.

The series effect and learning curve are the following topics discussed, showing that the
production of large batches in series will contribute to a learning curve, improving effi-
ciencies and decreasing production time and cost.

Next, platform-based product development has been explained, covering the design of
a product consisting of standard modules with similar interfaces to be applicable on dif-
ferent product types. Examples from the automotive, aviation and software industries
are used to illustrate this design method.

The Customer Order Decoupling point is an important indication to decide on which
production strategy to apply within a manufacturing company. Providing this back-
ground information is required to understand the current production strategy and man-
ufacturing process applied at Damen Shipyards. Damen Shipyards produces complete
hulls on stock according to a make-to-stock strategy. The production process is currently
being optimised with pilots and projects such as Design for Production, the Bottom-Hat-
Principle and Excellerate.

The knowledge gained in this chapter will be applied in the next chapters to answer the
main research question.



BUILDING STRATEGY

The theoretical background of this research has been presented in Chapter 2. Before
exploring the different levels of standardisation, the factors which determine the pro-
duction cost and lead time of the current building strategy should be known. The pro-
duction cost and throughput times are influenced by building strategy variables, which
are determined in this chapter using production strategy and financial data from one of
Damen Shipyard’s tugs. When this is done, the first sub-question is partly answered;

Which parameters influence:
- the production cost,
- and the production time?

The production strategy of the ASD2810 build at Damen Galati is used as a base case
for this research. The building strategy for this vessel has already been evaluated and
used in previous research, and will be applied to find the factors which determine the
production cost and lead times. Once these factors are known, the effect of implement-
ing different levels of standardisation on them can be determined.

In this chapter a theoretical model of the production of an ASD2810 built at the
Damen Galati shipyard is presented, based on previous research performed by T.J. Hoek-
stra (2014). The chapter is divided into six sections explaining step-by-step how the pro-
duction process and cost for this vessel are built up. Starting with the over all cost divi-
sion of production and the main production phases, followed by all the activities which
take place in the respective phases, their durations and how the activities are related to
each other, ending with the production cost and a conclusion.

3.1. PRODUCTION COST

At Damen Shipyards, production cost determine to a great extent the profit that can be
made. The further cost can be reduced the more profit can be made. Therefore it is
important to know which parameters determine the cost and how they are linked. The
piechart in 3.1 shows the different items which together form the total production cost
for a vessel. The presented cost are based on information from the Damen Galati Ship-
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yard. Alot of production process and related cost information is available from this ship-
yard and the ASD2810 is mostly produced at this yard.

39 1% 3%

32%

13% = General items
u Shipbuilding
Iain machinery
Primary ship systems
= Electrical installation
m Deck equipment

m Secondary ship systems

m loinery
w Mautical

m Unforeseen

Figure 3.1: Cost division current building strategy, (Hoekstra, 2014)

The above mentioned cost are divided according to ship-systems which can be fur-
ther separated into in-house cost and buy-in cost. In-house cost can differ between
building strategies and most buy-in cost do not depend on building strategies.

BUILDING STRATEGY INDEPENDENT COST

Cost which are independent of the building strategy do not change but the cash flows
are influenced by building strategy variables. In-house overhead cost of this cost type
are generated at the main office in Gorinchem which include cost for project manage-
ment, procurement, material coordination, research and engineering. Other in-house
overhead cost come from the shipyard and include cost for project management, work
preparation and planning.

The buy-in cost of the same type include cost from materials, services, utilities and
equipment which can be divided into three groups, individual items, grouped items and
general items.

¢ Individual items are related to the installation moment of the related item and are
mainly expensive.

* Grouped outfitting items include equipment and materials that are too small to
be added individually to the cash flows, They are grouped according to produc-
tion activities which are related and their timing is is related accordingly to those
activities.

* General items include transport, fuel and trial cost that are linked to phases of the
production. These cash flows are linear throughout the duration of the production
phase.

BUILDING STRATEGY DEPENDENT COST

Building strategy dependent cost mainly include cost at the shipyard to actually pro-
duce a vessel. These cost include labour and manufacturing overhead cost. Manu-
facturing overhead cost include equipment, facilities, utilities and indirect labour cost.
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From available plannings and a value stream map, data is collected regarding produc-
tion hours and activity duration. The relation between cost, cash flows and labour is
explained in section 3.6.

3.2. PRODUCTION PHASES

The production process for the ASD2810 contains several phases listed below (Hengst,
1999, Hoekstra, 2014).

* Pre-fabrication / Work shop
* Sub assembly of
- Panels
- Sections
- Blocks
* Final assembly
e Finishing
* Trials

The Work Breakdown Structure presented in Figure 3.2 shows the three main phases
for hull production consisting of a section phase (the bottom row), a block phase (the
middle row) and an assembly phase in which the blocks are assembled into 2 zones (top
row) which are finally attached to form the complete hull. Workshop activities can be
performed parallel to these three phases and trials are performed when production is
completed. This framework forms the base for scheduling smaller activities and to de-
termine throughput times and production cost of outfitting activities.

Figure 3.2: Work Breakdown Structure showing production phases

Section phase
In the section phase, mainly piping and outfitting activities can take place as long as the
section is open and when it is built upside down. This provides better working condi-
tions and good reachability for cranes and equipment.
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Block phase
Sections are attached to each other to form bigger blocks in the block phase. Blocks are
usually closed and are not produced upside down which makes the installation of large
equipment and outfitting activities more challenging due to reduced accessibility and
uncomfortable working conditions such as limited daylight and overhead welding.

Final phase
In the final phase, the blocks are assembled to form the hull, deck equipment is placed
and final painting is performed. Piping and outfitting work can also be performed in the
final phase, however more man-hours are required to place scaffolding and due to bad
accessibility for workers, cranes and equipment.

The duration of activities, required man-hours and amount of work which can be
performed parallel depends on the phase in which they take place. This is because of the
different working conditions mentioned above. Efficiency factors for the three phases
differ in literature. With literature and reviews from experts’ efficiencies the following
efficiencies have been assumed, (Hoekstra, 2014, Interview 6 in Appendix F):

 Section phase 0.25
* Block phase 0.5
* Final phase 1

3.3. ACTIVITIES

In this section the activities which are carried out in the before mentioned phases will
be selected. Thousands of activities are carried out during production. However only a
few activities determine the length, required work and cost of production. Activities and
equipment with a price tag equal or more than 1% of the total project cost are assigned
to an activity in outfitting or installation of equipment. Activities with long durations
and labour requirements are also selected and where necessary, they are grouped into
larger activities with the help of value stream maps and plannings of the Damen Galati
yard. In total 25 outfitting activities are selected which are listed in Figure 3.1. Durations
and cost for hull production activities are calculated separately from outfitting activities.

Activities can take place in multiple phases and in multiple areas, for example Hot
works is split in Hot works Engine Room (ER) and hot works Accommodation and Wheel
House (ACC + WH). Which activities take place in which phase is defined in Appendix C
in Table C.1 for the activities in the section phase, Table C.2 for the activities in the block
phase and Table C.3 for the activities in the final phase. Tables C.5 and C.6 in the same
appendix show additional information including the weight and throughput times of the
steelwork for the sections and block.



3.4. HOURS AND DURATIONS

29

Table 3.1: Production Activities, (Hoekstra, 2014)

Hull production Outfitting Install and connect large equipment
Steel cutting 1. Hot works ER 20. Main Engines (2x)
Panel production 2. Hot works ACC + WH 21. Thrusters (2x)
Section production | 3. Painting ER 22. Winch
Block production 4. Painting ACC 23. Generators (2x)
Final assembly 5. Piping ER 24. Box Coolers (2x)
6. Piping ACC + WH 25. Hydraulic power pack
7. Pull cables ACC + WH
8. Insulation ACC + WH

9. Install floor ACC + WH

. Install walls and ceilings ACC + WH
11. Install and connect small EQ ACC + WH
12. Install small EQ ER

13. Insulation ER

. Pull cables ER

. Connect cables ER

. Install Deck equipment

. Alligning ME

. Painting ER final

19. Painting outer hull final

3.4. HOURS AND DURATIONS

Identical activities which take place in multiple phases have different throughput times
due to the difference in efficiency of the work performed in the respective phases. The
current required labour and durations for the activities at the Galati shipyard are pre-
sented in Appendix C, Table C.7. These durations serve as a benchmark.

An activity does not necessarily need to be performed completely within the same phase,
for multiple activities only part of the work is done in section building and partly during
block building. For sections and blocks, a constraint is set for certain activities, which is
a maximum amount of work that can be done during the section and block phase. This
depends on the activity, but also on the section and block arrangement of the build-
ing strategy. Additionally, at Galati production takes place during one workshift per day.
Work is weekly performed during five workdays with eight hours in each day which is
equal to 40 hours per week.

3.5. RELATION BETWEEN ACTIVITIES

First, relations between sections, blocks and zones are established. A block or zone can
only start when the related sections or blocks are completed; as presented in the WBS in
Figure 3.2. The throughput times of sections, blocks and zones depend on the activities
that are performed in them. Outfitting activities can start after a part of the structure
work is finished. Relations between activities are set within a matrix, see Figure C.1,
Appendix C. This Table shows the relations between all outfitting activities.
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3.6. PRODUCTION COST

Production cost strongly influence the operating income that can be generated by pro-
duction, therefore it is necessary to determine the building strategy variables that influ-
ence the production cost. This section shows the price of materials and equipment, cash
flow behaviour and timing of the selected activities from the previous sections.

The cost have been split into shipbuilding cost for the three phases, outfitting cost for
the selected activities, individual cost including large equipment and general cost which
covers start-up cost and trial cost, (Hoekstra, 2014). These cost can be paid instantly or
linearly. Instant cost are paid at the start of an activity and linear cost are paid weekly
during the progress of that activity.

The cost per activity per building phase are presented in Appendix C, Table C.8. Payment
cost of equipment are paid instantly, installation cost are continuously paid while an ac-
tivity is being performed and are paid weekly. Cash flows for other variable production
cost occur weekly for all labour that is performed within that week.

General cost include buy-in cost for steel, start-up cost and trial cost and fixed weekly
overhead cost including rent, electricity and project management cost are given in Table
C.9. Additional data required to determine the cost of manhours are given in Table C.10.

3.7. CONCLUSION

In this chapter the current production strategy of one of Damen’s tugs, the ASD2810, has
been investigated and processed into a theoretical model. The duration, cost, timing
and required labour and order of the production variables are presented in this chapter
to answer the sub-question;

Which parameters influence:

- the production cost,

- and the production time?

Paramaters which influence the production cost are:

* the amount of machinery involved in an activity,

* activities with a price tag which is equal or more than 1% of the total cost,
* activities which involve main machinery,

* activities which require a lot of materials,

* activities in the shipbuilding process which require a lot of labour.

Paramaters which influence the production time are:

* activities with long lead time,

* activities which require much labour,

* activities with a long delivery time, also referred to as prompt time,

* the amount of work which can be performed within each production phase,
» the order in which section and blocks are assembled,

* the number of workers available per area.
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The production strategy variables are linked to each other to form 13 sections, which

are assembled to 6 blocks and finally into 2 zones which will together form the hull which
requires outfitting and painting activities in the final phase.
Cost, required manhours and durations are linked with equations taken from previous
research and literate to the variables and activities which are connected to determine
the final production cost, cashflow, duration, required labour. This theoretical model
will be used as a base to develop a computerised mathematical model which simulates
the current building strategy and calculates the effect of implementing different stan-
dardisation levels into the current production strategy.






STANDARDISING PRODUCTION

Damen Shipyards produces (standard) ship types on stock in order to deliver vessels
faster than its competitors to the customer. However, Damen Shipyards is likely to re-
duce its lead times and cost if the current production process which Damen Shipyards
applies is shifted more towards batch and mass production. They can also profit from
new standardisation methods such as platform-based product development. Several
methods can be turned into practice to contribute to these goals. Platform based prod-
uct development and the creation of standard templates can be applied in their own way
within different phases of the production process to finally achieve higher efficiencies in
production and reduce cost.

This chapter discusses the implementation of the before mentioned methods on three
different levels of the production process of tugs. The potential savings described in this
chapter will be used to calculate the impact on production time and cost. After reading
this chapter the second sub-question is answered;

Which levels of standardisation provide good prospects for the production of tugs?

In the first section potential improvements in the main assembly line will be dis-
cussed, followed by gains which can be made in the sub-assembly phase and finally on
a component level. The levels vary from product portfolio management to purchasing
advantages which can be gained by standardising components between different ship
types, as can be seen in Figure 4.1.
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Hull; portfolio
Sections; aft, midship, bow, wheelhouse,
fendering

Systems; floor segments, component skids

BGE S0

Sub-assembly

Component Components; pumps, doors, hatches, stairs,

valves etc.

Figure 4.1: Standardisation levels

4.1. LEVEL 1 MAIN ASSEMBLY

The first level of standardisation is based on the creation of

standard platforms within the main assembly line of vessel it
production. This level is divided into two parts; product port-

folio management and the main assembly line activities.

Firstly, the Product Portfolio Tugs of Damen Shipyards is a col-

lection of all the tug workboats which are offered to the cus-

tomer. The vessel types within this product group differ in di-

mensions, bollard pull, engine power and crew capacities. Even vessels of the same ves-
sel type mutually contain these deviations. Secondly, main assembly line activities in-
clude the production of sections, blocks and hulls. This section provides an assessment
of how the product portfolio is managed and focuses on the development of standard
modular sections which are interchangeable between different vessel types.

PRODUCT PORTFOLIO MANAGEMENT

The Product Group is responsible for the management of the product portfolio. This
includes the creation and maintenance of ship types taking quality and functional re-
quirements of the market into account. The current portfolio consists out of many dif-
ferent ship types including ice vessels, hybrid variants and vessel types which have been
engineered but are not actively being offered from stock. Also, some vessels are being
replaced by new developed ship types and will eventually be phased out of the portfolio.
Therefore the actually nuber of different vessels actively offered to the customer is lower.
The product portfolio is continuously being analysed and updated in order to comply
with the requirements from the market. The product portfolio can be analysed with the
the Boston Consultancy Matrix (BCG Matrix), which is a tool consisting of four quadrants
in which the market share and market growth of the different portfolio ship types can be
plotted. In Appendix B the BCG Matrix is used to analyse the current Product Portfolio
of Tugs.
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A combination of the BCG matrix, data provided by the sales department, future pre-
dictions for the markets by business analysts of the product group support department
and interview results with Damen employees from the sales, design and proposal and
engineering departments (presented in Appendix F) have been used to analyse how the
Product Portfolio Tugs is configured. The analysis can be divided into three main steps
presented as follows.

Step 1. Diversity analysis
A diversity analysis has been performed to compare the main dimensions, power
capacity, speed, design and operational fields of the different vessels in the product
group. Several observations have been done during this analysis which were used
as an input for the interviews performed with Damen employees from multiple
departments in the next step.

Step 2. Interviews
In total, 32 employees from sixteen different departments have been interviewed
to discuss the observations found in the diversity analysis and to find out what
Damen already does concerning standardisation, where the standardisation chal-
lenges are and where employees believe opportunities can be created. The set up
of these interviews and main results are presented in Appendix F.

Step 3. Product portfolio analysis
With all the knowledge gained from the diversity analysis and interviews performed,
the current product portfolio formation is analysed. This resulted in the develop-
ment of a more compact standardised product portfolio. In the decision process
several fields have been examined and multiple requirements have been taken
into account:

* The proposed portfolio should have sufficient vessel types to operate in each
operational field, presented in Figure 4.2, and to deliver the matching bollard
pull and speed capacities. Each quadrant of the operational field contains
ship-handling tugs including ASD, RSD and ATD tugs, line-handling and as-
sistance tugs including STan and SLAU tugs and Ice class tugs including ASD
and Stan tugs. Each quadrant should retain at least a ship-handling and a
line-handling/assistance tug and these vessels should be able to operate in
the same conditions and at the same speeds as the vessels in the current
product portfolio.

* Diversity is reduced as much as possible between vessels with the same main
dimensions (mainly the same width), which will be discussed more thor-
oughly in the next section.

* Furthermore the expected trends in the demand market are taken into ac-
count. This is done in cooperation with business analysts of Damen Ship-
yards who assess the market and develop a baseline which includes the pre-
dicted sales for a coming period. Based on these prediction a baseline is
made showing which vessels should be produced on stock and in which num-
bers.
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Terminal — Exposed waters Harbour / Terminal — Sheltered waters
*  Mainly escort operations (in waves) *  Escort and direct towing operations (in calm water)
+ Operations on open water *  Push—Pull operations
* Long endurance: *  QOperations in sheltered waters
+  Extended fuel capacity *  Short operations with longer periods at quayside:
+  large accommodation *  Shore power available
*  Multi purpose: *  Bunkers and spares available on shore
*  SPM maintenance + Limited secondary functionalitie
*  Buoy handling *  Fire Fighting :
+  Salvage +  Limited Pollution cont
*  Manning: double crew g *  Single crew
Harbour / Coastal Harbour / Locks
* Escort and direct towing operations (in calm ta *  Mainly direct towing operations (in calm water)
moderate water) *  QOperations mainly within harbours
+ Harbour and coastal operations *  Short operations with longer periods at quayside:
+  Port operations with possibilities for coastal voyages *  Shore power available
+  Multi purpose: *  Bunkers and spares available on shore

+  Fire Fighting

*  Pollution control

+  Salvage

+ Transport of equipment
*  Manning: single or double crew

+ Limited secondary functionalitiess
*  Fire Fighting
+  Limited Pollution contrd
*  Single crew

Figure 4.2: Operational field and operational profile, (Degroote, 2015)

¢ Finally, the diversity of vessels in the standardised portfolio should be suf-
ficient enough to fulfill the market demand and simultaneously the variety
should be reduced to make as much profit as possible of standardisation ad-
vantages. Trends in market demand are closely followed at Damen Shipyards.
The popularity of a certain ship type can be checked by tracing the sales num-
bers per ship type and externally by keeping track of sales numbers of ship
types at competitors.

The results of this analysis led to the development of a more compact configuration
of the portfolio with less variety and potentially larger series sizes per vessel type, which
can be seen in Figures 4.3, and 4.4. The detailed analysis that led to this result can be
found in Appendix B.

It can be seen that the number of different ship types in the standardised product
portfolio has decreased from with 40% in the actively offered ship types from the pro-
posed standardised portfolio. To get to the proposed standardised portfolio, some ship
types have been upgraded, other ship types are joined together to be replaced by one
uniform ship type and others are replaced by a different propulsion set. Two examples of
how the variety within the product portfolio has been decreased are presented in Figure
4.4. The first example (in blue) shows that the ship type Vand W are joined together and
are replaced by the ship type X. Ship type X is capable of performing the same activities
under the same conditions and can even be applied in wider environmental conditions
than the other two ship types. The second example shows that ship types H, I and J are
replaced by one ship type K. These three vessel types have been offered for many years,
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Figure 4.3: Reduce variety

perform very similar activities and are sold and produced in small series. Replacing these u
vessels by one ship type which fulfills the same required capacities and can be sold for
the same or even a lower price would provide Damen and the customer with advantages.

Current Portfolio Standardised Portfolio
% Ship type V. W W Ship type X
%Shiptypes H.1.J I ¥y, ShiptypekK

Figure 4.4: Maintain Diversity

STANDARDISING MAIN ASSEMBLY ACTIVITIES
As explained in the theoretical background in Chapter 2, the production process will be
optimized when variation is decreased and batch sizes are increased to benefit from se-
rial production advantages. In this section the potential of producing larger series of
modular sections and blocks will be analysed.
After the product portfolio has been analysed, ship types with the same beam are com-
pared to each other to find similarities in the main building blocks such as sections,
blocks and zones. This is inspired by the platform-based product development method
to find modular sections which can be assembled in multiple ship types. Only vessels
with the same beam are compared because sections and block with varying beams can-
not be connected to each other. The hulls have been divided into nine main areas as
presented in Figure 4.5; aft (A), midship (M) and bow (B), bottom (A1/M1/B1) and top
(A2/M2/B2) and a superstructure divided into Deckhouse(DH) and Wheelhouse(WH)
and finally the fender structure (F). All vessels with the same beam will be compared on
these nine sections as shown in Figure 4.6.

The similarity results with batch sizes equal to or larger than 4 have been plotted in
Figures 4.7 and 4.8 for the current portfolio and the standardised portfolio. In the top fig-
ure the x-axis shows the number of sections being produced in the amounts presented
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in the bars. On top of each bar the vessel types to which those sections belong are writ-
ten. In the bottom figure the x-axis also shows the number of sections being produced in
the amounts presented in the bars. The names on top of the bars present which sections
are produced in these numbers or to which vessel type they belong. Some remarkable
observations were done during this evaluation.

* When looking at the potential for serial production of sections in the current port-
folio one can see that only four vessel types have been sold over four times in the
past year (2015). This means that only the sections in those four vessels can be
produced in larger series. When looking at the compact portfolio one can see that
alot more sections can be produced in series and that the batch size of these series
can be as high as 44 for example for the wheelhouse type B.

 Sections which have too much variance and have little to no potential for serial
production are the fenders and midship sections. Midship sections include the
engine room, which has relatively more customised items than other sections.

¢ It has also been studied whether the ICE class vessels and the regular condition
vessels have similar sections. The shape of the hulls for example of the STu1907
and the STul907 ICE are very similar. Therefore afts, fendering, deckhouses and
wheelhouses are for all the vessels with an ICE Class variant the same. However, af-
ter posing the possibility for producing these sections in the same way to increase
the series batch, for example by applying thicker steel around the ice-belt or apply
double spacing in all hulls to be able to increase batch size for serial production at
the engineering department this seems challenging. Not only is the steel thicker
for ICE Class vessels around the ice belt, it is also a different (more expensive) type
of steel. Additionally, class requirements vary to such an extent that the construc-
tion of the two vessels is completely different; ICE Class vessels have for example
smaller frame spacing and more stiffeners. To turn the production of both regular
and ICE Class section into an regular production process into practice will proba-
bly cost a lot of effort and investments. As this research is not a design research, it
has been assumed that this challenge can be solved. For ICE class vessels and reg-
ular condition vessels with similar sections it is assumed that these sections can
be produced in the same way without complications.



4.1. LEVEL 1 MAIN ASSEMBLY 39

Ship type A
@
=
2
B
=]
3
2
[=8
-
% Ship t C
E;:_ P TyPe Ship type D
g 7
o
o
at
] 9 5 2 104

# sections being produced x times

Figure 4.7: Series production of sections in current portfolio

It has also been investigated whether it is beneficial to have blocks (assemblies of
sections) on stock. The only block which has the potential to be build on stock is the
superstructure, because both the deckhouse and the wheelhouse are suitable for serial
production. However, the assembly time required to attach these two sections is very
small which makes it not beneficial to attach them before the start of production. This
makes relocation of the sections easier as there is no need for large cranes and leaves
space for variation in attaching different deckhouses with wheelhouses.

OPPORTUNITIES

The development of a more compact product portfolio leads to less variation and greater
volumes of the end products. This will contribute to a faster and smoother production
process and will lead to shorter lead times and lower production cost. Additionally, es-
pecially the wheelhouse and deckhouse sections have the potential to be produced in
even higher volumes when they are produced as standard sections which can be placed
on multiple ship types.

Having sections on stock rather that hulls also has several advantages. Firstly, building
sections on stock which can be assembled according to the customer’s wishes has a re-
duced risk of building the wrong vessel types on stock. Customization is increased and
delivery times will remain reasonable due to standardised production processes. This
makes it easier to anticipate to changes in demand. Additionally, producing a vessel on
stock during high steel prices may lead to high production cost which is no longer a risk
when smaller units are produced on stock. Also having complete hulls on stock in (salt)
water requires a lot of maintenance which cost money. This is not the case for storing
sections in dry spaces. The production of sections on stock rather than hulls results in a
switch from make-to-stock to an assemble-to-order production strategy.
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Figure 4.8: Sereis production of sections in proposed standardised portfolio

INVESTMENTS

It should be kept in mind that the above mentioned actions need some investments to
be implemented. For example the development of a new ship type such as the ASD3012
requires extra engineering and development cost. Also switching to a batch process im-
plies development cost for a new production process and training for employees. Ad-
ditionally, the production of standard sections will be shifted to a separate production
line. This production line will run simultaneous to the main assembly of the vessels.
There are several options for the operation of this assembly. The production of standard
sections (platforms) can be executed at a fixed location from which the modules will be
transported to the yards who need them or it can be a fixed process at each yard. In the
second option the series size will be smaller because certain ship types are produced at
different yards. This is a topic which is left for further research. However, for this re-
search it is assumed that 75% of the series size of standard sections will be produced in
one production line (to profit from serial production) at the same location and that no
further transport of the sections is required before assembly.
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4.2. LEVEL 2 SUB ASSEMBLY

Within the shipbuilding industry a significant amount of the

production time is spent on outfitting which is partly done

during the section phase and mainly done in the block phase
and final phase, where a lot of outfitting is performed after St
launching. Pipe spools, ventilation ducts, foundations and

cable traces are examples of structures which are fabricated

in a shipyard’s workshops and which are sent to the outfitting

location, followed by their installation at the appropriate stage. After completing the out-
fitting process the outfitted structure usually still needs painting which is a time consum-
ing and costly job due to bad accessibility around the outfitted components. (Rubesa et
al., 2011). Further improvements of advanced outfitting have been investigated in lit-
erature by for example introducing larger standardised, unitised and typified modules
based on platform-based product development, which are pre-assembled in the work-
shop during the sub-assembly process of ship production. In this section the poten-
tial advantages of implementing advanced modular outfitting based on platform-based
product development will be discussed.

