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Tutkimuksessa käsitellään I-4000 kääntömoduulin kokoonpanoa ja siihen liittyviä
resursseja. Tutkimuksen tavoite on suunnitella tuotanto ja mitoittaa siihen tarvittavat
resurssit tuotantotilan, työvoiman, ajan sekä erikoistyökalujen suhteen, kahteen I-4000
projektiin. Tavoitteena on myös sopeuttaa kyseinen tuotanto olemassa olevaan
tuotantotehtaaseen. Tutkimuksen perustana käytetään kirjallisuustutkimusta.
Kirjallisuustutkimus suoritetaan kahdessa osassa. Ensin etsitään työkaluja
tuotannonsuunnitteluun yleisestä kirjallisuudesta liittyen kokoonpanotuotantoon.
Tietokantana käytetään LUT Finna-järjestelmää. Sen jälkeen perehdytään tarkemmin
tuotteeseen sekä tuotteen kokoonpanoon. Lähteenä käytetään yrityksen omaa
dokumentointia, sekä julkista että sisäistä.  Tutkittavia osa-alueita ovat
tuotannonsuunnittelu, varastointi, kokoonpano, erikoisnostot ja lähetys. Puuttuva ja
tarvittava tieto tuotannonsuunnittelua varten hankitaan haastattelemalla henkilöstöä, jolla on
erikoisosaamista tuotteesta.

Kootun tiedon pohjalta tehdään tuotantosuunnitelmasta kolme variaatiota yhdelle
kääntölaitteelle. Yksi tehdään suositeltuna versiona, yksi työvoiman minimoimiseksi ja yksi
mahdollisimman nopealle tuotannolle. Suunnitelma sopeutetaan kuudelle kääntölaitteelle
kahteen projektiin. Kuuden laitteen suunnitelma sopeutetaan olemassa olevan
tuotantolaitoksen resursseihin ja kapasiteettiin. Tämän lisäksi suunnitelma yhdelle
projektille, samassa tuotantolaitoksessa, esitellään.

Kahden projektin tuotteet voidaan kokoonpanna olemassa olevassa tuotantolaitoksessa 61,5
tuotantopäivässä, jos tuotanto onnistuu suunnitelman mukaisesti. Tuotanto vaatii
maksimissaan 16 työntekijää. Tuotannon onnistumista varten työkaluihin liittyviä
investointeja sekä muutoksia tuotantolaitokseen on tehtävä. Parannusehdotuksia tuotteen
tuotantoon esitellään muun muassa työtuntiseurannan sekä kokoonpanon helpottamiseksi.
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In this research the assembly of I-4000 steering module is researched. The aim of this
research is to plan the assembly and resources required for two projects of I-4000 units.
Both projects include three steering modules each. The resources concentrated on in this
research are the production space, workforce, production time, special equipment and
lifting operations. The production plan is applied to an existing production plant of ABBs.

The base of this research is literature review. The literature review is focused on two main
topics: general assembly planning from literature available at LUT Finna-database and
information on the product. For the information on the product public and internal
documentation is used as a source material. The information on the product is divided in
topics of production planning, storing, assembly, lifting and delivery. Any missing and
needed information is gathered from interviews with personnel with expertise on the
product.

Based on the information gathered three variations for the assembly of one steering module
is made, focusing on optimizing different aspects of the assembly. One is the suggested
version based on the assembly instructions, one minimizes the production time and one the
worker capacity needed. Based on the suggested plan, a plan for assembling total of six for
two projects is made. This plan is then adapted to the existing production plant. In addition,
plan for the execution of one project only is made for the production plant.

Two projects are possible to assemble in the existing production plant in 61.5 production
days, if no other assembly is made in the plant simultaneously. Maximum number of
workers needed is 16. However, this is not possible without alterations to the production
plant and further investment in special tools and equipment. Improvements to the
production and the production plant are presented in the research.
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1 INTRODUCTION

This research is focused on researching the requirements of the production chain when

assembling several Azipod® I-4000 steering modules during the maximum time of five

months. The topics included in this research of the assembly are the planning of the

assembly, storing of component, assembly process, lifting operations and the delivery.

Resources focused on in this research include worker capacity, lifting capacity, special

equipment and the assembly space needed in the production.

1.1 Motivation and background

In the year 2018 ABB announced their 100th cruise ship order with Azipod® units. In the

same announcement it was stated that over 80 of these ships are intended for icy waters,

making these applications a large share of the order base for Azipod® units. At the same

time this is, according to ABB (2018), “the world’s first electric hybrid icebreaker” requiring

a combined power of 34 MW out of the units. (ABB 2018.) The needed volume for

transportation in the Arctic regions is estimated to be permanently increasing. In these areas

the transportation vessels need to operate without any assistance for ice-breaking.

(Andryushin et al. 2013, p. 2.) These factors combined with the need of higher power levels

required by the proprietary use has led to the design of Azipod® I-4000 module. Research

shows that Azipod® units with 15 MW propulsion power can meet the requirements of the

working conditions needed in these areas and withstand the loads forming in the use in Arctic

areas (Andryushin et al 2013, p. 10). The production quantity of the product is expected to

increase with the next project scheduled to start at the year of 2019.

The issue this has introduced is the production requirements and resources needed for the

large component assembly. I-4000 steering module is the largest Azipod® steering module

so far to be manufactured in Finland with regards to the weight of the component. Although

a pilot project has been implemented already, this hasn’t solved the questions of production

capabilities in larger volume series. The large size and weight of the component, and its

subassemblies, create difficulties to the logistics of the assembly and to the assembly process

itself. Also, problems in delivering and storing the large components of the assembly in

higher volumes may rise.
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As ABB Marine and Ports already has established assembly plants for steering modules,

these production plants’ suitability for this kind of production is critical aspect of this

research. The production plant and its resources need to be adjusted to suit the assembly in

larger volumes, to ensure the efficiency of the production.

1.2 Research problem and questions

The design of the Azipod® I-4000 steering module is finished, and the result is a large and

heavy component to be assembled in the existing production plant. This production plant is

not designed to suit this kind of assembly works specifically. Pilot projects of the product

have been successfully conducted in the same production plant. This proves that the

assembly is possible in the existing space. However, when moving from single projects to

several projects, and thus even more steering units, limits of the plant capacity may be

reached. When encountered, and not predicted, these situations can delay the production, be

costly or even prevent the production of promised quantity of products. Therefore, it is

critical to research the requirements for the assembly, and map out possible difficulties in

the assembly process, to prevent the cumulation of errors and delays in the production. Based

on these problems the following research question can be formed: what are the resources

needed to successfully assembly two projects with three STU Azipod® I-4000 steering units

each, under five months? Also, when considering the further needs of the company, a sub

question of “what the specific requirements for the production plant in Hailikari are to

successfully complete the same number of products?” needs to be answered.

1.3 Structure of the research and scope

The research is conducted based on a literature review and information gained from

interviews with personnel in different positions in the production chain in the existing

production plant.  The literature review is conducted so, that firstly literature from assembly

line production planning in general is researched, then a review on the product itself and its

production documentation is conducted, and finally information on the existing product plant

in Hailikari is reviewed. Based on the information collected from these aspects, interviews

are conducted. For each group of interviewees, from different parts of the production line,

different aspects are concentrated on. This enables the better utilization of expertise in each

group. Information from the previous pilot projects is also searched. This information is
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utilized in the research. Information that can be applied and utilized in the assembly of the

I-4000 steering module, is collected and discussed. Based on the information gathered from

all the sources, production plans for the product are made for the assembly process in general

and then applied to the existing production plant.

The outcome of the research is an outline of the assembly process of the I-4000 steering

module including the resources needed and the restrictions risen when producing six steering

units in a timespan of five months. More specifically this research seeks to result in a detailed

account of requirements needed for the same production in the Hailikari production plant

and possible adaptations needed to be done. Also, suggestions for adaptations to the product

itself, from the productions point of view, are made to open topics for further studies relating

to the production process and the product itself. Other topics for further studies are also

discussed.

Due to the large volume of factors relating to the assembly process, this research is focusing

only on aspects in the assembly process itself and closely related to it. This means that any

redesigning of the product, quality control after the component has been delivered and

testing procedures are left out of this research to narrow its scope. Also, possible production

of different products parallel to the production of I-4000 is left out of the scope of the

research. Instead the focus is on establishing the resources needed for the assembly,

including equipment, space and personnel, the critical assembly stages, possible difficult

assembly stages which could be improved upon and the overlapping of production when

producing several steering units simultaneously.

1.4 Literature review

The literature review conducted in this research is done in three stages. Firstly, general

information about production planning is reviewed and information that can be applied to

this research is collected. Secondly, overview of the product is made concentrating on the

production stages related to the assembly and the information gathered from the pilot

projects conducted in 2017. Thirdly, a brief overview is made of the existing production

plant in Hailikari, where the future projects are planned to be assembled.



11

1.4.1 Production planning in assembly lines

Most of the recent publications relating to production planning are concentrated around

topics that are not relevant to this research specifically. These mostly concentrate around

automatization of production line, responding to unknown demand in high volume

production or how to respond to increasing demands in environmental aspects. However,

though these publications are not specifically related to the topic, the general information of

these publications can be utilized in this research.

The concept of “assembly” can be defined as manufacturing method where a workpiece is

developed to a product by attaching parts in consecutive order. Subassembly, on the other

hand, is a collection of parts that are already joined and then installed to the workpiece.

(Scholl 1999, p. 13; Pearce 2015, p. 1) When planning the process of assembly, each phase

of the process can be divided down to the smallest operation, called tasks. These operations

can be then linked to the time that is required to complete the operation. This time is called

task time. The time that it takes for the product to be finished in the assembly is called cycle

time.

Cycle time is usually calculated as an average of the time it takes to produce the basic model

of the product in the assembly plant. This is done to avoid overestimating the time

dependable resources needed for the production. However, as this is the average time for the

basic model, in some cases the model produced can be more demanding, especially in

modular products, or in products that have more elaborate options available. This can lead

to the situation that the real production time is longer than the cycle time and work overload

is experienced. In this situation the workers are not able to finish their tasks in the allotted

time. This situation is especially critical when sequences of the more elaborate models of the

product are produced as the cycle time error can then cumulate. To reduce these situations

where work overload is experienced a sequencing approach was developed. In this approach

for each product a detailed schedule is made, where according to Boysen et al. (2011, p.4736)

factors such as “operation times, worker movements, station borders and other operational

characteristics of the line” are taken into consideration. (Boysen et al. 2011, p. 4736.)

In work overload situations adjustments can be made within the limits of the capacity of the

production. In practice this would mean three possible types of adjustments. Firstly, there is
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the option to reconfigure resources. This means that the assembly process is adjusted to

modify the cycle time of the product. This can be achieved by changing and modifying tasks

or machinery and workforce related to the task. Secondly, there is the option to adjust the

worktime for short periods. In practice this would mean additional shifts for short-time

periods. Thirdly, the option of hiring subcontractors might help with excess workload.

(Boysen et al. 2009, p. 462.)

In task times there is often variation, especially when the production is done without

automatization. If this variation is not taken into consideration when planning the

production, difficulties may arise when calculating the cycle time and implementing that

expectation in real life. Methods for countering this problem are several. Assumptions can

be made that the task times will distribute normally, which helps to estimate the probabilities

of delays and the most likely delays of the whole cycle time. Also, estimations of upper

bounds of the task times can be made, utilizing certain reliability percent. In practice the

probability of this problem can also be decreased by placing additional workers to tasks that

are most likely to stretch beyond assumed task time, and those which have the most tasks

dependable on them. (Pearce 2015, p. 20.)

Often in an assembly there are tasks that require another task to be performed before them.

To help in mapping these sequences needed in the assembly line, a precedence graph can be

drawn (Baoxi et al. 2014, p. 95). In this graph tasks are given indexes, for example numbers,

and the required order of tasks and their dependence on previous tasks is shown visually.

Another method to map out the relationships between tasks in assembly line is to collect

them to a precedence matrix. (Pearce 2015, p. 2.) Mapping the assembly is a helpful tool to

understand the process needed for the completion of the product. This may help to map out

the possible bottlenecks in the assembly process as it is easier to visualize what tasks are

critical, i.e. what tasks have more impact on the process as they may cause the delay or

failure of some other task. To keep the precedence graph clear only direct relations are

presented (Pearce 2015, p. 2). Examples of these graphs are shown in figures 1 and 2 below.

Precedence matrix can be formulated from tasks relations to each other, or for example tasks

relations to different components or workstations.
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Figure 1. Example of a precedence graph, where tasks are numbered, and their relations are

shown with arrows (Baoxi et al. 2014, p. 2).

Figure 2. An example of a precedence matrix where tasks are related to other tasks

(Abdelsalam & Bao 2006, p. 70).

Problems related to assembly are often linked to aspects that concern other parts of the

production process. Decision and solutions made when discussing aspects such as

production plant, shipping, subcontractors and workforce often have an impact on the

assembly process.  Relations are often formed between the problems so, that the process
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plant, its layout and the workforce and vendors influence the forming of the assembly

process. Meanwhile the decisions made in the assembly process influence logistics, quality

and safety of the product and its production. (Pearce 2015, p. 10 – 11.) As the product in this

research is not a high-volume production product, many of the models developed to research

assembly lines are not valid for this research. This means that only certain aspects from these

models and techniques can be considered when researching this product.

One aspect that is important to include in this research is the concept of parallel workers.

This is the concept of several workers performing different tasks on the work piece

simultaneously. This is possible if the workstation is large enough and the component is big

enough to allow several workers to perform tasks at the same time. This lessens the time of

the assembly and can in some cases cut down the number of workstations needed. This may

transfer into location and facility related cost savings.  Also, this may enable workers to

share tools and other resources and reduce the worker movement as more tasks are performed

at one workstation. (Pearce 2015, p. 22.)

Constraints concerning the assembly is another thing to be considered. In practice limitations

concerning space, worker skills and tooling often arise. These can be managed with

assigning certain special skill operators to certain workstations and/or binding specific tools

to specific workstations to fulfill these requirements. (Pearce 2015, p. 21.) Restrictions like

these can be fourfold. Firstly, some tasks must be performed in specific place in the

production plant due to tooling requirements or space requirements, but they can still be

performed by all or at least several workers of the production. Secondly, there might be tasks

that are required to be performed in specific place or workstation and it must be done by a

specific worker due to skill requirements. Thirdly, task can be categorized as adjacent, which

means that they must be done by a certain worker and in a certain place in the production

plant but also, they must be done sequentially. And lastly, some tasks may have restrictions

that prevent them from being done by the same worker. (Pearce 2015, p. 33.) For fixed

tooling, that cannot be moved it is important to map out the tool covering zone (TZ) to plan

the positioning of the component under work (Pearce 2015, p. 53). Examples of TZ zones

and their presentation can be seen in figure 3 below.



15

Figure 3. Example of TZ zones in a workstation, where the coverage of the tool is shown

on the product in the workstation. (Pearce 2015, p. 53.)

From this review into literature related to production or assembly planning some guidance

for planning the production of the I-4000 steering module can be collected. The tasks that

are required for the assembly can be mapped out including their relations to each other.

While doing this special consideration should be given to considering parallel performance

of tasks, as well as to tasks that have higher probabilities of stretching from the basic task

time. In these situations, options for additional workforce or adjustments to the production

resources should be considered. When considering the layout of the production plant and the

workstations for different tasks, the need for fixed tools and resources is an aspect to be kept

in mind.

1.4.2 Product review

Azipod® system is a registered trade mark of ABBs for an azimuthing electric propulsion

and thruster system. The system comprises of an electric motor which is located within a

submerged pod outside the hull of the ship. The propeller is a speed controlled fixed pitch

propeller and the propulsion module can be turned around its vertical axis for full 360

degrees. This system eliminates the need for rudders, long shaft lines and transversal

thrusters. ABB states that the benefits of this systems are improved fuel efficiency and

maneuverability, reduced life cycle cost, minimum environmental footprint in production,
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reduced noise and vibrations as well as space savings. (ABB 2012, p. 2 – 5.) The main

components of Azipod® unit is shown in figure 4.

Figure 4. The construction of the whole Azipod® unit. (Kuuskoski et al. 1999, p. 18.)

Azipod® product family includes propulsion units and thrusters from 1.5MW units up to 22

MW units. According to ABB (2016, p. 3), these units can be used as a single unit or

combined as “twin, triple, multiple or hybrid combinations” covering the requirements of

“all propulsion power requirements”. Different product series have been developed for

different applications. For example, ice-strengthened versions are available for icebreaking

or heavy arctic applications and nozzle versions are available for high thrust applications.

(ABB 2016, p. 3.) The design and versions of the product are seen in figure 5. In this figure

there is also shown the part of the product that is called the steering module, and which will

be the center of this research.

The I-4000 steering module, steering module shortened as STU, belongs to the category of

Azipod® VI systems, which are designed primarily for ice going vessels. The V in the model

name stands for “classic” Azipod® system and the “I” stands for design for ice operation

vessels (ABB 2010, p. 6.) It is equipped with hydraulic steering system including either four
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or six hydraulic motors depending on the needs of the specific project. The hydraulic motors

are driven by a hydraulic power unit. Also, the height of the connection block is custom-

made to specially fit the project, as this influences the build of the ship. A ship interface

block is installed inside the double-bottom of the ship. The connection block is situated

between the propulsion unit and the steering module. This is the component that’s

dimensions can be varied according to the ships double bottom. The STU is connected via

bolting the machinery block to the mounting flange positioned on top of the ship interface

block.

Figure 5. The different versions of Azipod® systems. The circled parts of the systems are

the STUs. (modified from ABB 2016, p. 3.)

The motors are axial piston motors and they are combined with 3-stage planetary gear and

steering brakes. The gears transfer the torque from the motors to the pinions, which transfer
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it to the gear rim. The pinions have two tapered roller bearings to carry both radial and axial

loads. The gear rim instead transfers the torque to the propulsion module, and it is installed

with stud bolts on to the slewing bearing. The bearing allows the propulsion module to turn

around its vertical axis and it bears the weight of the propulsion module.

The slewing module insulates both the oil space from the rest of the construction and the

whole construction against water. The product is designed so that the slewing seal can be

changed without drydocking. In this model there is a new patented sealing arrangement with

oil and water interfaces totally separated. Both interfaces are made of several seals and seal

support rings. The changing of the seals is made possible through movement of one of the

support rings. The water seals are lubricated using grease, and the oil seals are lubricated

with oil. There is also an emergency seal between the interfaces. This ensures the prevention

of oil leakage to the sea, and seawater and dirt from penetrating the oil space of the slewing

bearing in case the primary seals fail. The basic construction of the VI systems and the

steering module is shown in figures 6 and 7. The weight of the fully assembled I-4000

steering module around 150 tons with the height of the module between and 4200 and 5200

mm and the maximum width is just below 6000 mm. When finished the height in which the

lifting points are located is between 2300-3400 mm.

Figure 6. Model of the VI series Azipod® systems (ABB 2010, p. 5).
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Figure 7. Model of the I-4000 steering module. On the left a cut out from a 3D-model

without the outer foundation, cover, motor, pinions and gears. On the right the whole steering

module that is assembled in the production plant.

The construction of the STU consists mainly of mechanical components. The I-4000 STU is

equipped with hydraulic motors and does not use electric motors to turn the turning module.

The product is made to turn the propulsion module 360 degrees around its vertical axis. It

consists of several subassemblies which each have different purposes, either to insulate and

seal the STU or to transfer torque throughout the construction. While the chapter mainly

consists of presenting the construction of the STU, the next chapter presents the existing

production plant for these in Hailikari.

1.4.3 Production plant review

The location of the production plant of Hailikari is mainly chosen because of its logistical

advantages. It is near a deep-water harbor, enabling an easy transport of large components

via sea routes and minimizing the need for expensive and demanding long distance road

transports. The facilities were built for previous needs of a different company, which means

that their design and resources does not directly cater to the needs of the production of STUs.

The plant in Hailikari consists of one building, which is divided in three different sections.

Currently one section, named in this research as hall A, is wholly in the use of ABB Marine
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and Ports and the second adjoining section, named hall B, is partly in the use of ABB. The

floor space available for the use of ABB is a total of 4260 square meters, with the option of

using extra 1867 square meters if needed. This space includes an area used for production

but does not include the available office or social spaces. For special storage and tasks there

is a regulated EX-storage for chemicals and a designated fire workstation separated from the

production facilities. The floorspace of these is not included in the 4260 square meters. The

basic floorplan of the building can be seen in figure 8.

Figure 8. Floor plan of the production building. Pink areas are in the use of ABB. Striped

pink area is the possible expansion option if needed. Commonly used areas, which are also

in the use of other companies in the production plant are marked with green. Yellow areas

are only in the use of other companies.

The floor space for the production is divided so that hall A covers 3460 square meters and

hall B 800 square meters. In addition, there is the option of using extra 1867 square meters,

if needed, in hall B. The 800 square meters in hall B is currently in storage use. The extra

1867 square meters can be used for production and assembly, or for storing large components

depending on the acute needs of the production plant. The height of the space is 10.5 meters

when counting the space that can be utilized. This means that this space is below the lifting

cranes and can be wholly used for example in liftings. Hall C is not included as a resource

in this research as it is currently not available for production and expanding production to

this space is not possible.
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Currently the production space is divided so that both halls are in mixed use of production

and storage. However, hall B is mainly used for storage purposes and in hall A the

concentration is on production and storing larger components. There are several special

workstations constructed in hall A that cannot be moved. These include two workstations

for electrical steering units and testing and one workstation for testing modules that need to

be partially submerged during the test. Also, a workstation for supervisors is separated from

the production space and is also fixed and not movable. None of these workstations are

needed in the assembly of I-4000 module, but the limitations they impose need to be taken

in to consideration. The location of these workstations and areas that cannot be used in

production currently is shown in figure 9.

Figure 9. The available floorspace in hall A (above) and hall B (below). The restricted

sections are shown in black. These include electric assembly stations, testing areas and

storage spaces.

In addition to fixed workstations hall A features three overhead cranes with larger capacity.

These overhead cranes are limited for lifting capacities of 30, 55 and 130 tons. The larger

capacity overhead cranes are all fixed to the same rails, limiting their moving possibilities

and making them dependable on the positioning of the two other lifting cranes. The location

of the overhead cranes and numbering of them is displayed in figure 10. On different rails

there are four smaller lifting cranes, with the lifting capacity of 2.5 tons, below the rails for

bigger capacity cranes. Also, at the other end of hall A there are three cranes that are fixed,

with only a y-axis rotation enabled. These cranes have the lifting capacity of 2.5 tons, but

the use of some of these cranes is prohibited as storing shelves restrict their use. These cranes

can be on the way when lifting components if the lift occurs near the side of the production

plant and their positioning needs to be taken into consideration when planning lifts. These
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lifting cranes are shown in figure 11. Figure 11 also maps out the possibilities and

movements of the cranes in hall A.

In hall B there are also three overhead cranes with bigger lifting capacity on the same railing.

The capacities for the overhead cranes in hall B are 30, 25 and 25 tons. These cranes all have

the same TZ, but face limitations with their positioning in regard to each other. This is due

to their movement on the same rails. These cranes are shown in figure 10. There are also

four movable smaller lifting cranes in the hall B, the same as in hall A, but in hall B there

are 15 fixed smaller cranes, whereas in hall A there are only three. These fixed cranes have

the lifting capacity of 2.5 tons. The positioning of these lifting tools and the TZs are shown

in figure 12. In addition, in hall B there is also fixed working station for fitting the propellers

for the assembly of different components. This could be a limiting factor when considering

storing or assembling I-4000 steering module as this space is not available for use.

Figure 10. The positioning of overhead cranes in production halls A and B. From this figure

the limitations for the overhead cranes can be seen in action. For example, the location of

the 30-ton overhead crane dictates the movements of the 55-ton crane in that direction as

they use the same rails. The area available for movement of the cranes is shown in grey

outlined with dashed lines.
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Figure 11. TZs of cranes in the production plant. Positions of the lifting cranes in hall A on

the left and in hall B on the right. On the left the fixed cranes which are marked with red

cannot be used due to the placement of shelves and corridor. The possible movement of the

non-fixed cranes is shown with yellow outlined with red in hall A and with red in hall B.
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The logistic options of the space are designed through three lifting doors altogether in both

halls and an adjustable wall between the halls. At the end of hall A, there is a 10 m wide and

10 m high lifting door. On the side of the same hall there is another lifting door with the

dimensions of 5.5 meters height and 5 meters width. At the end of hall B there is also a lifting

door with the dimensions of 5.5 meters height and 5 meters width. The connection between

halls A and B is 6 meters wide, enabling transferring components from hall to hall. The

division between the two halls is not a fixed wall, so if needed the separation between the

halls can be removed or lifted. Due to the support structures in the hall, no opening can be

wider than 6 meters.

Other equipment available already at the property is a machine for washing larger parts, two

air lift movers with the capacity of 440 tons and 40 tons that are remote controlled.

Organization-wise the production plant in Hailikari is a sub plant of a production plant in

Vuosaari. This means that for example the storage is considered a part of Vuosaari storage,

linking the part delivery and ordering in Hailikari to Vuosaari inventory. This can cause

problems when requiring new parts that are in Vuosaari already, as systems don’t recognize

automatically the need for these parts in Hailikari production plant. As the pilot projects

were assembled in the production plant previously it can be assumed that the equipment for

the assembly of at least one STU is available at Hailikari.

There are 24 workers in full-time employment currently in Hailikari production plant. Out

of these 17 are working as an assembly worker, two oversee the warehouse operations and

one is qualified as a machining inspector. In addition, there is a quality & development

specialist, two work supervisors and a line manager. Out of the assembly workers four

employees are qualified for pipeline installations and four are skilled for welding. Two of

the assembly workers are electricians and the rest are hired from mechanical background.

This chapter is an overview of the tools used in the production planning and the construction

of the product as well as a description of the production plant which requires the application

of the results from the research. After the basic function and purpose of the product are

understood, the tools presented can be utilized to outline the assembly process. The account

of resources in the production plant is needed for the applied part of the research. All this

information is used as a basis for the research as presented in the next chapter.



25

2 METHODS

In this chapter the methods for conducting this research are explained. The research starts

with a literature review. This literature review is divided into two categories: overall

literature review on production planning and a literature review on the product and its

production. In addition to this an overview to the production plant of Hailikari is made. For

the first part of the literature review LUT Finnas’ database of literature is used focusing on

two keywords: “production planning” and “assembly”. The aim for this part of the literature

research is to find tools and methods that can be applied to the production planning of I-4000

STU. All relevant findings are explained and described. For the second part of the literature

review public knowledge of the product is searched and gathered from product presentations

from the company’s website.

The information for the overview of the production plant is gathered from observation when

visiting the production plant and from internal documentation of the production plant, such

as floorplan, information of the lifting capacity and fixed tooling on the production plan. The

aim of this is to establish an understanding of the available resources at the production plan:

what is the space available for the assembly, where in this space the fixed tools available can

be used, what restrictions the plant has and where and what are the benefits provided by this

production plant.

2.1 Conducting the research

After the initial review on the production planning, product and the production plant the

research is focused on more specific information on the product and its assembly. The aim

of this is to establish what exactly is the information needed to plan and execute the assembly

of the STU: what tasks does the assembly include, what information and resources are

needed to complete these tasks and what are the restrictions they impose on the production.

Thus, the aim is also to establish what information is lacking to successfully plan the

production. Based on this literature review the general construction of the STU is described

and later the precise tasks included in the assembly process are listed with the special tool

requirements related to the tasks. Existing estimations of the task times and workforce for

these tasks are also presented. Dimensions and the weights of large components in the
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assembly are listed with the additional information on the dimensions and the weight of the

finished STU.  Main source of information comes from company’s documentation such as

existing production documentation. This includes previous plans for the assembly, assembly

instructions, lifting instructions and technical drawings. Also, internal product introduction

and marketing material is viewed for information on the product. Another important source

of information is data from the previous projects with I-4000 STUs. This is done to provide

information on the workhours of the assembly and possible problems in the production.

2.1.1 Research on task times and storage space

Two pilot projects have been built with the construction of I-4000. In the more precise

research on the product the workhours logged for the pilot projects are gathered. These

workhours are categorized so that the total workhours for each STU can be calculated with

addition of workhours logged for each category of tasks. These are then presented as graphs

that display workhours during the timeline of the assembly. To establish the needed worker

capacity the graphs are made to show how many workers were needed during which

assembly day during each project. To establish the timeline for tasks during the cycle time,

the task category and workhours invested in them during each production day are also shown

graphically. To better establish the demands of workhours for the assembly tasks, averages

for both project workhours are calculated, with the addition of average out of all four STUs.

To better apply these to the production planning the individual tasks are grouped to 11

general categories of assembly tasks. These categories have been used for logging the

workhours. If any uncertainties in the workhours are noted, these are collected as questions

for the interviews.

The storage space needed for storing all the larger components for the assembly is estimated

using the dimensions of the components. This is demonstrated graphically and listed in a

table for one STU. Notions about the required assembly space for one project, including

three STUs and for two projects, including six STUs are made. This way the space can be

estimated for one device or one project as well as for the two projects included in this

research. Also, additional information about the storing of these components, like

restrictions in storing or suggested storing conditions are given.
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2.1.2 Research on assembly tasks

Based on the production documentation existing in the company the assembly tasks are

analyzed. This is done by investigating the relations between the different assembly tasks.

Once all information from the assembly instructions relating to the tasks is collected, a draft

of a precedence graph is made. This graph shows each task numbered and tasks that need to

be done before another task are connected with arrows. The arrow shows the direction of the

relation. For example, if task 25 should be done before 29, the arrow goes from task 25 to

29. This graph only shows the direct relations. This means, that if task 25 is related to task

23 and task 25 should be done before 29, the arrows goes from task 23 to 25 and from 25 to

29, and not from task 23 to 29. This helps to simplify the graph. Series of tasks related to

each other are shown with color-coding. This means that these tasks form a subassembly and

that subassembly is shown in a unified color. The reasoning of the relations drafted in to the

graph is explained using the information from the production documentation.

Due to the fact that the precedence graph only shows the direct relations between tasks, a

precedence matrix is drafted. In this matrix all relations between tasks are shown. While the

precedence graph aims to clarify the assembly process as whole the matrix helps to

understand the possible effects of changes made to it. The matrix is laid out so that each row

shows one task. The task is numbered and explained in the first column. Then each task

number is given its own column as well. If the task in the row is dependent on the task in

that column, it is marked with a ‘x’, if not, the cell is left empty. If information about the

relations of the tasks cannot be found it is marked with a question mark. Any uncertainties

in the relations of the tasks are assembled into questions for the interviews. Examples of the

precedence matrix and precedence graphs are shown in figures 1 and 2.

To better understand the requirements each task has, some basic information about them is

collected in to a table. From this table the task number and explanation can be seen, and for

each task the required floor space, the cumulative weight of the component at that stage and

any special tools required for the task are listed. The cumulative weight is calculated using

technical drawings of the components. This is done to establish the need for lifting capacity

in each stage of the assembly. If a lifting crane is mentioned it is assumed that suitable lifting

equipment is included with this resource requirement. If there are any restrictions applying

to the lifting equipment these are mentioned, otherwise the choosing of the equipment can
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be done in each case to best suit the assembly plant. To better predict any problems that are

probable to arise during the assembly some data from quality notifications relating to the

pilot projects is collected. The reasons for the quality notifications are gone through and

these are divided in to categories based on the cause of the notification. Possible reasons are

faulty or missing documentation, reasons relating to suppliers and subcontractors, issues in

the assembly process itself and wrong surface treatments. The percentage of quality

notifications for each category out of all quality notifications is calculated to establish the

main reason for issues in the pilot projects. To better understand the delays these have caused

the workhours logged for these categories are established. After this the delays that have

caused excess work in the pilot project are collected to be included in the interview. This

helps to understand what have been done relating to the quality notifications, and what is the

risk that the same is to occur in the next projects. This can then be taken in to consideration

in the production planning.

2.1.3 Research on lifting operations and delivery

To plan the assembly process of the STU the lifting operations needed during the assembly

are surveyed further. Each larger component in the assembly is researched to establish the

requirements in lifting and moving them. The information for this is searched from the

technical drawings of the components and from lifting instructions, if these are available.

Each components’ lifting possibilities are described, including the mass of the component,

possible lifting points, their location, number and possible dimensions or outfitting.  This is

also done for the finished STU to establish the lifting requirements during the delivery. In

some cases, special requirements for the lift is given, such as maximum angle of the lifting

equipment. Also, in some cases the direction of the lift required during assembly is noted, if

this affects the lifting equipment used. The lifting points are visualized in figures for each

large component. To establish the height requirements for tasks that require demanding lifts

a table is made with the required height and lifting capacity for these operations and the

number of lifting points. This is done to help with the process of selecting suitable lifting

equipment for the production plant as the lifting equipment affects the lifting height.

As the delivery of a component this large can be complicated, the delivery process is

researched further. The possible protections and transport equipment for the STU are

researched using the documentation available in the company. The delivery protections are
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described, and the requirements these bring to the assembly process, or the delivery process,

are established. This includes the added weight from the protections and space requirements

for their installation. Also, the requirements for the pick-up of the finished STU are

established. For further information needed on this topic, any issues relating to the delivery

are gathered for questions for the interviews.

2.1.4 Interview methodology

After the initial gathering of information relating to the topics of interest, interviews are

conducted. Firstly, before the interviews, the issues and questions risen during the previous

parts of the research are transformed in to questions. These questions are then divided into

categories, and for each category appropriate personnel from the company is selected to

answer them. Personnel interviewed are: the supervisors of the production plant where the

pilot projects were assembled, the Quality & Development Specialist in the same production

plan and the R&D Lead Engineer of the next project of I-4000 STU. In addition to the

aforementioned questions, questions about the possible development of the I-4000 product

are designed. This is to establish the changes possibly made to the product. These are

compared to the pilot project production paying special attention to how these might affect

the assembly process. After establishing the questions and topics for the interview, and

assigning the personnel to be interviewed, the interviews are conducted. Interviews are

conducted as a free formed discussion, with recordings or notes kept by the interviewer. The

information is summarized in the research. With this information the precedence graph and

matrix drafts are updated to finished versions. These versions can be used to aid in the

production planning. Also, the estimations of workhours for the assembly and its tasks are

made, based on the data from the interviews and the previous pilot projects. This estimation

is used in the production planning. The methods of applying information obtained with all

the methods described above to the production planning of the product are stated next.

2.2 Production planning methods

The results gotten from this research are applied to the production planning. The production

planning is made in several parts. Firstly, general plans for the assembly process of I-4000

STU are made. The plans are shown graphicly and then dictated. The STUs are numbered

so, that the first project consists of STUs 1,2 and 3 and the second project of STUs 4,5 and

6. The plans are made for 4-hour periods. The graphic versions of the plan show each 4-hour
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period in a column. Each task is shown in bars that are placed in the columns according to

when they are started and finished in terms of the whole timeline of the project. Each bar

contains the task number and the working area it requires. Each bar is color-coded according

to the subassembly it belongs to and outlined in a color that presents the STU it belongs to.

The color of each STU is shown in table 1. An example of the graphic display of the plan is

shown in figure 12. To better explain the process of the assembly each plan is also dictated

in a table. The table shows the cumulative workhour, the tasks done in that period, the STU

for which that task is done, the space those tasks occupy and the requirements they have.

These requirements include lifting capacity and special tools. The lifting equipment,

however, is not mentioned as it can be selected freely following the instructions given earlier

for lifting components. An example of this table is shown in figure 13. Instructions including

an example on how to interpret the graphs of the production plan timeline seen in appendix

I.

Table 1. The color-coding of each STU. The number of STU, the project it belongs to and

the corresponding color are shown.

Number of STU Project Color

1 1 Black

2 1 Red

3 1 Green

4 2 Blue

5 2 Orange

6 2 Purple

This color-coding shown in table 1 is used in several presentations of the production plans.

The graphic displays of the production plans, and the later mentioned layout presentations

of the production plans, use this color-coding on the outlines of the task bars. Another color

is used as a base of the bar to represent the subassembly the task belongs to. The colors of

the subassemblies are shown in table 2. These are not the same colors presented in the

precedence graph, where the color-coding is done differently due to different categorizing

of the tasks.
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Table 2. Colors of the subassemblies used in the production plans.

Subassembly Color

Oil slewing assembly Light green

Slewing bearing assembly Blue

Water slewing assembly Orange

Steering gear rim assembly Green

Foundation assembly Pink

Delivery Teal

Figure 12. An example of the graphic display of the production plans done in this research.

Figure 13. Example of the description of the production plans made for this research in table

form.

The STU number the task,

area or resource is required

for.
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These plans are meant to be suggestions that can be adapted to production plants with

different requirements. To ensure this, plans for the assembly of one STU are made with

different requirements. One is made for an assembly which is done according to the assembly

instructions draft, one is made for as fast of an assembly as possible and one for when the

need is to decrease the worker requirements to a minimum. This provides the possibility to

adapt the production to few different scenarios and give guidelines to possibilities in the

production depending on the needs of the production and the production plant. After this,

one plan is made for the assembly of two projects, with three STUs each, using and adapting

the plan previously presented for one STU. For this larger assembly the balanced plan, made

according to the suggested assembly order from the instructions, is used. The maximum

requirements with regards of space, lifting capacity, production time and the worker capacity

are stated for each plan.

For applying the results to the production plant in Hailikari two plans are made. First one for

one project and the second one for two projects. The first plan is made adapting the suggested

assembly production plan for one STU and the second is an adapted version of the general

plan for assembly of six STUs. The adaptations, and reasons for these adaptations, are

explained and maximum requirements with regards to production time, area and the worker

capacity are stated for each plan. As was with the general plans, the plans for Hailikari

production plant are also explained in similar tables. The difference between these tables and

the previous ones are, that also the specific equipment of Hailikari production plant

suggested for use is stated. Also, adjustments that are required for the successful completion

of this plan are discussed. Reasons for these adaptations are stated, and the production plans

are conducted as if these adjustments have been made. To fully plan the assembly process

of the six STUs, the production plan is applied to the floorplan of the production plant in

Hailikari. Areas that cannot be used in the assembly are marked out in the floorplan. In these

floorplans the whole production time line is laid out, so that areas occupied at each time for

different tasks are shown with shapes. The shapes are in proportion to the floorplan to create

an accurate representation of the space required for the task. The shapes are also color-coded.

The base color of the shape represents the subassembly the task done there belongs to. The

shape outline color shows the STU for which the task is performed. An example of these

layouts is shown in figure 14.



33

Figure 14. Example of the layouts used to show the assembly process happening according

to the production plan in Hailikari production plant.