OUTFITTING

Hull construction is divided into pre-fabrication, panel fabrication, section production
and assembly, block assembly and hull assembly. Outfitting work is the installation of
non-structural components (which includes components which do not take care of the
overall strength of the ship) such as pumps, engines, vales, including pipelines, cabling
and ducts, on the supporting structural steel construction, (Nieuwenhuis, 2013). Outfit-
ting activities can be performed on open sections during the section phase, on closed
blocks during the block phase and on board during final outfitting. The duration of
outfitting is to a large extent determined by the number of actions performed such as
transportation, installation and commissioning of components. Literature also shows
that learning effect and employee and company experience contribute to the duration
of outfitting, (Nieuwenhuis, 2013). Lastly, the available space to perform outfitting activ-
ities also affects the duration of outfitting, which has already been discussed in Chapter

MODULAR OUTFITTING

Modular outfitting is one of the concepts in shipbuilding which is seen as an area with
potential progress. Applying modular outfitting causes a shift of outfitting work which
is traditionally performed on sections, blocks and during final-outfitting after launching
the vessel to the workshop in earlier stages of the building process, (Rubesa et al., 2011,
Fafandjel et al., 2008).

The assembly of common equipment, systems and outfitting components are identified
and will be fitted on outfit assemblies, on-unit and on-block outfits, which can be seen
in Figures 4.9, 4.10, 4.11.These assemblies and units can be completed in the workshop,
and will be constructed simultaneously with the hull construction. Also, these unit are
developed to be easily lifted without exceeding crane-lifting capacities during installa-
tion.
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One unit can contain a single piece of equipment mounted on a common supports and
ready for installation on panel, on-block or on-board, or can contain a complex assem-
bly of equipment, piping, floors, cable traces, wirings or other systems all pre-mounted
on a structure. The integration of these construction and assembly units and building
blocks can therefore even create a complete engine room arrangement including stan-
dard locations of system units, walkways, monorails, pipelanes, cableways, and struc-
tural interfaces from unit to unit, (Jaquith et al., 1998).

Design strategies such as platform-based product development can be used for these
outfitting units to allow standardisation of such machinery units and their structural
and system interfaces across different ship types and sizes, (Jaquith et al., 1998). J.J.
Nieuwenhuis (2013) describes the intention of a platform-based modular approach as
follows: "The intention of a platform-based modular approach is to develop a module
that can be used for a number of ships within the family, or even for the complete family."

Figure 4.9: Outfit assembly, Figure 4.10: On-unit assembly, Figure 4.11: On-block assembly,
(Rubesa et al., 2011) (Rubesa et al., 2011) (Fafandjel et al., 2008)

The first step in applying a platforming approach in outfitting is to identify common
systems on board and across a family of ships. J.J. Nieuwenhuis (2013) performed this
study for a family of patrol vessels. A list of about 70 systems which are frequently applied
within a family of patrol vessels was found ranging from fuel oil systems, anchoring and
mooring systems to bilge and ballast systems. This list was reduced to 50 after removing
systems with bad accessibility. These results are promise and encouraging to apply the
platform approach in the product family tugs at Damen Shipyards.

More research projects have been performed where shipyards have been observed
to investigate what the impact is of implementing modular outfitting on shipbuilding.
N. Fafandel et. al, (2008) states in his paper that, "The long term statistics in observed
shipyard show that the cost of work performed in the workshop compared with the same
work performed on section, on-board or in final outfitting is related as 1 : 3: 5: 7." This
can be seen in Table 4.1. It means that cost can be up to seven times multiplied if the
work that could have been done in the workshop but is performed during final outfit-
ting. It should be possible to accomplish a decrease of shipbuilding cost up to 15%, as
well as shortening the time of shipbuilding process up to 31%, (Rubesa et al., 2011).

Additionally, as part of the Standard Machinery Unit development project (Jaquith
et al., 1998), a business assessment of potential cost and schedule impacts was accom-
plished by three U.S. shipyards; Avondale, Bath Iron Works, and National Steel and Ship-
building Company (NASSCO). The results show a significant reduction in pipe and cable
footage, along with a small structural weight increase.

Also, this analysis shows a clear increase in on-unit completion levels in multiple cat-
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Table 4.1: Efficiency of performing work in the workshop (Fafandjel et al., 2008)
Location | WS hrs: S/B/Zhrs | eff. shifted hrs to WS
Work in the workshop 1:1 -
Work performed on section 1:3 67%
Work performed on board 1:5 80%
Work performed during final outfitting 1:7 86%

egories (Mechanical Equipment, Electrical Equipment, Pipe, Ventilation, Cable Power,
Automation, Lighting, Test), with a corresponding decrease in on-board work scope for
Standard Machinery Unit development relative to the current outfitting situation. All
shipyards agreed that there were potential savings in the order of 50-60% in engineering
and planning, 35-50% in production, and 15-20% in material procurement over a series
of several ship contracts. Finally, in the same research, the assessment of the potential
schedule improvement shows a lead ship schedule of 19 months for the ship designed
and constructed with standard machinery units compared to a schedule of 24 months
for the ship with conventional design and construction.

MODULAR OUTFITTING AND MATERIAL FLOW

The production process consists of the physical realisation of a ship. During production
all procured material is manufactured (steel, piping) and assembled into a complete hull
(steel, sections, engines, installation of pumps, etc.). Figures 4.12 and 4.13 illustrate the
material flow within the different production phases of this process. The top figure illus-
trates from top to bottom the production phases, outfitting activities which take place
during production and the workshop activities which take place during production. In
the workshop small components, pipes and electrical components are assembled into
modules in the dark grey layer. These modules are painted in the painting workshop and
assembled during production. The bar on the left shows relatively the amount of mate-
rials entering the different production stages.

Figure 4.13 presents the amount of material included at each production stage. Dur-
ing hull assembly (in blue) steel plates are cut into many plates and profiles which are
assembled into a reduced amount of panels which form the 13 sections and finally the
6 blocks resulting in one hull. In the workshop (in light grey) materials such as wood
and steel are cut into smaller parts which are in the final step assembled into piping
and frame assemblies. Most outfitting material (in orange) is included in the outfitting
phase, which is outfitted on board in the respective phases. Currently (the bottom-left
chart), the material is only partly assembled into modules with each module contain-
ing a certain amount of materials. With modular outfitting (the bottom-right side) a lot
more modules are assembled with each module containing many more parts then in the
current situation because pipes, cables, equipment and systems are already installed on
the modules. This will lower the peak in outfitting during final outfitting and reduce the
amount outfitting work to be performed on board.
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Figure 4.13: Material numbers in production flow

OUTFITTING AT DAMEN SHIPYARDS

The current building strategies of Damen include some modular outfitting. A good ex-
ample applied within Damen is the frame for the firefighting (FiFi) set which is present
on board of the majority of the tugs within the Product Group Tugs. The customer can
choose from three different sizes of FiFi sets. The frame is designed in such a way that
those three FiFi set types can be installed on the same frame. The number of outfitting
modules however is limited and the materials per outfitting unit is small. Expanding the
number of standard frames which can serve multiple types or sizes of equipment would



4.2. LEVEL 2 SUB ASSEMBLY 45

make it possible to continue production without having to wait for a requirements list
of the customer, which also gives the customer more time to decide on which equip-
ment he would like. Damen has recently introduced modular outfitting by implement-
ing modular skids and frames in the engine room for the ASD2913 as a follow-up from
the integrated production strategy which has been explained in Chapter 2. The pilot
includes the shift of hotwork activities to the workshop by implementing modular out-
fitting. The assemblies and unit within this pilot include floor- and component skids for
pipes, equipment and systems positioned in the engine room. The engine room is a very
suitable area to implement modular skids because this area contains a lot of functional
systems, equipment and pipes suitable to be assembled onto these modules and tested
in the workshop, (Fafandjel et al., 2008, Rubesa et al. 2011, Atlic et al., 2003). The floor
and component skids are being produced in the workshop. This enables outfitting ac-
tivities to be performed parallel and components and systems in skids to be tested and
painted before being installed on board.

OPPORTUNITIES

The ASD2913, produced at Damen Shipyards Galati (DSGa) is the first ship type of the
Product Group Tugs to be outfitted with modular units in the engine room. The first
results are promising; a reduced lead time of approximately 25% and reduction of 3000
man-hours was measured since the first of series of the ASD2913 produced in 2013 until
the 7th of the series produced in 2016. Hull assembly lead time reduced with 14% with an
increased physical progress of 11%, which is an over all improvement of 29%, (Teuben,
2016).

A result of the floor skids and a screen-shot of a pre-engineered piping frame and
its result after production in the workshop are shown in Figures 4.14 and 4.15, (Teuben,
2016). The developed skids for components on the ASD2913 can potentially be placed
on board of other ship types of different sizes, even of different product groups as long
as the interfaces on all vessels are the same. Development time and cost for these in-
terchangeable units only need to be performed once. Additionally, material procure-
ment and construction time will be reduced due to serial production. However, the floor
skids which include a lot of piping are more dependent on the dimensions of the engine
room and are therefore also dependent on the main dimension of the ship. When the
floor skids are fully standardised and modular they might be applicable on multiple ship
types. The component skids can be placed on all vessels which use the same compo-
nents, (Rubesa et al., 2011, Fafandjel et al., 2008).
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Figure 4.15: Pre-engineered piping frame with result after constructing in workshop, (Teuben, 2016)

The pilot for the ASD2913 only includes skids and frames for the floor construction of
the engine room. There are many more potential areas within the vessel where modular
outfitting could be applied to increase efficiency and reduce production time and cost.
Bas Dammen, project manager of the ASD2913 Pilot, states in an interview (Interview 5
in Appendix F) that still a lot of piping is done in the "hat’ of the engine room without the
use of skids or frames. Also, the HVAC installation, AC ducting, accommodation, roofs
and other areas with hotworks serve as a potential for modular outfitting.
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Several visits have been paid to vessels in the production area at Damen Gorinchem

to get an impression of the activities which have the potential to be performed with mod-
ular outfitting. Dozens of examples can be found to benefit from moving outfitting ac-
tivities to the workshop. Three clear examples are explained below.
The first example concerns the bilge-water system which has been installed after section
production, with its current frame being attached to the hull construction. This system
could have been placed on a frame produced in the workshop, tested in the workshop
and installed during section building before the hat would be placed on the bottom.

Secondly, Figure 4.16 shows a bundle of pipes which have been installed individually
during final outfitting. These pipes could have been produced on a frame in the work-
shop and could have been assembled on board, in one go during section building, saving
alot of time.

Figure 4.16: Pipe bundle which could have been produced on a frame in the workshop

Finally, a perfect example is given of the where a floor skids could have been placed.
In this situation the floor had been installed during hull assembly. Stiffeners, pipes and
cables are spread over the floor. Many employees work simultaneously in this space,
which makes this area dangerous with an increased chance of getting injuries and de-
creased working conditions which makes the work done less efficient. Also, on the side
plates several frames and pipes were placed during block assembly. These items could
also haven been assembled on piping and system frames in the workshop and installed
on the bottom and side plates of the section before placing the floor skids and the hat on
the bottom.

When analysing the potential of applying modular outfitting caution should be taken
with the installation of skids and frames on board. The hull structure, frames and stiffen-
ers may not be affected by the assembly of these modules. The above mentioned exam-
ples are only a few of the many possible applications of modular outfitting and serve as
an illustration. In this research the theory presented by Fafandjel et al.(2008) is applied
to show the effect of modular outfitting on the production hours per production phase
(section, block and final outfitting).
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It is expected that modular outfitting will provide Damen with many more advan-
tages which have been summed up in the following list:

 Outfitting manhours will be reduced due to improved working conditions in the
workshop where employees can work in comfortable working positions, equip-
ment is always in reach and there is sufficient light. This will contribute to reduced
total throughput time and cost.

* Another ease of modular outfitting is that the equipment and systems can be tested
and painted in the workshop before being installed on board. Modular outfitting
also leads to fewer items to be installed and reduces the number of actions to be
made (Fafandjel et al., 2008).

* Modular outfitting also increases efficiency of maintenance activities because it
is easy to remove and replace equipment from the modular units (Jaquith et al.,
1998).

* Due to a shift of activities to the workshop and no actual changes in the type of
work performed there are no big investments needed to be done on new equip-
ment and facilities, (Fafandjel et al., 2008).

* Furthermore, modular outfitting can be made flexible because the workshops can
be either a part of the shipyard or a part of outsourcing. This has two advan-
tages; firstly in busy periods with a lot of orders the workshop activities can be
outsourced to suppliers. Secondly, increasing the participation of suppliers will
lead to shared responsibilities. Suppliers will be involved in more advanced devel-
opments which can lead to improved quality of their products and reduced cost,
(Fafandjel et al., 2008).

* Modular outfitting will also reduce engineering and development cost, because
this only needs to be done once, (Nieuwenhuis, 2013)

* Another advantages of modularising ship systems are the reduces purchase cost
because of increased purchase volumes

* Quality and experience of maintenance engineers is very important to keep a cus-
tomer satisfied after selling a product. Predicting maintenance and repair cost for
ships, is difficult, because vessels encouter unexpected events during their life-
time. With modular outfitting detailed service and maintenance analyses can be
improved and give a good estimate of the availability of a system and the mainte-
nance cost during its operational life, (Nieuwenhuis, 2013).

On the long-term a library can be developed which contains standard machinery
unit construction arrangements and details supports detail design which includes the
development of standard owner options such as modular FiFi sets will contribute to
making production modular and more efficient.



4.2. LEVEL 2 SUB ASSEMBLY 49

INVESTMENTS
It should be kept in mind that applying modular outfitting requires several investments
and challenges. These considerations are listed in this section.

* The development of modular units requires an investment in design, engineering
and construction works, (Fafandjel et al., 2008).

* The amount of work performed in the workspace is increased, therefore the more
space might be required to complete the construction work.

* Modules are heavier than in conventional outfitting and will require more space,
due to stronger supports and foundations. J.J.Nieuwenhuis (2013) performed an
analysis on platforming on board of patrol vessels which resulted in an increase
of required area between 10% and 20% and an average system weight increase
around 10% due to the implementation of platforming. The effect of this is lim-
ited as long as the displacement is not affected because that would also influence
design aspects such as speed.

* The increased weight and dimensions of a module can also effect the handling of
the component and arrangement of the compartment. Sufficient space should be
available for maintenance around the components in the module. Additionally, re-
moval routes and space requirements for the handling of the modules themselves
should be taken into account, (Nieuwenhuis, 2013).

* Another challenge which can be faced with modular outfitting is the alignment
of piping and therefore detailed and accurate measuring and outlining is essen-
tial. This means that there is an increased necessity of higher quality and detail of
documentation of outfit assemblies because measurements need to be accurate,
(Rubesa et al., 2011).

* Inaddition to the previous challenge there is an increased risk of rework if measur-
ing is not accurate enough which could lead to increased production cost. There-
fore accuracy and first-time-right principles need high priority in the primary stage
of implementation, (Rubesa et al., 2011).

* Lastly, with fast developing technology, systems and designs become quickly out-
dated. Therefore the modules should be easily changed to upgrade a product
(Nieuwenhuis, 2013).
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4.3. LEVEL 3 COMPONENTS

The third level of the pyramid focuses on standardization on
a component level within and between different ship types.
Literature shows that in shipbuilding and especially for com-
plex ships the value of purchased materials and components
is very important and contributes for a major part to the over-
all product cost, (Nieuwenhuis & Nieunhuis, 2004, Nieuwen-
huis, 2013).

Component

The standardisation of components can also be achieved by applying platforming in
combination with modular outfitting. For platforming to be successful it is important
to obtain benefits for the purchase process, (Nieuwenhuis, 2013). Standardising compo-
nents starts with defining which products within a product family are important to the
customer. In most cases this concerns the payload items of the vessel, which therefore
should maintain variety and customisation to keep the customer satisfied. Non-payload
components are suitable to be standardised. Also cost drivers can be used to determine
where to standardise on a component level. In shipbuilding the most commonly used
cost drivers are the component capacity and component weight to calculate purchase
cost. J.J. Nieuwenhuis (2013) has identified additional cost drivers which include:

* Make and type: The main driver here is the pricing differences between different
different suppliers, however without taking into account quality differences.

* Order volume: When purchase volumes can be increased, this will most likely lead
to lower purchase cost.

* Number of suppliers: By standardising and therewith reducing the number of sup-
pliers a purchasing advantage can be gained. Examples presented in literature,
from the Oil and Gas Industry and the Dutch Process Industry report savings of up
to 30% due to the reduction of the number of suppliers through better suppliers re-
lations and frame contracts. However, some shipyard managers expect a negative
effect of reducing the number of suppliers, because of a reduction of negotiation
possibilities, (Nieuwenhuis & Nieunhuis, 2004).

* Additionally, the location of suppliers can influence purchase cost and especially
delivery times of components. Local sourcing of component suppliers can lead to
significantly reduced delivery times and close cooperation considering spare parts
and inventory sizes of component. However, this will require good research and
time to to find local high quality suppliers and to build up a strong relation.

In addition to the last item mentioned above,an increased amount of work is being
subcontracted in current shipbuilding, as shipyards are more and more becoming “sys-
tem integrators” like the automotive industry. Suppliers have become more integrated
into the process because the engineering, production, supplying and often also the in-
stallation of a significant amount of components and systems is done by the supplier.
Therefore, shipyards coordinate and integrate the activities of an increasing number of
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suppliers and sub-contractors. In other words, the responsibility of the supplier has in-
creased over the years. When implementing platform-based product development this
will most likely positively affect and the processes and interaction of the yard’s suppliers
and subcontractors with the yard, (Nieuwenhuis, 2013).

EXCELLERATE

Damen Shipyards is concerned about the advantages which can be achieved on this
level and recently started several pilots to turn these advantages into practice. This sec-
tion covers standardisation on a component level and how Damen Shipyards covers this
through the Excellerate program. The Damen Excellerate program develops a Damen
Standardization Approach, as explained in Chapter 2. The main goal of Excellerate is to
bring ‘working with standards to the next level in a multinational environment’ thereby
realising the strategic goal to stay competitive in Damen’s chosen markets by making use
of the industrialization concept. Excellerate does this by means of creating templates for
standard ship types. With these templates people from Product Groups, Engineering,
Purchase, Supply Chain and the Yard are supported in a smooth and standardized ship-
building process. A new role of product group in this process includes the creation and
maintenance of ship type templates taking quality and functional requirements of the
market into account. The products realised from these templates should be build in an
efficient way against pre-defined cost (Damen Excellerate, 2016).

Excellerate manages the process from order to installation on a component level by gen-
erating required parts which are entered in a part catalog including lead times and sup-
pliers. Next, blankets will specify who orders where within the supply chain resulting
in the specification of transportation time and automatic calculation of due dates. This
standardised process will lead to a simplification of planning and reduction of manual
labour, (Damen Excellerate, 2016b) .

Part Blankets
catalog

Figure 4.17: Template components (Damen Excellerate, 2016a)

Excellerate has also taken into account how to take advantage of using components
which are interchangeable between different ship types. Figure 4.18 zooms in on the
relation between the unique number of parts and the number of templates within the
same series. In the first template of a ship type each part counts individually and will
add up to approximately 2000 parts in total. For each following template in the same
product family the number of identical parts between templates will increase and the
number unique parts per template will decrease. Eventually the number of unique parts
per template is expected to decrease below 400 parts after the fifth template. The first
ASD type templetised in the Product Group Tugs, has around 2000 unique parts. The
second template in the product group has only 500 unique parts, which means that they
have an overlap of approximately 1500 parts. This shows an even bigger overlap than
expected in the figure. If this trend continuous, the third template will have even more
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common parts with the other two templates.
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Figure 4.18: Relation between number of adjusted parts in a product-family, and nr. of templates, (Damen
Excellerate, 2016a)

Excellerate has already successfully assisted in the development of a standard ship
type template for one of the Damen Fast Crew Suppliers(FCS). The cost breakdown for
this vessel produced with the Damen Standard Approach, shows that a total financial
gain of 16% can be achieved. When standardising components within ship types a pur-
chasing advantage of 7.5 % can be achieved. An additional material saving of 7.5% can
be achieved by joint product design. Production has achieved a saving of 25% serial pro-
duction and another 10% through production optimization by applying line and lean
methods (Interview 14, Appendix F)).

The purchasing potential of 7.5%, production potential of 25% and time savings have
successfully been established for the production of a series of Fast Crew Suppliers. These
percentages can generally be accepted for other shiptypes based on an interview (Inter-
view 14, Appendix F), and will be used to calculate the potential savings for the templates
for the ASD tugs.

OPPORTUNITIES

The use of templates and standard parts and solutions will make the processes of the
product groups, engineering, supply chain and the yards more efficient and capable of
handling a higher workload. This section lists all the potential advantages of standardis-
ation and modularisation on a component level.

* Standardisation on a component level will directly save the product group and
central engineering resources by preventing them from doing double work.

* By ordering common parts for different ship types simultaneously, a considerable
purchasing advantage can be gained due to larger batch sizes.

* Also by reducing component variety, preparation installation time and cost will
also decrease.
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* After identifying identical parts within a vessel and between different ship types
in the product family, fewer parts need to be stocked in inventory for providing
the same level of availability compared to storing spare parts for each unique part
(Simpson et al., 2006)

In addition to the above advantages, from an interview with the services department
(Interview 19, 20, Appendix F) it became clear that currently, employees have to invest a
lot of time in getting acquainted with all the different types and brands of components
and systems to be able to perform maintenance and repair work. Also the interaction be-
tween certain components in systems is not known due to the high level of variety, which
makes it difficult to make life-cycle assessments and maintenance schedules. When the
variety in equipment types and brands will be reduced, the product knowledge will in-
crease, maintenance can be improved and better life-cycle assessments can be made,
which will be great advantages for the customer on the long term. The listed advantages
that can be achieved on this level for both the short and the long term are also listed in
the work of M.T. Tedesco (1994) who did research on the standardisation of naval equip-
ment and components.

[INVESTMENTS
It should be taken into account that besides all the savings an investment is required to
develop and maintain standardisation of components.

* Firstly, extra engineering hours are needed to develop a standard product approach.
Engineering will be able to realize a template for a standard ship type in an average
of 5000 extra engineering hours. Realizing the engineering package of a repeat of
the same vessel will save 50-60% of the engineering time of an average ship build
template which is equal to 1600 manhours (Damen Excellerate, 2016).

* Also a higher level of accurate documentation is required including the lead times,
transportation routes, suppliers, installation time and maintenance of compo-
nents.

* Another challenge is the documentation of differences in for example routes, pro-
duction processes, currencies between the different yards and countries where
production takes place.

e Furthermore, clear documentation is needed for the overlap of components be-
tween ship types of different product families

e Lastly, the procurement process will have to change, when platforming in imple-
mented on a component level. Platforming can only be successful in reducing
purchase cost when the purchase department agrees with a platforming approach
and is willing to change its position in the procurement process, (Nieuwenhuis,
2013)
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4.4, CONCLUSION

This chapter answers the second sub-question:

Which levels of standardisation provide good prospects for the production of tugs?

Three levels of standardisation have been defined in this chapter to answer this sub
question.

Level 1. Main Assembly

The first and highest level of standardisation is on a main assembly level including the
standardisation of the product portfolio and main assembly blocks of the vessel. Re-
ducing variety between ship types and increasing the commonality between them will
increase efficiency and reduce production time and cost.

Level 2. Sub Assembly

The second level of standardisation includes standardisation of outfitting. Outfitting ac-
tivities are no longer performed during section or block assembly and during final outfit-
ting but in the workshop. Hotworks, piping activities, the production of skids for equip-
ment and floor frames will be pre-produced and tested in the workshop and assembled
on board as a whole. These modular serve multiple component types and sizes and have
similar interfaces and fit on board of multiple ship types. However, this requires a high
level of detailed measuring and pre-engineering for the development of these units, but
will significantly reduce production time and cost. On the long term these assembly
units can cover the total range of system capacity on board of different ship types across
multiple product groups.

Level 3. Components

The third and most detailed level of standardisation is on a component level. Damen
is already concerned with this topic and is currently implementing this standardisation
level through the Excellerate program. By reducing the variety of component types and
making them interchangeable between different vessel types, purchase advantages can
be gained and installation and maintenance time and cost can be reduced.

The three levels of standardisataion explained in this chapter will be implemented and
analysed for the current building strategy of Damen Shipyards in the following chapters.



MATHEMATICAL MODEL

In the previous chapters a lot of information is gained concerning building strategies
and variables. Chapter 3 explained the current building strategy, the building variables,
the main cost items and throughput times. After that, Chapter 4 presented three levels of
standardardisation which have the potential to improve the current production strategy
applied at Damen. The first level covers the standardisation on a higher level including
areduction in the variation of the product portfolio and an increase in serial production
of standard sections. At level 2 it is explained that production be optimised by moving
outfitting activities from section, block and final outfitting to the workshop by producing
standard assembly modules. The third level promotes a higher level of standardisation
of components which can lead to purchasing advantages. Additionally, the question has
raised whether it is beneficial to switch from a make-to-stock production strategy to a
make-to-order strategy.

In order to prove that the implementation of these standardisation levels into the
current production strategy and switching to an assembly-to-order strategy will provide
Damen with shorter lead times, reduced cost and more flexibility a mathematical model
is required. This model should be capable of:

e calculating the production cost, lead times and required manhours for the current
production strategy applied at Damen,

e calculating the effect of implementing the three standardisation levels on produc-
tion cost, lead times and manhours,

e calculating the initial stock required when switching to an assembly-to-order strat-
egy in which propulsion sets and sections are held on stock,

e giving a financial indication of having propulsion sets and sections on stock com-
pared to complete hulls.

This chapter describes a computerised mathematical model which consists out of
two sub-models; the building strategy model and the production strategy model. The
model descriptions presented in this chapter do not directly answer a sub-question;
however this step is important in the process of calculating which level of standardis-
ation will provide Damen with the most advantages.

55



56 5. MATHEMATICAL MODEL

The first section describes the building strategy model which is used to calculate the
current and standardised lead time and cost for a single vessel. The results of these cal-
culations are used in a second model which calculates the initial stock values of sections
and propulsion sets on a portfolio scale for a yearly production of tug series. In the third
section the calculation of the yearly stock cost when switching to an assembly-to-order
production strategy are explained. The final section presents the validation and verifica-
tion procedures of the mathematical model.

Figure 5.1 presents the setup of the calculation model which consists of two sub-
models and an excel calculation.

* The building strategy model, connects the production strategy variables and cost
explained in Chapter 3 to calculate the total lead time, cost and required manhours
for the current production of a single vessel. This is done in seven steps which will
be explained in the next section. When this is done, the standardisation levels
from the previous chapter can be implemented into the same model to calculate
the lead time, cost and required manhours for the standardised building strategy.

* The output of the first model is used as input for the production strategy model
which calculates the initial stock values for sections and propulsion sets for the
yearly production of a complete product portfolio. This is done in five steps which
will be discussed later in this chapter.

* The output of the first model is also used for the stock value calculation of the
current production strategy and the stock cost for an assemble-to-order strategy
where sections and propulsion sets are kept on stock.

The results of this calculation model include the total lead times, cost and required man-
hours for a single vessel built with the current and standardised building strategy, the
yearly stock cost of the having hulls on stock for the current production strategy, the
yearly stock cost of having sections and propulsion sets on stock for an assembly-to-
order production strategy and the initial stock values of sections and propulsion sets for
ayearly production of tugs.

Output Stock value
current calculation
strategy [Excel]

Output Results
standardised
strategy

Figure 5.1: Model Setup
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5.1. BUILDING STRATEGY MODEL

It is good to know how the cost of producing of a vessel are built up when looking at the
total production cost. This can be done with a cash flow pattern. A cash flow pattern
is strongly related to the sequence of production variables and therefore a scheduling
model is required. This model links the variables and places them in the right order.
The different variables and order of activities to make this model have been explained in
Chapter 3. Required manhours and cost have to be linked to activities and the timing of
cost should also be taken into account. Cost can take place instantly or linearly through
the duration of an activity. Also, activity durations and the amount of work done par-
allel should be combined to derive correct throughput times. To implement the differ-
ent standardisation levels, the number of variables, relation between them and the cost
should be easy to change. In order to reinforce these actions a mathematical model is
required.

In previous research T.J. Hoekstra (2014) has developed a mathematical model in the
software package MATLAB to calculate the lead time and cost of a single vessel produced
at different shipyards for various building strategies. In his research the mathematical
model optimised the building strategy for each yard. His model has been used in this
research as a base for the building strategy model to calculate the lead times and cost of
a single vessel. However, in this research the the building strategy is fixed and not opti-
mised. The model is used to calculate the total lead times, cost and required manhours
for two strategies; the current building strategy and the standardised building strategy.
The building strategy is based on the production of an ASD2810 produced at the Damen
Galati shipyard (DSGa). In this section the principles of this mathematical model and
the adjustments made to it to fit this research will be explained.

Within the building strategy model changes can easily be made in the section ar-
rangements, in the amount of and relations between variables and it is easy to adjust
external parameters in order to run different building strategies. These adjustments can
easily be made because the model has been created in MATLAB. The advantage of using
MATLAB over for example excel is that calculations are not distorted when variables or
the order of activities are changed. These changes can for example be made in Tables
C.1to C.10, Appendix C. The input parameters, the seven calculation steps of the build-
ing strategy model (shown in Figure 5.1) and the required output from this model will be
explained next in detail.

INPUT BUILDING STRATEGY MODEL

The input for the first model consists of the production variables and their relations. Sev-
eral input data for the base case provided by T.J. Hoekstra (2014), have been slightly ad-
justed to get the results for the current production strategy (three years later). Firstly, the
maximum amount of pre-outfitting performed on each phase has been adjusted with the
help of an expert, (Interview 6, Appendix F). Secondly, it is assumed that all activities take
place as early as possible. Next, the phase parameters are given. The ASD2810 consists
of 13 sections, 6 blocks and 3 zones, which was the new proposed section arrangement
from yard support in the research of T.J Hoekstra (2014). The production activities have
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been divided into 25 activities which are listed in Table 3.1 and are left the same as in the
original model.

Identical activities which take place in multiple phases have different throughput times
due to the difference in efficiency of the work performed in the respective phases. The
current required labour and durations for the activities on the Galati shipyard which
serve as a benchmark are presented in Appendix C in Table C.7. These benchmark man-
hours and throughput times are normalised for further calculations in the model accord-
ing to Equation 5.1, (Hoekstra, 2014).

Y current hours(activity, phase)
Phaseef ficiency

Normalised manhours(activity) = (5.1)

The information flow to obtain the hours per activity per phase is illustrated below and
will be explained in detail in the following calculations. Finally, financial data is required
to calculate and plot the production cash flow and cost.

Figure 5.2: Flow of hour calculation

CALCULATIONS BUILDING STRATEGY MODEL

There are seven calculation steps in the building strategy model which are explained
below. The calculation steps can be divided into three main parts. In the first part the
throughput times of the phases, sections, blocks, zones and outfitting activities are de-
termined. In the second part the correct order of the phases and activities is calculated
and finally the cost are linked to the activities.

It should be taken into account that this model does not perform an optimisation for the
building strategy and only calculates the total lead time, required manhours and cost for
the production of a single vessel. The given input will be used directly to calculate the
output and no further yard restrictions for delays, rework or lack of capacity are taken
into account during the calculations. Also the activities are performed as early as possi-
ble.
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1. Firstly, the distribution of the activities over the three phases (section, block and fi-
nal) are determined. Then, activities are assigned to the individual sections, blocks
and zones. This is done with the following equations. Equation 5.2 is applied to
determine the throughput time of an activity, depending on the amount of work
that will take place in the respective phase.

Phase hours(activity) = norm. hours* phaseef f.x«%work(activity) (5.2)

When labour is distributed among the phases, it will be further divided among
the sections, blocks and zones. This is done according to weights, see Equation
5.3. Durations are not adjusted to weights and are equal to the durations from
Equation 5.1 and 5.2. An example of how the durations and throughput times are
calculated can be found in Appendix D.

. L Y Hours(activity) * Weight(section)
Hours section(activity) = - - (5.3)
Y Weight(section)

2. In the second step, the throughput times and required manhours per activity are
calculated with the normalised hours and durations from the Galati yard data.
The implementation of modular outfitting is performed manually because the du-
ration of each activity within each section is changed individually, which is not
done automatically within the model.

3. Next, the start time of all activities relative to the section, block or zone in which
they are positioned are calculated. The sequence of the activities containing the
relations between activities (Figure C.1, Appendix C) is required to fulfill this step.

4. Now that it is known which activities are performed simultaneously in the respec-
tive phases, the number of workers and the correction for working in cramped
spaces can be calculated. During final outfitting many activities take place paral-
lel in cramped areas which influence the productivity and duration. The increased
throughput time and man-hours are calculated with Equation 5.3. The number of
workers per area available at Galati are presented in Appendix C, Table C.10

Activity duration = measured duration x x~ %42 (5.4)

5. The start times, durations and end times of the activities are used in this step to
calculate the duration of the sections blocks and zones.

6. With the relations between all sections, blocks, and zones, their respective start
times can be determined in the sixth step.

7. Once the schedule of all activities is known the cost can be linked to the produc-
tion process to calculate the cash flow of the vessel. Any additional cash flows are
assigned to the production phases. Pre-fabrication hours and fixed cost such as
engineering and project management cost are made variable in the model in this
research as they will change with the implementation of the standardisation levels.
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OUTPUT BUILDING STRATEGY MODEL

The output delivered by the first model include the total production cost, total required
manhours, delivery time in weeks and the cash flow showing a weekly overview of how
cost are divided over time for a single vessel.

5.2. PRODUCTION STRATEGY MODEL

Now that the lead time and cost are known, the calculation can be performed to find
out whether is it beneficial to produce sections and have long lead items on stock and
to switch to an assembly-to-order production strategy as explained in Chapter 2. The
reduced lead time calculated in the previous model is used as input for the lead time in
the second model (see Figure 5.1) in which the required stock for long lead items and
sections is calculated for the yearly production of tugs.
This model takes the yearly production of the complete range of tugs into account. Col-
lecting data and calculating the lead times and cost for each individual ship type in the
portfolio takes too much time and a large amount of this data is not available. To still
model this with the available data and within the set time a simplification step is done.
The production data of a single vessel provided by the building strategy model is used
to model the production of the complete product range. This means that the ASD2810
epresents all tug types produced in 2015. Even though the duration and cost for each
phase, section, activity and item are the same, the ship types, sections and long lead
items are separated by type. Long lead items in this model only concern the propulsion
train which are the main engines, thrusters and generator sets. For example a series pro-
duction of five RSD2513 tugs is modeled as a series of five ASD2810’s with the same lead
time and cost but its ship type, section types and propulsion type are defined with spe-
cific type numbers. Through this simplification step it is possible to give an indication
of the initial stock levels of the different sections and propulsion sets at the start of the
year.

In short, this means that each vessel including all sections have the same total lead
time, production cost and that the ship, section and propulsion types are specified by a
type number in this model to calculate the required stock levels for a yearly production.

INPUT PRODUCTION STRATEGY MODEL
The input data for the model which is derived from the building strategy model consists
of several parameters.

* Firstly the vessel types which will be produced in the period of one year are repre-
sented by a ship type number and their bollard pull in tons.

 The different sections to be produced on stock are also determined by a type num-
ber.

* Another input variable is the initial stock value of each long lead item type and
section type.

e Finally the delivery date of each vessel is given as input.

The ship types, bollard pulls, sections, delivery dates and initial stock values are suffi-
cient to calculate the required stock of long lead items and sections for a yearly produc-
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tion.

CALCULATIONS PRODUCTION STRATEGY MODEL
The calculation for the production strategy model consists out of five steps which are
explained below.

1. In the first step the propulsion set type is determined. The bollard pull of each
vessel given in the input is used to determine the required propulsion set type.
The bollard pulls have been divided into ten groups with a variance in bollard pull
of ten tons within each group. Group one pulls between 0 and 10 ton, group two
between 10 and 20 tons, etc. All vessels in the same Bollard Pull range have the
same propulsion set. This has been done in consultation with the supply chain
manager propulsion (Interview 29, Appendix F). The price for the propulsion set
is assumed to be the same for each ship types (see Table C.8, Chapter C). Also in
this step the ship types are linked to the section which they require to come from
stock.

2. Inthenextstep the different milestones for the production of the vessels are linked.
This model contains the same milestones as described in Figure 2.10; the release
date of the Unrestricted Action List (UAL), order and delivery moment of long lead
items, start steel cutting and delivery ex-yard per vessel. All milestones are cal-
culated with the results of the standardised production strategy model and with
delivery times and payment terms of long lead items provided by procurement,
(Interview 29, Appendix F).

3. After all the milestone dates have been linked, the number of vessels simultane-
ously in production is being tracked. This is a daily overview in which a vessel
is added to the number of vessels in production at the start of steel cutting and
removed after vessel delivery. The same is done for the payment of vessels. One
week after delivery the payment of a vessel needs to be fulfilled. At this moment a
vessel is added to the payment list.

4. The model also tracks the moment that sections and long lead items from stock
are being assembled and installed which is done in this step. The deckhouses and
sheelhouses are assembled and paid at the same time. The moment of payment of
the Long Lead Items is defined with a payment period after delivery.

5. In the fifth step the daily levels of stock are determined for the sections and long
lead items. This is done by adding stock at delivery and subtracting stock at as-
sembly and installation. Also the moment that commitment to the payment of the
propulsion set is done (which is at the release date of the UAL) is recorded.

OUTPUT PRODUCTION STRATEGY MODEL

The output of the model gives a daily overview of the vessels in production, the stock lev-
els of the propulsion sets and sections and the financial commitment per propulsion set
type and section type. The results provide an overview of the initial stock, intermediate
stock levels and whether the initial stock is large enough to cover the yearly production.
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5.3. STOCK VALUE CALCULATION

During the literature study the question arose whether it would be beneficial for Damen
to produce standard sections on stock which are assembled after an order is placed in-
stead of producing completely outfitted hulss on stock. This section will present the
calculation of the stock values for producing sections and hulls on stock.

Several assumptions have been made to express and compare the cost of having ves-
sels and sections on stock. Firstly it is assumed that there is a constant stock of one
vessel per ship type. This means that when a certain vessel is sold, a new vessel is added
to stock, keeping the stock constant to one vessel. The same is done for the sections of
the standardised portfolio, a constant stock of one per section type is present at all times.
Secondly, the following Equation 5.5 is applied to calculate the mean yearly stock value
assigned to a respective vessel. This equation is also applied to calculate the stock value
of sections. The results of this calculation give an indication of the financial benefit
which could be gained by having sections on stock.

1

Stock Value = Vessel price (€) * - - (5.5)
# vessel typeissoldinl year
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5.4. VERIFICATION AND VALIDATION

The simulation model of this research has been validated and verified according to the
verification and validation methods described by Robert G. Sargent (2013). In his article
he describes model verification as “ensuring that the computer program of the comput-
erised model and its implementation are correct.” He describes the validation of a model
as the “substantiation that a computerised model within its domain of applicability pos-
sesses a satisfactory range of accuracy consistent with the intended application of the
model.”

Figure 5.3 represents the different methods of validating and verifying a simulation,
(Sargent, 2013). These methods include conceptual model validity, computerised model
verification, operational validity, and data validity and will be discussed in this section.

Problem Entity
(System)

™ Computerized -~
= Model -
Verification

Figure 5.3: Verification and Validation Methods (Sargent, 2013)

DATA VALIDITY

The simulation model calculates the lead time and cash flow solely of Damen’s ASD2810
tug. This is the best sold (standard) vessel of the Product Group Tugs which has high po-
tential to benefit even more from the platform based design strategy. The ASD2810 has
been built over 100 times, has a stable production and a lot of data on the production
and cost of this vessel are available from previous research. Part of the data gathered
for the thesis research of T.J. Hoekstra (2014) has been used for the model in this re-
search. He also performed extensive validation on the collected data. As his research
was performed two years prior to this research, the data was checked whether it was not
outdated with the help of specialists from different departments. The yard support de-
partment was interviewed concerning the building strategy (Interview 5, 6, Appendix F).
Planning, procurement and supply chain management on the milestone planning and
delivery times and purchase cost of expensive equipment (Interview 16, 29, Appendix F).
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Finally, sales and business analysis data and interviews were used for the past and future
sales prospects of the Product Portfolio Tugs (Huethorst,2016, Visser, 2016, Interview 17,
18, 23, 24, Appendix I) .

The value stream maps and building strategies provided by T.J. Hoekstra (2014) were

analysed and if needed adjusted to the current building strategy. The base case for this
research, is the current production strategy of the ASD2810 which consists of 13 sec-
tions, 6 blocks and 3 zones produced without the use of any of the improvement ini-
tiatives mentioned in Chapter 2. Phase efficiencies were also checked with experts and
were unchanged. The phase efficiency has also been taken into account in the sensitivity
analysis which will be presented in Chapter 6.
Pre outfitting levels were defined with experts from the yard support department for
the current and standardised production strategy (Interview 5, 6, Appendix F). The pre-
outfitting levels for the standardised production strategy are based on intermediate re-
sults of ASD2913 pilot (Teuben, 2016) and expectations based on literature studies and
results of other ship yards such as NASSCO (Atlic et al., 2003).

CONCEPTUAL MODEL VALIDATION

The conceptual model is the base of the computerised model in which the building strat-
egy is theoretically analysed. The conceptual model contains the theories, assumptions
and formulas which will be used in the computerised model. The activities, their du-
rations cost and how they are connected to each other are determined in this model.
The information gathered for the base of the conceptual model comes from T.J. Hoek-
stra’s (2014) research as this forms the base for the mathematical model. Additionally,
the building strategy has been adjusted to the current situation with knowledge from ex-
perts (Interview 5, 6, Appendix F) and literature such as (Hengst, 1999).

The information gathered for the standardised production strategy comes mainly from
literature. The shifting of outfitting hours from the respective phases to the workshop
come from (Rubesa et al, 2011, Fafandjel et al. 2008, Baade et al, 1998). Also the in-
termediate results of the ASD2913 pilot (Teuben, 2016) have been taken into account to
improve the current production strategy. The influence of the series effect is taken from
(Scorpecci, 2007, Yelle, 1979) and the Excellerate department (Damen Excellerate, 2016).
Finally, in consultation with experts from Damen Shipyards Ir J.J.B. Teuben and Dr.ir.
J.E]J. Pruyn the model was validated.

COMPUTERISED MODEL VERIFICATION

The computerised model contains the theory of the conceptual model and calculates the
actual lead times and cost for the ASD2810 for the current and standardised production
strategy. In this step the computerised model is verified on mathematical correctness. It
is also checked if the activities are linked correctly and if the (intermediate) results cor-
respond to what is expected of the model. The verification of the computerised model is
done in two ways.
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Firstly a simplified example is used to show the different calculation steps of the com-
puterised model which can be checked manually. This process is performed in the same
way as the verification performed by T.J. Hoekstra (2014), however with different param-
eters and five different scenarios, to make sure the model is still correct without faults.
The simplified example runs with exactly the same code as the building strategy model
described earlier in this chapter. The example represents a vessel which consists of two
sections, two blocks and three zones. Two outfitting activities take place during the pro-
duction process; activity 1 and activity 2. The input data for this example consists of the
same items as in the building strategy model and is shown in the tables presented on the
next page.

The scenarios which have been checked are listed in Table 5.1 below. The step-by-
step explanation of the verification is presented in Appendix D.

Table 5.1: Explanation verification scenarios

Run Item Change

1 Explained in text

2 Sequence

No more interdependency between activities 1
and 2

3 Start week section building
Outfitting in section

Changed to week 2
Activity 1 can be outfitted during section phase

4 Steel duration section
Steel duration block
General cost block
Workshop hours

Changed to 5 weeks

Changed to 5 weeks

Changed to 40,000 euros

Panel, section + Block, Assembly changed to 500
hours

5 Section

Block
Zone data

Max- pre-outfitting

Activity 1 can be performed during section 1 and
section 2. Activity 2 can only be performed dur-
ing section 1

Activity 1 can be performed in block 1 and block
2. Activity 2 can only be performed in block 2.
Activity 1 can be performed in zone 1 and zone
2. Activity 2 can be performed in zone 2.

50% of activity 1 can be performed in the section
phase, 60% of activity 1 can be performed in the
block phase, 50% of activity 2 can be performed
in the section phase, 75% of activity 2 can be per-
formed in the block phase.

Secondly, each intermediate calculation step is checked manually to verify if the cal-
culations and intermediate results correspond to what is expected of the model to cal-
culate. In this step also different scenarios with altering input data and restrictions are
checked to see if the model reacts as expected. This is shown in the example of the equa-
tions presented in Chapter 3 and the sensitivity analysis presented in Chapter 6. The
manual and model results correspond, so the model is validated.
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GENERAL INPUT [1)

TPT CORBECTION TO # OF WORKERS (2]

Transport time 0| weeks Zone workers ER measure 10
Steel zpeed 1 Zone workers ACC measure il
Clutfit zpeed 1 Zone workers hull measure 1
Mankour cost | 10,00 Zone workers ER build strat 10
whark, daysf week 1 Zone workers ACC build strat 10
Double shifts 0]1=yes, 0= no Zone workers Hull build strat 0
GENERAL COSTS (3) STRUCTURE AND WORKSHOP HOURS (4]
COSTS FOR STEEL Costs Diztribution Prefabrication 000
Section | &0,000.00 0)[1= conztant] | Fanel 0
BElock | - 1] (0= instant] | Section « Block 1]
Azzembly | 20,000.00 1 Azzembly 1]
GENERAL COSTS ‘workzhop hotwork.s 0
Start | 1] ‘workshop piping 0
Production | - 1
Trialz | &0,000.00 o
INHOUSE O¥ERHEA | 1
FIXED COSTS | WEE | 1.000.00 1
SECTION DATA [5) BLOCK DATA [6)
Section # Section 1 Section 2 Block # 1 2
Azzign o black [#) 1 2 ‘weight [tons] il
‘weight [tons] n n TPT Steel [weeks] n 1
Start [week] n n Act1? 0
TPT Steel [weeks] 0 0 Aotz ? 1 1}
Actl? 1 0
Aot ? 1 0
ZONE DATA [7) ASSEMBLY CONSTRAINTS (8]
Zone # Zone 1 Zone 2 Zone 3 Elock # &A% M5
Act1? 1 1} ] A5 ] 1]
Act2? 1 1} ] s 1 0
BLOCK - ZOME ASSIGNMENT (3] ACTIVITY RELATIONS (100
Elock 1 BElock 2 Activity : Activitg 1 Activiey 2

Zone 1ER 1 1 Activity 1 0 1}
Zone 2 ACC 1 1 Activity i 1 1}
ACTIVITY DATA (111

Activity 1 Activity 2
Section hours 0 0
Elock hours 1} 1}
Final hours 4000 4000
EFff sect (hours] 0.z5h 0.z5h
EFf block [hours] 05 0&
EFf final [hours] 1 1
Sect tt 0 0
BElock tt 1] 1]
Final tt 0 0
2y pre-outfit zection B3 00
Man pre-outfit block, i1k 00
BS parameter Section 1] 1]
BS parameter Block 1 1]
Material cost | 100,000 | 100,000
Cost Dist 0 0
Single act? 1] 1]
Cost Timing [+weeks] 1] 1}
Transport OSGO? 1] 1]

Also the second model, the production strategy model has been simplified to man-
ually check is the calculations have been performed correctly. The input data consists
of general input data which include milestone dates which are kept constant. Variable
input data include the production and delivery times and the assembly and installation
moments of the sections and long lead items. These variables have been altered to see
the effect and check the working of the model. The input data are presented in the tables
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below and the different scenarios are presented in Appendix D. No, discrepancies were
found in the results of this validation step.

Durations INPUT Days #

Delivery DH 1

Delivery WH 2

Delivery LLI 5

Payment time LLI Del LLI + 3

Install moment INPUT Days #

Assmble DH & WH 1

Install LLI 3

General INPUT Day #

Release UAL St St Cut - 1

Start steel Cutting 0

Delivery ex. Yard 5

Pay vessel Del. ExYard + 1

Vessel INPUT
BP Shiptype Delivery ExYard

38.7 5 7/1/15

20 1 9/1/15
64 2 10/1/15
5 4 12/1/15
60 6 15/1/15
60 6 16/1/15
64 2 20/1/15
64 2 21/1/15
20 1 22/1/15
70 3 25/1/15

OPERATIONAL VALIDITY

The results of the computerised model are validated in this final step. The results of
running the computerised model for the current production strategy can be checked
with historical data. The data for the results of the building strategy model are presented
in Table 5.2 illustrated below. The data for the production strategy and excel calculation
are based on these results and do not need further validity.

Table 5.2: Historical data validity

Total manhours | Total cost | Delivery (wks)
Results Model compared to data Galati 2.8% -0.4% -1.2%

It can be seen that results are similar which is expected because the input data and
production strategy calculations are based on the production of an ASD2810 produced
in Galati. Minor differences come from the normalisation of manhours and throughput
times and the correction formula for working in narrow spaces 5.4 which was taken from
literature.
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The operational results for the standardised production strategy is more challenging
because this is a production strategy not yet performed at Damen Shipyards. However
the intermediate results of the modular outfitting pilot on the ASD2913, (Teuben, 2016)
provide a good reference point or trend of the improvements which will follow from im-
proving standardisation.

5.5. CONCLUSION

In this chapter the conceptual model has been turned into a computerised mathemati-
cal model which simulates the production process for a single vessel and calculates the
total lead times, cost and required labour. The variables of this model can be adjusted
to implement the three standardisation levels to calculate their influence on the current
production process, which will be done in the next chapter. Additionally, a second com-
puterised model is developed to calculate the stock level of sections and propulsion sets
for the yearly production of tugs.

The first model calculates the production cost, the lead time, required manhours and
cash flow. The second model determines the stock levels required at the start of a yearly
production of tugs. The models have been validated and verified according to the meth-
ods presented by Robert G. Sargent (Sargent, 2013).