Finally, the notions risen during the research and the planning of the assembly are gathered

for both the general planning and the planning for Hailikari production plant. Also,

suggestions for the assembly process are made and further research topics are discussed. The

overall process of the research is shown in figure 15 as a flowchart to clarify the process

described above. The main categories of the research are shown with yellow and the

subcategories or sources for information shown with orange, green, blue and grey. The

sensitivity and reliability of the research and information is discussed after gathering all the

results and forming of the production plans and discussing them. In this discussion factors

that can cause variations or unreliability to the results of the research are collected as well as

ways these have been taken into consideration.
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Figure 15. Flowchart of the structure of the research.
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The research is constructed out of literature review from production planning combined with

the information gotten from the company’s own documentation. The information collected

from the company is based on technical drawings, production documentation and product

information. Once the information available is collected any missing information required

for the production planning of the STU is gathered and interviews conducted to obtain this

information. The interviews are summarized and out of the results the information collected

previously is updated. Updated information is then used to plan the production of the STU.

General plans are made for the assembly of one STU, with different variations for optimizing

different resources. Using and adapting these the production of number of STUs can be

planned for production plants with varied resources. As an example, a six STU production

plan is shown graphicly and in a table form. In addition, plans are made for the adapted

production of STUs at Hailikari production plant. These are made for one project with three

STUs and for two projects consisting of three STUs each.
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3 RESULTS

This chapter includes information used in the production planning of the STU. In the first

part of this chapter the information obtained from company’s own documentation is

presented. This information is processed using the production planning tools presented

previously. The presented information is mainly focused around the assembly process, the

task times related to the assembly, the storage capacity needed for the assembly, the lifting

operations and resources needed. In the second part gaps in the information needed are

formed in to questions. These questions are then presented to different personnel at the

company in an interview. The interviews are summarized and the information from them

used to complete the tools for production planning.

3.1 Applied results from literature review

In this chapter the information derived from literature, from both production in assembly

line and its planning and from the company’s internal data, is applied to the production of I-

4000 STU. The information is presented in the order it is likely needed in the production

planning process. Starting from the overall tasks in the process and information relating to

the planning of the time line for the assembly. After this the required storage space for the

components in the assembly is presented. Then the assembly process itself is presented with

the dependencies inside the assembly process. Special lifting operations are observed to

further establish the requirements these present to the assembly process. Finally, the delivery

and the requirements relating to the delivery of large component such as the product is

presented.

3.1.1 Production planning

The first part of the production is the planning of it. This chapter includes information

relating to the planning of the assembly process. This includes the tasks in the assembly

process, the resources needed to perform these tasks and the time it takes to perform these

tasks. Although the product has only been manufactured as a pilot project some production

documentation exists of the product. A draft of the assembly instruction of I-4000 steering

module has been made, as well as a lifting plan and production checklists and inspection
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records for quality control. Based on the assembly instructions there are 30 tasks in the

assembly of the I-4000 STU.

According to the same instructions special tools required for these stages are two M90 sized

tightening equipment with the maximum tightening force of 4077 kN, at least six jack lifts,

two pulley tackles, three dial indicators, rotation equipment and oil filling equipment. In

addition to these the assumption is, that basic tools are available at the production plant. The

estimated task times for these tasks are also calculated in the documentation of the product.

The time it takes to run FAT on the steering module is not included in this estimation. It

needs to be noted that in this estimation the tasks are divided differently than in the task

division used in the rest of the research. The task division used in this research is based on

the more utilized source of the company’s assembly instructions draft.

From the estimation of task times and production days it can be seen that the product was

designed to be performed parallel, partially overlapping or during the same day. Most

notably tasks 2 and 8 were planned to be performed so, that the stages partially overlap each

other in scheduling. From this timetable it can be seen, that the cycle time in the production

plant was planned to be 29 days of production.

For the whole assembly the largest components are the connection block, machining block,

machining block cover, slewing bearing, gear rim, the inner foundation and the outer

foundation. The maximum dimensions and the weight of these components are shown in

table 3. Because of the specific requirements of the ship the dimensions and thus the weight

of the connection block varies from project to project. For the plan the tasks are modified to

suit the task categories referenced elsewhere in this research.

Table 3. Rounded values of maximum weight and main dimensions of the largest components

in the STU of I-4000. The dimensions and weights are obtained from the technical drawings

of the parts and then rounded either to nearest thousand or hundred depending on the value.

Component Weight [kg] Height [mm] Diameter [mm]

Connection block

~min. 31 000 1400 4100
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Table 3 continues. Rounded values of maximum weight and main dimensions of the largest

components in the STU of I-4000. The dimensions and weights are obtained from the

technical drawings of the parts and then rounded either to nearest thousand or hundred

depending on the value.

Component Weight [kg] Height [mm] Diameter [mm]

~max. 43 000 2500 4100

Machinery block 34 000 1700 5500

Slewing bearing 25 000 600 4600

Gear rim 11 000 200 4600

Cover 5 500 200 6000

Inner foundation 700 1200 2100

Outer foundation 2100 600 4100

Motor and gear* 1500 1300 600

Pinion 900 800 800

*Estimations, depending on the project and the motors and gears used

From the literature review estimations of the task times in the assembly of I-4000 STU were

gathered. This totaled to a cycle time of 29 production days. This was seen from appendix

II. When reviewing the hours that went into the pilot projects it can be seen, that this

estimation cannot be relied on. For the pilot projects four STU modules were build, these for

made for two separate projects. The first project included two STUs and the assembly of

these took 94 % and 152 % more workhours than estimated. To this, 80 % of the estimated

work hours needs to be added that were logged for quality notifications made during the

assembly. The second project also included two STUs and the assembly of these took 42 and

34 percent more work hours than estimated plus the addition of 10 % of workhours from the

estimate for quality notifications. The average from these hours makes the assembly time of

one STU 1.81 times the estimate hours, not including quality notifications. This is almost

double the estimation. When comparing this to the estimation of work hours the reliability

of this estimation needs to be questioned.

These workhours were divided underneath the following task names: piping and armament,

setting, assembly of the turning slewing, installing the slewing bearing, cleaning and

preparing parts, installing the gear rim, installing pinions, installing motors, outer and inner
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foundation installation, testing, shipping and shipping preparations. The division of the more

precise tasks under these larger task categories is listed in table 4 below. This division is

however only an estimation. There is no certain knowledge which precise task has been

logged under which workhour category. This makes the estimations of precise task times

hard when using only the workhour information collected from pilot projects.

Table 4. The precise task and their categorizing under more general tasks.

General tasks Task
1 Piping and armament 28

21
2 Setting -
3 Assembly of the turning slewing 2

3
8
9
12
14
16
17

4 Installing the slewing bearing 5
6
7

5 Cleaning and preparing parts 1a
1b
4

6 Installing the gear rim 10
11
13
15

7 Installing pinions 18
19
20
22

8 Installing motors 27
9 Outer and inner foundation

installation
24

25
26

10 Testing 29
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Table 4 continues. The precise task and their categorizing under more general tasks.

General tasks Task
11 Shipping and shipping

preparations
30

The decrease in workhours when moving from the first pilot project build to the second can

be explained with a learning curve in the assembly work. The first project took significantly

more workhours as the assembly workers and supervisors had no clear instructions on how

the module was to be assembled. No proper instructions for this was established before this

project. The workhours that went in to the second project are more reliable. This is because

the knowledge of the assembly was already established. The workhours are collected from

task related codes logged by the employee, so some error might occur. Especially work

periods shorter than half an hour need to be looked at critically, as they might be a faulty

code from when first arriving to the production plant. As there is only data from four STUs

with task times for the assembly process no distributions are statistic mathematics can be

used in the analyzing of these.

 The workhours for the pilot projects were processed to create graphs of the hours that went

in to tasks and were logged for different employees. These were done for each STU. Also,

for average of both projects and the projects together the task hours cumulated are calculated.

In both projects, it can be seen from the dates when the workhours were logged, that in these

projects both STUs were built at the same time. This causes some unreliability for the

individual logs of one STU. It is caused by the possibility of a worker doing the same task

on both STUs, and not changing their work-code in between. This means that when viewing

these workhours, the project averages are more reliable than the individual STU workhours.

 These workhours do not include the hours done for quality notifications, which are logged

under different codes. The workhours do include work done as overtime work. The work

done for quality notifications, that can be calculated as a part of the production, is for the

first project 15 % of the total work hours and for the second 3.5 % of the total work hours.

As an overtime work a total of 2.8 % of all workhours were logged as an overtime work. In

the first project hours were 4.3 % were logged as an overtime work for the other STU and

1.7 % for the other, adding the total of overtime work for first project 3.1 % of the total

workhours. For the second project 2.3% of overtime work was logged out of the total

workhours. This was divided so that the percentage of the total workhours logged as
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overtime work per STU were 1.9 % and 2.8 %. It needs to be noted that these hours only

include work done on weekends and do not include hours done on weekdays if a worker has

done more than the set number of hours on a weekday. The division of these work hours for

each task category as a percentage of all workhours can be seen from table 5 below.

Table 5. The workhours logged for each STU in both pilot projects divided by the category

of the task.

In the table 6 the workhours and the overall averages are presented. In addition to these the

project specific averages for total workhours are 204.5 % of the estimate for project 1 and

140.3 % the estimate for project 2. These averages and the division between task categories

are presented in figure 16. These hours in the figure does not include hours logged for quality

notifications but does include the overtime workhours done for the projects. To better

demonstrate the division of workhours for different task categories a graph of the average of

Task Project

1 STU 1

Project 1

STU 2

Project 2

STU 1

Project 2

STU 2

AVG

Setting 4.7 % 0.8 % 2.8 % 1.2 % 2.3 %

Cleaning of parts 3.2 % 2.8 % 1.7 % 10.6 % 4.4 %

Turning slewing assembly 14 % 22.1 % 11.9 % 15 % 16.4 %

Slewing bearing installation 14 % 3.1 % 7.3 % 8.3 % 7.8 %

Gear rim installation 0.6 % 6.7 % 10.1 % 6.1 % 5.7 %

Pinion installation 13.7 % 9 % 8.7 % 10.4 % 10.4 %

Turning gear installation 5.2 % 3.5 % 1.4 % 2.1 % 3.2 %

Motor installation 4.5 % 5.9 % 7.2 % 14.3 % 7.5 %

Foundation installation 1.1 % 3.1 % 5.4 % 1.9 % 2.7 %

Pipeline assembly 23.8 % 24 % 34.9 % 23.7 % 26.2 %

FAT 15.2 % 5.9 % 0 % 1.8 % 6.3 %

Delivery preparations 0 % 13.1 % 8.6 % 4.6 % 7.2 %

Total 100 % 100 % 100 % 100 % 100 %

 + Quality notification

workhours

14.9 % 3.5 % 10.3 %

Total compared to estimate 176.8 % 299.6 % 130.2 % 150.3 % 172.4 %



42

this division is shown in figure 17. This figure 17 includes the average logged workhours

out of both pilot projects.

Figure 16. The average workhours by task in both projects separately and the average for

the combined projects.

The main workhours connected to quality notifications are for the assembling of the

workstation and the rotation of the component during assembly. These are logged for a

quality notification because they are time consuming stages that does not have their own

categories and are specific for this type of STUs.
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Figure 17. The division of workhours logged for task categories as an average from the two

pilot projects.

To estimate more accurately the need of manpower for each task the data from the workhours

was categorized according to the employees and according to the work phase. From these it

can be seen how many workers were working on the STU on each day. This data can be

cross referenced to what tasks were performed that day. From these two graphs the timeline

of the assembly with respect of the worker number and then the number of hours done that

day per task can be done for each STU. These graphs can be seen in appendix III. From these

figures it can be seen that, one of the most time-consuming tasks is the pipeline assembly.

This task is also one with the least amount of information available.

After establishing the requirements for the assembly of I-4000 STU it is important to view

the requirements the production plant faces that are not directly related to the assembly. In

the next chapter the storage space requirements are overviewed to establish these

requirements.
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3.1.2 Storing of components

When considering the warehouse operations inside the assembly plant the first problem

arises when considering the storing of the larger components. These components are all

specially made for the project, which means that the delivery times are long for these

components. Especially when assembling several components within shorter time, problems

with warehouse space might arise. The delivery times for components are dependent on the

supplier. Due to this variation no reliable estimations of these can be made, as it is project

specific. However, the space required from the production plant in the storing of the

components needed for the assembly can be estimated. This is done using the measurements

of the larger components in the assembly and comparing these to the size and packaging size

of other similar products in production. This gives estimations of dimensions added to the

component by packaging and delivery protections. These estimations are presented in table

6. The estimations shown in this table are only the estimations of the sizes of the packaging

and for a single component.

Table 6. Estimations of packaging sizes for larger components of the STU assembly. For

each the possible option of storing components in top of each other to save on the storage

space needed is presented.

Component Space requirement Stackable

Oil slewing 4.5*4.5 m Yes

Upper slewing liner 3.7*3.7 m Yes

Water slewing 4.5*4.5 m Yes

Slewing bearing 5*5 m Yes

Steering gear rim 5*5 m Yes

Motors 1*1 m No

Pinions 1*1 m No

Gear 0.6*6 m No

Machinery block 5.4*5.4 m No

Connection block 4*4 m No

Cover 4*4 m Yes

Inner foundation 2.1*2.1 m No

Outer foundation 4.1*4.1 m No, but fits in large shelves
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In the case of three steering modules build, to be finished at the same time, the requirements

for the storage floorspace needed are the following: three 6 meters times 6 meters areas for

the machinery blocks, two 5 meters times 5 meter areas for stacked slewing bearings and

gear rims,  two 4.5 meters times 4.5 meters areas for stacked oil slewing and water slewing

components, three 4.1 meters times 4.1 meters area for the outer foundations, three 4 meters

times 4 meters areas for the connection blocks, one 4 meters times 4 meters are for stacked

covers, one 3.7 meters times 3.7 meters area for with shelves for three upper slewing liners,

three 2.1 meters times 2.1 meters area for the inner foundations. These are shown graphically

in figure 17. Since stacking more than three components on top each other might cause too

much load on the bottom ones this is not recommended. This means that in the case of six

STUs for two projects the storage space needed is doubled from what is presented in the

figure 17. The storage space is calculated for STUs with four motors. This needs to be taken

in to account if the project includes different number of motors for the STU.

Figure 17. The storage space needed for the assembly of three STUs shown graphicly. In

each form the area is stated and the component that it occupies.

With these area reservations for storage space the assembly of I-4000 STUs is possible.

When placing the components in the storage area the order of assembly should be taken into

consideration. If, for example, component is stored in front of another component, the one

on the front most should be the one taken in to the assembly process first. This enables the

minimization of lifting procedures. Same applies to the stacking of components, the one on

the top should be for the first STU to be assembled. In the next chapter the assembly process

is described in more details to establish the possible assembly order.
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3.1.3 Assembly

Based on the draft of the assembly instructions a precedence graph and matrix can be drafted.

However, these are not final versions of these as the assembly instruction only provides a

guide on how the assembly is the most convenient to organize and does not provide all the

options for possible modifications of the steps and their relations. These drafted versions of

the precedence graph and matrix are included in figures 18 and 20. To further clarify the

missing information needed for these tools, information using interviews from assembly

workers and supervisors is utilized in later chapters. In the precedence graph the

subassemblies are shown with similar colors.

Figure 18. Precedence graph draft based on the information gathered from the literature

review and especially from the assembly instruction draft of the I-4000 STU. Steps are

numbered according to the listing presented in this research previously

The precedence graph draft in figure 18 can be divided into smaller sections based on the

subassembly it is related to. Firstly, shown with light blue is the subassembly where the tasks

1 – 7 are performed. The relations between these tasks are pictured so, that tasks 1 and 2 has

no relation to each other and thus can be done parallel. Both tasks are required for the

completion of tasks 3. Task 4, however, has no relation to these previous steps and can be

done separately from these tasks. This enables the parallel completion of this task with any

of the previous tasks, if other resources, such as workforce and space, allow it. The
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installation directions needed for the completion of task 3 is from the floor up and for the

task 5 from the top direction down. According to the assembly instructions the tasks 3 is to

be performed first, but the instruction does not clarify if it is possible, if needed, to either do

these steps parallel or to change the order of these steps. This could be possible due to the

different assembly directions. That is why the relation between tasks 3 and 5 is left undefined

in the draft. However, task 6 requires completion of tasks 3 first. Otherwise this restricts the

access to the assembly direction needed for task 3. Therefore, the steps 3 and 5 are directly

related and so are the steps 5, 6 and 7.

Second subassembly in the precedence graph draft is shown in darker blue color. It consists

of the steps 8, 9 and 1b. The step 1b can be performed parallel with the first subassembly. If

resources allow it, this subassembly can be performed at the same time as the first

subassembly presented previously. This procedure, however, requires more space as both

subassemblies include two large components: the machinery and the connection block.

According to production drawings the machinery block weighs around 34 000 kg, with

maximum dimensions of just below 5500 mm in diameter and 1700 mm in height. The

connection block has a maximum diameter of little over 4000 mm, but the height and the

weight vary according to project specific dimensions. As an example, the height of the

connection block designed for one of the pilot projects was just below 1500 mm and the

weight 31 000 kg. Task 8 will require space enough for components with the maximum

diameter of little over 4000 mm. Task 3 requires space for components with the maximum

diameter of 4200 mm.

The third subassembly is shown in the precedence graph draft in yellow color. This

subassembly includes tasks 10 – 15. Task 10 is required to be performed first and after this

the other tasks are required to be performed in numerical order according to the assembly

instructions draft. This can be seen in figure 19, where the parts in this assembly are shown

and the location of these. Also, task 13 is suggested in the assembly instruction to be done

here. This is said to help with the task 15 as it helps to protect the assembled parts from

contamination. The relations in the tasks between others in this subassembly are simply

linear: tasks can only be done in one order starting from task 10 and ending to task 15.

However, the relations of tasks in this subassembly to those of other subassemblies are not

clearly stated in the assembly instruction.
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When considering the relations between the subassemblies the following notions can be

made. The subassembly pictured in light blue needs to be completed before this third

subassembly, as you cannot install more components from above to the machinery block

without first performing task 7. This is due to the same assembly direction. The relation

between this subassembly to the second subassembly is more unclear. The assembly

instructions suggest doing tasks 8 and 9 before task 10. However, no particular reason is

given for this order, nor is it stated that you could not do it in another order. For example,

instead of doing the tasks in numerical order, could the tasks 10-15 done before task 9. That

is why the relation between tasks 9 and 10 is left undefined.

Fourth subassembly separately defined is the subassembly marked with green, which

includes the tasks 16 – 18. For this subassembly tasks 9 and 10 needs to be done before

starting. Task 10 is related to the task 16 because of the final placement of the components

in these tasks. Tasks 16 is performed between the connection and machinery block, requiring

the assembly to be progressed to this point. This placement is shown in detail in figure 19.

below. However, as task 9 has an installation direction from bottom to top, and the

subassembly concerning tasks 10 – 15 is installed from above, these steps can be done

parallel if there is enough workforce. Executing these subassemblies at the same time does

not require more space as it would require doing them in linear order. Only requirement for

this method is that the subassembly from tasks 10 to 15 needs to be finished before task 18,

limiting the process to end with the combination of 17 – 18 or 18 – 17. The reason for the

undefined relationship between tasks 17 and 18 is the lack of knowledge regarding task 17.

The assembly instruction does not define the procedure and thus it is impossible to know if

this task can be performed only before task 18 or can it be done after.
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Figure 19. The placement of the water slewing between the connection block and the

machinery block. The water slewing is circled with red. The slewing bearing is shown yellow

in the figure.