The description of these models in this chapter does not directly answer a sub-question.
However, the results gained by running different scenarios will contribute to answering
the main research question. This is done in the next chapter.



RESULTS

In this chapter all the information gained combined with the results of the models ex-
plained in the previous chapters will be used to answer the final two sub-questions of
this research:

How do the different levels of standardisation influence:
- the production cost,

- the production time

- and the variety of the product portfolio?

How is the Damen production strategy influenced on cost and lead time when implement-
ing different levels of standardisation?

In Chapter 3 the different variables determining the total lead time and cost of the
production for the ASD2810 have been explained. This knowledge serves as the theoret-
ical base for the development of the computerised models discussed in Chapter 5. The
results of running these models are used to answer the above sub-questions. This chap-
ter explains how the three standardisation levels are implemented into the mathematical
models and how production variables are affected by this implementation. Additionally,
the impact of implementing the standardisation levels on the total production time, cost
and required labour will be explained in this chapter.

The chapter starts by presenting the results of the current building strategy, followed
by a step-by-step implementation of the three standardisation levels with intermediate
results on the total production cost, lead time and manhours. The implementation of
the standardisation levels is divided into three parts; its influence on the relation be-
tween activities, on the duration of activities and the impact on the activity cost. Once
the results for the current and standardised production strategy are known additional
improvements for the building strategy are proposed. The next section shows a sensitiv-
ity analysis showing the impact of the main parameters on the operational results of the
model. Finally, with the results from the production strategies the shift in manufactur-
ing strategy from make-to-stock to assemble-to-order for the yearly production of tugs
is presented.
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6.1. RESULTS CURRENT BUILDING STRATEGY

The hull of the ASD2810 is built up out of three zones, six blocks and thirteen sections
which are assembled together according to the production strategy presented and ex-
plained in Chapter 3. This production strategy represents all vessels for the current prod-
uct portfolio and is therefore assumed to be the same for all ship types.

The results of the current production strategy consist of the total lead time, produc-
tion cost, required labour and weekly cash flow for the ASD2810.

The weekly cash flow plotted against the lead time of the current production strategy
is illustrated in the following Figure 6.1. The blue dot in the cash flow represents the
moment that the hull production is finished. If hulls are build to stock this is the moment
where that the hull is ready to go to stock.

Current production strategy - Single shift

Cumulative cash flow (€)

Time (Weeks)

Figure 6.1: Cash flow current building strategy

In the following sections the implementation and results are presented per standard-
isation level, starting with level 3 components, followed by level 2 sub assemblies and
level 1 main assembly. The results of the current production strategy will be used as a
reference point in the following sections, presented in the colour orange.
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6.2. LEVEL 3. COMPONENTS

As explained in Chapter 4, Damen shipyards is already concerned about the advantages
that can be derived from implementing standard components and systems which are
interchangeable between multiple ship types. This has already to a large extent been
investigated and mapped out through the Damen Excellerate program and has recently
proved to be successful on the FCS2610.

6.2.1. IMPLEMENTATION

Within the Product Group Tugs, Excellerate is developing pilots for the ASD2810, ASD3212
and the ASD2913 to create a Standard Product Templates. Within these templates, mate-
rial, equipment and other components are aimed to be standardised within and between
different ship types. The factors which are affected by the implementation of modularity
components are discussed in this section.

ACTIVITIES

The implementation of standard components will not directly effect the order or timing
of building activities. However they will have a noticeable impact on life-cycle man-
agement and after sales, as explained in Chapter 4. If the variety in component types is
reduced the knowledge about the products is increased leading to better life cycle assess-
ments and improved maintenance plans which results in better service to the customer.

HOURS AND DURATION

The throughput times and durations of activities will not directly be affected by stan-
dardisation on a component level. On the other hand, a higher the level of standardised
components will indirectly lead to less complications and reduced variety in the match-
ing skids. This means that less engineering and construction hours are required to pro-
duce skids and frames in the workshop. To achieve this reduction in throughput time,
one time extra engineering hours are needed to develop a standard product approach,
which is approximately 5000 extra hours, explained in Chapter 2. When realising the en-
gineering package of a repeat of the same vessel, this will save 50-60% of the engineering
time of an average ship build template, (Damen Excellerate, 2016). This has been taken
into account in the in-house overhead cost calculation and is presented in the last col-
umn of Table 6.1. The added engineering hours are included in the results of level 2 in
the next Section 6.3.

CosT

According to Excellerate a purchasing advantage of 7.5% can be achieved for equipment
and materials for outfitting activities by standardising components. The material cost for
the current and standardised situation of all outfitting activities presented in Chapter 3
are listed in Appendix C, Table C.8 (Damen Excellerate, 2016a).

Additional cost reductions can be achieved in in-house overhead cost; procurement cost
and material coordination cost can both be reduced. Also a reduction in cost for general
items including transport cost of material and small parts can be achieved according to
Excellerate (2016a). These cost reductions are presented below in Table 6.1.
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Table 6.1: Cost reductions through Excellerate

Cost item Reduction
Material cost 7.5%
In-house overhead
Procurement cost 20.0%
Material coordination 20.0%
General items
Transport cost 5.0%
Small parts 7.5%
Engineering hours* + 5000 development hours,

then -50.0% for repeat

6.2.2. RESULTS

When implementing the standardisation of components into the current production
strategy a reduction solely in cost is visible due to the purchase advantage of standard-
ised materials and components and a reduction in in-house and general cost. The results
are illustrated in the bar charts in Figure 6.2. A great drop in cost of 5% can be seen in

the second bar chart.

Current Level 3. Current
Component

Total hours
Total Cost €

Delivery weeks

Level 3.
Components

Figure 6.2: Results of implementing standardisation level 3 Components

Current

Level 3.
Components
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6.3. LEVEL 2. SUB ASSEMBLY

This level of standardisation is based on the implementation of standard skids and frames
produced in the workshop, which can be placed on multiple ship types and can be used
for different categories of equipment. As explained in Chapter 4 some activities are
(partly) moved to the workshop where those skids and frames will be produced during
early stages of production. This section explains which activities are affected by modular
outfitting, how it affects durations and cost and what the effect is on the total production
time, cost and hours.

6.3.1. IMPLEMENTATION

By combining the observations made at the Damen Shipyards Gorinchem and methods
presented in literature in Chapter 2, an estimation is made of which activities will be
moved to the workshop, what the shift of manhours is and what the efficiency improve-
ment will be of shifting those hours.

ACTIVITIES

Activities which include hotworks, piping or installation of equipment can partly be per-
formed in the workshop. Piping installations, equipment and systems are examples of
items which can be placed or produced in a pre-fabricated skid or frame. When this is
done, the only work to be performed on board during the respective phases is the as-
sembly of the pre-produced skids and frames. Of the 25 outfitting activities presented
in Table 3.1, Chapter 3 nine activities have the potential to be partly performed in the
workshop which are listed below;

* Hot works ER

¢ Hot works ACC + WH

* Piping ER

* Piping ACC + WH

e Pull cables ACC + WH

e Install floor ACC + WH

¢ Install and connect small EQ ACC + WH
¢ Install small EQ ER

e Pull cables ER

The nine activities listed above which are currently performed in one or multiple of
the three production phases (section, block and/or zone) are partly moved to the work-
shop, partly moved to earlier phases and partly left in the phase they originally were
performed. The rearrangement of work in relation to the original amount of work per-
formed per phase is based on the research of Fafandjel et al (2008) and is presented in
Table 6.2.

As a result of moving work to the workshop and earlier phases other activities can be
performed faster. These activities and improvements are analysed with experts and are
listed in Table 6.4 and will be explained in the next section. An overview of which activi-
ties move from the respective phases to the workshop, which activities will be performed
more efficiently and which activities remain unchanged is presented in Figure 6.3.
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Figure 6.3: Activities moving to workshop

HOURS AND DURATION

This section presents the percentages of the hours which are shifted from the nine pre-
viously listed activities to the workshop and to earlier phases. Table 6.2 shows per phase
what percentage of the work will remain in the respective, shown in the first column,
move to block or section phase in the second and third column and what percentage
will move to the workshop in the last column. For example, the nine outfitting activities
which currently take place in the zone phase will remain in this phase for 25% of the
hours, 50% of the hours will move to the block phase and 25% of the hours will move to
the workshop.

Table 6.2: Percentages of activities moving between phases and to workshop

Stays in Moves to Moves to Moves to

current phase | block phase section phase | workshop
Zone 25% 50% - 25%
Block 50% - 25% 25%
Section 50% - - 50%

As explained in Chapter 4 the work which is moved to the workshop will be per-
formed in better working conditions resulting in higher working efficiencies and there-
fore less working hours. These efficiencies are stated to be as high as 80% for work which
was shifted from the zone phase to the workshop as can be seen in Table 4.1. Neverthe-
less, these efficiencies seem very optimistic according to experts at Damen Shipyards 6,
Appendix F), therefore three scenarios have been selected for those efficiencies which
are shown in Table 6.3. The first scenario represents the efficiencies in an early stage of
implementing modular outfitting and the third scenario represents the situation where
modular outfitting has been fully developed.

Six activities have been determined which can be performed faster due to the imple-
mentation of modular outfitting with the insights of experts Ir. B. Damman and Ir J.J.B.
Teuben 5, 6, Appendix F) from the Yard Suport department, see Table 6.4 . The percent-
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Table 6.3: Scenarios for efficiency of activities moving to workshop

Scenarios workshop hours efficiency

1 2 3
Section/Block hours to WS 25% 45% 65%
Zone hours to WS 35% 55% 75%

ages with which those activities can be optimised are shown in Table 6.4. The presented
changes in duration and position of activities are applied in the computerised model for
each activity.

Table 6.4: Activities with higher efficiencies as a result of modular outfitting

Activity Efficiency
15. connect cables ER 10%
18. Install ME 50%
19. Install GENSET 50%
20. Install box cooler 20%
21. Install hydraulic unit | 50%
24. painting ER final 25%

Cosrt

The changes on the sub-assembly level of the current production strategy mainly include
reductions in the lead time and required man hours rather than cost, because the cost for
man hours are relatively small compared to the material and equipment cost. However,
there is one general items on which 10% can be saved due to the implementation of skids
and frames which is outsourced engineering. This is a result of in-house engineering of
standard skids and frames for equipment and systems.

6.3.2. RESULTS

Modular outfitting has been implemented in steps to show its influence on cost and lead
time. The variables affected by the different improvements have been explained above.
A summary of the steps is given in Table 6.5 and will be explained in more detail later in
this section. The total production cost, total manhours and delivery time in weeks after
implementing each step, relative to the current production time, cost and delivery weeks
(in orange) are illustrated in the bar charts in Figure 6.6. The savings achieved on level
three have already been implemented in the following steps.

STEP 1 - CURRENT PRODUCTION STRATEGY
The first step presents the results for the current strategy which is the base or reference
point for the results of each standardisation step and is presented in orange.
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Table 6.5: Improvement steps current production strategy

Step Description Scenario
1 | Current strategy current
2 | New strategy with rearranged pre outfit current
3 0
4 . 1
5 New strategy with rearranged hours 5
6 3
7 | New strategy with reduced steel throughput times 2

STEP 2 - MAXIMUM PRE-OUTFITTING

The second step represents a first step towards the standardised building strategy. The
amount of pre-outfitting to be completed per activity in each production phase (section,
block and zone) has been changed according to Table C.11 in Appendix C. The division of
pre-outfitting has been determined in cooperation with experts (Interview 6, Appendix
F). It can be seen that this step has an significant impact on the total production cost,
hours and time. This can be explained by the fact that the model does not take yard re-
striction into account and performs all activities on time without any delays. This means
that if an activity is performed for 50% during the section phase, it will be performed in
that way even though there would not be sufficient space or workers available to do so.
Also it should be noticed that the computerised model does not optimise the building
strategy but that it is based on experience and knowledge of experts out of the field.

STEP 3 TO 6 - MODULAR OUTFITTING

In the third step the hours are shifted between and from the respective phases to the
workshop due to the implementation of modular outfitting. As explained above, three
scenarios were defined for the efficiency of working hours which are moved from the
respective phases to the workshop. The three scenarios represent an efficiency of 25%,
45% and 65% for the work moved from sections and blocks to the workshop and 35%,
55% and 75% for the hours moved from the zones to the workshop. The third step shows
the effect of the rearrangement of hours without efficiencies, therefore scenario 0. The
fourth, fifth and sixth steps represent the those three scenarios with efficiencies. The
current and new amount of hours per activity per phase are presented in Appendix C
Tables C.12, C.13, C.14, C.15. It can be seen that the mainly the total cost and hours
are affected by shifting hours from the respective phases to the workshop and that the
delivery time is not affected that much. In the following steps, scenario 2 is taken as an
input for the outfitting hours.

STEP 7 - STEEL THROUGHPUT TIME

The next step shows the result of implementing a reduction in the throughput time of
steelwork for the sections and engine room block due to higher efficiencies. A reduction
of 20% can be achieved in the throughput time of the steel construction work according
to expert Ir. B. Damman (2016). The new throughput times are presented in Appendix C
Tables C.16 and C.17. The throughput time of sections is determined by the outfitting ac-
tivities performed in that phase and the steel construction work. The steel construction
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work takes more time to complete than the outfitting activities and therefore determines
the total throughput time of the section phase. For that reason it can be seen that this

mainly affects the delivery time and not the cost and hours.
12 3 4 5 6 7 12 3 4 5 6 7

Figure 6.4: Total hours, cost and delivery time after implementing standardisation on level 2
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6.4. LEVEL 1. MAIN ASSEMBLY

As explained in Chapter 4, the product portfolio configuration has been assessed and re-
arranged on a main assembly level reducing product variety and increasing batch sizes
of vessel production and modular section production. This level of standardisation will
therefore mainly influence the variables of the second mathematical model in which the
stock levels of standard sections and propulsion sets for a yearly production are calcu-
lated.

6.4.1. IMPLEMENTATION
The amount, timing and duration of sections being produced on stock in the production
strategy model are affected in this section.

ACTIVITIES

Activities involved in section production are being shifted forwards to a separate pro-
duction line which runs parallel with the main production line. This production line
produces standard sections such as the wheelhouse, deckhouse and afts to stock. Main
assembly activities such as the steel construction of the sections will be performed faster
with serial production. The sections with the highest potential to be produced on stock
according to predictions and the product portfolio analysis are presented in Chapter 4.

HOURS AND DURATION

With the reduced variety and increased batch sizes, Damen can benefit from a serial
production line and the series effect. The throughput times of activities will be shortened
as explained in Chapter 2. Formula 6.1 for the series effect will be applied in the duration
calculations of the production of these sections and blocks.

Required work to be done = —0.1483Ln(x) +0.9995 (6.1)

CosT

Serial production influences cost in two ways. Firstly, it has influence on the fixed cost
of producing a vessel type multiple times. Additionally, it influences the variable cost of
producing sections in series.

Currently, ship types are being built on multiple shipyards. The ASD2810 for example is
being produced at four different yards. Additionally, each yard produces different ship
types throughout the year. With this manufacturing strategy little to no advantage will be
taken from a serial production line. However, Damen Shipyards has the intention for the
coming years to produce individual ship types on a maximum of two different shipyards.
With this taken into account, it is assumed that a maximum of 75% of the series size can
be produced in series at the same yard and that 25% of the series size of a certain ship
type will be build at a different yard. When serial production can take place, meaning
that a continuous production of a vessel type or section is taking place, a series effect
will arise reducing production time and cost. However, it is challenging to take the series
effect into account because it is difficult to choose a series size over a certain period of
time as production is expected to continue over the years without interruption. To take
some profit into account for this research a series size of two for complete vessels and
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two for each section will be taken into account to calculate the production cost and lead
times for the standardised production strategy. Other series sizes will be presented to
show the effect of the series size but will not be used for further calculations.

Several in-house overhead cost items including shipyard overhead cost, project man-
agement cost and engineering cost will be reduced due to serial production. Their cost
are adjusted according the the Equation 6.1. The amount of money saved depends on
the series size of the produced vessels and sections. It should be taken into account that
this equation represents the saved amount of work for the overall production of a vessel.

The variable production cost for producing sections on stock will decrease in two
ways. Firstly, by increasing the badge size of the buying standard components at a lim-
ited number of different suppliers. Secondly, by standardising outfitting which will re-
duce engineering, production and outfitting cost. However, warehouse cost will most
likely increase because the produced sections will be stored on land rather than in the
water which induces higher cost for buying or renting extra land. However, there are
many uncertainties to determine these cost because the rent of land differs per country
and the duration of storage will also completely depend on the demand. Also it can-
not be assured that storage space will be taken from production space or that new land
should be rented or bought to store semi-finished products on. Due to the high level of
uncertainty of the warehouse cost of sections and blocks it is decided to keep warehouse
cost unchanged.

6.4.2. RESULTS
The implementation of level 1 standardisation is done step-by-step as shown in Table
6.6 below the table, each step is explained and the results are presented in Figure 6.5.

Table 6.6: Implementation steps level 1 Main assembly

Step Description Scenario | Series size vessel | Series size sections
Current strategy current -
2 2 2 | 1every section
3 2 9 | 1every section
4 2 3 | 9aft
5 2 3 | 9mid
g New strategy with series effect fixed and variable cost ; 3 Sl) 2b ?evrvl dering
8 2 3 | 12 deckhouse
9 2 3 | 23 wheelhouse
10 2 2 | 2every section
11 2 3 | average

STEPS 1 TO 11 - SERIES EFFECT

The first step again shows the current production hours, cost and time. In the next
step, the effect of serial production is implemented into the mathematical model. As
explained above, serial production and the series effect will affect fixed cost and vari-
ables cost. Step 2 runs the smallest series production for a vessel type which is two and
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a series size of one for each section to show the impact on the fixed cost. In step 3 the
largest series production for a vessel type is presented which is nine. Again the series
size for sections is left to one to show the impact on the fixed cost. In steps 4 to 9 the
average series size of a vessel type is taken, which is three, to keep the effect on the fixed
cost constant. Steps 4 to 9 represent the maximum series size for each section, which is
nine for the afts, midships and bows, twelve for the fendering and accommodation and
23 for the wheelhouse. Step 10 shows the impact of producing the minimal of series for
vessels and sections which is two for all of them. The final step illustrates the average
production of vessels which is three and the average series of the sections which is four
for most sections except for the accommodation it is eight and for the wheelhouse it is
thirteen. The results of each step can be found in figure 6.5 below.
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Figure 6.5: Total hours, cost and delivery time after implementing standardisation on level 1

In step 3 the impact on the fixed cost by increasing the series size for the production
of complete vessels is with a reduction of 1.5% the largest of all steps. Furthermore, the
different steps show a small impact on the delivery time of the vessel and cause a slight
decrease of the total cost and hours. The last step, which is an ideal case shows a de-
crease in cost, and especially in hours and delivery weeks.

A closer look is taken at the results of step 10. In this step scenario 2 for the rear-
ranged manhours is taken into account, a purchase advantage of 7.5% on material cost,
20% reduction in steel construction work and a minimum series size of two for vessel-
production and two for section production are taken into account. The situation created
in this step is taken as the standardised production strategy. The standardised produc-
tion cash flow and current cash flow have been plotted together in Figure 6.6. The mo-
ment that the production of sections is completed for stock is presented with a dot and
a dotted vertical line in blue for the standardised strategy and in orange for the current
strategy. Sections in the standardised strategy will contain a lot more outfitting that in
the current strategy because the amount of pre-outfitting is significantly higher due to
the implementated standardisation levels. The moment that the hull is completed for
stock is illustrated with a blue and orange undisturbed line for the standardised and cur-
rent strategy. More detailed results concerning cost items and hours are presented in
Figure 6.7 and Table 6.7.
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Current production strategy - Single shift

Standardised production strategy - Single shift

Cumulative cash flow [€)

Time (Weeks)

Figure 6.6: Total cost, manhours and delivery in weeks after implementing standardisation steps

It can be seen that the implementa-
tion of the different standardisation lev-
els has effect on several cost items such
as "general cost" which is reduced by 8%, o=
an 8% reduction on procurement, and
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duction. Workshop hours are increased
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and the block phase lead to an increase:Z
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is currently the least efficient phase in
which work is performed, and therefore
a great improvement. The total reduc-
tion in manhours that can be achieved is
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Figure 6.7: Cost division and results
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Table 6.7: Difference in hours

Hour difference | Currentstrategy | Standardised strategy

HWWS 1400 3200
Pipe WS 1700 2200
section hours 1400 1700
block hours 4100 7000
zone hours 26600 7400

Total hours 35200 21500
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6.5. MAINTAINING CUSTOMER SATISFACTION

The results of implementing the three levels of standardisation presented in the previ-
ous section are promising for Damen as a shipbuilding company. However, Damen is a
customer driven company and without offering what the customer wants, there are no
new orders and no profits. Therefore it is also important to evaluate how the customer
will benefit from the implementation of those three standardisation levels.

In level 1 the main assembly of vessel production is adjusted, including the configura-
tion of the product portfolio. Reducing the variation in the product portfolio will affect
the customer. This section illustrates how a customer is affected when he requests a ves-
sel which is no longer offered in the standardised portfolio and instead is forced to buy a
larger vessel.

In this example the customer is interested in buying Ship type V or Ship type W, which
are an ASd and an ATD vessel to guide large vessels in his port area. Both of these vessel
types are popular and have been part of the top four sold vessels of the past three years.
However, in the proposed standardised portfolio, both these vessel types are replaced
by a new vessel type, Ship type X, which is an RSD vessel. This is a longer and wider
vessel with a different propulsion configuration. ASD vessels have thrusters which can
be rotated 360 degrees which serves for good maneuverability. ASD vessels sail back-
wards when they guide large vessels in port areas. When guiding large (container) ves-
sels from the front it is important to have sufficient space and water between between
the thrusters of the tug and the vessel.

Figure 6.8: Ship type V

Vessels with an ATD propulsion system have two thrusters positioned at the front of
the hull, this makes forward maneuvrability possible when guiding large vessels. ATD
vessels can therefore only be used to guide large vessels from the front.
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Figure 6.9: Ship type W

RSD vessels are designed to have two 'bows’, making it possible to maneuver for-
wards at any time which created flexibility for use of these vessels.

Figure 6.10: Ship type X

The baseline of august 2016 has been taken to determine the sales numbers per ship
type for the coming year. By replacing these three vessel types by one, the series size
will double compared to the largest current series size of the individual ship types. As
explained in the above section for the implementation of level 1, it is assumed that 75%
of the series is produced at the same yard. Taking this into account together with the
implementation of the other standardisation levels the total hours, cost and lead times
can be reduced as presented in Table 6.8.
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The reductions for the lead times, cost and hours presented in 6.8 have been imple-
mented on ship type X.

Table 6.8: Improvements for ship type X with standardised production

Delivery (weeks) | Total Cost (mln EUR) | Total Hours
Standardisation reductions 47% 13% 30%

The results for Ship type X show that even though the number of hours will go up, the
total cost and lead time reduce below the current values for vessel types V and W. Also,
when looking at power and maneuverability, ship type X can be used in more situations
compared to the other ship types.

6.6. ADDITIONAL IMPROVEMENTS

The total production time for the delivery of an ASD2810 can be reduced with 33% as a
result of the implementation of the three standardisation levels. The aim of the yard sup-
port department is to reduce the production time to 50% of the current production time
with the different optimisation projects as explained and illustrated in Chapter 2, Figure
2.10. This 50% can be achieved by working in two shifts rather than one as currently
done at Galati. This change can of course also be implemented in the current situation.

The implementation of a second shift requires some investments. Night shift hours
are more expensive than day shift hours, therefore the manhour cost is increased with
50%. This results in an increase of 25% on the average manhour cost. Additionally, some
time is lost when transferring work to the next shift, it is assumed that this loss is equal
to 20%. This percentage is probably a conservative assumption, because changing shifts
will not take 20% of the shift, however this also covers reduced efficiencies for work in
the second shift.

The results on the total cost, manhours, delivery time and cash flow are illustrated in
Figures 6.11 and 6.12. The vertical solid lines represent the moment the hulls are ready
for stock for the respective production strategies and the dotted vertical lines represent
the moment sections are ready for stock for the respective production strategies. The
total production time decreased to 44% of the current production time, which is even
fastter then the aimed 50%. The total cost and required manhours increase compared
to the standardised single shift building strategy. When comparing them to the current
single shift building strategy, both values are lower. The total lead time of the two shift
standardised building strategy is less than half compared to the lead time of the current
single shift strategy with 7% less required labour and at 4% lower cost. Also, when zoom-
ing in on the moment that hulls and sections are ready for stock it can be seen that for the
standardised production strategies the sections will be ready earlier than with the stan-
dardised single shift and current production strategy. The same is visible for the finish
moment of the hull.
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Figure 6.11: Result of doubling shift on total production cost, hours and delivery time
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Figure 6.12: Cash flow of doubling shift
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6.7. SENSITIVITY ANALYSIS

In this section the input parameters of the mathematical model are being varied in order
to know how robust the answers are to various assumptions made throughout the mod-
eling framework outlined in Chapter 5. Then, those assumptions are modified to gauge
its effect on the total production time, cost and required labour.

Once again it should be taken into account that the model does not perform an optimi-
sation of the input data. The given input will be used directly to calculate the output and
no further yard restrictions for delays, rework or lack of capacity are taken into account
during the calculations. Five variables have been tested in this analysis including man-
hour cost, the number of zone workers per phase, the phase efficiency, the prompt time
of long lead items, the maximum percentage of work to be completed in the different
phases.

MANHOURS COST

Changing the manhour cost will only influence the total cost, since the model does not
perform an optimisation. However, to show the impact on the results, three values for
the manhour cost have been selected.

Firstly, the average manhour cost in Galati. Secondly, the manhour cost at the Damen
Changde yard which is 35% lower and thirdly, the salary paid at Damen Gorinchem
which is 210% higher. The results of the two scenarios are illustrated in the barcharts
of Figure 5.1 and graphs 6.14 and 6.15. Indeed only the total cost are affected for the
lower and higher salary input values.

1

Figure 6.13: Results of sensitivity manhour cost

Total hours Total cost Delivery time [wks]

2 1 1

current current 2 rurrant 2
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Figure 6.14: Results for manhour cost Galati Figure 6.15: Results for manhour cost Gorinchem

For each analysed parameter that will follow in this analysis the total manhours, cost,
delivery times and cash flows are plotted together with the current production strategy
values in the same way as done for the manhour cost. These Figures can be found in
Appendix E.

WORKERS PER AREA

In the current production strategy the number of workers that can work simultaneously
in a certain area during final outfitting are set according to the data of Galati. The ar-
eas are divided into the Engine Room (ER), Accommodation (ACC) and Hull. The Galati
numbers are the base numbers of workers which will be used to calculate the correction
described in Chapter 3, Equation 5.4. Both the input number of workers and the base
workers have been altered to see the sensitivity of the calculations. The different scenar-
ios are presented in Table 6.9 and the results in the barcharts and graphs in Appendix E,
Figures E.1,E.2 and E.3.

Table 6.9: Scenarios for the sensitivity of workers per area

Scenario | ER | ACC | hull | ERbase | ACCbase | hull base | Total hours | Total cost | Delivery time [wks]
1|04 0.5 0.6 1.0 1.0 1.0 0.85 0.98 1.17
current 1.0 1.0 1.0 1.0 1.0 1.0 1.00 1.00 1.00
2|21 2.2 2.4 1.0 1.0 1.0 1.24 1.04 0.89
3/04| 05| 06 0.4 0.5 0.6 1.23 1.05 1.25
4121 2.2 2.4 2.1 2.2 2.4 0.84 0.97 0.86

Changing the number of workers per area mainly influences the total manhours and
delivery times. The more base workers are available, the lower the total hours and deliv-
ery time. The total cost on the other hand stay stable, this is because either the manhours
become more, or the number of workers to be paid becomes more.
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PHASE EFFICIENCY

The phase efficiencies for the current production strategy are 0.25 for the section phase,
0.5 for the block phase and 1 for final assembly. In this step of the sensitivity analysis the
efficiencies and the relations between them have been changed to find their influence
on the results. The scenarios are given in Table 6.10 and the results in the barcharts in
Figures E.6 and the graphs of Figures E.7 and E.8 in Appendix E .

Table 6.10: Scenarios for phase efficiency

Scenario | section | block | zone | Total hours | Total cost | Delivery time [wks]
1 0.125 0.25 1 1.08 1.02 1.12
current 0.25 0.5 1 1.00 1.00 1.00
2 0.33 0.66 1 0.99 1.00 1.01

The phase efficiency mainly influences the required manhours. This can be explained
by the normalisation of the base hours, which depends on the phase efficiency. The cost
and delivery times are only affected sightly.

PROMPT TIME PROPULSION SET

The prompt time for the long lead items belonging to the propulsion set is 9 weeks in
the current production strategy. This is the moment that the cost for a long lead item
is added to the cash flow. This is not necessarily the moment of payment but the mo-
ment that Damen commit themselves to do the payment. The long lead items included
are; the main engine, the genset, cooler and the hydraulic unit. In the first scenario the
prompt time is decreased with 5 weeks weeks and in the second scenario the prompt
time in increased with 5 weeks. See Table 6.11 for the different input scenarios and Ap-
pendix E, Figures E.9, E.10 and E.11 for the results. It can be seen that none of the values
are changed. Only the timing of cash flow has changed which can be seen in the ap-
pendix.

Table 6.11: Scenarios for prompttime propulsion set

Scenario | Main Engine | GENSET | Cooler | Hydraulic unit | Total hours | Total cost | Delivery time [wks]
1 0.44 0.44 0.44 4 1.00 1.00 1.00
current 1.00 1.00 1.00 9 1.00 1.00 1.00
2 1.56 1.56 1.56 14 1.00 1.00 1.00
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MAXIMUM PERCENTAGE OF PRE-OUTFITTING
The maximum amount of pre-outfitting performed in the section and the block phase
have been altered according to the scenarios presented in 6.12. The results can be found
in Figures E.12, E.13 and E.14 of Appendix E.

Table 6.12: Scenarios for maximum pre-outfitting section and block phase

Scenario Current 1 2

Phase section block section block section block

activities standardiasation levels tion levels

Outfitting activities | Little standardisation is | Outfitting is in starting | Optimial outfitting when
taking place in outfitting | phase of implementing | implementing standardisa-

Table 6.13: Results for scenarios for maximum pre-outfitting section and block phase

Scenario | Total hours | Total cost | Delivery time [wks]

1 1.08 1.02 1.18
current 1.00 1.00 1.00
2 0.90 0.98 0.93

The maximum amount of outfitting that can be performed during the respective
phases has a significant effect on the total hours, total cost and the delivery time. The
more work that can be completed during the earlier phases (section and block) the lower
the total manhours and delivery time will be. It should be stressed specifically with these
input values, that the model does not perform an optimisation of the input data and that
the output is calculated by performing activities as early as possible without taking fur-
ther yard restrictions for delays, rework or lack of capacity into account.

The impact on the total cost is less significant. Adjusting these parameters will greatly
influence the results of the model.

Parameters which influence production cost are mostly the manhour cost, but also
the amount of pre-outfitting performed at each phase. Parameters influencing the num-
ber of manhours and delivery time are the number of workers per area, phase efficiency
and the amount of pre-outfitting work performed. The latter greatly influences the de-
livery time. Parameters which hardly affect the results are the production order of blocks
and the weight of sections and blocks.

Care should be taken when changing the outfitting percentages per phase and the prompt-
time of the propulsion set.
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6.8. MANUFACTURING STRATEGIES

Now that the lead times and cost for the standardised production strategy have been
calculated the effect of storing propulsion systems and producing standard sections on
stock is determined. The yearly production of the product portfolio for the year 2015 has
been modeled to gain this information. When changing the portfolio into the proposed
standardised portfolio with the standardised building strategy with reduced production
time and cost, the number of different vessel types will be reduced with 48%. As ex-
plained in Chapter 4, the wheelhouse and deckhouse have the most potential to be pro-
duced on stock. With the new product portfolio and standardised propulsion sets there
will be a stock of nine different propulsion systems, four deckhouse variants and three
types of wheelhouses. With the pre-production of wheelhouses and deckhouses the total
lead time will be reduced according to their production and assembly time. The model
calculates the size of the initial stock needed to fulfill all the production requirements
on time. The initial stock level required for the propulsion systems is shown in Figure
6.16. The stock values range between 1 and 11. The highest initial stock value is 11 for
propulsion set type 2.

| Initial stock propulsion sets 11
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3 3
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Figure 6.16: Initial stock for propulsion sets

When specific dekchouses and wheelhouses are ordered from stock at the release
date of the UAL, the production for the replenishment of those sections starts. How-
ever, the production of those sections is completed before the sections have been re-
moved from stock for assembly. This implies that for the production of wheelhouses and
deckhouses, no stock is required. It can be concluded from these results that only sec-
tions which are needed before the production is completed should be held on stock. For
example afts are required at the start of production. In the validation calculations the
production time and assembly moment of sections have been altered, presented in Ap-
pendix D. In this calculation it can be seen that the longer the production takes and the
earlier the sections are assembled, the higher the initial stock has to be.

6.8.1. ASSEMBLY-TO-ORDER
In Chapter 2 it was stated that the manufacturing strategy and CODP are closely related
and that Damen might gain from switching from a make-to-stock to an assembly-to-
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order production strategy. This section will present the impact of this switch.

Equation 5.5 is used to calculate the cost of having sections on stock and of having ves-
sels on stock. The vessel price for all vessels is assumed to be the same for each ship
type in the portfolio and excluding trial cost. For the sections it is calculated separately
in the same way with Equation 5.5. It should be noticed that this seems not logic as the
number of sections being assembled is much larger than complete hulls. When sections
can be produced more than ten times in a year they have the potential to be produced in
series, delivering sections every x weeks, depending on the demand. In this way no stock
cost are required at all. However this is an advantage on the long term and if the sections
are produced at one location transport cost need to be taken into account which are not
known. Therefore it has been decided to use Equation 5.5 to give an indication of how
stock cost will be affected by changing to an assemble-to-order strategy.

The Damen Baseline for the coming year has been taken as the input for this calculation.
The baseline consists of fewer vessels than the previous years, this is due to reduced de-
mand from the market as a result of the low oil price. Equation 5.5 has been applied to
each vessel type in the baseline for the current portfolio, each vessel type in the baseline
for the standardised portfolio and for each section present in the baseline of the stan-
dardised portfolio.

Table 6.14 shows the total stock value for having vessels on stock for the current prod-
uct portfolio, standardised portfolio and for having sections on stock for the standard-
ised portfolio. It can be seen that the stock value decreased by 56% when having sections
on stock compared to having vessels on stock.

Table 6.14: Total stock value comparison

Portfolio Total stock value | Reduction of cost
Current - hulls 100% -

Standardised - hulls 72% 28%
Standardised - sections 44% 56%

In Figures 6.17, 6.18 the stock value per vessel type for one year for the current and
standardised portfolio are shown. Figure 6.19 shows the number of sections present in
a certain stock value range. For example 7 sections have a stock value of €X and 20
sections have a stock value of €0.05X or less.

Stack value - Sections

Stock value (min £€)

7 2 4 7 2 4 15} 20

# sections in cost category

Figure 6.19: Standardised Stock Value per section
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Figure 6.17: Current Stock value per ship type Figure 6.18: Standardised Stock Value per ship type

These results show that an assembly-to-order manufacturing strategy where sections
are produced to stock which are assembled after the CODP is at least for the stock cost
56% cheaper than having vessels on stock. On the other hand, the delivery of the final
product will take longer than delivering a complete vessel from stock, however after im-
plementing all the standardisation levels, production will be reduced significantly and
the delay for the assembly of the final product will be minimal.
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6.9. CONCLUSION

In this chapter the three standardisarion levels are implementated into the current pro-
duction strategy. The effect of implementing the different levels on activity relations,
durations and cost are discussed and will be used as new input parameters for the com-
puterised model.

Level 1. Main assembly

The first level of standardisation mainly influences the series size of vessel types, sections
and propulsions sets being produced, assembled and ordered on stock. On an activity
level it influences the activities involved in the production of sections on stock. Also, in-
creased batch sizes makes serial production possible which leads to reduced lead times
due to a series effect. Decreased production time and lower value of items being stored
on stock will lead to lower cost.

Level 2. Sub assembly

On a sub assembly level, the implementation of modular outfitting will affect the or-
der of activities. Outfitting activities which include hotworks and piping will partially be
shifted to earlier phases and to the workshop. Work in the workshop is performed faster
due to higher efficiencies, better working conditions and equipment can be tested be-
fore being installed on board. Other activities will be performed with higher efficiencies
because more space and better working conditions are created by moving work to the
workshop. Investments are required to train employees, perform detailed engineering
for the design of the modular skids and frames, however this will be paid back on the
longer term.

Level 3. Components

On a component level primarily money can be saved by making components standard
and interchangeable between different ship types so they can be purchased in larger
batches. This will lead to reduced purchasing cost and lower transport cost. Also if the
variety between components is reduced the in-house knowledge about the products is
increased, leading to better maintenance programs and less investments to train main-
tenance workers. Finally, when using components of fixed dimensions, installation and
production of skids will require less manhours, reducing production time.

The results of the computerised model for the current and standardised production
strategies are presented in this chapter. By implementing the three levels of standard-
isation the current building strategy for tugs can be significantly optimised, reducing
production time by 36%, production cost by 11% and required manhours by 24%. The
total lead time can be further reduced by working in two shifts. It is also proven that
shifting from a make-to-stock to an assembly-to-order strategy with propulsion sets and
standard section held on stock will result in 56% lower stock cost. The impact of the
results on the main research question will be discussed further in the next chapter.







CONCLUSION AND
RECOMMENDATIONS

Damen shipyards delivers over a hundred vessels annually from many shipyards all over
the world, keeping hulls in stock, to guarantee quick delivery times. One of Damen’s
fundamental corporate values is the focus on standardisation. However, as a result of
increasing globalisation and customers’ buying power many manufacturers including
Damen, have been forced to produce an increasingly wide variety of products. With the
rapid growth of Damen Shipyards, the wide variety of products they offer, and the in-
creased customer buying power, a closer look is taken at the efficiency and advantages
of their traditional production strategy.

The goal of this research is to evaluate the possibility to increase the efficiency of pro-
duction by implementing aspects of line production and the platform-based product
design strategy on the Damen Product Group Tugs. Therefore the main question of this
research is:

“Which levels of standardisation provide Damen with the most advantages”

The scope of this research was limited to the Damen Product Group Tugs. The prod-
uct group Tugs was chosen as the benchmark because it contains Damen’s best sold
(standard) vessel types and it has potential to benefit even more from standardisation
strategies.

In this research three levels of standardisation have been defined with the help of
standardisation methods and platform-based product development to increase produc-
tion efficiency, decrease production cost and throughput times. These standardisation
levels have been implemented in the current production strategy for the Damen ASD2810
with a computerised model in order to define their impact on the production cost and
throughput time.

Three levels of standardisation which provide good prospects for the production of
tugs have been evaluated and implemented in the computerised mathematical model to

calculate their impact on production time and cost. The following enumeration presents
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the results which are listed according to their impact, starting with the largest impact on
Damen’s production strategy.

LEVEL 1. MAIN ASSEMBLY

The first and highest level of standardisation is on a main assembly level including the
standardisation of the product portfolio and main assembly blocks of the vessel. Reduc-
ing variety in ship types being offered to the customer and increasing the commonality
between them will increase efficiency and reduce production time and cost.

1. Being critical about the configuration of the product portfolio, reducing the variety
in offered ship types and increasing the commonalities, such as the development
of standard deckhouses and wheelhouses led to the production of larger series of
vessels and its sections. Shifting to an assembly-to-order strategy in which propul-
sion sets and standard sections are held on stock rather than complete vessel will
have a huge impact on Damen’s production strategy which is currently make-to-
stock. Up to 56% can be saved on stock value when keeping standard section on
stock and assemble them when an order comes in. Apart from the financial advan-
tage will shifting to an assembly-to-order strategy provide Damen Shipyards with
multiple other advantages. Firstly, having semi-finished products, like sections on
stock instead of complete hulls will save maintenance cos, because they are stored
on land rather than in (salt) water. Additionally, due to the short production time,
sections will be less affected by material price fluctuations such as steel compared
to complete hull production. Finally, producing hulls on stock based on market
predictions has a great risk with it. Whereas combining sections from stock to as-
semble vessels according to customer’s wishes has a significantly lower risk.

LEVEL 2. SUB ASSEMBLY

Thislevel of standardisation is based on the implementation of standard skids and frames
produced in the workshop, which can be placed on multiple ship types and can be used
for different categories of equipment. This means that outfitting activities are no longer
performed during section, block and final outfitting, but in the workshop where standard
skids and frames are produced to be installed on board of multiple ship types. Work can
be performed more efficiently in the workshop than on board due to better working con-
ditions. Hotworks, piping activities, the production of skids for (large) equipment and
floor frames will be pre-produced and tested in the workshop and assembled on board
as a whole. This requires a high level of detailed measuring and pre-engineering for the
development of these units, but will significantly reduce production time and cost.

2. The effect of modular outfitting on the amount of outfitting work that can be com-
pleted in a respective phase (section, block, final outfitting) influenced the produc-
tion time and requires manhours the most. The total delivery time can be reduced
with 28% and the required hours with 20%. Cost will also reduce but with a lower
rate of 4%. The impact of implementing modular outfitting has the potential to be
much larger for Damen when developing standardised modular assembly units,
skids and frames which can be placed on board of tugs and other ship types of
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multiple business units. This promotes serial production and purchase advan-
tages which will lead to further reductions in cost and production time. Also, the
implementation of standard modular assembly units does not require large invest-
ments nor large changes in the production strategy and can be implemented on a
short term.

LEVEL 1. MAIN ASSEMBLY

3. As a result of reducing variety in the product portfolio and increasing common-
alities between vessels and sections the batch sizes of production will increase.
When vessels and sections can be produced in larger series, Damen will benefit
from serial production. Especially delivery times will reduce due to serial produc-
tion. The total throughput time of vessel delivery will reduce with 10% when tak-
ing the average series size of the yearly production of vessels and sections for the
proposed standardised product portfolio. An additional cost reduction of 5% and
hour reduction of 2% can be achieved with serial production leading to the third
best opportunity for Damen Shipyards.

LEVEL 3. COMPONENTS

The third and most detailed level of standardisation is on a component level. Damen
is already concerned with this topic and is currently implementing this standardisation
level through the Excellerate program. By reducing the variety of component types and
making them interchangeable between different vessel types, purchase advantages can
be gained and installation and maintenance time and cost can be reduced.
Standardising components between multiple ship types and therewith gaining a pur-
chase advantage has great impact on the total production cost.

4. Standardising components within ship types and between them and reducing the
number of suppliers will provide Damen mainly with a cost advantage. A drop in
cost of 5% can be achieved due to a purchasing advantage which an be achieved
by ordering more components at less suppliers. Even though the implementa-
tion of this level of standardisation provides Damen with the least advantages, it
contributes greatly to the other levels of standardisation and has a lot of poten-
tial to increase its impact. When components become standardised, it is easier to
develop standard assembly units and the batch size will increase, which will lead
to lower development time and cost. Standardising components will also lead to
a higher degree of knowledge of the products which helps to do better life cycle
asessments leading to better, faster and higher degree service and maintenance
programs. Additionally, by sourcing components locally transport time and cost
can be saved. Finally, if Damen were to reduce the number of suppliers and in-
crease standardisation of its components Damen can benefit from closer cooper-
ation with suppliers. This can be done for example by including them in the prod-
uct development phase. This will help Damen to gain more knowledge of their
products and maintain their position as as a shipbuilder using high quality state
of the art technology.
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TOTAL RESULTS FOR STANDARDISED PRODUCTION STRATEGY

The prospects of implementing all three levels of standardisation into the current build-
ing strategy for the production of tugs are promising. Production time can be reduced
with 36%, production cost with 11% and the required manhours with 24%. The total
throughput time can be further reduced by working in two shifts.

DISCUSSION

This section covers the decisions and assumptions made in this research and specifically
in the simulation model of this research.

* Firstly, the production strategy for the single vessel (the ASD2810) was chosen as
a base case and represents the complete Product Portfolio Tugs. This includes
a large range of different ship types. It is assumed that the results for this ves-
sel are scalable to other ship types considering lead times and cost of activities.
The ASD2810 is the best sold vessel of this product family and its price is close to
the average price of the complete product group, which is represented with the
red striped box in Figure 7.1. However, as can be seen in the same Figure is that
the ASD3212 is bigger and more expensive and the STU1004 is smaller and a lot
cheaper than the ASD2810. For that reason the results cannot directly be used for
all other ship types in the Product Group.

STUL004

ASD3212
Cost [€)

Figure 7.1: Base case ASD2810 representing the complete product portfolio

* In addition to that the durations and cost for the building strategy applied at the
Damen Galati shipyard has been taken into account in this research. In reality Tugs
are built at multiple yards spread over the world with varying building strategies.

° As already stated in the introduction, it should be kept in mind that this research is
an economical feasibility study and does not take detailed design and engineering
requirements into account. This means that assumptions have been made con-
cerning the design of the vessels. For example, that 60% of the vessel types in the
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new portfolio share the same wheelhouse and that ice class vessels and regular
condition vessels share common sections. In reality this is not so easy to execute
because pipes and exhaust systems run from the hull to the wheelhouse and ma-
terial types and the construction of ice and regular vessels differ greatly. However,
itis assumed that these engineering and design challenges can be overcome.

e Thirdly, it is assumed that all activities in the simulation model are performed as
planned, without delays, rework or other additional cost or delays, which is usually
not the case in reality. In reality a significant amount of rework and changes in
design and engineering is done, this is based on results from interviews and stated
in literature, (Nieuwenhuis, 2013)

 Additionally, it should be taken into account that the efficiency improvements for
performing outfitting activities in the workshop and gains from the purchase ad-
vantage will only take place after training of employees. It is expected that the
learning effect is noticeable on the longer term and when serial production is tak-
ing place and not instantly. This is why three scenarios have been selected with
increasing efficiency between the first and third scenario.

 Also, operational cost and benefits of applying standardisation and platform meth-
ods have not been taken into account. It is mentioned that the standardisation of
systems in standard modules and the standardisation of components will lead to
better life cycle analysis and better maintenance and customer service (Nieuwen-
huis, 2013) but no further calculations have been performed to prove that this will

lead to reduced cost.
* An interesting point of discussion is the standardisation of suppliers. As men-

tioned in Chapter 4, J.J. Nieuwenhuis (2013) has performed a literature study on

the potential of reducing the number of suppliers. Several examples the Oil and

Gas and Dutch Process Industry have experienced savings up to 30% through frame

contracts. Costs will also reduce due to larger series size of ordered product and

better relationships between the yard and the supplier. Even though this seems

promising, he also states in his research that shipyards fear that this will result in a

reduction of negotiation possibilities (Nieuwenhuis & Nienhuis, 2004).

* Moreover, in this research only the stock of long lead items concerning the propul-
sion train have been taken into account. However, in reality, production is often
delayed due late deliveries of other long lead items such as; windows and winches.
Storing other long lead items might also be an opportunity for Damen.

* Another point which should be kept in mind when using platform-based develop-
ment is that they should be designed to fit updates. Shipbuilding design solutions
can quickly become outdated due to technological progress or regulatory changes.
Therefore a product platform is successful when the platform is designed for po-
tential expansion. The design solution should be prepared to meet future cus-
tomer (regulatory) requirements.
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* Finally, the production and storage of sections and propulsion sets have been based
on a baseline, which is a prediction of the market demand for the coming year.
Demand may increase when the economy will improve, which would result in dif-
ferent numbers for the stock value.

RECOMMENDATIONS

In this section several recommendations for Damen Shipyards and further research are
presented. It is not expected that all levels of standardisation can be implemented si-
multaneously and within the same time frame. Therefore it is recommended to start
or actually continue with the implementation of modular outfitting. The pilot for the
ASD2913 has already implemented skids and frames for the engine room produced in
the workshop with promising results considering throughput times and cost. The num-
ber of skids and frames can be significantly increased and they should have a modular
design to be interchangeable between different ship types. It is expected that this will
have the largest impact on the shortest term. The development of standard modules is
associated with standardisation on a component level. This will lead to a substantial de-
crease in procurement cost due to larger purchase batches.

Another recommendation is to harmonise the cooperation between the different opti-
misation pilots and programs running within Damen. Results from interviews show that
many initiatives are running to increase efficiency, however individually. Collaboration
between the initiatives from different product groups, yard support and Excellerate will
lead to the best achievements.

Several observations have been made during this research which are interesting for

further research. It has been proven that serial production of sections on stock will de-
crease the stock value considerable. It would be interesting to investigate how and where
the production line of these sections should take place to take maximum advantage of
this implementation. Additionally, it has been mentioned that Damen should produce
ship types solely at one yard, again to gain from serial production. It would be valuable
to investigate the optimal location for production of the respective ship types. Further-
more, it would be meaningful to know to what extent modular outfitting can be imple-
mented on ship types from other business units such as high Speed Craft (HSC) and
Offshore and Transport (O&T).
While performing the diversity analysis, it was noticed that tank arrangements, engine
room arrangement and the position of stairs and doors varied greatly between ship types
but also between individual vessels of the same ship type. Standardising compartment
arrangement has not been included into this research but would be valuable to take into
account in further research and will most likely save engineering time. When doing this,
especially for the standardisation of tank arrangements, special attention should be paid
to the construction and stability of the vessel, as the arrangement of tanks plays an im-
portant role in ballasting the vessel (Nieuwenhuis, 2013, Interview 3 Appendix F).
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PRODUCT GROUP TUGS

This appendix, presents the configuration of the current product portfolio Tugs. The
portfolio is split in two ways, firstly by ship types and secondly by the ship capacity (bol-
lard pull, operations field, etc.).

e STAN Tugs
The Damen Stan Tugs Series are seagoing tugboats of modern design. Stan Tugs
have slightly raised foredecks to improve seagoing abilities. Stan Tugs are ideal
ship handling tugs in harbours.