Fifth, and final, subassembly with some undefined relations is the subassembly marked with

lime green in the precedence graph draft. The relations between these tasks are mostly

explained in the assembly instruction. Task 20 is performed on top of the machinery block

cover, which requires the completion of task 19 before the task 20 is performed. After this,

task 21 is needed for the completion of tasks 22. The relations tying this subassembly to the

previous ones are however not exactly defined. The instructions suggest that task 18 is done

before task 19 can be performed. Because of the height of the component, and thus the

working area, it can be assumed that the completion of task 18 creates safety for the task 19

and those performed after. This however is not clearly stated in the assembly instruction,

and therefore the relation of task 18 to others is undefined.

Last subassembly depicted in the precedence graph draft, in grey, is totally linear

subassembly with no room for deviations according to the assembly instruction. In this
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subassembly the rest of the product is installed on top of the machinery block. Task 24 is

performed on top of the cover, requiring the completion of task 19. Task 27 is dependent on

the completion of task 20. Thus, task 20 is required before the completion of task 27. This

leaves the possibility of assembling this subassembly task by task, starting from task 23 and

moving on to task 24. Only undefined relation is that could the task 23 be performed earlier,

if needed, as the need for this is not mentioned after the task 15.  However, this would not

enable the completion of task 24 any earlier. The assembly instruction does not state the

reason for this suggested order performing task 24 before 27. This leaves the question if the

task 24 could be performed parallel to task 27. Task 28 is categorized as a single task, but

parts of this task can be done during other tasks in the assembly process.

Based on these explanations of tasks relations and undefined relations, a precedence matrix

is composed where all undirect relations of tasks can be easier to see. This matrix is shown

in figure 20. The possible points of bottlenecks forming in the production process would be

the tasks with most relations. Long chains of linear dependencies in the tasks can create a

risk of cumulative delays forming. Based on the precedence matrix drafts tasks like these

could be for example tasks 10 – 15 and tasks 23 – 28. Stacking of minor delays can in these

task series cumulate in to large delays. When other subassemblies are dependent on the

performance of these subassemblies this can cause large problems in the timeline of the

production.
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Figure 20. Precedence matrix draft based on the precedence graph draft and information

from literature review.

When considering the resources needed for each step during the assembly, the size of the

components and the assembly that far, needs to be taken into account. Also, special tools

and requirements for these is another factor to be noted. These are collected to appendix IV.

It needs to be noted that the weights in the table in this appendix are estimations and are

gathered from the technical drawings of the components. This means they do not include the

weight of small parts under 20 kg weight, such as attachment screws and piping. Also,

generally available tools, such as wrenches and torque arms with torques less than 200 Nm,

are not listed. When considering the space requirements, it can be stated that any steps

performed after lifting the component onto the workstation are performed on the
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workstation. This means that the component is not moved after this and is tied to the

placement of the workstation. The task areas are calculated so, that depending on the

requirements of the tasks either 0.5 m or 1 m room is left on all sides of the largest component

used in the subassembly.

From the appendix IV it can be seen that the full weight of the component is from 137 tons

to 153 tons. This weight depends on the project specific dimensions and the variation comes

from the weight of the connection block and the amount of motors that are used in the STU.

However, even with the minimum weight the lifting of the assembled component requires

special lifting plan and instructions. When considering the equipment needed for the

assembly it is important to note that the stud bolts in the slewing bearing and the gear rim

assembly needs to be cleaned before installation. This does apply to many components that

come protected with grease or oils during the delivery. However, most of these components,

such as the slewing bearing and the gear rim are cleanable by hand, but the stud bolts are

not. The threading on them, and the amount of the stud bolts, makes them highly labor

intensive to clean individually. Therefore, it is recommended to have an industrial washer

for these parts to automatize the cleaning process.

The quality notifications made for the pilot project consist of 30.3 % of problems relating to

surface treatments of the parts, 24.2 % of issues documented are related to missing or faulty

documentation, 33.3 % of issues relating to problems with the suppliers and 12.1 % issues

relating directly to problems in the assembly process. These quality notifications are only

the ones made in the assembly process of the STUs in the projects. All of these have affected

the assembly process in some degree, however only 24.2 % of these have caused the logging

of workhours for that specific notifications.

Out of the workhours that were logged for quality notifications almost 48 % of the hours

were logged for the workstation assembly. However, these are logged all in the same month.

This would mean that either the workstation was just build once, and then stored assembled

until the assembly of the other project, or that the hours that went in to assembling the

workstation for the other project are lacking. Around 30 hours were logged for the clearance

measures of the pinions and the gear rim. These are also logged to the same month and

cannot thus include both projects.  Around 10 % of the hours were logged concerning
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corrections that are related to mistakes from the suppliers, such as wrong surface treatments

or materials in components. Around 13 % of the hours were logged concerning a lack of

instructions.

The tasks included in the assembly of the product, and information related to these, are

researched in this chapter. Any missing information, or unclarities in the information

collected, during this research are collected later in to questions for the interviews. However,

even if the relations of tasks and requirements for these are researched, the success of the

assembly cannot be ensured until the requirements for moving and lifting all of the

components in the assembly are established. In the next chapter the main focus is on the

lifting operations needed for the components and in the assembly tasks.

3.1.4 Lifting

Because of the heavy weight and large size of the product, and the components in the

product, it is important to map out the lifting requirements for the assembly and delivery.

For this purpose, every lift during the assembly with special requirements are gone through

in this chapter. The first thing to note is that the full weight of the component, with its

transportation equipment, can be almost up to 153 tons. There are 4 lifting points in the

finished module, and in technical drawings the angle of the lifting chains towards the center

of the module is limited to maximum of 15 degrees due to the structure of the module. The

location and dimensions between the lifting points and the center of mass of the module is

shown in figure 21. The position of the center of the mass depends on the project specific

dimensions and especially from the dimensions of the connection block. Once lifted, the

module could be moved using other equipment, such as air float movers. For transportation

the module needs to be at least 1 meter above the ground to allow the transport vehicle to fit

below the module. With the lifting points at 2300 – 3400 mm above the ground when the

module is on the ground, and the height of the module after the lifting points is a bit over

1800 mm, this requires the estimated lifting space of 4100 – 5200 mm depending on the

project specific dimensions. To this the added increasing of height from the chosen lifting

gear need calculated. For adding this height, the location of the lifting point needs to be

noted. The dimensions are also shown in figure 22.
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Figure 21. Lifting lug positions in the finished assembly, dimensions do not include

transportation equipment.

The cleaning of the machinery block and the connection block does not require lifting, but,

if the blocks are moved from warehouse to the production for the cleaning, lifting them is

necessary. The machinery block weighs as a standard in the assembly 34 tons and it has four

lifting points. The location of these lifting points is shown in figure 21 above. The connection

block is lifted using two lifting points structured in to the component. These lifting points

are at the centerline of the component and are 90 mm diameter holes machined into the

component. These are shown in the illustrations in the figure 22 below.
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Figure 22. Illustration of the lifting points on the connection block. On the left is the location

when looking at the connection block sideways on the centerline, on the right an illustration

from above.

The assembly of the oil slewing requires lifting equipment suitable for maximum weight of

around 300 kilograms. The rings in the oil slewing all have four lifting points fitted with

M12 or M8 threaded holes. The lifting points in the slewing rings are on the sides of the

rings. The lifting of the oil slewing on to the machinery block happens from below. This can

be done either using jack lifts, in which case the slewing stacks cannot be placed on top each

other, because they need to be lifted one by one. Other option is to use threaded rods to lift

the stacks in place one by one.

 For the slewing bearing cleaning the same applies as in the cleaning of other components.

Lifting is not required unless the component is moved from the warehouse for the cleaning.

In the case of the slewing bearing the bearing is fitted already with three M48 lifting lugs

and the bearing weighs 25 tons. The slewing bearing can also be lifted from another set of

three M48 threaded holes fitted for lifting purposes. For the installation of the bearing onto

the machinery block, the lifting needs to be lined straight in order for the installation to be

successful. For this the lifting gear needs to be adjustable and equipment for checking the

alignment of the component is required. For this some levels can be used and a scale to

ensure the detection of any changes in the lift. With the scale it is easier to detect if any part

of the bearing is contacting other components. For the installation of the stud bolts on the

slewing bearing a lifting crane is needed, as the stud bolts weigh just below 50 kilograms

each and thus cannot be lifted by hands ergonomically. The lifting points for the oil slewing

rings and the slewing bearing are shown in figure 23.
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Figure 23. The lifting points on the slewing bearing on the left. Two optional lifting places

are shown, one on the outer perimeter of the bearing and other on the inner perimeter. On

the right an illustration of the 4 lifting points on the sides of the slewing rings for oil slewing.

Depending on the ring the hole is threaded with either M12 or M8 thread. The lifting points

on the water slewing rings are similar than the oil slewing rings.

The water slewing assembly requires a lifting crane with maximum lifting capacity of at

least around 1300 kilograms. The rings for the water slewing have similar lifting points as

the oil slewing rings. All have four lifting points which are threaded M12 or M8 holes that

can be used to connect the ring to a lifting beam or gear. The connection block can be lifted

inside the water slewing using the same equipment as was used to unload it, or to move the

connection block from the warehouse area. What comes to the joining of the mounting and

connection blocks, the lifting capacity requirements differs depending on what stage the

joining is done. Depending on this the capacity needed varies from 62 tons to 77 tons. The

lifting is done similarly as the lifting of the machinery block around the oil slewing, only

with bigger mass. The lifting operations included in these tasks are the steering gear rim,

upper slewing liner, upper slewing and the machinery block cover.

For the steering gear installation lifting equipment with the capacity of 11 tons is required.

The steering gear rim has four lifting points with threaded M36 holes, where the lifting lugs

can be installed. For the placement of the steering gear rim, steering stud bolts needs to be

lifted into place. These weigh just below 50 kilograms and need to be lifted using lifting

equipment. The upper slewing liner needs equipment with the minimum lifting capacity of

M48
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around 800 kilograms. The liner has three lifting points that fit a M24 threaded lifting lug.

The machinery block cover weighs little over 5 tons and it has four lifting points outfitted

with M25 lifting lug places. For the upper slewing, similar rings as in water and oil slewing

need to be lifted inside the machinery block. The difference between these slewing rings

compared to the water and oil slewing is that these rings cannot be lifted from the sides. The

installation is too tight to allow for added sideways dimensions. This leads to the fact that

the lifting points for these are on top of the rings. The lifting points are M16 threaded holes

and there are four of these in each ring. For even lifting, tools like a H-beam between the

crane and the ring can be used to ensure a direct and even lift. This requires minimum lifting

capacity of around 200 kilograms. The outlining of these parts and their lifting point

placements are shown in figure 24 below.

The installation of the steering gear rim requires a lifting crane, as the stud bolts used to join

these blocks weighs around 50 kilogram each. The stud bolts all have M12 threaded holes

on the top of them for the installation of a lifting lug. After this the component needs to be

lifted onto the workstation. For this minimum lifting capacity of 112 tons is required, but,

depending on the project, capacity of 123 tons can be required if the connection block is

heavier. The joined construction is lifted using the lifting lugs on the machinery block and

the limitations for the angles of the lifting gear, if lifted using a crane, applies. The

component is installed on to the workstation so, that one side of the workstation opens

allowing the moving of the component on to it sideways. This means that it does not need to

be lifted over the railing of the workstation, only to the height where the component is set

on to the workstation. The assembled workstation is going to be 4.5 meters of the ground

and the assembly is fitted so that it is around 2000 mm above the ground after fitted on to

the workstation. The assembly lies supported from the bottom of the machinery block. This

makes the height of the space needed for the lifting at least 5400 mm to allow the lifting of

the components in to the module. As in other lifts the height from the lifting equipment used

in the lifts needs to be added. It needs to be noted that once the workstation is assembled all

the remaining tasks are to be performed on that workstation. This means that all the lifts

required for the assembly needs to be planned so, that the height of the space allows them.

The most requiring lift in this perspective is the lifting of motors as this is the highest

component in this direction, requiring at least 5600 mm height, with the addition of the space

for the lifting equipment.
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Figure 24. Lifting points on the upper slewing liner (upper left), upper slewing rings (upper

right), steering gear rim (bottom left) and the machinery block cover (bottom right).

The water slewing is instructed to be lifted onto its place using a jack lift. The water slewing

is attached onto the connection block so, that the interface is the upper facet of the slewing.

This means that lifting cannot be done by attaching anything to the upper facet of the

slewing. This makes the lifting possible only from below. The water slewing subassembly

weighs around 3 000 kilograms. For even lifting at least three lifting points needs to be used

when lifting. The workstation needed for the assembly of the upper parts of the STU requires

lifting for parts with the maximum weigh of around 1500 kilograms. The pinion installation

requires minimum lifting capacity for 900 kilograms. The pinion has a lifting point that is

M20 threaded hole. The motors require estimated lifting capacity of 400 kilograms and the

gears 1100 kilograms. The gears can be lifted using four lifting lugs integrated into the

structure. The diameter of these lugs is 40 mm. The position of these lifting lugs for gears

and pinions are shown in figure 25 below.

M 16
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Figure 25. The lifting of the gear (left) and the pinion (right) for I-4000 STUs. The gear lift

can be done as a 4-point lift, using the structured lifting lugs with 40 mm diameter holes.

The pinion is lifted using lifting gear that fits into M20 threaded hole.

The inner foundation weighs a little over 500 kilograms. In the technical documentation it is

shown that no certified lifting points are documented. The structure however can be

presumed to endure if lifted using the holes in the inner perimeter of the structure, or the

beams connected to the inner perimeter of the structure. These are calculated to endure the

lift as they are structured to hold larger masses on top of them. These structures are not a

part of the STU. For the outer foundation the same applies. No specified lifting points are

shown in the technical documentation of these parts. However, the structure can be expected

to hold if lifted from the holes in the inner perimeter of the top surface of the component.

The outer foundation needs the minimum lifting capacity of 2000 kilograms. This lack in

the technical documentation needs to be noted, however. The suggested lifting points for

these foundations are shown in figure 26 below. If using the suggested holes for lifting lugs

the lift can be done as a 3 or 4-point lift.



60

Figure 26. On the left the suggested lifting points for the inner foundation. The holes on the

inner perimeter has the diameter of 23 mm. Also, the beams shown in red can be used for

lifting. On the right the suggested lifting points for the outer foundation are shown. The outer

perimeter points are 23 mm diameter holes without threads and the inner ones are threaded

M20 holes.

The height requirements of each lift operation are shown in table 7 below. To all heights the

required space for the lifting equipment needs to be added, as this varies on the equipment

and cannot thus be calculated. These heights include only the combined dimensions of the

components and do not include required clearances either.

Table 7. The height requirements of the most demanding lifting operations during the

assembly of the STU of I-4000. The values in the table are rounded values. Values are

rounded to the next 100 mm or 100 or 1000 kg.

Required
height [mm]

Required minimum
lifting capacity

Lifting points

Installing slewing bearing 2300 26 tons 3
Installing gear rim* 2700 11 tons 4
Joining connection and machinery
block*

4200 61 tons 4

Installing inner foundation 5500 600 kg 3 or 4
Installing outer foundation 5000 2.1 tons 3 or 4
Lifting to workstation** 5500 114 – 130 tons 4
Installing motors 5600 500 kg 3
Installing gears 4400 1.1 tons 4
Installing pinions 5200 900 kg 1
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Table 7 continues. The height requirements of the most demanding lifting operations during

the assembly of the STU of I-4000. The values in the table are rounded values. Values are

rounded to the next 100 mm or 100 or 1000 kg.

In this chapter the lifting requirements relating to the assembly tasks established earlier are

researched. The component which assembly and lifting are researched in these previous

chapters needs to be delivered to the shipyard. For the transportation certain resources are

required and precautions made. These are researched in the next chapter.

3.1.5 Delivery

The delivery for a component of this size requires several resources. Firstly, for the delivery

the component is packaged and protected. The packaging itself does not require special

resources, but the protection during the delivery does. The current protection is constructed

of a base plate that protects the STU from below and closes the opening in the bottom. In

addition, there are separate guard plates to the sides to protect the STU from hits to the

bottom half and a construct on the top that protects the engines from hits coming from above.

The sketch of the delivery protections is shown in figure 27. The equipment needed for the

assembly and installation of the delivery protections is listed in the instruction Azipod®

Steering Module I-4000 Transport Equipment.

The protections are made from metal materials which means that they add a substantial

amount of weight to the STU. Depending on the project specific dimensions and the size of

the connection block the weight added is from 7 000 kilograms to 12 000 kilograms

according to technical drawings from the year 2015. With the latest version of delivery

protections, the standard weight for the delivery protections is 7000 kg. The installation of

these requires a lifting crane of several tons, as the heaviest part of the protections, the base

plate, weighs 5600 kilograms. In addition, space for lifting during the delivery preparations

Required
height [mm]

Required minimum
lifting capacity

Lifting points

Installing machinery block cover 2700 4.4 tons 4
* The height is dependent on the project specific dimensions of the connection block. Can be
up to 1000 mm more.
** The height is dependent on the project specific dimensions of the connection block. Can be
up to 1000 mm more.
Also, the required lifting capacity varies due to the same fact.
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is needed. It increases the demand of the lifting resources during the pick-up as the weight

of the transport equipment is added to the weight of the component. With the addition of this

added weight the component is so heavy that only one STU can be loaded onto a transport

vehicle.

Figure 27. The delivery protections designed for I-4000 STU. The protections are shown in

the figure with yellow and the STU with grey.

During the pick-up the space requirements are dependent on the vehicle used for transport.

The height of the component with the delivery protections is from 4500 mm to 5600 mm

depending on the project specific dimensions. This needs to be lifted, depending from the

transport vehicle from 700 mm to 1500 mm above the ground during the loading of the

component on to the transport vehicle. The required height of the space depends on the lifting

equipment used for the lift and should be calculated for each production plant separately to

ensure the required height clearances for loading. Otherwise the space required for the pick-

up is such that the transport vehicle fits inside the production plant safely for the loading.

Depending on the vehicle this means a space wider than 4 meters and up to 25.5 meters long

(Elinkeino-, liikenne- ja ympäristökeskus 2013, p. 5 – 6). This space should otherwise be

empty except for the component that is loaded on to the vehicle.
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Any issues or notions risen during the presentation of the information previously are

collected in to the next chapter. There it is formed in to questions which are answered by

personnel working with the product. Their answers and notions are collected in this chapter

as well.

3.2 Interviews

The interviews needed for this research are conducted as a free formed interview due to the

complexity of the questions and topics referred to. The questions dealt with in these

interviews are listed on this section. Also, the personnel best suited to answer these questions

are listed. The conclusions and the summary of these interviews are written out in this

chapter.

3.2.1 Questions based on the collected information

The main emphasis on questions risen during the review into the product and the production

plant is on information that is related to topics that could be best answered by the production

plant supervisors. Firstly, there are the questions including the dependency of different tasks

during the assembly. The unclarities from the assembly instruction draft are mainly related

to the possible alterations to the order of tasks. The questions relating to these are the

following:

- If needed, could the task 9 be performed after the tasks 11 – 15?

- What are the requirements for tasks 17? What needs to be done before the task

and after what cannot the task 17 be done?

- Is there a reason why the task 19 cannot be done straight after task 13?

- What are the tasks that require the task 18 performed before them?

- What needs to be done before the task 23 can be performed?

- What are the tasks that cannot be done before the task 14?

- What are the tasks that cannot be done before the task 16?

- What are the tasks that require specially educated personnel?

- What are Hailikari production plants specific requirements for the delivery of the

product?

- Can the task 27 be done simultaneously with the task 24 – 26?
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Secondly there are the questions relating to the work hours of the STUs build in the pilot

project. These as well are best suited to be answered by the supervisors working on the pilot

projects. The main questions risen from the research are:

- Can estimations about the more precise task related hours be made on base of the

pilot project workhours?

- How many workhours does the assembly of the workstation take?

- Is there room to decrease the workhours of the STU assemblies from the pilot

project workhours?

- Are there ways to decrease the amount of time taken by tasks? Especially task 28

and 2 – 3.

Thirdly, the reasons for quality notifications made in these two pilot projects are investigated

further. The reasons for these should be verified and also, what could be done to avoid the

repetition of these? Relating to this the supervisors are one source of information, and then

further, the designers for the next project planned with I-4000 STUs could be used as an

information source. The designers of the upcoming projects of I-4000 STUs could answer

what actions were taken relating to these? What changes have occurred in the next project

when comparing to the pilot projects and how are these to affect the assembly of the STU?

Also, it could be useful to establish what changes are coming to the assembly space in

Hailikari.

Based on these questions the interviews are conducted and the results from these are

summarized in the next chapter. The interviews are done for three different groups of

personnel from the company. Each category has questions divided according to their

specialty.

3.2.2 Interview results

According to the interview conducted with the supervisors in the assembly plant where the

pilot projects were assembled, several notions about the relations between the tasks were

made. The connection between tasks 3 and 5 is related to the ergonomic aspects of the

assembly. The task 3 can be performed after the task 5. However, the task 3 is easier to

perform before, because of the restrictions to movement that the components in task 3
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presents if done before task 5.  Also, in the interviews it appeared that the task 23 can be

deleted from the task list. (Supervisors 2019a.)

Task 9 is another task where ergonomic solutions have dictated the order of the tasks. The

preferred order of tasks is to perform the task 9, and then perform the task 10. However, it

is possible to first do the task 10, then tasks 11 – 15 and then do task 9. The reason why the

former order is preferred is the more controlled lifts in the assembly process comparing to

the latter order, where the lifts involve a large assembled component to be fitted in to tight

fittings. The order of tasks in this situation changes the lifting operation from 2-point lift to

a 4-point lift. This might be a factor in deciding the order depending on the lifting equipment

available. The task 16 cannot be done after the task 18. This is because of the space

restrictions, caused by the workstation, below the connection block. (Supervisors 2019a.)

Task 17 needs to be made so, that in case of any problems in the task, the de-assembly needed

is minimal. Due to this, the oil slewing can be tested in the middle of the task 15. This way,

if there is leakage on the slewing, the time-consuming de assembly can be minimized. The

task 17 can be done after the task 12 and before task 18. However, if needed, the task 17 can

also be performed after the task 18. The upper slewing can be tested once the task 14 is

completed. (Supervisors 2019a.)

The task 19 can be done straight after task 13, if desired. The reason for the instructions to

state that the task 18 is done before task 19 is that otherwise the operation requires harnesses

or other precautions due to the height of the component. This is avoided with the railing on

the workstation and is thus instructed to be done once the task 18. The task 20 is not anyway

related to 14 and these can be done simultaneously if the lifting equipment and space allows

it. The workstation was designed because the component needs to revolve during some of

the assembly stages, for example for the task 22. For that to succeed the component cannot

be on the ground as the connection block is a rotating part. It is also designed so, that the

tasks performed at higher than 1 m from the ground can be performed without separate

harnesses or railings. This is a standard safety regulation in the company. The task 14 is

required for the tasks 24 – 26. (Supervisors 2019a.) Based on these answers the preference

matric and the graph can be updated, and they are presented in figures 28 and 29.
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Figure 28. Updated precedence graph showing the relations between tasks in the assembly

process of I-4000 STU.

What comes to special education needed for tasks during the assembly very few tasks seem

to demand expertise like this. All the tasks performed during the assembly require

introduction to the construction of the product and the assembly process. For this appropriate

briefing for employees not familiarized to the assembly need to be conducted and during the

first assembly an experienced worker should be appointed to instruct the new employees.

On top of this, the task 28 requires personnel with the permission to conduct pipeline

installations are needed. In case there is any need for corrections in the components during

the assembly a qualified welder should be available in the production plant. (Supervisors

2019a.)

It also was noted that, in the case of the delivery of such large products, the delivery is

normally made one product at a time. This means that in the delivery the space needs to be

calculated so, that the majority of the delivery vehicle fits in to the production plant at the

time of the pick-up. In normal situations this means an area of 4*16.5 meters where only the

delivered product is allowed. Due to the large weight of the component the delivery requires

the use of two cranes in Hailikari production plant and a special lifting beam in between the

cranes. The space requirement for the delivery means that only one product can be installed

with the delivery protections and loaded on to transport vehicle at a time. (Supervisors

2019a.)
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Figure 29. Updated precedence matrix. In green is shown tasks that are not relevant to each

other and with “x” is marked the tasks that are.

When discussing the delivery protections with the plants Quality & Development Specialist

the complications regarding the protections were discussed. The added weight to the

component is large, and the protections ability to protect the products questionable. The base

plate is made of metal material, which is heavy, and the need for such massive protection

from below questionable. Other similar products are protected in the facility using more light

and easier to install protections made from plywood. The protections in these other STUs

serve the same purpose and are made from more inexpensive and lighter material. The

protection that protects the STU from blows from above is also hard to install and protects

the product from impacts that are unlikely. The protection is formed so, that it serves to
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protect the motors more from impacts directed from above and towards the inner parts of the

product. However, these impacts would seem more unlikely than impacts from outside to

the upper part. In these cases, the delivery protection does not protect the motor, and can in

fact cause more damage to the product, if the motors in these cases hit the metal protections

at the other side of them. All in all, the delivery protections are hard to install and are so

heavy, that the benefit they create to the safety of the product is questionable with regards

of the problems they create. Also, during the time it takes to install the delivery protections,

and to load the product on to the transportation vehicle, the door for delivering large

components is blocked entirely. Shortening this time would also shorten the time that

deliveries to the production plant are restricted. (Quality & Development Specialist 2019.)

 In a further interview with the supervisors an estimation of the specific task hours for the

assembly was made. The estimations are made so, that the workers itself have some previous

knowledge of the assembly of 14000 STU. Also, the workers are expected to have been a

part of the assembly of other STUs. This gives the workers base knowledge of the outlines

of these assembly tasks, but no detailed knowledge of the individual task when applied to

the I-4000 STU. This estimation gives the total workhours of 1.45 times the previous

estimations hours for the steering module. This, compared to the averages from the pilot

projects, sounds plausible considering that these estimations are made for personnel

familiarized with the production of Azipod® STUs and the product. To this, appropriate

number of hours should be added if the workstations has not been previously assembled.

(Supervisors 2019b.) With the workstation assembly, the workhours would be 1.72 times

the previously estimated hours, which is very close to the average of the workhours from

previous projects. The individual estimations for each task are shown in table 10. Due to the

different categorizing of tasks in the assembly instruction draft and the estimations done and

mentioned previously in the company some tasks have several task times. These are all added

up to the total task time.

Table 8. A revised estimation of task times for each task in the assembly of I-4000 STU

compared to the previous estimation. (Supervisors 2019b.)

Task Workers Time/worker
[h]

Total task time
[h]

1b 200 % 100 % 200 %
1a 200 % 100 % 200 %
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Table 8 continues. A revised estimation of task times for each task in the assembly of I-4000

STU compared to the previous estimation. (Supervisors 2019b.)

Task Workers Time/worker
[h]

Total task time
[h]

2 100 % 200 % 200 %
8 100 % 240 % 240 %
4, 5 100 % 300 % 300 %
7 100 % 133 % 133 %
7 67 % 100 % 67 %
10 67 % 200 % 133 %
11 67 % 300 % 200 %
12 67 % 200 % 133 %
15 100 % 120 % 120 %
15 67 % 80 % 53 %
16 100 % 100 % 100 %
19 100 % 38 % 38 %
14 100 % 100 % 100 %
24 100 % 67 % 67 %
28 100 % 75 % 75 %
25 100 % 150 % 150 %
22 100 % 100 % 100 %
20 100 % 133 % 133 %
17 100 % 133 % 133 %
27 100 % 110 % 110 %
27 100 % 100 % 100 %
28 100 % 400 % 400 %
21 50 % 200 % 100 %
21 200 % 100 % 200 %
28 100 % 300 % 300 %
28 100 % 133 % 133 %
28 100 % 167 % 167 %
30 100 % 400 % 400 %
30 100 % 267 % 267 %
30 100 % 300 % 300 %
TOTAL 145 %

When these estimations in table 8 are divided to the tasks used in the production planning,

the division of workhours in the assembly by task can be made. Estimation of the division

for the whole assembly gives an overall understanding of the division of the assembly time.

If task 28 is deleted from this estimation, an overview of the division of the workhours that

need to be scheduled can be made. Theses estimation are shown in figures 30 and 31.
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Figure 30. Division of workhours allocated for the task by percentage of the whole

assembly. In the labels first is the task number and then the percentage that task takes of the

whole assembly time.

Figure 31. Division of workhours allocated for the task by percentage of the assembly, not

including pipeline assembly (task 28). In the labels first is the task number and then the

percentage the task takes of the whole assembly time.
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In an interview with R&D Lead Engineer of the next upcoming project of I-4000 module

the changes to the products STU were discussed. The quality notifications that had been

made in the last projects were taken into consideration when designing the upcoming project.

Documentation has been updated and specified to avoid the formation of workhours for

quality notifications from the same reasons. This procedure would delete over 50 % of the

workhours that was logged on to quality notifications in the last projects. Other hours for

quality notifications that cannot be deleted in the design process are taken into consideration

and as a regular part of the assembly. In addition to this, some changes in the pipelines and

their attachments were made, which serves to possibly delete some workhours logged on to

the task for pipeline assembly. This reduction can be estimated better by supervisors but

cannot be exactly told until further assemblies or timing of the assembly is done. No changes

to the product was made that would change the tasks in the assembly process of the STU.

This means that no re-calculations and division of tasks need to be made when considering

the assembly of close-future I-4000 STUs. (R&D Lead Engineer 2019.)

From the information obtained from the interviews the drafts of precedence matrix and graph

presented previously can be updated. These, alongside with updated estimations of task

times, are important information concerning the production planning. Also, notes from the

supervisors about the issues in the production, alongside with the information about

enhancements made to the product, help with the forming of the timeline for the production.

Using this knowledge obtained from the interviews to complete the information collected

from the literature reviews, and the overview of the production plant, production plans can

be made. These plans are discussed in the next chapter. Along with these some discussion

about enhancing the production process is made. Also, some points noted during the

collecting of the information from the aspect of Design Friendly Manufacturing and

Assembly, DFMA, are made. The plans discussed are made for the general assembly of the

STU and then adapted to the production plant in Hailikari.
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4 DISCUSSION

Production plans, made applying the information collected and presented in this research,

are made in this chapter. The chapter is divided to general production plans, which can be

adapted to production plants needs in general, and to already adapted plans for the assembly

in the production plant of Hailikari. In both chapters the chosen plans for the production are

discussed and justified. Also, some suggestions for adaptations to the assembly process and

the product are made from the assembly-point of view. Notions about difficulties and issues

that needs to be taken in to consideration during the assembly are discussed based on the

information obtained in the research. The production planned and discussed is for the basic

model of the STU. If any features are added to the product, the assembly process needs to

be adjusted accordingly. Adjustments that can be used are, for example, extending task times

or adding worker capacity.

4.1 Applying results to production plants in general

When considering the information in appendix IV, it can be seen that several of the tasks in

the assembly process can be made in the same production area. This leads to the conclusion,

that if the want is to minimize moving operations of the components and subassemblies the

most efficient way to perform the assembly is to utilize these possibilities and same

production areas. If then considered, that certain steps need to be performed in a linear

manner with regards of time, and these tasks are tied down to the production area that is

most efficient to use, a relation between the individual production spaces and tasks can be

made. If these relations are then tied to the estimations of task hours, a timetable for the

assembly can be made.

The workhours for the product depend on the level of expertise of the personnel. If the

personnel in the production is not familiar to the product, and especially if in the production

plant no STUs of I-4000 has been assembled previously, the most reliable estimation of task

times and production times is the workhours from pilot project 1. If the production plant has

not assembled any STUs before even the validity of this estimation needs to be questioned,

as the personnel assembling the pilot project had experience with other STU products with

some similar assembly steps. However, as this research is done for the company building
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these products, the production plan is made for personnel with some expertise in STUs and

the product. This makes it possible to use the estimations from the interviews, as these are

in line with the pilot project averages. In this conclusion it is kept in mind that the first pilot

project had a substantially higher workhour number. This was due to the fact that there was

a lack in instructions that caused the work to be slower. In future and present projects this

would not be the case. Due to actions taken regarding the reasons for previous quality

notifications, the forming of work hours caused by these in the future should be prevented.

The root causes of these has been addressed to minimize the risk of work induced by quality

notifications.

This timetable is made for individual STU and each task is performed in pairs. This leads to

the estimation of cycle time of 30 production days with the maximum worker capacity stated

in the appendix V. The information regarding the production space required to successfully

complete the assembly in this plan is also available at the same appendix. This is if, at least

two STUs are to be built closely to each other. If only one STU is built the latter area can be

reduced to 8.5 meters times 13 meters as the workstation can be only half built. The

maximum required height at any point of the assembly process is 5600 mm meters, with the

addition of the space needed for the lifting equipment used. During the delivery the height

needed is between around 5200 mm and 7100 mm without lifting equipment. This height

depends on the transport vehicle and project specific dimensions. When considering the

logistics of the components the space requirements of one STU cannot be reduced. This is

due to the storing of components after a subassembly is finished and before the subassembly

can be assembled further. This means that for example, after task 1a the area is occupied

until the task 3, and after task 3 the area is occupied until task 5.

When considering the relations between the tasks from the updated precedence matrix and

the graph, it can be seen that many of tasks that are unrelated cannot still be done parallel in

the assembly process. These include tasks like 9 and 10, which have no relation, but due to

relations to other tasks, and the estimation of the duration of these tasks, the parallel

assembly does not help in shortening the assembly time. Tasks 14 and 15 have no relation,

but the assembly space restricts the workers to simultaneously tighten the stud bolts and

assemble the upper slewing. This is because these tasks would require simultaneous lifting

operations from the same assembly direction.  Also, tasks 17 and 18 have no relation, but
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cannot be done simultaneously as the component cannot be lifted while the slewing is tested.

The task 24 is only related to task 15, but due to safety reasons the foundations are preferred

to be installed once task 18 is performed. However, tasks that can be done parallel and that

may shorten the assembly time are for task 3 and 6 – 7. This does, however, make the

installation harder to do, and no data is available whether this creates so much difficulties

that the assembly time of both steps would increase. The steps 7 and 9 are already calculated

to be done simultaneously which does shorten the assembly time. It needs to be noted that

information on the task 28 of the STU assembly was lacking. To better time this task to the

production more information about it should be given to the production. At this stage it is

assumed that it can be done simultaneously with other tasks, thus increasing only worker

requirements and not prolonging the assembly process itself.

When considering the workhours, the average of previous pilot projects is close to the

estimation done by supervisors in the production plant. The estimation is 84 % of the average

of the pilot project workhours.  When considering that the lack of instructions and the novelty

of the first project increases the average of the pilot projects, and that the estimations are

made with current instructions and experience in mind, the 16 % difference can be explained.

When comparing the estimation to the average of the second pilot project, which has more

similar conditions to the conditions considered during the estimation, the difference is only

3.2 percent, making the estimation 20 workhours more than the average of pilot project 2.

This makes the estimations more reliable and these estimations can be used as a base for the

production planning of the STUs.

When using the estimations of task workhours, and the relations between the tasks in the

assembly, a basic plan for the assembly of one STU can be made. This plan is made so, that

the assembly time is optimized, but also so, that special lifts are spaced out, that the capacity

needed for these does not exceed three heavy lifting cranes. In the timeline the workstation

is planned to be assembled before the start of the assembly process. After this the assembly

is started with the task 2 at the same time task 1 a is performed. Task 1b could be timed so

that it is done just before task 3 to prevent it from taking space. However, timing it like this

creates a buffer for any corrections that needs to be done to the machinery block. Next, the

task 4 is done so, that it is finished just before the task 5, straight after completion of task 3.

This is planned to minimize the time components in task 4 takes up assembly space. After
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the task 5 the task 8 is started. There is no reason to start the task 8 before this, as this would

only extend the time it takes up space, as the next steps after this are dependent on the first

subassembly. After the task 7, the tasks 10 – 17 are performed. After the task 17, the task 18

and beyond are performed. The only notion about this part is that the tasks 24 – 26 are

performed at the same time as task 27 to cut down on the assembly time. After this the

delivery preparations are made, and the component is lifted off the workstation for the

installation of delivery protections. The timeline of this plan is shown in appendix V in page

1. In appendix I there are instructions and an example on reading the timeline graphs for all

the production plans presented in this research.

There are some tasks in the plan that could have been performed parallel, such as 12 and 16,

that are not. This is done to create some possible room in the production process for minor

delays. For fully optimized plan with regards of assembly time see appendix V, page 2. In

this plan the workstation is assembled at the same time as the STU is assembled. Also,

compared to the previous plan, task 5 is performed at the same time as task 3, and task 16

and 17 are done at the same time as task 15. These solutions are risky, as there is no data on

how much the overlapping of these tasks extend the task times because of possible assembly

difficulties. This means that this plan is not recommended to be tried without fully product

orientated personnel and full certainty that all components are on time and up to the

requirements of the project. According to this plan the production would take 23 production

days with the maximum number of workers being 11. Nine of these workers are working on

scheduled tasks and two are working on piping. In this plan the maximum space needed

would be 8.5*16-meters, two 7.43*7.43 meters areas, two 4.5*4.5 meters areas and one 5*5

meters area. If the need is to optimize the number of workers, a plan for this is shown in

appendix V, page 3. Following this plan, the cycle time would be 37.5 production days with

mainly two to three workers. For the workhours when piping is done four workers are

required. With this plan the maximum space needed for the assembly is 8.5*16-meters, two

7.43*7.43 meters areas, two 4.5*4.5 meters areas and one 6*6 meters area. Due to the fact,

that tasks 24 – 26 and 27 are not done simultaneously, the total work hours of this plan are

8 hours decreased from the previous plans.

For clarification the plans for general production plans of one product are also dictated in

appendices VI, VII and VIII. These plans show the cumulative worktime when each step is
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started during the production timeline, how long it is estimated to take, what areas are

required for them and the amount of personnel needed. The plans are organized so, that the

task 28 is to be done at the same time as other task, not prolonging the assembly time but

adding to the assembly workers required. It needs to be noted that these plans are realistic

plans in the scenarios where nothing goes wrong, all components arrive in time and the

workers are familiarized with the product. It is not recommended to attempt to follow these

plans in the first assembly times, where more space for delays need to be left in the assembly

process. Especially in stages where multiple tasks are planned to be done in sequel or at the

same time. For example, between tasks 8 and 18, where several high capacity lifts are

performed in a series of tasks all related to each other, or between workhours 184 and 212

where several steps are performed simultaneously.