* ASD Tugs
The Damen ASD Tug is compact, powerful and is a very reliable, proven product.
ASD Tugs are designed for push-pull, harbour assisting and escort towing oper-
ations up to 150 tons towline forces as well as fire-fighting, salvage, oil pollution,
hose handling and anchor handling operations. Since 1992, Damen has built more
than 500 ASD Tugs, which enjoy an excellent reputation based on their maneuver-
ability, sailing proficiency, efficiency and user friendliness.

e RSD Tugs
The Damen RSD Tug Series is the ultimate ship handling tool. The RSD Tug is
a simple, efficient, compact ship handling tool, that performs excellently in both
sailing directions, as a bow tug as well as a stern tug and contains three dedicated
designs for 50, 70 and 90 tons bollard pull.

* ATD Tugs
The Damen Azimuth Tractor Drive Tug (ATD) and Damen Voith Tractor Drive Tug
(VID) Series offer a complete and extensive range. ATD Tugs, VID Tugs and Rotor
Tugs have excellent maneuverability, high indirect towing forces and great stabil-

ity.

Additionally the vessel types can be arranged by different operating conditions such
as in harbour waters or in coastal waters which is shown in Figures A.1 and A.2.
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Harbour / Terminal — Sheltered waters

Terminal — Exposed waters

Terminal - Exposed waters

Harbour / Coastal

Vessel size

Figure A.1: Work area (Degroote, 2015)

e
Harbour / Locks
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AspTug 13

Ao TUg 2412

Harbour / Locks

AsD Tug 222 5D Tug 2411

Harboyr / Coastal

ASDTug 2310

aspTug 2913

AsTug 2812

Figure A.2: suitable Tug variants (Degroote, 2015)



PRODUCT PORTFOLIO
MANAGEMENT

In this appendix the Product Portfolio Tugs is analysed using the BCG matrix. The Figure
below provides a brief description of the four quadrants.

BCG Matrix Definition

High

>

Question marks have the potential to
gain market share and become a star,
and eventually a cash cow when the
market growth slows. If it doesn't
become a market leader it will become a
dog when market growth declines.
Question marks need to be analysed

of the money tied up in a business that
has little potential. Such businesses are
candidates for divestiture.

Low

MARKET SHARE

*

Stars generate large sums of cash
because of their strong relative market
share, but also consume large amounts
of cash because of their high growth
rate. So the cash being spent and
brought in approximately nets out. If a
star can maintain its large market share

I:I—: carefully to determine if they are worth it will become a cash cow when the

g the investment required to grow market market growth rate declines.

o share.

©

o

i

< - Wl

= Dogs have a low market share and a low As leaders in a mature market, cash

growth rate and neither generate nor cows exhibit a retun on assets that is

g consume a large amount of cash. greater than the market growth rate — so
5 However, dogs are cash traps because they generate more cash than they

consume. These units should be ‘milked
extracting the profits and investing as
little as possible. They provide the cash
required to tumn question marks into
market leaders.

High

Figure B.1: Boston Consulting Matrix Definition (Damen Excellerate, 2016a)
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The BCG matrix is used to analyse the Product Group Tugs to get an impression of the
market share and market growth of the different ship types. The portfolio configuration
is analysed by discussing the different ship types in each quadrant.

Question marks

The top left quadrant represents the slow movers or question marks which include ves-
sels that are sold less then five times a year to more than one customer or vessels sold
more then five times to one customer. New vessel types which will most likely replace
end-of-life vessels or fulfill a change in customer demand in the (near) future.

Stars
In the top right quadrant the fast movers, also known as stars represent standard ship
types which are sold more then five times per year to more than one customer and are
currently or have the potential to be successful in the market.

Dogs
The bottom left quadrant contains vessel types which are non-standard or one-offs which
have been built for one customer and for which no repeated orders for the exact same
type are expected. The products in this quadrant are also known as dogs.

Cash Cows
Finally, the bottom right quadrant shows ship types also known as cash cows as they
have proven to be successful in the market. Some of these ship types are end-of-life ship
types which are slowly losing their market share and will no longer be offered or built in
the near future. Of other ship types it is expected that they will maintain or even increase
their market share.

The complete product portfolio contains 37 different vessel types, with currently 24
vessel types which are being offered to customers and build on stock (Degroote, 2015,
Visser, 2016). Figures 4.3 and 4.4 shown in Chapter 4 give an overview of the reduction
in variety of ship types and the vessel types which have been mostly sold over the year
2015.

In addition to the above assessment, a diversity analysis has been performed on the
current product portfolio as explained in Chapter 4. The different ship types have been
evaluated on how similar they are in different fields such as performance, operating area,
dimensions and capacity. This led to promising similarities between multiple ship types
which have been discussed in the interviews leading to the following conclusions. Ship
types H, I, ] and K have such similar operating characteristics that they can be replaced
by a single vessel type, in this case Ship type K. Ship type K fulfills all the requirements for
this groups of vessels without decreasing customers satisfaction. Also Ship type M and
N have very similar operating capabilities with minor changes in their operating areas
which is at sea for ship type N because its length is over 30 m and in sheltered waters
for Ship type N because it is less then 30 m. These two vessels could be replaced by one
ship type which can easily maneuverer in both waters without changing the price and
requirements. This conflict is solved in two ways. Firstly, Ship type V will be replaced by
a slightly larger vessel which can operate both in open and sheltered waters. This vessel
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has not yet been developed but will have a length of 30m and its width has to be de-
fined by further research, therefore it is called the ASD30XX. Secondly, Ship type N and
Ship type P have another conflicting challenge which is the need for more power with-
out increasing the dimensions and reasonably priced. The answer to this problem is the
development of Shiptype Q, which is smaller but delivers more power than both these
vessels.

Taking the above observations into account, three scenarios for a more compact
product portfolio have been configured. The most compact product portfolio contains
40% less ship types compared to the current product portfolio.







BUILDING STRATEGY PARAMETERS

The activities taking place in the section phase are presented in Table C.1. Outfitting
activities which do not take place in this phase are left out.

Table C.1: Activities taking place during section phase

"y
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£ £ 4 $§ $o & & &
§ § s & § & S §
& & g q § & &
Section # Description Al A2 A3 A4 A5 A6 A7 A8
Skeg 101 0 0 1 0 0 0 0 0
Skeg 102 0 0 1 0 0 0 0 0
DB ER 201 1 0 1 0 1 0 0 0
AS 301 1 0 1 0 1 0 0 0
AS 302 1 0 1 0 1 0 0 0
ER 303 1 0 1 0 1 0 0 0
FS 304 0 1 0 0 0 1 0 0
ES 401 0 1 0 0 0 1 0 0
Bulwark 501 0 0 0 1 0 0 0 0
Bulwark 502 0 0 0 1 0 0 0 0
Bulwark 503 0 0 0 1 0 0 0 0
Deckhouse 601 0 1 0 1 0 1 0 1
Steerhouse 701 0 1 0 1 0 1 0 1

The following two tables present the activities taking place in the block and zone
phases. The meaning of the abbreviated activities is given in Table C.4.
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Table C.2: Activities taking place during block phase

Block# Name Al A2 A3 A4 A5 A6 A7 A8 A9 AlI0 All Al2 Al13 Al4 Al5 Al6 Al7 Al8 Al19 A20 A21 A22 A23 A24 A25
1 ER 0o 0 0 0 0
2 AS1 0 0 0 0 0
3 AS2 0 0 0 0 0
4 FS1 0
5 FS2 0
6  Superstruct 0
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C. BUILDING STRATEGY PARAMETERS

Table C.4: Activity abbreviations

Abbreviation Activity name

Abbreviation Activity name

Al
A2
A3
A4
A5
A6
A7
A8
A9
Al0
All
Al2
Al3

Hot works ER

Hot works ACC + WH
Painting ER

Painting ACC

Piping ER

Piping ACC + WH

Pull cables ACC + WH
Insulation ACC + WH
Install floor ACC + WH

Install walls and ceilings ACC + WH

Install and connect small EQ ACC + WH

Install small EQ ER
Insulation ER

Al4
Al5
Al6
Al7
Al8
Al9
A20
A21
A22
A23
A24
A25

Pull cables ER
Connect cables ER
Deck equipment
Install RP

Install ME

Install GENSET
Install box cooler
Install hydraulic unit
Install winch
Alligning ME
Painting ER final
Painting outer hull final

The following table shows to which block the sections belong, what the weight of
each section, the start week of production of the section and the throughput time (tpt)
of the steel construction for the sections.

Table C.5: Section parameters

§ F g
& & £ &
s 5 &5 8
$ & & &
& S & &
Section # Description
Skeg 101 | 1 2.6 2 8
Skeg 102 | 4 2.6 2 8
DB ER 201 | 1 25.5 2 10
AS 301 | 2 18.3 2 12
AS 302 | 3 18.3 2 12
ER 303 | 1 25.5 2 6
ES 304 | 4 24.6 2 12
ES 401 | 5 24.6 2 10
Bulwark 501 | 2 5.8 2 5
Bulwark 502 | 4 2.5 2 5
Bulwark 503 | 5 7.5 2 5
Deckhouse 601 | 6 14.5 2 4
Steerhouse 701 | 6 4.5 2 6
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Table C.6: Block parameters
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Table C.7: Activity durations

Hours and throughputtimes activities

Section hours

Block hours  Final hours

Sect tpt

Block tpt

Final tpt

Hot works ER

Hot works ACC + WH
Painting ER

Painting ACC

Piping ER

Piping ACC + WH

Pull cables ACC + WH
Insulation ACC + WH
Install floor ACC + WH
Install walls and ceilings ACC + WH
Install and connect small EQ ACC + WH
Install small EQ ER
Insulation ER

Pull cables ER

Connect cables ER
Deck equipment

Install RP

Install ME

Install GENSET

Install box cooler
Install hydraulic unit
Install winch

Alligning ME

Painting ER final
Painting outer hull final
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C. BUILDING STRATEGY PARAMETERS

Table C.8: Activity cost current and standardised building strategy and cash flow behaviour

Activity Cost current | Coststandardised | Cash flow Behaviour
Shipbuilding costs
Section building €- €- Instant
Block assembly €- €- Linear
Final assembly €- €- Linear
Grouped outfitting costs
1 Hotworks ER €- €- Linear
2 Hotworks ACC + WH €- €- Linear
3 Painting ER €- €- Linear
4 Painting ACC €- €- Linear
5 Piping ER €- €- Linear
6 Piping ACC + WH €- €- Linear
7  Pull cables ACC + WH €- €- Linear
8 Insulation ACC + WH €- €- Linear
9 Install floor ACC + WH €- €- Linear
10 Install walls and ceilings ACC + WH €- €- Linear
11 Install and connect small EQ ACC + WH €- €- Linear
12 Install small EQ ER €- €- Linear
13 Insulation ER €- €- Linear
14  Pull cables ER €- €- Linear
15 Connect cables ER €- €- Linear
16 Deck equipment €- €- Linear
17  Painting outer hull final €- €- Linear
18 Painting ER final €- €- Linear
Individual outfit cost
19  Rudder propeller €- €- Instant
20 Main engines €- €- Instant
21  Generaters €- €- Instant
22 Boxcoolers €- €- Instant
23  Hydraulic units €- €- Instant
24  Winch €- €- Instant
25 Alligning ME €- €- Linear
General Items
Start production €- € - | Linear
Linear start - commissioning €- €- | Linear
Commissioning & trials €- € - | Linear
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Activity after \ activity
Hot works ER

0

0

0

0

0

0

0

0

0

Hot works ACC + WH

Painting ER

0.9

Painting ACC
Piping ER

Piping ACC +WH

Pull cables ACC + WH

0
0
0
0
5
0

nstall and connect small EQ ACC + WH

nstall small EQ ER

nsulation ER

nstall walls and ceilings ACC + WH
Pull cables ER

nsulation ACC + WH
nstall floor ACC + WH

07

Connect cables ER
Deck equipment

hydraulic unit

box cooler
winch

Painting ER final

Painting outer hull final

Figure C.1: Relations between activities
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C. BUILDING STRATEGY PARAMETERS

Table C.9: General Cost Items

Table C.10: Input data

Steel Costs | Distribution
Section €- 0
Block €- 1
Assembly €- 1
General Costs | Distribution
Start €- 0
Production €- 1
Trials €- 0
Inhouse overhead €- 1
Fixed weekly production €- 1

Input Production data

Transport time 4 | weeks

Manhour cost €-

Work days/ week 5

Double shifts 0 | 1=yes,0=no

Zone workers ER base -

Zone workers ACC base -

Zone workers hull base -

Zone workers ER
Zone workers ACC
Zone workers Hull
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Table C.11: Maximum amount of pre-outfitting current and standardised stragey

Current building strategy

Standardised building strategy

Activitiy Maxsect Maxblock Onsect Onblock
Hot works ER 22% 72%

Hot works ACC + WH 60% 90%

Painting ER 0% 50%

Painting ACC 25% 85%

Piping ER 20% 45%

Piping ACC + WH 25% 75%

Pull cables ACC + WH 0% 0% 0
Insulation ACC + WH 10% 15%

Install floor ACC + WH 0% 0% 0 0
Install walls and ceilings ACC + WH 0% 0% 0 0
Install and connect small EQ ACC + WH 0% 0% 0 0
Install small EQ ER 0% 10% 0

Insulation ER 0% 10% 0

Pull cables ER 0% 0% 0 0
Connect cables ER 0% 0% 0 0
Deck equipment 0% 0% 0 0
Install RP 0% 0% 0 0
Install ME 0% 0% 0 0
Install GENSET 0% 0% 0 0
Install box cooler 0% 0% 0 0
Install hydraulic unit 0% 0% 0 0
Install winch 0% 0% 0 0
Alligning ME 0% 0% 0 0
Painting ER final 0% 0% 0 0
Painting outer hull final 0% 0% 0 0

Max sect

Maxblock Onsect Onblock

0

0
0% 50% 0
0% 50% 0
0% 60% 0
0% 80% 0
0% 60% 0
0% 25% 0
0% 25% 0
0% 50% 0
0% 100% 0
0% 100% 0
0% 100% 0
0% 100% 0
0% 100% 0
0% 0% 0
0% 50% 0
0% 0% 0
0% 0% 0
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Table C.12: Hour division current building strategy

section_hours_current Al A2 A3 A4 A5 A6 A7 A8 A9 Al0 All Al2 Al3 Al4 | Al15 Al6 Al7 Al8 Al19 A20 A21 A22 A23 A24 A25
Skeg 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Skeg 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DB ER 112 0 0 0 72 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AS 80 0 0 0 52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AS 80 0 0 0 52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ER 112 0 0 0 72 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FS 0 221 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FS 0 221 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bulwark 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bulwark 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bulwark 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Deckhouse 0 130 0 33 0 9 0 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Steerhouse 0 40 0 10 0 3 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total | 384 612 0 80 249 40 0 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
block_hours_current | Al A2 A3 A4 A5 A6 A7 A8 A9 AI0 All  Al2 AlI3 Al4 | Al5 Al6 Al7 Al18 Al19 A20 A21 A22 A23 A24 A25
ER 975 0 246 0 347 0 0 0 0 0 0 28 38 0 0 0 0 0 0 0 0 0 0 0 0
AS1 438 0 110 0 156 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AS2 333 0 84 0 119 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FS1 0 225 0 141 0 59 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FS2 0 243 0 153 0 64 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Superstruct 0 144 0 90 0 38 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total | 1746 612 440 384 622 160 0 30 0 0 0 28 38 0 0 0 0 0 0 0 0 0 0 0 0
zone_hours_current | Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 A1l Al12 Al13 Al4 | Al15 Al6 Al17 Al18 Al19 A20 A2l A22 A23 A24 A25
Zone 1 ER 2266 0 994 0 2764 0 0 0 0 0 0 501 694 730 | 561 0 952 780 174 130 43 0 403 309 0
Zone 2 ACC + WH 0 437 0 212 0 184 2640 1205 197 2752 3872 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Zone 3 Zone 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1792 0 0 0 0 0 183 0 0 1861
Total | 2266 437 994 212 2764 184 2640 1205 197 2752 3872 501 694 730 | 561 1792 952 780 174 130 43 183 403 309 1861
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Table C.14: Hours after modular outfitting

section_hours_modular | Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 All  Al2 Al3 Al4 | Al5 Al6 Al7 Al8 Al9 A20 A21 A22 A23 A24 A25
Skeg 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Skeg 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DB ER 221 0 24 0 154 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AS 155 0 17 0 94 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AS 149 0 17 0 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ER 221 0 24 0 154 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FS 0 166 0 0 0 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FS 0 167 0 0 0 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bulwark 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bulwark 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bulwark 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Deckhouse 0 93 0 33 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Steerhouse 0 33 0 10 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
745 459 88 80 491 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

block_hours_modular | Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 All  Al2 Al3 Al4 | Al5 Al6 Al7 Al8 Al19 A20 A21 A22 A23 A24 A25
ER 343 0 246 0 363 0 0 0 0 0 0 217 228 202 63 0 246 200 40 48 10 0 90 0 0
AS1 109 0 110 0 62 0 0 0 0 0 0 0 0 0 0 104 110 0 0 0 0 0 0 0 0
AS2 83 0 84 0 47 0 0 0 0 0 0 0 0 0 0 79 84 0 0 0 0 0 0 0 0
FS1 0 77 0 141 0 30 0 179 28 253 554 0 0 0 0 128 0 0 0 0 0 0 0 0 0
FS2 0 81 0 153 0 32 0 193 30 273 580 0 0 0 0 139 0 0 0 0 0 0 0 0 0
Superstruct 0 46 0 90 0 19 993 115 16 162 322 0 0 0 0 0 0 0 0 0 0 0 0 0 0
536 205 440 384 473 81 994 486 74 688 1456 217 228 202 63 450 440 200 40 48 10 0 90 0 0

zone_hours_modular | Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 All Al12 Al3 Al4 | Al15 Al6 Al7 Al8 Al19 A20 A21 A22 A23 A24 A25
Zone 1 ER 99 0 563 0 224 0 0 0 0 0 0 32 225 90 242 0 0 0 0 0 0 0 181 221 0
Zone 2 ACC + WH 0 52 0 211 0 9 134 284 24 1376 390 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Zone 3 Zone 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 989 0 0 0 0 0 183 0 0 1861

99 52 563 211 224 9 134 284 24 1376 390 32 225 90 242 989 0 0 0 0 0 183 181 221 1861
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Table C.15: Workshop hours per scenario

Current outfitting | Scenario 0 | Scenariol | Scenario2 | Scenario 3
Section/block hoursefficiency 0% 0% 25% 45% 65%
Zone hours efficiency 0% 0% 35% 55% 75%
Hotworks workshop zone - - - - -
Hotworks workshop block - - - - -
Hotworks workshop section - - - - -
Piping workshop zone - - - - -
Piping workshop block - - - - -
Piping workshop section - - - - -
Table C.16: Throughput time steel work sections
Current Standardised
Section Description | Throughput time Steel (weeks) | Throughput time Steel (weeks)
Skeg 101 6.4 4.8
Skeg 102 6.4 4.8
DBER 201 8 6
AS 301 9.6 7.2
AS 302 9.6 7.2
ER 303 4.8 3.6
FS 304 9.6 7.2
FS 401 8 6
Bulwark 501 4 3
Bulwark 502 4 3
Bulwark 503 4 3
Deckhouse 601 3.2 2.4
Steerhouse 701 4.8 3.6

Table C.17: Throughput time steel work blocks

Current Standardised
Block Description | Throughput time Steel (weeks) | Throughput time Steel (weeks)
ER 1 0.8 0.6
AS1 2 0 0
AS2 3 0 0
FS1 4 0 0
FS2 5 0 0
Superstruct 6 0 0







VERIFICATION CALCULATIONS

This chapter shows how the computerised model is being verified. The input parameters
for the building strategy and production strategy model have been simplified in order to
recalculate all the intermediate values manually.

D.1. BUILDING STRATEGY MODEL
This section shows step-by-step how the building strategy model is being verified.The
steps are the same as described in Chapter 5.

1. Firstly, the distribution of the activities over the three phases (section, block and fi-
nal) are determined. Then, activities are assigned to the individual sections, blocks

and zones.

Input Output

Section parameters Sectionl  Section 2 Activity progress | Activity 1 | Activity 2

Weight (tons) 10 10 Section 1 50% 0%

Act 1 1 0 Section 2 0% 0%

Act2 1 0 Block 1 0% 0%
Block 2 0% 0%
Zone 1 50% 100%

Block parameters Block 1 Block 2 Zone 2 0% 0%

Weight (tons) 10 10 Zone 3 0% 0%

Act1 1 0

Act2 1 0

Zone parameters Zone 1 ER | Zone 2 ACC | Zone 3 Hull

Act1 1 0 0

Act2 1 0 0

strategy parameters Activity 1 | Activity 2

Max pre-outfit section 50% 100%

Max pre-outfit block 50% 100%

BS parameter Section 1 0

BS parameter Block 1 0
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D. VERIFICATION CALCULATIONS

2. In the second step, the throughput times and required manhours per activity are
calculated with the normalised hours and durations from the Galati yard data.

Input Intermediate Results
Activity progress Activity 1 | Activity 2 Normalised durations Activity 1 | Activity 2
Section 1 50% 0% Normalised hours 4000 4000
Section 2 0% 0% Normalised throughputtime 10 10
Block 1 0% 0%
Block 2 0% 0%
Zone 1 50% 100%
Zone 2 0% 0%
Zone 3 0% 0% Output
Activity 1 Activity 2

Phase efficiencies for durations Durations Hours Duration | Hours | Duration
Section 0.25 Section 1 500 1.25 0 1.25
Block 0.5 Section 2 0 0 0 0
Zone 1 Block 1 0 0 0 0

Block 2 0 0 0 0

Activity durations | Activity 1 | Activity 2 Zone 1 2000 5 4000 10
Section hours 0 0 Zone 2 0 0 0 0
Block hours 0 0 Zone 3 0 0 0 0
Final hours 4000 4000
Sect duration 0 0
Block duration 0 0
Final duration 10 10

3. Next, the start time of all activities relative to the section, block or zone in which
they are positioned are calculated. The sequence of the activities containing the
relations between activities is required to fulfill this step. In the sequence table,
the row can start when the column is completed.

Input Output

Activity 1 Activity 2 Activity start | Activity 1 | Activity 2
Durations | Hours Duration (wks) | Hours | Duration (wks) Section 1 0 1.25
Section 1 500 1.25 0 1.25 Section 2 0 0
Section 2 0 0 0 0 Block 1 0 0
Block 1 0 0 0 0 Block 2 0 0
Block 2 0 0 0 0 Zone 1 0 5
Zone 1 2000 5 4000 10 Zone 2 0 0
Zone 2 0 0 0 0 Zone 3 0 0
Zone 3 0 0 0 0

sequence | Activity 1

Activity 2

Activity 1

0

Activity 2

1
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4. Now it is known which activities are performed silultaneously in the respective
phases, the number of workers and the correction for working in cramped spaces
explained in Equation 5.4 in Chapter 3 can be calculated. How many people work
simultaneously at each section, block, and zone at each moment, throughput times
and required labour for the activities are adjusted here using this information.

Input Intermediate Results
Activity start Activity 1 | Activity 2 Normalised durations | Activity 1 Activity 2
Zone 1 0 5 Zone 1 10 10
Zone 2 0 0 Zone 2 0 0
Zone 3 0 0 Zone 3 0 0
Activity 1 Activity 2
Durations Hours Duration (wks) | Hours Duration (wks)
Zone 1 2000 5 4000 10
Zone 2 0 0 0 0
Zone 3 0 0 0 0
Workers from data and in building strat. #
Zone workers 1 measure 10
Zone workers 2 measure 10
Zone workers 3 measure 10
Zone workers 1 build strat 10
Zone workers 2 build strat 10
Zone workers 3 build strat 10
Output
Activity 1 Activity 2
Durations Hours Duration (wks) | Workers (#) | Hours Duration (wks) Workers (#)
Zone 1 2000 5 10 4000 10 10
Zone 2 0 0 0 0 0 0
Zone 3 0 0 0 0 0 0
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5. The start times, durations and end times of the activities are used in this step to
calculate the duration of the sections, blocks and zones.

Input Output

Activity 1 Activity 2 Duration | weeks
Durations Start Duration (wks) | Start | Duration (wks) Section 1 10
Section 1 0 1.25 | 1.25 1.25 Section 2 10
Section 2 0 0 0 0 Block 1 10
Block 1 0 0 0 0 Block 2 10
Block 2 0 0 0 0 Assembly 2
Zone 1 0 5 5 10 Zone 1 15
Zone 2 0 0 0 0 Zone 2 0
Zone 3 0 0 0 0 Zone 3

Trials

Duration steel work weeks
Section 1 10
Section 2 10
Block 1 10
Block 2 10
Zone 1 0
Zone 2 0
Zone 3 0

Parameters Assembly | weeks

Durations 2

Duration weeks

Trials 4
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6. With the relations between all sections, blocks, and zones, their respective start
times can be determined at in the sixth step.