Depending on the need of the production plant, whether it is to minimize the lifting capacity,

assembly time or worker resources, these plans for one product can be used to plan the

production of the required six products. An example of a plan for six products is shown in

appendix IX. This plan is also dictated in appendix X in table form. This plan is based on

the balanced production plan for one STU shown in appendix V, page 1. In this plan the

production is planned so that the limit for heavy lifting cranes is three, and the total assembly

time is just short of four months. This cycle time is minimized, but still gives some buffer in

certain phases of the production to allow for minor complications, such as wrong surface

treatments which have been one of the issues on the previous projects, that cannot be said to

be erased with full certainty by the actions of the company assembling the STU. More time

is allocated for tasks that are done simultaneously with demanding lifting operations. This

is also the reason why some of the tasks that could be performed parallel are not, for example

tasks 13 – 15 at the same time as task 16. Also, this is a timeline where it is possible to

balance the assembly time and the space requirements. This timeline enables the production

so, that only three workstations are needed to be built while still being able to work on both

projects partially overlapping.

As the lifting heights in the assembly depends on the equipment used, special lifts should be

planned individually for each specific production plant. The requirements for these should

be taken in to consideration when planning the assembly layout for the tasks in the assembly.

Especially the cumulative weight of the components needs to be kept in mind to avoid a
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situation where the assembly stalls due to the lack of lifting capacity. It needs to be noted

that the equipment listed for the tasks does not include the transportation of the components

in the task to the area of the tasks in other cases than in lifts requiring more than 5 tons. Also,

it does not include equipment where to place the components on in the area where the tasks

are performed. These are taken as self-evident during the assembly process and wide variety

of different options can be applied to perform these operations.

As the plan is to complete two projects with three STUs this gives the option to adjust the

delivery of the components in the assembly so, that the storage space needed is decreased.

For example, it could be efficient to use storage space large enough for components for only

one project at a time. The components for the second project could be received after the

corresponding component from the first project is taken in to production process. If

alterations to these proposed production plans need to be made, for example due to lack of

equipment or workforce, and a task time need to be increased, the precedence matrix in

figure x can be consulted to see what other tasks the changes affect.

In the next chapter these plans presented for general assembly of the STU are adapted to suit

the production requirements of the production plant in Hailikari. This is done for both two

and one project, with three STU in a project in both cases. The general notions made in this

chapter concerning to the assembly applies to these applied plans, if not stated otherwise.

4.2 Applying results to production plant in Hailikari

The resources in Hailikari production plant allow the execution of the production plan shown

in appendix IX and X. As Hailikari has the use of three lifting cranes with the capacity of

30, 55 and 130 tons in hall A, the tasks can be performed as stated in the general plan.

However, since all the cranes are using the same railing, if many components need to be

lifted over long stretches of the hall at the same time, some extra time should be allocated

for these periods. This is because the cranes cannot move overlapping each other. For

example, if a component is moved using the 130 tons lifting crane from the other end of the

hall to the other, the two other cranes needs first to be moved to the other end and can only

be moved after the 130 tons crane is moved away from that end.  As pilot projects were

assembled in the production plant before, there is no reason to question the implementation

of the individual lifting operations in the production space, as they have all been performed
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more than once. The maximum lifting height of 10.5 m allows all of the lifting operations,

if the right lifting equipment is chosen for the lifts. The production is planned so, that the

option for using extra production space in hall B is used.

When considering the storage space needed for the assembly, the storing of the components

needed for the assembly is possible, when the delivery schedule of these components is

adjusted to the production pace. In theory the storing of all components for six STUs in the

production plant is possible. However, this would require the situation to be such, that all

the space in hall B would be at the use of storing components for the projects. Even when

there are no other projects in assembly at the same time, this would be impossible, as

equipment for the production is still stored mainly throughout the whole hall B. The space

requirements for the production plant in this situation is shown in figure 32.

Figure 32. The storage space needed adapted to the production plant in Hailikari.

The most plausible way to execute the storing of components for the two projects would be

to store components for one project, three STUs, at a time. This would only require the

storing of pinions and motors in hall B, and even these could possibly be stored at hall A,

depending on the equipment stored there at the time. The space required for this solution is

shown in figure 33. The idea in this solution is that the components for the next projects

could be received after a similar component has been moved to the assembly for the first

project. It needs to be noted that even for this solution the storing of components for other

projects can be problematic during the timeline of the production plan. Especially at the

beginning and the middle parts of the production timeline, as at these times the storage is

most occupied with the components. The problem in the storing of the components in the

production hall is that the larger components with weights of over 35 tons and width over

five meters need to be stored in the hall A. This means that the storage of components such

as connection blocks and machinery blocks is restricted to hall A.
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Figure 33. The solution of storing the components for three STU at a time in Hailikari

production plant.

Other than those stated above, no restrictions that would prevent the assembly of six STUs

with the previously mentioned production plan is found, if few adjustments are made to the

plant and its equipment. The biggest adjustment is that the main part of the testing space for

products that needs to be submerged needs to be removed. As this space has been used only

once and no products needing this space is planned to the near future of the production plant,

according to the line manager, this could be a plausible adjustment. The opened assembly

space is needed for the assembly of the three latter STUs. Due to the lifting limitations

currently in the hall A the task 9, and tasks after this, need to be done at a certain end of the

hall. Task 8 could be done in areas with lower lifting capacity, but then the moving of the

assembled water slewing would be required, adding another step to the assembly process.

The added step to the assembly process with the addition of the risk of breaking the

assembled water slewing makes it a not preferred option for the assembly.

If this adjustment is not made, the parallel construction of the latter three STUs is prevented

beyond task 7. As the lifting to the workstation is totally dependent on the installation of the

water slewing this could not be fully compensated in other means. This would mean that the

assembly of STUs 5 and 6 would be pushed forward after task 7, causing a delay of 56

workhours to the production. This delay could perhaps be minimized with 8 hours if the

tasks 16 and 17 would be done parallel with the task 15, but this would then remove all room

for even minor complications during the tasks 8 – 15. As some of the quality notifications in

the pilot projects were due to faults in the components needed for these tasks, this would be

risky, when considered that it would only decrease the delay by 14.3 percent. Another option

would be to perform the task 8 elsewhere as it is now planned, and then move the components

in this task to the required area for task 9. This would remove 16 hours from the delay, but
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then add another lifting operation, and the risk of damaging the components during the lift.

Also, this would require an added space during the task 8. This is important to note when

applying the production plan to Hailikari as space might be needed during the production for

building other products. While, this is not a criterion that is required to be thoroughly

investigated in this research, it needs to be noted that this is a reason why it is important to

minimize the space needed for the assembly process when possible.

Another option that would solve this problem would be to increase the lifting capacity in

Hailikari. If there would not be the limitation to the lifting capacity the tasks 8 – 18 could be

done anywhere in the hall A. This could be done by increasing the lifting capacity of the

cranes, and the durability of the halls railing for the lifting cranes, throughout the whole hall

A. This would not require any additional assembly space or adjustments in the preferred

assembly process, and it would allow the future use of the testing station that was suggested

to be removed partially.

Another, smaller adjustments to be made would require some investments to the resources

in Hailikari. To ensure the possibility of tightening the slewing bearing stud bolts at the same

time as the steering gear rims the investment should be made to purchase another set of

tightening equipment suitable for tightening M90x6 nuts to stud bolts with torque of over

5000 Nm. The applied production plan for six STUs in Hailikari, with the current resources

and the addition of these tool investments, is shown in appendix XI. The production plan is

also shown in table form in appendix XII. In this table there are also the specific resources

suggested for use in Hailikari production. It needs to be noted that the suggested resources

in Hailikari production plant can be changed if they fulfill the requirements of the tasks.

These suggestions are made with the available resources, and the placement of these

resources, in mind. The application of this plan to the floorplan of the production plant is

shown in appendix XIII. In this appendix the placement of each task is shown in Hailikari in

hall A. In this also the storage space needed for one project is shown during the assembly,

excluding the gears and pinions as these are stored in hall B, which is not critical space

during the assembly. The storing of the components for the second project is not shown as

the idea is that the component for the second project can be admitted after the corresponding

component is taken in to production for the project one. This plan is implemented over the

course of 61.5 production days. The maximum number of workers needed is 16 workers, if
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piping is not done during the most demanding times in the production cycle. If it is, then the

maximum number of workers is 18.

The adjustments made for the production plan when applied to Hailikari are the following:

- 1
5ൗ  in to the production: task 3 for STU 3 is lengthened by four hours due to the

simultaneous lift of the machinery block of STU 2.

- 2
5ൗ  in to the production: task 25 for STU 1 is lengthened by four hours to

compensate the simultaneous tasks of 27 and 21 – 22 that might require lifting

operations at the same time.

- 11
20ൗ  in to the production: the ongoing sequenced tasks for STU 4 (tasks 10 – 17),

STU 5 (tasks 7 – 16) and STU 6 (task 2 and 7) are prolonged due to the deliveries

of STU 1, 2 and 3.

o STU 4 cannot be lifted onto the workstation until the workstation and its

surroundings are freed.

o STU 5 is also prolonged to create a sufficient gap between the production

of STU 4 and 5 to prevent the simultaneous assembly of tasks that require

the same resources. This also creates a buffer in workhours for these

stages where any minor complications can be compensated as well.

o STU 6 task 7 is prolonged due to space restrictions as the water slewing

is possible to be assembled in the higher lifting capacity area only after

the deliveries. This also creates more time to perform task 2 and to

compensate for minor complications appeared at this stage.

- 31
50ൗ  in to the production: the delivery of the STU 2 is prolonged by four hours

compared to other STUs to compensate any possible complications during the

delivery process.

- ¾ in to the production: task 26 for STU 4 is prolonged by four hours to

compensate the simultaneous lifting operations on the workstation

- 17
20ൗ  in to the production: task 26 for STU 5 is prolonged by four hours due to

the simultaneous tasks that might restrict the using of lifting cranes.

- 4
5ൗ  in to the production: tasks on STU 5 are prolonged due to the simultaneously

done lifting of the STU 6 on the workstation. This lifting limits the using of lifting

cranes in the same area.
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- 19
20ൗ in to the production: a gap in the delivery process to compensate possible

complications and delays that might have affected the delivery of the last STU.

It needs to be noted that as deliveries of components that require the larger door, such as

machinery blocks, are restricted to the plant during 11
20ൗ  – 13

20ൗ  in to the production and

from 9
10ൗ  in to the production to the end. This means that during the assembly the second

projects’ large components need to be admitted to the plant before 11
20ൗ  of the production

timeline has been completed, but after the removal of the first projects components from

storage. This would give the window for deliveries of machinery blocks at 1 5ൗ – 11
20ൗ  in to

the production and for connection blocks from ¼ in to the production to 11
20ൗ  in to the

production. When considering the production of other products in Hailikari at the same time

as the two I-4000 projects, it needs to be noted that the blockage on the other end of the hall

A makes this very difficult. This means that the re-design of the delivery protections would

be essential when considering the production in Hailikari production plant.

In the scenario that the two projects of I-4000 are not built directly at the same time, a plan

for the assembly of only one project in Hailikari is made. This plan is shown in appendix

XIV and dictated in table form in appendix XV. This plan requires less space than the plan

for the production of six STUs, so it can be stated that the production will fit into the

production plant, as the plan for six STUs did. This was discussed previously and proven in

the appendix XIII. Assembling one project at a time, without overlapping production of

another I-4000 project, allows more room for other production to happen the same time in

production plant. The execution of one project following this plan would take 37 production

days. At most it would require 12 workers, 14 if piping is done at the same time, but most

of the production can be done with six or eight workers. The floor space required at the most

is areas of 8.5*22 m, four areas of 7.43*7.43 m, 6*6 m, 5*5 m and two areas of 4.5*4.5 m.

This plan can be done with the existing 3 heavy lifting cranes of 30, 55 and 130 tons, with

the addition of four smaller lifting cranes of 2.5 tons, two tightening equipment’s for M90

bolts, three jack lifts for lifting the slewing, oil filling and rotation equipment, dial indicator,

special lifting beam, H-beam and two tools for tightening bolts.

When considering the production planning for the assembly plant, the logging of the

workhours could be improved. To achieve more accurate workhours for projects, the



83

categories used for logging the workhours should be altered. Current categories include too

large variety of tasks performed at different times during the assembly, to give an accurate

representation of the time a task takes to perform. Dividing these in to smaller, more accurate

categories would help the planning of the assembly in Hailikari. To ensure the accuracy of

the logged workhours, the production plant should have several locations to log workhours

at. This would also make the changing of work codes more efficient and accessible.

Given that the production documentation for the product was mainly based on draft versions,

the completion of the assembly instructions during further projects of I-4000 would make

the production planning in future easier, and possibly decrease the cycle time. Another issue

was the inconsistencies in the documentation. Especially the weights given for components

in the technical drawings could vary depending on the drawing, or lifting points and other

information missing, from these.  This could possibly cause problems in the production if

not noticed before the start of the production. If delays during the assembly process is

experienced and the cycle time cannot be extended, an option for increasing the production

time using overtime work can be relied on without extending the cycle time.

When considering the challenges and issues in the production and applying the production

to the production plant in Hailikari, notions risen during the discussion of these can be

collected as following:

1) The difficulties of using logged workhour information in production planning with

the current logging system.

2) Draft versions of documents and incomplete documentation of the product, and the

assembly process, decreases the accuracy and reliability of the production planning.

3) Workstation required for the task 5 is not designed. Current system is not as safe as

it could be and takes time to assemble.

4) The workstation designed for the product for rotation of the product and for assembly

tasks performed in higher than 1 m of the floor, currently prevents the performance

of some tasks while on the workstation, requiring more assembly space allocated for

these tasks separately.

5) Delivery protections creates a high increase in the weight of the delivered product

and prolongs the assembly time.
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6) The limitations to storing imposed by the structure of the production plant limits the

storing of larger components to hall A. The same structural design of the plant limits

the assembly tasks with these components to hall A.

7) The limitations in the lifting capacity of the production plant in Hailikari limits the

production area available for certain tasks in the assembly process. This also limits

the assembly of several projects simultaneously during these tasks.

8) The location of the large lifting door combined with the restrictions to the lifting

capacity leads to blockade for delivery and shipment of large components during the

end of the assembly process and the delivery. This creates difficulties in the

production of other products and STUs at the same time.

9) The lack of special equipment prevents the assembly of several STUs simultaneously

in the production plant of Hailikari.

When considering these challenges and restrictions in the assembly and in the assembly

plant, some suggestions for the improvement and resolution of these can already be made. It

needs to be noted that the viability of these solutions should be researched and investigated

further as they are at his point only ideas for improvements. The suggestions and

improvements for each problem listed above, are stated below

1) A. Improving the logging system by re-dividing the larger task categories to better

suit the assembly process of I-4000 STU. A suggestion for these new categories

compared to old ones is shown in figure 34. This would also decrease work logged

for quality notifications and loss work logged for the cost-center.

B. Adding the amount of logging stations available for the assembly workers and

placing them in several different locations around the production plant to decrease

the change of error in the work code.

2) A. Completing the assembly instructions draft during the production of the next I-

4000 STU. Collecting more information about the assembly tasks, especially on the

task 28 and testing procedures as information on these was scarce.

B. Unifying the information on the technical drawings so that weights and

dimensions in each drawing are mentioned and can be relied on.

C. Marking all approved lifting points for each component to at least one main

drawing of the component delivered to the assembly plant for each project.
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3) Designing a specific workstation to fit inside the subassembly to help with the

installation of the slewing bearing to improve the safety of the assembly task.

4) If possible, re-designing the workstation so, that access to the component from

underneath would be possible and ergonomic, to allow the performance of tasks such

as task 16 while the component is on the workstation.

5) A. Re-designing the delivery protections so, that it would be lighter and possibly

protect the component from more likely stresses and impacts.

B. Changing the material of the base plate in the delivery protections to plywood or

similar material to lighten the construct.

6) If the construction of the production plant allows it without endangering the

structural integrity of the plant, dismantling one pillar between the halls A and B to

allow the moving of large components from hall A to hall B. This would allow the

storing of more components for several STUs or free more assembly space, as storage

could be moved partly to hall B in the cases where lifting capacity would allow it.

7) A. Dismantling the testing area for partially submerged products would free some

production space in the area where higher lifting capacity can be used. This would

allow the simultaneous production of three STUs according to the production plant.

B. Increasing the lifting capacity throughout the production plant. This would allow

the performance of all assembly tasks in all areas of the production plant. Helping

with the assembly of several I-4000 STUs and possibly opening the possibility of

other production simultaneously with the production plans presented in this research.

8) In addition to increasing the lifting capacity as mentioned in solution 7B, adding

another large lifting door to the production plant to free the deliveries to the

production plant. It needs to be noted that this would not help without the increasing

of lifting capacity when components are heavy in addition of being large.

9) Investment to the equipment available at Hailikari production plant. Especially

purchasing of other set, and preferably several sets, of tightening equipment for M90

nuts to stud bolts with the forces of 2 011, 2 038, 4 022 and 4 077 Nm.
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Figure 34. Suggestion of new division of work code categories (on the right) compared to

the old ones (on the left).

Out of these solutions, the solutions 6, 7 and 8 would solve the most demanding problems

in the assembly process, but does require substantially more work, research and investment.

Combining these solutions, widening the access from hall A to hall B, increasing lifting

capacity in both halls and creating another large lifting door would maximize the resources

and capacity available for use in the production plant. However, to successfully complete

the production plans presented in this research at least solutions 7A and 9 are critical, as

without these the production of six STUs in the timeline presented is impossible. Solutions

2 and 3 are important to improve the safety of the assembly process and solutions 4 and 5

are made more from the viewpoint of DFMA. Solutions 1 and 2 are the easiest to accomplish

and would improve the production and the production planning of future I-4000 STUs,

enabling more efficient production and making the production planning more efficient and

helping to identify further points of improvement. It needs to be noted that the suggested

solutions and improvements are mainly independent and do not exclude each other’s. In

addition to these suggestions to the assembly, in the next chapter topics for future research

relating to aspects in the production of I-4000 STUs are made.

4.3 Sensitivity and reliability of the research

Due to the lack of repeatable data from the product, no mathematical way to measure the

reliability of the data in the research can be used. However, some notions can be made of
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the factors that can affect the results of the research. Firstly, the production documentation

used as a source from the pilot projects are draft versions. They are not yet officially

approved and finished. If changes are made to these, that should be taken in to consideration

when reading this research. Some changes may cause alterations to the information presented

here, or the production plans made based on that information. Information sourced from the

technical drawings, such as weights and dimensions of the components, are always selected

towards the critical end of possible variations. There are some inconsistencies in the

technical drawings that should not appear. In these cases, the value which is most critical is

selected. For example, if two different weights can be obtained from documentation the

heaviest value is selected. This should prevent the possibility of these inconsistencies

affecting or preventing the assembly. In addition to this, the information from the interviews

can be subjective. They are experience-based opinions from personnel with expertise and

knowledge of the assembly and the product. They are all based on objective information, but

the prioritizing and interpreting of that information is subjective and depends on the person.

To improve the reliability of the knowledge gained from the interviews recordings or notes

from these are stored by the interviewer.

When considering the reliability of the public information on the product, it needs to be

noted that the source of majority of that information is the company itself. As stated

previously the data from the work hours relating to the pilot project has a margin of error.

The data is based on work code logs inputted by the worker and are subject to human error

and misinterpretations. Especially logs with work periods under 0.5 hour for one work code

can be questioned. The system automatically continues the previous day’s work code when

returning to work the next day. As the production plans are based on estimations which are

only verified with the pilot project work hours, these errors should not affect the production

plans. Any changes proposed to the product, production or the production plant are not

tested. This means that no definite knowledge of the success of these changes is available.

When applying these production plans to production all information and notions gathered

and given in this research should be read.