Intput Output

Duration weeks Start weeks
Section 1 10 Section 1 2
Section 2 10 Section 2 2
Block 1 10 Block 1 12
Block 2 10 Block 2 12
Assembly 2 Assembly 222
Zone 1 15 Zone 1 24.2
Zone 2 0 Zone 2 29.4
Zone 3 0 Zone 3 24.2
Trials Trials 39.2
Start week

Section 1 2

Section 2 2

Relation Sesction, Block | Block1 | Block2

Section 1 1 0

Section 2 0 1

Parameter Assembly weeks

Wait before start 0.2

Relation Block, Block Block 1 | Block2

Block 1 0 0

Block 2 1 0

Relation Block, Zone Block 1 | Block2

Zone 1
Zone 2
Zone 3

7. Once the schedule of all activities is known the costs can be linked to the produc-
tion process to calculate the cash flow of the vessel. Any additional cash flows are

assigned to production phases.
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Intput
Start start (wk) | duration (wks)
Section 1 2 10
Section 2 2 10
Block 1 12 10
Block 2 12 10
Assembly 222 2
Zone 1 24.2 15
Zone 2 29.4 0
Zone 3 24.2
Trials 39.2
Activity 1 Activity 2
Durations Start Duration (wks) | Hours | Start | Duration (wks) | Hours
Section 1 0 1.25 500 1.25 1.25 0
Section 2 0 0 0 0 0 0
Block 1 0 0 0 0 0 0
Block 2 0 0 0 0 0 0
Zone 1 0 5 2000 5 10 4000
Zone 2 0 0 0 0 0 0
Zone 3 0 0 0 0 0 0
Activity cost data Activity 1 | Activity 2
Buy-in costs € 100,000 € 100,000
Distribution Instant Instant
Payment time +0weeks | +0weeks
Transport No No
General Costs
Start €-
Production €-
Trials €50,000
Fixed weekly cost €1,000
Labour rate €10
Transport time 0 weeks
General production costs | hours
Prefabrication steel 1000
Workshop 0
Buy-in cost steel
Sections € 20,000
Blocks -
Zones € 20,000
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Output
Total manhours | Total cost | Delivery (wks)
7500 | €408,200 43.2

£ 450,000
£ 400,000
£ 350,000
£ 300,000
£ 250,000
£ 200,000

£ 150,000

Cash Flow Walue [£)

£ 100,000
£50,000

f.
1357 9111315171592123252725313335373684143
Wesk

in

Figure D.1: Cashflow verification step 7
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CALCULATING THE REQUIRED HOURS PER ACTIVITY

Equations 5.1, 5.2 and 5.3 are explained in this section with the production time of the
first outfitting activity "Hot works ER". The benchmark hours for this activity per phase
(section, block and zone) and the phase efficiencies are presented in the table below.

Benchmark (hrs) | Section Block Zone
Hot works ER 400 1920 1544
Phase efficiency 0.25 0.5 1

These benchmark hours are normalised with Equation 5.1, illustrated in the follow-
ing calculation.

X 400 1920 1544
Normalised hours=—— + —— + —— = 6984 hours
0.25 0.5 1
Next, the normalised hours are divided over the respective phases section, block and

zone according to Equation 5.2 as presented below.

Section hours =6984 % 0.25 % 0.22 =384 hours
Block hours =6984 % 0.5 % (0.72 —0.22) = 1746 hours
Zone hours=6984 * (1 —0.72) = 1956 hours

Once the hours for the three phases are known the hours are divided over the dif-
ferent sections, blocks and zones with Equation 5.3. Only the weights of the sections in
which the activity takes are taken into account for this calculation. The following row
of calculations shows this step for the hour division of the first activity over the different
sections within the section phase. The activity Hot works ER takes place in the Double
Bottom of the Engine Room (DB ER), Aft Ship 1 (AS1), Aft Ship 2 (AS2) and within the
Engine Room (ER). This is done in the same way for all other activities and other phases.

. 384 % 25.5
Hours Section DB ER, Act.1= = 112 hours
25.5+18.3+18.3+25.5
. 384 %18.3
Hours Section AS1, Act. 1= = 80 hours
25.5+18.3+18.3+25.5
. 384 % 18.3
Hours Section AS2, Act.1= = 80 hours
25.5+18.3+18.3+25.5
. 384 % 25.5
Hours Section ER, Act. 1= 112 hours

255+183+183+255
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D.2. PRODUCTION STRATEGY MODEL

This section shows how the production strategy model is being verified. The production
of a vessel consists of several milestones including the UAL release date, start steelcut-
ting, delivery and payment of long lead items and delivery and payment of the vessel.
These milestones have been pointed out in the time-line presented in Figure D.2. The
aim of this model is to calculate the initial stock level of standard sections and long lead
items (which is in this research limited to propulsion related items). Therefore the figure
also shows the milestones for the deckhouse (DH) and wheelhouse (WH). The blue items
in the time-line are fixed and the ornage items are variable. In this validation calculation
three scenarios will be checked in which the delivery time, assembly and installation and
payment moments for deckhouses, wheelhouses and long lead items (LLI) are altered.

Assemble & pay Install  Deliver Pay
| DH - WH LLI LLI | LLI
| ! 1 | 1 | l
-1 0 1 3 4 5 6 7
Release  Start ! : Delivery Pay !
UAL Steel ! ! ex.yard  vessel !
i Cutting ! ! !
1
! Delivery LLI: 5 Payment time LLI: 3

—'
iDelivery DH: 1
|

Delivery WH: 2

U
Figure D.2: Milestones, delivery and installation moments

This validation model consists of ten vessels including six different vessel types, five
propulsion set types, four deckhouse types and three wheelhouse types. The input for
the first scenario is presented in the follwing tables.

SCENARIO 1
Durations INPUT Days #

Delivery DH 1
Delivery WH 2
Delivery LLI 5
Payment time LLI Del LLI +3
Install moment INPUT Days #

Assmble DH & WH 1
Install LLI

General INPUT Day #

Release UAL StStCut - 1
Start steel Cutting 0
Delivery ex. Yard 5
Pay vessel Del. ExYard + 1
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Vessel INPUT
BP Shiptype | Delivery ExYard
38.7 5 7/11/15
20 1 9/1/15
64 2 10/1/15
5 4 12/1/15
60 6 15/1/15
60 6 16/1/15
64 2 20/1/15
64 2 21/1/15
20 1 22/1/15
70 3 25/1/15
Initial stock INTPUT
ME type Initial stock LLI | Deckhouse type Initial stock DH | Wheelhouse type Initial stock WH
1 1 0 1 1 1
2 1 1 1 2 2
3 1 2 2 3 0
4 1 3 0
5 1 4 0

The Tables on the next page present the input data for scenarios two and three in
which the variable parameters have been altered.

The results of the first scenario have been plotted in Tables D.1, D.2 and D.3. From top
to bottom these tables present a daily overview with the vessels in production and how
many vessels have been paid. After that one row per type follows for when a LLI/DH/WH
is delivered and added to stock and when a section or LLI is assembled or installed. The
stock levels per day are presented after that and finally an overview of the total items in
stock, total items paid and the net number of items paid. The "in stock" values are used
to determine is the initial determined stock at input was sufficient. If the cell is coloured
yellow this means the stock level has reach a value of zero items. It the is coloured red,
there is insufficient stock present. At the end of each "in stock" row the minimal level of
stock reached throughout production is given. If this number is zero there was exactly
sufficient stock present at the start of production to fulfill a yearly demand of sections or
propulsion sets. If this value is more than one, the stock level could have been lower at
the start of the year. This can be seen in Table D.2. The third deckhouse type has had a
minimal value of two during the yearly production, this means that the initial stock value
can be lowered with two. This will result in a zero for the minimal value in the next run.
The stock levels after correcting them are presented in the first table below. The results
for the other two scenarios presented in the following tables have been achieved in the
same way as the results for scenario one.
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SCENARIO 2 SCENARIO 3
INPUT durations Days # INPUT durations Days #
Delivery DH 3 Delivery DH 4
Delivery WH 4 Delivery WH 3
Delivery LLI 7 Delivery LLI 4
Payment time LLI Del LLI + 3 Payment time LLI Del LLI + 2
INPUT installations Day # INPUT installations Day #
Assmble DH & WH 1 Assmble DH & WH 1
Install LLI 3 Install LLI 2
General INPUT Day # General INPUT Day #
Release UAL StStCut- 1 Release UAL StStCut-1
Start steel Cutting 0 Start steel Cutting 0
Delivery ex. Yard 5 Delivery ex. Yard 5
Pay vessel Del. ExYard + 1 Pay vessel Del. ExYard + 1
SCENARIO 1
Initial stock OUTPUT
ME type Initial stock LLI | Deckhouse type Initial stock DH | Wheelhouse type Initial stock WH
1 1 0 0 1 0
2 1 1 0 2 0
3 1 2 0 3 0
4 1 3 0
5 1 4 0
SCENARIO 2
Initial stock OUTPUT
ME type Initial stock LLI | Deckhouse type Initial stock DH | Wheelhouse type Initial stock WH
1 1 0 1 1 1
2 1 1 1 2 2
3 1 2 1 3 0
4 2 3 0
5 1 4 0
SCENARIO 3
Initial stock OUTPUT
ME type Initial stock LLI | Deckhouse type Initial stock DH | Wheelhouse type Initial stock WH
1 1 0 2 1 1
2 1 1 1 2 2
3 1 2 2 3 0
4 4 3 0
5 1 4 0
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Output Scenario 1 Deckhouse

Table D.2

OUTPUT SCENARIO 1 DH
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Table D.3: Output scenario 1 Wheelhouse

OUTPUT SCENARIO 1 WH

date 1

2/1 31

S

5

1 6/1 7/1

®

9/1 10/1 11/1 12/1 13/1 14/1 15/1 16/1 17/1 18/1 19/1 20/1 21/1 22/1 23/1 24/1 25/1 26/1 27/1

w
w

vessels in prod.
vessels paid

0
10

add order (1)
add order (2)
add order (3)

o

assembly (1)
assembly (2)
assembly (3)

in stock (1)
in stock (2)
in stock (3)

N -

total in stock
total paid stock
net paid units
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RESULTS SENSITIVITY ANALYSIS

WORKERS PER AREA

Total hours Total cost Delivery time [wks]
Y S i ] T Y X v ] ™ Y ~ “ » ™
R&Q & qf'(\
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Figure E.1: Results of sensitivity zone workers

— 2 ONEW OTRETS] Current production strategy — 20 NEW OTHETS2 Current production strategy

Curnulative cash flow (£
Curnulative cash Flow [€)

Time (Weseks) Time (Weeks)

Figure E.2: Cash flow scenario 1 zone workers Figure E.3: Cash flow scenario 2 zone workers
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zoneworkers3 Current production strategy zoneworkersd Current production strategy
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Figure E.4: Cash flow scenario 3 zone workers Figure E.5: Cash flow scenario 4 zone workers

PHASE EFFICIENCY

Total hours Total cost Delivery time [wks]

1 1 1

current 2 current 2 current 2
Figure E.6: Results of sensitivity phase efficiency
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Figure E.7: Cash flow scenario 1 phase efficiency Figure E.8: Cash flow scenario 2 phase efficiency
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PROMPT TIME PROPULSION SET

Total hours Total cost Delivery time [wks]
1 current 2 1 current 2 1 current 2
Figure E.9: Results of sensitivity prompt time
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Figure E.10: Cash flow scenario 1 prompt time
] promp Figure E.11: Cash flow scenario 2 prompt time
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MAXIMUM PERCENTAGE OF PRE-OUTFITTING

Total hours Total cost Delivery time [wks]
1 current 2 1 current 2 1 current 2

Figure E.12: Results of sensitivity pre-outfitting

e Pre-putfittingl Current prod uction strategy — Pre-outfitting2 Current production strategy
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Curnulative cash flow ()

Time (Weeks) Time (Weeks)

Figure E.13: Cash flow scenario 1 pre-outfitting Figure E.14: Cash flow scenario 2 pre-outfitting



INTERVIEWS

In the first step of this research the factors that influence product standardisation mod-
ularity are determined. This is achieved through a structured assessment in the form
of interviews. The interview questions are insprired by the survey questions Asli Sahin-
Sariisik, Janis Terpenny, Eileen M. Van Aken & Nihal Orfi (2014)

In order to get an idea of the factors which influence standardisation and modu-
larity it is also important to know and understand the current level of standardization
and flexibility within Damen. The results of the interviews therefore not only applied to
find potentials for standardisation but also to understand the current situation of how
Damen deals with it. The interviews will contribute to the determination of common
and unique modules across the product family Tugs.

In total 32 employees from different departments have been interviewed of which
a list is presented in Table E1 The interviews have been performed in a structured way
with similar questions for each department of which a list is presented below;

* General questions
To get to know the department, the department’s function and responsibilities and
its position within the company.

 Standardisation
The main topic of the interview is standardisation which is introduced on a general
level. What the department believes standardisation stands for, how standardisa-
tion is currently being applied within Damen and within the respective depart-
ment are reflected.

* Opportunities
The general questions are followed with more specific questions concerning the
observations done during the diversity analysis. Potential fields for more stan-
dardisation within the production of tugs are being discussed in this phase of the
interview.

* Challenges
With the implementation of standardisation certain challenges arise which auto-
matically follow from the previous topic.

° Communication
Communication between different departments within the production chain plays
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a important role in the implementation of standardisation. Especially in the stan-
dardisation of processes. Challenges and opportunities in the communication
lines are being discussed here.

* Future trends
It is helpful to know what the Damen employees expect from future developments
on standardisation will be within the company.

* Suggestions
Finally, advice is asked for further research, which other departments to interview
and what strategy to apply.

This is the general structure of the interview questions. The themes covered differ
between the departments. Product portfolio, product variety and customer service are
discussed with the sales, services, business analysis and design and proposal depart-
ments. Building strategy details and the development of standard modules are handled
with yard support and engineering. And finally supply chain management related topics

are touched on with the interviews within the Excellerate group.

Table E1: Interviewed employees from Damen Shipyards

Interviewee Function Department Date

1 Andre de bie Design & Proposal Engineer (PG) Tugs 29/03/2016
2 Coen Boudesteijn Product Director Tugs Tugs 13/04/2016
F 3 Dirk Degroote Manager Design & Proposal Tugs 22/03/2016
4 Leodejong Design & Proposal Engineer (PG) Tugs 24/03/2016
5 BasDamman Assistent Project Manager Yard Support Yard Support 28/04/2016
6 Jack Teuben Project Manager (PG) Yard Support 21/04/2016
7  Martin de Bruijn Managing Director Workboats Damen Workboats 02/05/2016
8 Joostvan der Weiden Assistant Project Manager Tugs PM 05/04/2016
9  Will Veltman Project Manager Tugs PM 03/05/2016
10  ErnstJan Goslinga Technical Manager Engineering Engineering Tugs 31/03/2016
11 Jeffrey Jacobs Technical Manager Engineering Engineering Tugs 01/04/2016
12 Joris van Tienen Manager Engineering Tugs Engineering Tugs 01/04/2016
13 Jos Verschuren Project Manager Excellerate Excellerate 29/04/2016
14 Frank Jan Mutsters Project Manager Excellerate Excellerate 03/05/2016
15 Koen Burgers Program Manager Excellerate Excellerate 01/04/2016
16 Laura bohlander Planner Management Projects 08/06/2016
17  Casper Visser Business Analyst Operations Support 07/05/2016
18  Koen Huethorst Business Analyst Product Group Support 15/09/2016
19 Martijn de Munnik Project Engineer Services Maintenance Planning 22/03/2016
20 RobertJan van Houten Project Manager Services Maintenance Planning 22/03/2016
21  Richard Nugteren General Manager Cargo Vessels 29/03/2016
22 Erik Hertel Manager Production (PG) Damen Technical Cooperation PM  05/04/2016
23 Roland Briene Sales Director Asia Pacific Sales Area Asia Pacific 23/03/2016
24 Solco Reijnders Sales Manager Sales Area Americas 17/03/2016
25 Jaap Gelling Managing Director High Speed Craft Damen High Speed Craft 26/04/2016
26  Brian Mewis Design \& Proposal Engineer (PG) Damen High Speed Craft (BU) 09/05/2016
27  Toyah Kilver Product Portfolio Manager Damen High Speed Craft (BU) 23/03/2016
28 Jan-Peter Dragt Product Portfolio Manager Damen High Speed Craft (BU) 23/03/2016
29  Cees van Dijk Supply Chain Manager Propulsion Supply Chain Management 04/08/2016
30 Arno de Wit Project Manager Mechanical Engineering  Engineering HSC/Fe 01/04/2016
31 Roald Bastiaansen Mechanical Engineer Engineering HSC/Fe 28/04/2016
32 Willem Haverkamp Assistant Project Manager Eng. M Engineering HSC/Fe 04/03/2016
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Recently the buying power of customers has increased as a result of globalisation
forcing manufacturers including shipbuilders to produce products with wider
variety at lower delivery times. This research aims to optimise the traditional
production strategy applied at Damen shipyards for the production of standard
tugs. Three levels of standardisation have been investigated to reduce variety and
increase commonality based on the platform-based product development strategy
to reduce lead times and production cost. Level 1 main assembly, including
the product portfolio configuration and main assembly activities such as; the
production of standard sections on stock. Level 2 sub-assembly, which includes
shifting outfitting activities from being performed on board to the workshop where
standard and modular outfitting units are produced which fit different systems
and components and are interchangeable between different ship types. Level 3
components, standardising within and between ship types to achieve a purchase
advantage, increase in-house knowledge and improve service and quality. The
effect of changing the production strategy to assemble-to-order instead of make-
to-stock has also been investigated. A significant stock value reduction of 56% is
achieved by changing to the latter production strategy. With the implementation
of the three standardisation levels production time, cost and required manhours
can be reduced by 36%, 11% and 24%.
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1. INTRODUCTION

Damen Shipyards Group is one of the leaders in
the shipbuilding world. The shipbuilding company
delivers annually over 160 vessels of different types
from 32 shipyards worldwide and keeping more than
200 hulls in stock, to guarantee quick delivery times,
[3].  The different ship types they produce include
workboats, offshore vessels, high speed crafts, ferries,
yachts, pontoons and barges, dredging vessels and naval
yachts. One of Damen’s fundamental corporate values
is the focus on standardisation. The modular building
concept has already been applied for decades and still
is unique in the ship building industry. Damen has
developed a standard range in each of the niche markets
they operate.

Although these vessels are based on a standard
design, they can be equipped with a large range of
options to meet specific customer requirements. When
zooming in on an individual scale these standard

vessels contain minor deviations such as length, width,
machinery and other installations which in the end have
a significant impact on the production time and cost.

Additionally, over the years a trend has developed
in which the customers buying power has significantly
increased as a result of globalisation forcing many
manufacturers including shipyards to produce an
increasingly wide variety of products with shorter
delivery times, [2].

Previously, one product could answer most needs,
and engineering methods and tools focused primarily
on design, development, and deployment of a single
product. Todays market is much more fragmented, and
niche markets can no longer be ignored, [14]. With
this trend, the traditional approach towards product
development will increase costs and throughput times
notably.

With the rapid growth of Damen Shipyards, the
wide variety of products they offer and the increased
customer buying power, a closer look has been taken
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at the efficiency and advantages of their traditional
production strategy.

Inspired by highly efficient production processes
such as line production and platform-based product
development a high level of standardization seems to
be achievable whilst maintaining sufficient diversity
within a product portfolio. Different ship types can
have interchangeable standardised platforms besides
the well-known levels of luxury and add-ons which
are additional options. Within the numerous product
portfolios that Damen boasts, it should be possible
to achieve similar benefits for production, leading to
overall cost reductions.

This research is an evaluation of the possibility to
increase the efficiency of production by implementing
the aspects of line production and the platform-based
product development strategy on the Damen Product
Group Tugs. Therefore the main question of this
research is:

?Which levels of standardization provide Damen
Shipyards with the most advantages?”

In this research multiple levels of platform integra-
tion with different degrees of standardisarion will be
defined and their effect on the costs and efficiencies
of production will be investigated. The focus of this
research will be on the relation between three major
elements; the number of equal elements, the effect of
these elements on production time and cost and the
flexibility of final products.

Within this paper the following topics are covered; in
section 2 the theoretical background is found, Section
3 explains the current production strategy applied at
Damen Shipyard. Section 4 elaborates on the three
standardisation levels to be implemented. Section 5
describes the mathematical model applied to calculate
the production cost and time. The results and conclu-
sion are found in Sections 6 and 7.

2. THEORY

Currently, the majority of the manufacturing industries
strive to maximize profits by finding ways to reduce
development and manufacturing costs while simultane-
ously satisfying diverse customer demands by keeping
their product portfolios diverse. This section provides
background information on how product variety and
volume influence the applied production process and
the platform-based product development method to
reduce manufacturing costs while maintaining product
variety.

2.1. Production processes

It is important to get an insight in how product variety
and volume influence the applied production process.

Low-volume operations processes often have a high
variety of products and services, and high-volume
operations processes often have a narrow variety of
products and services. Thus there is a trend running
from low volume and high variety in job shop produc-
tion to high volume and low variety with continuous
flow production, on which operations can be positioned
as presented in Figure 1. Complex one-off shipbuild-
ing is an example of low-volume and non standard
production which will be different per project also
known as the job shop production process. On the
the other hand refining and transportation of oil is
done in high-volumes with a standard configuration of
materials and ingredients which is produced according
to the continuous flow production process, [19].

Damen’s standard vessels are produced in small series

Lowvolume, || Lowvolume, | High volume, || High volume, || High volume,
high variety, more , small || few major little variety, || continuous,
one off project || products products components low variety

Project processes o

")

’ 1

Jobbing processes

Batch processes
Mass processes
Continuous processes

FIGURE 1. Process types for various volume and variety
characteristics of the process

between three and ten vessels per year. The position
of Damen products in the production process matrix is
shown in Figure 1. Because of higher standardisation
levels during production and the serial character it
is positioned slightly to the right of the one-off ship-
building example. However the production process
in which Damen’s vessels are being produced is job
shop. Damen aims to optimize its production process
towards line flow to reduce cost and time. This shift of
production process has already successfully been per-
formed in the automotive and aviation industries. Two
main changes which are necessary to make this shift
possible are an increase in the size of series production
and a decrease in product variety.

When looking at the shipbuilding industry, most
yards apply the project or job processes. Varying
requirements of the customer, thousands of components
and long throughput times require good planning,
preparation and communication between the different
stakeholders. = However, this process can still be
improved by implementing characteristics of the other
processes. To speed up the shipbuilding process and
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reduce production cost one should aim to reduce
variety and increase the batch size. This does not
necessarily mean that the batch size of the end product
should be increased but that the variety in equipment,
components or even sections could be reduced. This
will lead to larger series, the possibility to apply batch
processes on a smaller scale and therewith reduce
throughput times due to higher production efficiencies.

2.2. Customer Order Decoupling Point

Another factor which concerns manufacturing and
supply chain operations is the Customer Order
Decoupling Point (CODP). The CODP is the point
in the material flow of manufacturing where the
product is tied to a specific customer order [12].
The CODP contributes to the alignment between
operations in a firm and the market requirements
and is used as a reference point for deciding which
manufacturing operations and supply chains to use.
The main manufacturing strategies include make-to-
stock, assemble-to-order, make-to-order, and engineer-
to-order, each with a different position of the CODP,
illustrated in Figure 2. It can be seen in the

Make-to-stock ‘

Assemble-to-order

CQoDP

v ‘ MTO

Make-to-order

FIGURE 2. Customer Order Decoupling Point, [12]

figure that the CODP can be positioned at different
stages of the production. ~When make-to-stock is
applied the COPD is positioned more towards the
customer or downstream where finished goods are
delivered from stock. In assemble-to-order the CODP
divides the manufacturing operations into forecast-
driven operations and order-driven operations. Forcast-
driven operations are upstream of the CODP and
customer order-driven operations are downstream of
the CODP. In make-to-order and engineer to order the
CODP is positioned at the start of the supply chain,
where production starts after an order is placed.

2.3. Series effect and learning curve

When a certain activity is repeated several times,
less time is needed to perform this activity and the
performance will become better at it. This process
of learning can be illustrated with learning curves.
Learning curves show the amount of work needed to
be performed to produce a certain number of units. As
number of repeated units produced increases, it can be

seen that the amount of work required to complete them
reduces. The learning rate is a percentage which states
how much time of the first unit is needed to complete
the double amount of units, [9].

2.4. Platform-based product development

To reduce development and manufacturing cost while
keeping product portfolios diverse enough to satisfy
the customer the platform-based product development
method can be applied, [18]. This method is based
on the production of modular platforms which have
the same interfaces and are therefore interchangeable
between different product types. It supports the
manufacturer to create a family of products which share
common platforms with identical components, modules
or equipment, [4]. Applying a platform product
strategy can lead to multiple advantages including a
reduction in overall production costs and development
time, [5].

Examples from different industries which have

already successfully applied line processes and platform
designs for their products are the automotive industry
[16, 17, 22|, aircraft industry [7, 8, 18] and software
developers, [13].
It should be taken into account that these industries
differ greatly from the shipbuilding industry in several
aspects such as series size, decision ownership and in
customer requirement volatility, [14]. To successfully
implement the product platform approach, this high
degree of product customisation should not be affected
or customers should be convinced that the benefits
outweigh the decreased customisation potential. It is
therefore a great challenge to find the optimal ratio
between reducing variety and offering customization
within shipbuilding.