4.4 Future studies

For more precise production planning the assembly process of the product could be

simulated. This could reveal more information that has not been detected previously relating
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to the assembly. For example, possible bottlenecks and critical points in the production could

be detected this way. If the need is to make the production plans more precise, more data

from the upcoming project could be collected. If this data, from example work hours, would

be more precise, it would help to improve these production plans presented in this research

further. If several projects were to be assembled, the work hours could be analyzed using for

example normal distribution and reliability calculations. This would improve the accuracy

of work hours used for the production plans. Also, other research relating to topics left out

of the scope of this research could be conducted. FAT procedures and information about

feedback from them could be researched. Identifying and addressing the most common

causes for remarks from these tests, could be useful to prevent the happening of these in the

future. If the production of other STUs, produced in the same facilities, would be similarly

research, that research could be combined with the information obtained in this research to

plan the joined production of several different products. From the viewpoint of quality

control, the feedback and reports from the customer in the future should be studied and

collected to enhance the product and its quality.

For more predictive production planning, studies relating to the ordering and delivering

components should be made. The components in the assembly are custom-made, and any

delays in the delivery of these delays the production, as there are rarely any back-up

components available. If more information of the lead times between ordering and delivering

of different components would be collected, the process of purchasing components without

any delays to the production could be done more efficiently. Another way to make the

assembly itself more efficient would be to conduct a research analyzing the product and its

assembly from the viewpoint of DFMA. This would possibly allow the re-design and

improvement of the product so, that it is more efficient to manufacture and assemble.
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5 CONCLUSIONS

The production plans for six STUs are attached in this research. Also, different variations of

production plans for one STU are attached. These can be applied and modified to suit the

needs of different production scenarios and plants. Using these plans the production of one

STU is suggested to be performed in a cycle time 30 of production days. If the need is to

optimize time it can be performed in an optimized situation in 23 production days. If the

need is to decrease the amount of workers required the production can be performed in 37.5

days with 3-4 workers. The general production plan for six STUs has the cycle time of 60.5

production days.

The production of six STUs in the production plant in Hailikari is possible with few

adaptations. The adaptations made for the general production plans are due to restrictions in

lifting capacity or allowing more time for tasks in the production where several demanding

tasks are performed at the same time. The adaptations needed for the production plant are to

either increase the lifting capacity of the production plant or to remove the testing area for

submerged products in the hall A. Increasing the lifting capacity is the solutions that opens

more possibilities in the production, with increasing the area where tasks can be made in the

production plant. However, removing the testing area is the solution that requires less work

and can be done more easily. Also, for the assembly of several I-4000 STUs, the investment

for purchasing at least one another set of tightening equipment of M90 stud bolts and nuts is

necessary. Also, workforce additions can be needed for the times in the production timeline

where the workforce requirements are at the highest.

An overview of the timeline of the production of six STUs can be seen in figure 35. The

production can be made in a cycle time of 61.5 production days. For one project, three STUs,

assembled in the production plant, an overall timeline can be seen in figure 36. The cycle

time of one project is estimated at 37 production days. In these figures the lifting capacity

occupied during the timeline is also shown. This helps the planning of possible other

production with the production of I-4000. It needs to be noted that during the assembly of

several STUs, especially six, the production of other products during the assembly is very

demanding. If assembling only one project, the recommended time to start the assembly of

other production, if needed to be done partially overlapping, is after the STUs have been
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lifted onto the workstation. This would be at the end of production week 5.  All calculations

and timelines are made in production time. This means that the estimations of production

days and weeks only apply if the components are built every day during that timeline.

The most demanding production workhours with respect of the lifting capacity can be seen

from the figures 35 and 36. An overview of the steps during the cycle time in both one project

and two projects in Hailikari production plant are presented in figures 37 and 38. These

figures are overviews and do not tell the exact reservations for capacity in worker number,

space or equipment needed. More precise production plans for both one and two projects are

shown in appendices XI, XII, XIII, XV and XV in this research. It needs to be noted that

these plans are made for personnel acquainted with the product and with experience of the

assembly of STUs in general. Also, these plans allow for few minor delays in production,

but does not make room for several long production delays.

Figure 35. The general timeline of the production of each STU in two projects. Time shown

in red means no large components can be admitted in to the plant due to delivery. Graphs

below timelines shows the capacity reservation needed for that time in the production in both

overhead cranes and smaller lifting cranes. Red means all cranes all reserved, yellow that

some are reserved and green that the reservation needed is minimal. Needs to be noted these

are general estimations and not specific data. The cranes reservation status does not take into

consideration for example the location or specific lifting capacity of the available cranes.

For more accurate representation see the appendices XI, XII and XIII.
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Figure 36. The general timeline of the production of each STU in one project. Time shown

in red means no large components can be admitted in to the plant due to delivery. Graphs

below timelines shows the capacity reservation needed for that time in the production in both

overhead cranes and smaller lifting cranes. Red means all cranes all reserved, yellow some

are reserved and green that the reservation needed is minimal. Needs to be noted these are

general and not specific estimations. The cranes reservation status does not take into

consideration for example the location or specific lifting capacity of the available cranes.

For more accurate representation see the appendices XIV and XV.

Figure 37. An overview of the completion of tasks in the production of one project in

Hailikari production plant. For more accurate representation see the appendices XIV and

XV.
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Figure 38.  An overview of the completion of tasks during the production of two projects in

Hailikari production plant. For more accurate representation see the appendices XI, XII and

XIII.

Storing of the components for two projects should be made one project at a time. If planning

a production, or timing of a production based the production plans in the research, is made,

it is recommended to use the more specific production plans from the appendices. These give

more comprehensive understanding of the capacity reservations needed for the production

during the cycle time than figures 35, 36, 37 and 38.

The previously noted changes and investments to the production plant are necessary for the

production to succeed. However, some suggestions for changes that can either improve or

ease the assembly or the production planning in the future can be made. The re-design of the

delivery protections would lessen the task time related to the delivery. In addition to this, it

would decrease the weight of the packed component and the time the component flow is

restricted to the production plant. This would help with the simultaneous production of

products, in addition to the assembly of the product itself. To help with the future product

planning and optimizing of production, more specific and tailored work codes should be

made for the production of I-4000 STU. To make the logging of the workhours more accurate

there should be more locations for logging workhours in the production plant. To prevent

the forming of issues in the assembly process the documentation relating to the product and

the assembly should be improved. The technical drawings should be completed so, that in

drawings of all components lifting points should be marked, weights should be consistent

and all components accurate in them. Also, the assembly instructions should be finished,

with more information about the slewing testing’s and the pipe assembly especially. There
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is not a lot of information on piping in the production documentations and this is a task that

takes around 20 to 30 percent of the production time. With more information this task could

be better optimized and made more efficient, decreasing the cycle time of the production.

These production plans are mainly based on information about pilot projects, estimations

from personnel with expertise of the product and documentation that is still in drafting stage.

For more informed production plans more projects should be surveyed to collect more data,

which could be then analyzed using statistic mathematics. Also, simulations of the assembly

plant and the assembly flow in the plant could provide further information for the planning.

If the product is changed, modules or tasks added, these production plans needs to be altered

accordingly.
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INSTRUCTIONS FOR READING PRODUCTION PLAN GRAPHS

These timetables are formed so that in the top line outlined in yellow color is the

cumulative workhours, under that outlined with green is the number of workers needed at

that time period.

-  One column outlines a period of four hours.

-  Colored blocks are the tasks to be performed within that four-hour period

- Inside the block is written the task number and the area in meters it requires.

- The color of the block defines the series where the task belongs. The color-coding

is done according the colors in precedence graph.

- The number of rows in the block describes the largeness of the area required.

- If the tasks are on the same row they are done in the same area.

This example shows that:

- During the hours 0 – 4 and 4 – 8:

o Task 1a takes an area of 7.43 meters times 7.43 meters

o Task 2 takes two areas with the size of 4.5*4.5 meters

o  During these hours 7 workers are required to perform these tasks

- After this the task 1a leaves that area occupied without requiring any workers

- Hours 12 – 20: Task 2 requires only one area of 4.5*4.5 meters

Cumulative workhour

Number of workers

Area the task occupies.
Note that same task can
take several areas at
different times of the
production.

Task can leave an area
occupied, without
requiring any workers
anymore to perform.

The task number which is
performed at this area at
this period

Hours 0-4
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- Workhour 20:

o  Component from task 1a is required for task 3

o Task 5 is started that takes an area of 7.43*7.43 meters

o At that same area tasks 6 and 7 are performed.
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EXISTING PRODUCTION TIMELINE ESTIMATION OF I-4000
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GRAPHS OF DIVISION OF WORKHOURS DURING PILOT PROJECTS
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TASKS AND THEIR REQUIREMENTS IN THE ASSEMBLY OF I-4000 STU

Task Task area Weight Special tools

1a Min.7.43*7.43 m 34 000 kg Lifting crane min. 35

tons

1b Min.  6*6 m 31 000 – 42 600 kg Lifting crane min 31 – 43

tons

2 Starting with 3 areas with

min. 4.5*4.5 m

ending with 1 area min.

7.43*7.43 m

700 kg Lifting crane for min 300

kg

3 Min. 7.43*7.43 m.

Areas from previous task

should be utilized if

wanting to minimize lifts

35 000 kg Lifting crane, threaded

rods

4 Min. 6.5*6.5 m 25 000 kg Lifting crane min. 25

tons

5 Same area as in task 3 60 000 kg Lifting crane min. 30

tons

6 Same are as in task 5

7 Same are as in task 5 62 000 kg Tightening equipment for

M90 bolts with 2 011 kN

and 4 022 kN forces

8 Starting with 2 areas min.

5*5 m and min 7.43*7.43

m, ending with area of

min. 7.43*7.43 m

3 000 kg Lifting crane for 2 000

kg

9 Same area as in end of

task 8

Lifting crane for 31 – 43

tons

10 Same area as in task 8 min. 93 000 kg

max. 104 000 kg

Lifting crane for 62 tons,

guidance stud bolts
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11 Same area as in task 8 min. 104 000 kg

max. 115 000 kg

Lifting crane for 11 000

kg

12 Same area as in task 8 min. 105 000 kg

max. 116 000 kg

Lifting crane for 800 kg

13 Same area as in task 8 min. 110 000 kg

max. 120 000 kg

Lifting crane min. 6 tons.

14 Same area as in task 8 min. 110 000 kg

max. 121 000 kg

Lifting crane min. 200 kg

15 Same area as in task 8 min. 112 000 kg

max. 124 000 kg

Tightening equipment for

M90 sized nuts with 2

038 and 4 077 kN forces

16 Same area as in task 8 min. 115 000 kg

max. 127 000 kg

3 jack lifts

17 Same area as in task 8 min. 115 000 kg

max. 127 000 kg

18 8.5*16 m min. 115 000 kg

max. 127 000 kg

Lifting crane for min.

118 – 129 tons

19 Same area as in task 18 min. 115 000 kg

max. 127 000 kg

Lifting crane for min. 1

000 kg, Tightening tool

(electric or pressure air)

for min. 598 Nm

20 Same area as in task 18 min. 118 000 kg

max. 132 000 kg

Lifting crane for min.

900 kg, Tightening tool

(electric or pressure air)

for min. 598 Nm

21 Same area as in task 18 min. 120 000 kg

max. 133 000 kg

Oil filling equipment

22 Same area as in task 18 min. 120 000 kg

max. 133 000 kg

Rotating equipment

Dial indicator

23 Same area as in task 18
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24 Same area as in task 18 min. 121 000 kg

max. 134 000 kg

Lifting crane for min.

600 kg, tightening

equipment

25 Same area as in task 18 min. 121 000 kg

max. 134 000 kg

26 Same area as in task 18 min. 123 000 kg

max. 136 000 kg

Lifting crane min. 2 100

kg, tightening equipment

with min. torque of 395

Nm

27 Same area as in task 18 min. 128 000 kg

max. 145 000 kg

Lifting crane, tightening

equipment with min.

torque of 598 Nm

28 min. 130 000 kg

max. 146 000 kg

29 Same area as in task 18

30 Same area as in task 18 min. 137 000 kg

max. 153 000 kg

It needs to be noted that the weights in the table in this appendix are estimations and
are gathered from the technical drawings of the components.

This means they do not include the weight of small parts under 20 kg weight, such as
attachment screws and piping.

Also, generally available tools, such as wrenches and torque arms with torques less
than 200 Nm, are not listed.
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SUGGESTED ASSEMBLY PLANS OF ONE STU OF I-4000
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TIME OPTIMIZED ASSEMBLY OF ONE I-4000 STU - 23 PRODUCTION DAYS.
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DICTATED BALANCED ASSEMBLY PLAN FOR ONE STU OF I-4000

Task and STU Area Resources Workers
Assembling of the workstation  8.5*16 m  Lifting crane min. 1 000 kg 3
Assembling of the workstation  8.5*16 m  Lifting crane min. 1 000 kg 3
Assembling of the workstation  8.5*16 m  Lifting crane min. 1 000 kg 3
Assembling of the workstation  8.5*16 m  Lifting crane min. 1 000 kg 3
Assembling of the workstation  8.5*16 m  Lifting crane min. 1 000 kg 3
Assembling of the workstation  8.5*16 m  Lifting crane min. 1 000 kg 3
Assembling of the workstation  8.5*16 m  Lifting crane min. 1 000 kg 3
Assembling of the workstation  8.5*16 m  Lifting crane min. 1 000 kg 3
Assembling of the workstation  8.5*16 m  Lifting crane min. 1 000 kg 3
Assembling of the workstation  8.5*16 m  Lifting crane min. 1 000 kg 3
Assembling of the workstation  8.5*16 m  Lifting crane min. 1 000 kg 3

1. 1a
    2

1. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m
 8.5*16 m

1. Lifting crane min. 35
tons
   Lifting crane min. 250 kg

4

1. 1a
     2

1. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m
 8.5*16 m

1. Safety harness
Lifting crane min. 250 kg 4

1. Storing of the machinery
block
    2

1. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m
 8.5*16 m

1. Lifting crane min. 250 kg 2

1. Storing of the machinery
block
    2

1. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m
 8.5*16 m

1. Lifting crane min. 250 kg 2

 1.3
    3
    4

1. 7.43*7.43 m
    7.43*7.43 m
     5*5 m
8.5*16 m

1. Lifting crane min. 35
tons
    3 jack lifts to lift the
slewing from below
    Lifting crane min. 25 tons

4

1.5
1. 7.43*7.43 m
    5*5 m
 8.5*22 m

1. Lifting crane min. 35
tons 2

BALANCED PRODUCTION PLAN FOR ONE STU
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Task and STU Area Resources Workers

1.6
    8
    1b

1. 7.43*7.43 m
    7.43*7.43 m
    5*5 m
    6*6 m
8.5*16 m

1. Lifting crane min. 1 500
kg
    Safety harness
    Lifting crane min. 31 – 43
tons

6

1. 7
   8
   1a

1. 7.43*7.43 m
    7.43*7.43 m
     6*6 m
     5*5 m
8.5*16 m

1. Lifting crane min. 1 500
kg
    Tightening equipment
for M90 bolts (2 038/4 077
kN)
    Lifting crane min. 100 kg

6

1. 7
   8
   Storing of the connection
block

1. 7.43*7.43 m
    7.43*7.43 m
     6*6 m
     5*5 m
8.5*16 m

1. Lifting crane min. 1 500
kg
    Tightening equipment
for M90 bolts (2 038/4 077
kN)
    Lifting crane min. 100 kg

4

1. 7
   8
   Storing of the connection
block

1. 7.43*7.43 m
    7.43*7.43 m
     6*6 m
     5*5 m
8.5*16 m

1. Lifting crane min. 1 500
kg
    Tightening equipment
for M90 bolts (2 038/4 077
kN)
    Lifting crane min. 100 kg

4

1. 7
   8
   Storing of the connection
block

1. 7.43*7.43 m
    7.43*7.43 m
     6*6 m
     5*5 m
8.5*16 m

1. Lifting crane min. 1 500
kg
    Tightening equipment
for M90 bolts (2 038/4 077
kN)
    Lifting crane min. 100 kg

4

1. 7
   8
   Storing of the connection
block

1. 7.43*7.43 m
    7.43*7.43 m
     6*6 m
     5*5 m
8.5*16 m

1. Lifting crane min. 1 500
kg
    Tightening equipment
for M90 bolts (2 038/4 077
kN)
    Lifting crane min. 100 kg

4

1. 9
    7

1. 7.43*7.43 m
    7.43*7.43 m
     6*6 m
8.5*16 m

1. Lifting crane min. 31 – 43
tons
     Guidance stud bolts
M90
     Tightening equipment
for M90 bolts (2 038/4 077
kN)
    Lifting crane min. 100kg

4
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Task and STU Area Resources Workers

1. 10
1. 7.43*7.43 m
    7.43*7.43 m
8.5*16 m

1. Lifting crane min. 65
tons 2

1. 11 1. 7.24*7.43 m
8.5*16 m

1. Lifting crane min. 11
tons 2

1. 11 1. 7.24*7.43 m
8.5*16 m

1. Lifting crane min. 11
tons 2

1. 12 1. 7.24*7.43 m
8.5*16 m 1. Lifting crane min. 800 kg 2

1. 13 1. 7.24*7.43 m
8.5*16 m 1. Lifting crane min. 200 kg 2

1. 14 1. 7.24*7.43 m
8.5*16m 1. Lifting crane min. 200 kg 2

1. 15 1. 7.24*7.43 m
8.5*16m

1. Lifting crane min. 100 kg
    Tightening equipment
for M90 bolts (2 011/4 022
kN)

2

1. 16 1. 7.24*7.43 m
8.5*16m

1. 3 jack lifts to lift the
slewing onto place from
below Lifting crane min.
100 kg

2

1. 17 1. 7.24*7.43 m
8.5*16m 1. Testing equipment 2

1. 15 1. 7.24*7.43 m
8.5*16m

1. Lifting crane min. 100 kg
    Tightening equipment
for M90 bolts (2 011/4 022
kN)

2

1. 15 1. 7.24*7.43 m
8.5*16m

1. Lifting crane min. 100 kg
    Tightening equipment
for M90 bolts (2 011/4 022
kN)

2

1. 18 1. 7.24*7.43 m
8.5*16m

1. Lifting crane min. 130
ton 2

1. 19 1.  8.5*16 m
1. Tightening tool (1030
Nm) (electric or pressure
air)

2

1. 20 1.  8.5*16 m
1. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

2

1. 20 1.  8.5*16 m
1. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

2



APPENDIX V, 4

Task and STU Area Resources Workers

1. 20 1.  8.5*16 m
1. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

2

1. 20 1.  8.5*16 m
1. Lifting crane min. 900 kg
    Tightening too (598 Nm)
l (electric or pressure air)

2

1. 20 1.  8.5*16 m
1. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

2

1. 20 1.  8.5*16 m
1. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

2

1. 21 1.  8.5*16 m 1. Oil filling equipment 2

1. 22 1.  8.5*16 m 1. Rotation equipment
    Dial indicator 2

1. 22 1.  8.5*16 m 1. Rotation equipment
    Dial indicator 2

1. 23
    27 1.  8.5*16 m

1. Lifting crane min. 600 kg
    Lifting crane min. 1 500
kg
    Tightening tool (306 Nm
& 598 Nm) (electric or
pressure air)

4

1. 23
    27 1.  8.5*16 m

1. Lifting crane min. 1 500
kg
    Tightening tool (306 Nm
& 598 Nm) (electric or
pressure air)

4

1. 23
    27 1.  8.5*16 m

1. Lifting crane min. 1 500
kg
    Tightening tool (306 Nm
& 598 Nm) (electric or
pressure air)

4

1. 24
    27 1.  8.5*16 m

1. Lifting crane min. 1 500
kg
    Tightening tool (306 Nm
& 598 Nm) (electric or
pressure air)

4

1. 25
    27 1.  8.5*16 m

1. Lifting crane min. 2 100
kg
    Lifting crane min. 1 500
kg
    Tightening tool (306 Nm
& 598 Nm) (electric or
pressure air)