2.5. Production and modularity at Damen

Damen shipyards builds complete (standard) vessels
with a make-to-stock strategy based on market predic-
tions and can therefore deliver vessels to its customers
faster than its competitors. Damen’s standard vessels
are produced in small series ranging from one to ten
vessels per year. Damen Shipyards is aware that the
efficiency of their traditional production strategy needs
a closer look and has recently been focusing on improv-
ing efficiency and decreasing production time and cost.
Several projects and pilots have been launched to make
their production process more efficient and industrial.
Two of these initiatives include the integrated building
strategy (bottom hat principle) and Design for produc-
tion (D4P), [20]. The integrated production strategy is
based on producing sections upside down in order to
perform hotworks underhand, rather than uncomfort-
ably overhand, after which the section is turned and
placed into position. D4P is based on taking produc-
tion strategies into account during the design phase to
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make production easier. Excellerate is another program
which focuses on optimisation and standardisation of
the production process at Damen. The main goal of
Excellerate is to bring working with standards to the
next level in a multinational environment thereby real-
ising shorter lead times and reduced production cost,
[2] . These standards are achieved by creating a Damen
Standard Product Approach which includes clear and
standard process structures, systems, solutions cap-
tured in handbooks and parts captured in the a catalog.

Decision moments

On the longer term Damen wants to continue improving
the efficiency of their building strategy with the aim
to reduce production time with 50%. This will affect
the current production strategy applied. Currently, one
month prior to the start of steel cutting it is decided
which ship type will be produced, this is the release
date of the Unrestricted Action List (UAL). After the
UAL release date, long lead items such as propulsion
sets are ordered. As a result of reduced lead times the
order moment of long lead items in order to be delivered
on time during production will have to take place
before the UAL release date, creating a contrasting
situation. This problem can be solved by taking long
lead items on stock. After the UAL release date stock
will be replenished and production can continue without
having to wait for the delivery of long lead items, as
presented in Figure 3.

Install LLI
A4

Initial Stock
L

1year

FIGURE 3.
platforms

Production planning including standard

2.6. Production Strategy

The production strategy of the ASD2810 build at
Damen Galati is used as a base case for this research
and represents the production for a single vessel. The
building strategy for this vessel has already been eval-
uated and used in previous research [11], and has been
applied in this research to find the factors which de-
termine the production cost and time and evaluate the
impact of different levels of standardisation on them.

Total Cost

Production costs determine to a great extent the profit
that can be made. The further costs can be reduced the
more profit can be made. Therefore it is import to know
which parameters determine the cost and how high they
are linked. The piechart in Figure 4 shows the different
items which together form the total production cost
for a vessel. The major expense groups are machinery
and equipment, shipbuilding, construction materials,
joinery and general items.

1% 3%
9,3%

13% = General items

= Shipbuilding

= Main machinery
Primary ship systems

= Electrical installation

24%
10% m Deck equipment

= Secondary ship systems
m Joinery

= Nautcal

u Unforeseen

32%

FIGURE 4. Cost division current building strategy [11]

Production phases

The Work Breakdown Structure presented in Figure
5 shows the three main phases for hull production
consisting of a section phase (the bottom row), a block
phase (the middle row) and an assembly phase in
which the blocks are assembled into two zones (top
row) which are finally attached to form the complete
hull. Workshop activities can be performed parallel
to these three phases and trials are performed when
production is completed. This framework forms the
base for scheduling smaller activities and to determine
throughput times and production costs of outfitting
activities.

FIGURE 5.
production phases

Work Breakdown Structure showing

Activities
Thousands of activities are carried out during pro-
duction. However only a few activities determine the
length, required work and cost of production. Activi-
ties and equipment with a price tag equal or more than
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1% of the total project costs are assigned to an activity
in outfitting or installation. Activities with long du-
rations and labour requirements are also selected and
where necessary, they are grouped into larger activities
with the help of value stream maps and planning of the
Damen Galati yard. In total 25 activities are selected.
Activities can take place in multiple phases, for ex-
ample the activity "Hot works” is split in ”"Hot works
Engine Room (ER)” and "Hot works Accommodation
and Wheel House (ACC + WH)”.

Activity cost
Production costs strongly influence the operating in-
come that can be generated by production, therefore
it is necessary to determine the building strategy vari-
ables that influence the production costs.

The costs have been split into shipbuilding costs
for the three phases, outfitting costs for the selected
activities, individual costs including large equipment
and general costs which covers start-up costs and trial
costs, [11]. Instant cost are paid at the start of an
activity and linear cost are paid weekly during the
progress of that activity. General costs include buy-in
costs for steel, start-up costs and fixed weekly costs in-
cluding rent, electricity and project management costs.

Linking variables

The production strategy variables are linked to each
other to form 13 sections, which are assembled to 6
blocks and finally into 2 zones which will together form
the hull which requires outfitting and painting activities
in the final phase.

Required manhours and durations are linked with
equations taken from previous research and literate,
[11, 10] to the production variables and activities.
Next, the production variables are linked to cost.
These calculations are used to determine the final
production cost, cashflow, duration, required labour.
This theoretical model will be used as a base to develop
a computerised mathematical model which simulates
the current production strategy and determine the
effect of different standardisation levels.

3. STANDARDISATION LEVELS

Platform-based product development, the learning
curve and the creation of standard templates can be
applied in their own way within different phases of the
production process to finally achieve higher efficiencies
in production and reduce costs.

This section discusses the implementation of the before
mentioned methods on three different levels of the
production process of tugs. The potential savings
described in this section will be used to calculate the
impact on production time and cost.

3.1. Level 1 Main assembly

The first and highest level of standardisation is on a
main assembly level including the standardisation of
the product portfolio and main assembly blocks of the
vessel. The Damen Shipyard’s product portfolio for
tugs has been analysed to develop a more compact
portfolio with reduction in variety of 40%. The
development of a more compact product portfolio
leads to less variation and greater volumes of the end
products. This will contribute to a faster production
process such as the batch process and will lead
to shorter throughput times and lower production
costs.  Additionally, especially the wheelhouse and
deckhouse sections have the potential to be produced
in even higher volumes when they are produced as
standard sections which can be placed on multiple
ship types. Also, with less variation is is easier to
change the production strategy from a make-to-stock
to an assemble-to-order strategy with the production of
standard sections on stock rather than complete hulls.

3.2. Level 2 Sub assembly

The second level of standardisation goes more into
detail and includes standardisation and modularisation
of outfitting based on the platform-based product de-
velopment method. Making outfitting modular means
that outfitting activities are no longer performed dur-
ing section or block assembly and final outfitting but
in the workshop. Hotworks, piping activities, the pro-
duction of skids for (large) equipment and floor frames
will be pre-produced and tested in the workshop and
assembled as one module in one go on board. These
assemblies produced in the workshop can be placed on
board of different ship types within the product family.
The outfitting modules should be developed to fit dif-
ferent types and sizes of equipment, pipes or systems.
Modular outfitting requires a high level of detailed
measuring and pre-engineering for the development of
these units [6], but will significantly reduce production
time and cost. On the long term these assembly units
can cover the total range of system capacity on board
of different ship types across multiple product families
and quality and experience of maintenance engineers
will increase due to a reduction in components [14].

3.3. Level 3 Components

The third level of the pyramid focuses on standard-
ization on a component level within and between
different ship types. Literature shows that in ship-
building and especially for complex ships the value of
purchased materials and components is a very impor-
tant and contributes for a major part to the overall
product costs, [15,14]. Damen Shipyards is concerned
with this topic and is currently implementing this
standardisation level through the Excellerate pro-
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gram. By reducing the variety of component types
and standardising them between different vessel types
within a product family, engineering work will re-
duce, purchase advantages can be gained, fewer parts
to be stocked in inventory are needed and installa-
tion and maintenance time and cost can be reduced [18].

4. MATHEMATICAL MODEL

In order to prove that the implementation of the
above presented standardisation levels into the current
production strategy and switching to an assembly-
to-order strategy will provide Damen with shorter
production times, reduced cost and more flexibility a
mathematical model is required. This section describes
a computerised mathematical model which consists out
of two sub-models; the building strategy model and the
production strategy model and an excel calculation as
presented in Figure 6.

4.1. Approach

The requirements for the model are based on the
information gained during the literature study and
after analysing the current building strategy. The
requirements are for the mathematical mode include:

e The model needs to be able to calculate the effect
of implementing the three standardisation levels on
production cost and lead times.

o The model needs to be able to calculate the initial
stock required when switching to an assembly-to-
order strategy in which propulsion sets and sections
are held on stock.

e The model needs to be able to give a financial
indication of having propulsion sets and sections
on stock compared to complete hulls.

The following Figure 6 presents the setup of the
mathematical model including the two sub-models (in
orange) and the excel calculation (in green) which will
be explained in more detail in the following sections.

FIGURE 6. Model Setup

o The building strategy model, connects the produc-
tion strategy variables and costs explained in Sec-
tion 2.6 to calculate the total throughput time, cost

and required manhours for the current production
of a single vessel. When this is done, the standard-
isation levels defined in the previous section can be
implemented into the same model to calculate the
throughput time, cost and required manhours for
the standardised building strategy.

e The output of the first model is used as input for
the production strategy model which calculates the
initial stock values for sections and propulsion sets
for the yearly production of a complete product
portfolio. This is done in five steps.

e The output of the first model is also used for the
stock value calculation of the current production
strategy and the stock cost for an assemble-to-
order strategy where sections and propulsion sets
are kept on stock.

The results of this calculation model include the
total production time, cost and required manhours
for a single vessel built with the current and stan-
dardised building strategy, the yearly stock costs of
the having hulls on stock for the current production
strategy, the yearly stock costs of having sections
and propulsion sets on stock for an assembly-to-order
production strategy and the initial stock values of sec-
tions and propulsion sets for a yearly production of tugs.

4.2. Building strategy model

It is good to know how the cost of producing of a ves-
sel are built up when looking at the total production
cost. This can be done with a cash flow pattern. A
cash flow pattern is strongly related to the sequence of
production variables and therefore a scheduling model
is required. This model links the variables and places
them in the right order. The different variables and
order of activities to make this model have been ex-
plained in Section 2.6.

The building strategy variables in this model determine
the cost and duration of activities and if costs take
place instantly or linear through the activity duration.
Activity durations and the amount of work done par-
allel are combined to derive the required labour.

To implement the different standardisation levels, the
number of variables, the relation between them and
the cost should be easy to change.

In previous research T.J. Hoekstra [11] has devel-
oped a mathematical model in the software package
MATLAB to calculate the production time and cost
of a single vessel produced at different shipyards for
various building strategies. In his research the mathe-
matical model optimised the building strategy for each
yvard. His model has been used in this research as a
base for the building strategy model to calculate the
production time and cost of a single vessel. However,
in this research the the building strategy is fixed and
not optimised. The model is used to calculate the
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total production time, cost and required manhours
for two strategies. First, the current building strat-
egy and after that the standardised building strategy.
The building strategy is based on the production of
an ASD2810 produced at the Damen Galati shipyard
(DSGa).

The output delivered by the first model includes the
total production cost, total required manhours, deliv-
ery time in weeks and the cash flow showing a weekly
overview of how costs are divided over time for a single
vessel.

4.3. Production strategy model

Now that the throughput time and cost are known, the
calculation can be performed to find out whether it is
beneficial to switch to an assembly-to-order produc-
tion strategy and produce sections and have long lead
items on stock, as explained in Section 2. The reduced
production time calculated in the previous model is
used as input for the throughput times in the second
model (see Figure 6) in which the required stock for
long lead items and sections is calculated for the yearly
production of tugs.

This model takes the yearly production of the complete
range of tugs into account. Collecting data and calcu-
lating the production time and cost for each individual
ship type in the portfolio takes too much time and
a large amount of this data is not available. To still
model this with the available data and within the set
time a simplification step is done. The production data
of a single vessel provided by the building strategy
model is used to model the production of the complete
product range. This means that the ASD2810 repre-
sents all tug types produced in 2015. Even though
the production times and cost for each phase, section,
activity and item are the same, the ship types, sec-
tions and long lead items are separated by type. For
example a series production of five RSD2513 tugs is
modeled as a series of five ASD2810’s with the same
throughput time and cost but its ship type, section
types and propulsion set type are defined with specific
type numbers. Through this simplification step it is
possible to give an indication of the initial stock levels
of the different sections and propulsion sets at the start
of the year.

In short, this means that each vessel including all
sections have the same total throughput time and cost
and that the ship, section and propulsion set types are
specified by a type number in this model to calculate
the required stock levels for a yearly production.

The output of the model gives a daily overview of the
vessels in production, the stock levels of the propulsion
set and sections and the financial commitment per

propulsion type and section. The results provide an
overview of the initial stock, intermediate stock levels
and whether the initial stock is large enough to cover
the yearly production.

4.4. Stock Value calculation

This section presents the impact of switching from
a make-to-stock to an assembly-to-order production
strategy.

Several assumptions have been made to express and
compare the cost of having vessels and sections on stock.
Firstly it is assumed that there is a constant stock of one
vessel per ship type. This means that when a certain
vessel is sold, a new vessel is added to stock, keeping the
stock constant to one vessel. The same is done for the
sections of the standardised portfolio, a constant stock
of one per section type is present at all times.
Secondly, the following equation is applied to calculate
the mean yearly stock value assigned to a respective
vessel. This equation is also applied to calculate the
stock value of sections.

1

Stock Value = Vessel price x

# vessel type sold per year

The vessel price for all vessels is assumed to be the
same for each ship type in the portfolio and excluding
trial costs and for the sections it is calculated separately
excluding trial and assembly cost. The Damen Baseline
(which is a prediction of coming sales) for the coming
year has been taken as the input for this calculation.
This equation has been applied to each vessel type in
the baseline for the current portfolio, each vessel type
in the baseline for the standardised portfolio and for
each section present in the baseline of the standardised
portfolio.

4.5. Verification and validation

The simulation model of this research has been
validated and verified according to the verification and
validation methods described by Robert G. Sargent
[21]. The data is verified with sufficient and reliable
data sources, the conceptual model is validated by
checking the methods applied, the computerised model
is verified on mathematical correctness and the results
are checked with a sensitivity analysis by adjusting
important variables. It is also checked if the activities
are linked correctly and if the (intermediate) results
correspond to what is expected of the model.

5. RESULTS

This section presents the impact of implementing the
three standardisation levels into the current production
strategy at Damen Shipyards on production cost, lead
times and required labour. The following subsections
give the results per standardisation level.
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5.1. Level 1. Main assembly

The first level of standardisation mainly influences the
series size of vessel types, sections and propulsions sets
being produced, assembled and ordered on stock. On an
activity level it influences the activities involved in the
production of sections on stock. Being critical about
the configuration of the product portfolio, reducing
the variety in offered ship types and increasing the
commonalities, such as the development of standard
deckhouses and wheelhouses leads to the production
of larger series of vessels and its sections. Especially
delivery times will reduce due to serial production. The
total throughput time of vessel delivery will reduce with
10% when taking the average series size of the yearly
production of vessels and sections for the proposed
standardised product portfolio. An additional cost
reduction of 5% and hour reduction of 2% can be
achieved with serial production leading to the third
best opportunity for Damen Shipyards. Shifting to
an assembly-to-order strategy in which propulsion sets
and standard sections are held on stock rather than
complete hulls will have a huge impact on Damen’s
production strategy which is currently make-to-stock.
Up to 56% can be saved on stock value cost when
keeping standard sections on stock and assemble them
when an order comes in.

5.2. Level 2. Sub assembly

On a sub assembly level, the implementation of
modular outfitting will affect the order of activities.
Outfitting activities which include hotworks and piping
will partially be shifted to earlier phases and to the
workshop. Work in the workshop is performed faster
due to higher efficiencies, better working conditions
and equipment can be tested before being installed on
board. Other activities will be performed with higher
efficiencies because more space and better working
conditions are created by moving work to the workshop.
The total lead time can be reduced with 28% and the
required hours with 20%. Cost will also reduce but with
a lower rate of 4%.

5.3. Level 3. Components

On a component level primarily money can be saved
by making components standard and interchangeable
between different ship types so they can be purchased in
larger batches. This will lead to reduced purchasing cost
and lower transport cost. Also if the variety between
components is reduced the in-house knowledge about
the products is increased, leading to better maintenance
programs and less investments to train maintenance
workers. Standardising components within ship types
and between them will provide Damen Shipyards
mainly with a drop in costs of 5%.

Total results for standardised production strategy

The results of implementing all three levels of
standardisation into the current building strategy for
the production of tugs are promising. Production
time can be reduced with 36%, production costs with
11% and the required manhours with 24%. The total
throughput time can be further reduced to less than
50% of the current lead time by working in two shifts.

5.4. Additional improvement

The total lead time is reduced to less than 50% of the
current lead time by working in two shifts. The cash
flow pattern for the current (orange) and standardised
building strategy (blue) with one shift and the stan-
dardised stratgy with two shifts (green) are presented
in Figure 7. When comparing the two shift graph to
the current single shift graph, it can be seen that both
cost and lead time are lower. The total lead time of
the two shift standardised building strategy is less than
half compared to the lead time of the current single
shift strategy with 7% less required labour and at 4%
lower cost.

Additionally the vertical solid lines in figure 7 repre-
sent the moment the hulls are ready for stock for the
respective production strategies and the dotted verti-
cal lines represent the moment sections are ready for
stock. When zooming in on the moment that hulls and
sections are ready for stock it can be seen that both
the completion of sections and hulls is significantly
earlier for the two shift standardised strategy than the
current strategy.

Time (esk)

FIGURE 7. Cash flow of doubling shift

5.5. Initial stock

This section elaborated on the effect of storing
propulsion sets and producing standard sections on
stock. The yearly production of the product portfolio
for the year 2015 has been modeled to gain this
information. When changing the portfolio into the
proposed standardised portfolio with the standardised
building strategy with reduced production time and
cost, the number of vessels will be reduced to eleven
different ship types. As explained in Section 3, the
wheelhouse and deckhouse have the most potential to be
produced on stock. With the new product portfolio and
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standardised propulsion sets there will be a stock of nine
different propulsion systems, four deckhouse variants
and three types of wheelhouses. In the production
strategy model the size of the initial stock levels of
propulsion sets and sections needed to fulfill yearly
production requirements is calculated. The initial stock
levels required for the propulsion sets range between 1
and 11. The production of sections to replenish stock is
completed before the sections have been removed from
stock for assembly. This means that for the production
of wheelhouses and deckhouses, no stock is required.
Only sections which are needed before the production
is completed should be held on stock, like afts.

6. CONCLUSIONS
TIONS

& RECOMMENDA-

In this research three levels of standardisation
have been defined with the help of standardisation
methods and the platform-based product development
strategy to increase production efficiency and decrease
production cost and throughput times. These
standardisation levels have been implemented in
the current production strategy applied at Damen
shipyards with a computerised model in order to define
their impact on the production cost, lead time and
required labour. This sections answers the main reseach
question in the enumeration below and finished with a
discussion and recommentations for further research.

Level 1. Main assembly

The first and highest level of standardisation is on a
main assembly level including the standardisation of
the product portfolio and main assembly blocks of the
vessel. Reducing variety in ship types being offered to
the customer and increasing the commonality between
them will increase efficiency and reduce production time
and cost.

1. Being critical about the configuration of the
product portfolio, reducing the variety in offered
ship types and increasing the commonalities, such
as the development of standard deckhouses and
wheelhouses leads to the production of larger
series of vessels and its sections. Additionally,
shifting to an assembly-to-order strategy in which
propulsion sets and standard sections are held on
stock rather than complete vessels has a huge
impact on Damen shipyards’s production strategy
which is currently make-to-stock. Apart from the
56% financial advantage, this shift will provide
Damen Shipyards with multiple other advantages.
Firstly, having semi-finished products, like sections
on stock instead of complete hulls will save
maintenance cos, because they are stored on land
rather than in (salt) water. Additionally, due
to the short production time, sections will be
less affected by material price fluctuations such

as steel compared to complete hull production.
Finally, producing hulls on stock based on market
predictions has a great risk with it. Whereas
combining sections from stock to assemble vessels
according to customer’s wishes has a significantly
lower risk.

Level 2. Sub assembly

This level of standardisation is based on the implemen-
tation of standard platforms produced in the workshop,
which can be placed on multiple ship types and can
be used for different categories of equipment. Work
can be performed more efficient in the workshop than
on board due to better working conditions. Hotworks,
piping activities, the production of modules for (large)
equipment and floor frames will be pre-produced and
tested in the workshop and assembled on board as a
whole. This requires a high level of detailed measuring
and pre-engineering for the development of these units,
but will significantly reduce production time and cost.

2. The implementation of modular outfitting mostly
influences the production time and required
manhours, reductions of respectively 28% and 20%.
The effect of this implementation has potential
to be much larger for Damen when developing
standardised modular assembly units, skids and
frames which can be placed on board of tugs of
multiple product families. This promotes serial
production and purchase advantages which will
lead to further reductions in cost and production
time.  Also, the implementation of standard
modular assembly units does not require large
investments nor large changes in the production
strategy and can be implemented on a short term.

Level 1. Main assembly

3. As a result of reducing variety in the product
portfolio and increasing commonalities between
vessels and sections the batch sizes of production
will increase. ~ When vessels and sections can
be produced in larger series, Damen will benefit
from serial production. Delivery times will reduce
due to serial production leading to the third best
implementation for Damen Shipyards.

Level 3. Components

The third and most detailed level of standardisation
is on a component level. Damen is already concerned
with this topic and is currently implementing this
standardisation level through the Excellerate program.
By reducing the variety of component types within
and between different vessel types, purchase advantages
can be gained and installation and maintenance time
and cost can be reduced. Standardising components
between multiple ship types and therewith gaining
a purchase advantage has great impact on the total
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production cost.

4. Standardising components within ship types and
between them will reduce the number of suppliers
and will provide Damen mainly with a cost
advantage (5%). Even though the implementation
of this level of standardisation provides Damen
with the least advantages, it contributes greatly
to the other levels of standardisation and has a
lot of potential to increase its impact. When
components become standardised, it is easier to
develop standard assembly units and the batch size
will increase, which will lead to lower development
time and cost. Standardising components will also
lead to a higher degree of knowledge of the products
which helps to do better life cycle asessments
leading to better, faster and higher degree service
and maintenance programs.  Additionally, by
sourcing components locally transport time and
cost can be saved. Finally, when Damen
reduces the number of suppliers and increase
standardisation of its components Damen can
benefit from closer cooperation with suppliers,
for example by including them in the product
development phase. This will help Damen to gain
more knowledge of their products and maintain its
position as as a shipbuilder using high quality state
of the art technology.

6.1. Discussion

This section covers the decisions and assumptions made
for the simulation model in this research. Firstly, the
production strategy for the ASD2810 is chosen as a
base case and represents the complete Product Portfolio
Tugs which includes a large range of different ship types.
It is assumed that the results for this vessel is scalable
to other ship types considering throughput times and
cost of activities which is in reality not completely
true. As already stated in the introduction, it should
be kept in mind that this research is an economical
feasibility study and does not take detailed design and
engineering requirements into account. Secondly, it
is assumed that all activities in the simulation model
are performed as planned, without delays, rework or
other additional costs or delays, which is usually not
the case in reality. Additionally, it should be taken into
account that the efficiency improvements for performing
outfitting activities in the workshop and gains from the
purchase advantage will only take place after training
of employees. It is expected that the learning effect
is noticeable on the longer term and when serial
production is taking place and not instantly. This is
why three scenarios have been selected with increasing
efficiency between the first and third scenario. Finally,
the production and storage of sections and propulsion
sets have been based on a baseline, which is a prediction
of the market demand for the coming year. Demand
may increase when the economy will improve, which

would result in different numbers for the stock value.

6.2. Recommendations

In this section several recommendations for Damen
Shipyards and further research are presented. It is
not expected that all levels of standardisation can
be implemented simultaneously and within the same
time frame. Therefore it is recommended to start or
actually continue with the implementation of modular
outfitting. The pilot for the ASD2913 has already
implemented skids and frames for the engine room
produced in the workshop with promising results con-
sidering throughput times and cost. The number of
skids and frames can be significantly increased and
should have a modular design to be interchangeable
between different ship types. It is expected that this
will have the largest impact on the shortest term. The
development of standard modules is associated with
standardisation on a component level. This will lead
to a substantial decrease in procurement cost due to
larger purchase batches.

Another recommendation is to increase the cooperation
between the different optimisation pilots and programs
running within Damen. Results from interviews show
that many initiatives are running to increase efficiency,
however independently from each other. Collaboration
between the initiatives from different product groups,
yard support and Excellerate will lead to the best
achievements.

Several observations have been made during this
research which are interesting for further research. It
has been proven that serial production of sections on
stock will decrease the stock value considerable. It
would be interesting to investigate how and where
the production line of these sections should take place
to take maximum advantage of this implementation.
Additionally, it has been mentioned that Damen should
produce ship types solely at one yard, again to gain
from serial production. It would be valuable to
investigate the optimal location for production of the
respective ship types. Also, standardising compartment
arrangement has not been included into this research
but would be valuable to take into account in further
research and will most likely save engineering time.
Finally, it would be meaningful to know to what extent
modular outfitting can be implemented on ship types
from other business units such as high Speed Craft
(HSC) and Offshore and Transport (O&T). This could
result in the development of standard modules with
the potential to be produced in large series, saving
substantial time and money.
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