4

1. 30 1.  8.5*16 m 2
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Task and STU Area Resources Workers

1. 30 1.  8.5*16 m 2

1. 30 1.  8.5*16 m 2

1. 30 1.  8.5*16 m 2

1. 30 1.  8.5*16 m 2

1. Delivery 1.  8.5*16 m
     8*16 m

1. Lifting crane min. 160
ton 2

1. Delivery 1.  8.5*16 m
     8*16 m 1. Lifting crane min. 10 ton 2

1. Delivery 1.  8.5*16 m
     8*16 m 1. Lifting crane min. 10 ton 2

1. Pick-up 1.  8.5*16 m
     8*16 m

1. Lifting crane min. 160
ton 2

CYCLE TIME 30



APPENDIX VII, 1

DICTATED WORKER OPTIMIZED ASSEMBLY PLAN FOR ONE STU OF I-4000

Task and STU Area Resources Workers

Assembling of the workstation 8.5*16 m  Lifting crane min. 1 000 kg 3

Assembling of the workstation 8.5*16 m  Lifting crane min. 1 000 kg 3

Assembling of the workstation 8.5*16 m  Lifting crane min. 1 000 kg 3

Assembling of the workstation 8.5*16 m  Lifting crane min. 1 000 kg 3

Assembling of the workstation 8.5*16 m  Lifting crane min. 1 000 kg 3

Assembling of the workstation 8.5*16 m  Lifting crane min. 1 000 kg 3

Assembling of the workstation 8.5*16 m  Lifting crane min. 1 000 kg 3

Assembling of the workstation 8.5*16 m  Lifting crane min. 1 000 kg 3

Assembling of the workstation 8.5*16 m  Lifting crane min. 1 000 kg 3

Assembling of the workstation 8.5*16 m  Lifting crane min. 1 000 kg 3

Assembling of the workstation 8.5*16 m  Lifting crane min. 1 000 kg 3

1. 1b 1. 6*6 m
8.5*16 m

1. Lifting crane min. 31 – 43
tons 2

1. 1b 1. 6*6 m
8.5*16 m 1. Safety harness 2

1. 1a
    Storing of the connection
block

1. 6*6 m
    7.43*7.43 m
8.5*16 m

1. Lifting crane min. 35 tons 2

1. 1a
    Storing of the connection
block

1. 6*6 m
    7.43*7.43 m
8.5*16 m

1. Safety harness 2

1. 2
    Storing of the connection
block
    Storing of the machinery
block

1. 7.43*7.43 m
    4.5*4.5m
    4.5*4.5m
    6*6 m
 8.5*16m

1. Lifting crane min. 250 kg 2

PRODUCTION PLAN FOR WORKER CAPACITY OPTIMIZED ASSEMBLY OF ONE

STU
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Task and STU Area Resources Workers

1. 2
    Storing of the connection
block
    Storing of the machinery
block

1. 7.43*7.43 m
    4.5*4.5m
    4.5*4.5m
    6*6 m
 8.5 m*16m

1. Lifting crane min. 250 kg 2

1. 2
    Storing of the connection
block
    Storing of the machinery
block

1. 7.43*7.43 m
    7.43*7.43 m
    4.5*4.5m
    4.5*4.5m
    6*6 m
 8.5*16m

1. Lifting crane min. 250 kg 2

1. 2
    Storing of the connection
block
    Storing of the machinery
block

1. 7.43*7.43 m
    7.43*7.43 m
    4.5*4.5m
    4.5*4.5m
    6*6 m
 8.5*16m

1. Lifting crane min. 250 kg 2

1. 3
    Storing of the connection
block

1. 7.43*7.43 m
    7.43*7.43 m
    6*6 m
 8.5*16m

1. Lifting crane min. 35 tons
    3 jack lifts to lift the slewing
from below
    Lifting crane min. 25 tons

2

1. 4
    Storing of the connection
block
    Storing of the slewing
subassembly

1. 7.43*7.43 m
    5*5 m
    6*6 m
 8.5*22 m

1. Lifting crane min. 25 tons 2

1. 5
     Storing of the connection
block

1. 7.43*7.43 m
    5*5 m
    6*6 m
 8.5*22 m

1. Lifting crane min. 25 tons 2

1. 6
1. 7.43*7.43 m
    6*6 m
8.5*16 m

2

1. 7
     Storing of the connection
block

1. 7.43*7.43 m
     6*6 m
8.5*16 m

1. Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg

2
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Task and STU Area Resources Workers

1. 7
     Storing of the connection
block

1. 7.43*7.43 m
     6*6 m
8.5*16 m

1. Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg

2

1. 7
     Storing of the connection
block

1. 7.43*7.43 m
     6*6 m
8.5*16 m

1. Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg

2

1. 7
     Storing of the connection
block

1. 7.43*7.43 m
     6*6 m
8.5*16 m

1. Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg

2

1. 7
     Storing of the connection
block

1. 7.43*7.43 m
     6*6 m
8.5*16 m

1. Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg

2

1. 7
     Storing of the connection
block

1. 7.43*7.43 m
     6*6 m
8.5*16 m

1. Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg

2

1. 8
    Storing of the connection
block
    Storing of the slewing
bearing subassembly

1. 5*5 m
    7.43*7.43 m
    6*6 m
    7.43*7.43 m
8.5*16 m

1. Lifting crane min. 1 500 kg 2

1. 8
    Storing of the connection
block
    Storing of the slewing
bearing subassembly

1. 5*5 m
    7.43*7.43 m
    6*6 m
    7.43*7.43 m
8.5*16 m

1. Lifting crane min. 1 500 kg 2

1. 8
    Storing of the connection
block
    Storing of the slewing
bearing subassembly

1. 5*5 m
    7.43*7.43 m
    6*6 m
    7.43*7.43 m
8.5*16 m

1. Lifting crane min. 1 500 kg 2

1. 8
    Storing of the connection
block
    Storing of the slewing
bearing subassembly

1. 5*5 m
    7.43*7.43 m
    6*6 m
    7.43*7.43 m
8.5*16 m

1. Lifting crane min. 1 500 kg 2

1. 8
    Storing of the connection
block
    Storing of the slewing
bearing subassembly

1. 5*5 m
    7.43*7.43 m
    6*6 m
    7.43*7.43 m
8.5*16 m

1. Lifting crane min. 1 500 kg 2
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Task and STU Area Resources Workers

1. 8
    Storing of the connection
block
    Storing of the slewing
bearing subassembly

1. 5*5 m
    7.43*7.43 m
    6*6 m
    7.43*7.43 m
8.5*16 m

1. Lifting crane min. 1 500 kg 2

1. 9
     Storing the water slewing
assembly

1.7.43*7.43 m
    6*6 m
    7.43*7.43 m
8.5*16 m

1. Lifting crane min. 31 – 43
tons 2

1. 10
1. 7.43*7.43 m
    7.43*7.43 m
8.5*16 m

1. Lifting crane min. 65 tons 2

1. 11 1. 7.24*7.43 m
8.5*16 m 1. Lifting crane min. 11 tons 2

1. 11 1. 7.24*7.43 m
8.5*16 m 1. Lifting crane min. 11 tons 2

1. 12 1. 7.24*7.43 m
8.5*16 m 1. Lifting crane min. 800 kg 2

1. 13 1. 7.24*7.43 m
8.5*16 m 1. Lifting crane min. 200 kg 2

1. 14 1. 7.24*7.43 m
8.5*16m 1. Lifting crane min. 200 kg 2

1. 15 1. 7.24*7.43 m
8.5*16m

1. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts (2 011/4 022 kN)

2

1. 16 1. 7.24*7.43 m
8.5*16m

1. 3 jack lifts to lift the slewing
onto place from below 2

1. 17 1. 7.24*7.43 m
8.5*16m 1. Testing equipment 2

1. 15 1. 7.24*7.43 m
8.5*16m

1. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts (2 011/4 022 kN)

2
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Task and STU Area Resources Workers

1. 15 1. 7.24*7.43 m
8.5*16m

1. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts (2 011/4 022 kN)

2

1. 18 1. 7.24*7.43 m
8.5*16m 1. Lifting crane min. 130 tons 2

1. 19 1.  8.5*16 m 1. Tightening tool (1030 Nm)
(electric or pressure air) 2

1. 20 1.  8.5*16 m
1. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

2

1. 20 1.  8.5*16 m
1. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

2

1. 20 1.  8.5*16 m
1. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

2

1. 20 1.  8.5*16 m
1. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

2

1. 20 1.  8.5*16 m
1. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

2

1. 20 1.  8.5*16 m
1. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

2

1. 21 1.  8.5*16 m 1. Oil filling equipment 2

1. 22 1.  8.5*16 m 1. Rotation equipment
    Dial indicator 2

1. 22 1.  8.5*16 m 1. Rotation equipment
    Dial indicator 2

1. 23 1.  8.5*16 m 1. Lifting crane min. 600 kg 2

1. 23 1.  8.5*16 m 1. Tightening tool (electric or
pressure air) 2

1. 24 1.  8.5*16 m

 1. Lifting crane min. 1 500 kg
    Tightening tool (306 Nm &
598 Nm) (electric or pressure
air)

2

1. 25 1.  8.5*16 m
1. Lifting crane min. 2 100 kg
    Tightening tool (398 Nm)
(electric or pressure air)

2

1. 27 1.  8.5*16 m
1. Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)

2
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Task and STU Area Resources Workers

1. 27 1.  8.5*16 m
1. Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)

2

1. 27 1.  8.5*16 m
1. Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)

2

1. 27 1.  8.5*16 m
1. Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)

2

1. 27 1.  8.5*16 m
1. Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)

2

1. 30 1.  8.5*16 m 2

1. 30 1.  8.5*16 m 2

1. 30 1.  8.5*16 m 2

1. 30 1.  8.5*16 m 3

1. Delivery 1.  8.5*16 m
     8*16 m 1. Lifting crane min. 160 tons 3

1. Delivery 1.  8.5*16 m
     8*16 m 1. Lifting crane min. 10 tons 2

1. Delivery 1.  8.5*16 m
     8*16 m 1. Lifting crane min. 10 tons 2

1. Pick-up 1.  8.5*16 m
     8*16 m 1. Lifting crane min. 160 tons 2

CYCLE TIME 37.5
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DICTATED TIME OPTIMIZED ASSEMBLY PLANS FOR ONE STU OF I-4000

Task and STU Area Resources Workers

Assembly of workstation
1. 1a
    2

1. 7.43*7.43 m
    4.5*4.5m
    4.5*4.5m
 8.5*16m

1. Lifting crane min. 35 tons
   Lifting crane min. 250 kg

Lifting crane min. 1 000 kg
7

Assembly of workstation
1. 1a
     2

1. 7.43*7.43 m
    4.5*4.5m
    4.5*4.5m
 8.5*16m

1. Safety harness
    Lifting crane min. 250 kg

Lifting crane min. 1 000 kg
7

Assembly of workstation
1. Storing of the machinery block
    2

1. 7.43*7.43 m
    7.43*7.43 m
    4.5*4.5m
    4.5*4.5m
 8.5*16m

1. Lifting crane min. 250 kg
Lifting crane min. 1 000 kg 5

Assembly of workstation
1. Storing of the machinery block
    2
    4

1. 7.43*7.43 m
    7.43*7.43 m
    4.5*4.5m
    5*5 m
 8.5*16m

1. Lifting crane min. 250 kg
    Lifting crane min. 25 tons

Lifting crane min. 1 000 kg
7

Assembly of workstation
 1. 3
     5

1. 7.43*7.43 m
    7.43*7.43 m
    7.43*7.43 m
    5*5 m
 8.5*16m

1. Lifting crane min. 35 tons
    3 jack lifts to lift the slewing
from below
   Lifting crane min. 35 tons

Lifting crane min. 1 000 kg

7

Assembly of workstation
1. 6
     8
     1b

1. 7.43*7.43 m
    7.43*7.43 m
    5*5 m
    6*6 m
8.5*16 m

1. Lifting crane min. 1 500 kg
    Safety harness
    Lifting crane min. 31 – 43 tons

Lifting crane min. 1 000 kg

9

Assembly of workstation
1. 7
   8
   1b

1. 7.43*7.43 m
    7.43*7.43 m
     6*6 m
     5*5 m
8.5*16 m

1.Lifting crane min. 100 kg
    Lifting crane min. 1 500 kg
    Tightening equipment for M90
bolts (2 038/4 077 kN)

Lifting crane min. 1 000 kg

9

Assembly of workstation
1. 7
   8
   Storing of the connection block

1. 7.43*7.43 m
    7.43*7.43 m
     6*6 m
     5*5 m
8.5*16 m

1.Lifting crane min. 100 kg
    Lifting crane min. 1 500 kg
    Tightening equipment for M90
bolts (2 038/4 077 kN)

Lifting crane min. 1 000 kg

7

Assembly of workstation
1. 7
    8
   Storing of the connection block

1. 7.43*7.43 m
    7.43*7.43 m
     6*6 m
     5*5 m
8.5*16 m

1.Lifting crane min. 100 kg
    Lifting crane min. 1 500 kg
    Tightening equipment for M90
bolts (2 038/4 077 kN)

Lifting crane min. 1 000 kg

7

PRODUCTION PLAN FOR TIME OPTIMIZED ASSEMBLY OF ONE STU
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Task and STU Area Resources Workers

Assembly of workstation
1. 7
    8
   Storing of the connection block

1. 7.43*7.43 m
    7.43*7.43 m
     6*6 m
     5*5 m
8.5*16 m

1.Lifting crane min. 100 kg
    Lifting crane min. 1 500 kg
    Tightening equipment for M90
bolts (2 038/4 077 kN)

Lifting crane min. 1 000 kg

7

Assembly of workstation
1. 7
   8
   Storing of the connection block

1. 7.43*7.43 m
    7.43*7.43 m
     6*6 m
     5*5 m
8.5*16 m

1.Lifting crane min. 100 kg
    Lifting crane min. 1 500 kg
    Tightening equipment for M90
bolts (2 038/4 077 kN)

Lifting crane min. 1 000 kg

7

1. 9
    7

1. 7.43*7.43 m
    7.43*7.43 m
     6*6 m
8.5*16 m

1. Lifting crane min. 31 – 43 tons
     Guidance stud bolts M90
    Lifting crane min. 100 kg
     Tightening equipment for M90
bolts (2 038/4 077 kN)

4

1. 10
1. 7.43*7.43 m
    7.43*7.43 m
8.5*16 m

1. Lifting crane min. 65 tons 2

1. 11 1. 7.24*7.43 m
8.5*16 m 1. Lifting crane min. 11 tons 2

1. 11 1. 7.24*7.43 m
8.5*16 m 1. Lifting crane min. 11 tons 2

1. 12 1. 7.24*7.43 m
8.5*16 m 1. Lifting crane min. 800 kg 2

1. 13 1. 7.24*7.43 m
8.5*16 m 1. Lifting crane min. 200 kg 2

1. 14 1. 7.24*7.43 m
8.5*16m 1. Lifting crane min. 200 kg 2

1. 15 1. 7.24*7.43 m
8.5*16m

1. Lifting crane min. 100 kg
    Tightening equipment for M90
bolts (2 011/4 022 kN)

2

1. 15
    16

1. 7.24*7.43 m
8.5*16m

1. Lifting crane min. 100 kg
    Tightening equipment for M90
bolts (2 011/4 022 kN)
   3 jack lifts to lift the slewing
onto place from below

4

1. 15
    17

1. 7.24*7.43 m
8.5*16m

1. Lifting crane min. 100 kg
    Tightening equipment for M90
bolts (2 011/4 022 kN)
    Testing equipment

4

1. 18 1. 7.24*7.43 m
8.5*16m 1. Lifting crane min. 130 tons 2

1. 19 1.  8.5*16 m 1. Tightening tool (1030 Nm)
(electric or pressure air) 2
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Task and STU Area Resources Workers

1. 20 1.  8.5*16 m
1. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

2

1. 20 1.  8.5*16 m
1. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

2

1. 20 1.  8.5*16 m
1. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

2

1. 20 1.  8.5*16 m
1. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

2

1. 20 1.  8.5*16 m
1. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

2

1. 20 1.  8.5*16 m
1. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

2

1. 21 1.  8.5*16 m 1. Oil filling equipment 2

1. 22 1.  8.5*16 m 1. Rotation equipment
    Dial indicator 2

1. 22 1.  8.5*16 m 1. Rotation equipment
    Dial indicator 2

1. 23
    27 1.  8.5*16 m

1. Lifting crane min. 600 kg
    Lifting crane min. 1 500 kg
    Tightening tool (306/598 Nm)
(electric or pressure air)

4

1. 23
    27 1.  8.5*16 m

1. Lifting crane min. 1 500 kg
    Tightening tool (306/598 Nm)
(electric or pressure air)
Tightening tool (306/598 Nm)
(electric or pressure air)

4

1. 23
    27 1.  8.5*16 m

1. Lifting crane min. 1 500 kg
    Tightening tool (306/598 Nm)
(electric or pressure air)
Tightening tool (306/598 Nm)
(electric or pressure air)

4

1. 24
    27 1.  8.5*16 m

1. Lifting crane min. 1 500 kg
    Tightening tool (306/598 Nm)
(electric or pressure air)

4

1. 25
    27 1.  8.5*16 m

1. Lifting crane min. 2 100 kg
    Lifting crane min. 1 500 kg
    Tightening tool (306/598 Nm)
(electric or pressure air)
Tightening tool (398 Nm) (electric
or pressure air)

4

1. 30 1.  8.5*16 m 2

1. 30 1.  8.5*16 m 2
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Task and STU Area Resources Workers

1. 30 1.  8.5*16 m 2

1. 30 1.  8.5*16 m 2

1. 30 1.  8.5*16 m 2

1. Delivery 1.  8.5*16 m
     8*16 m 1. Lifting crane min. 160 tons 2

1. Delivery 1.  8.5*16 m
     8*16 m 1. Lifting crane min. 10 tons 2

1. Delivery 1.  8.5*16 m
     8*16 m 1. Lifting crane min. 10 tons 2

1. Pick-up 1.  8.5*16 m
     8*16 m 1. Lifting crane min. 160 tons 2

CYCLE TIME (days) 23
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PRODUCTION PLAN FOR GENERAL PRODUCTION OF 6 STUS FOR 2 PROJECTS
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DICTATED PRODUCTION PLAN FOR GENERAL PRODUCTION OF 6 STUS FOR 2

PROJECTS

Task and STU Area Resources Workers

Assembling of the workstation  8.5*22 m Lifting crane min. 1 000 kg 6

Assembling of the workstation 8.5*22 m Lifting crane min. 1 000 kg 6

Assembling of the workstation  8.5*22 m Lifting crane min. 1 000 kg 6

Assembling of the workstation 8.5*22 m Lifting crane min. 1 000 kg 6

Assembling of the workstation  8.5*22 m Lifting crane min. 1 000 kg 6

Assembling of the workstation  8.5*22 m Lifting crane min. 1 000 kg 6

Assembling of the workstation  8.5*22 m Lifting crane min. 1 000 kg 6

Assembling of the workstation  8.5*22 m Lifting crane min. 1 000 kg 6

Assembling of the workstation 8.5*22 m Lifting crane min. 1 000 kg 6

Assembling of the workstation  8.5*22 m Lifting crane min. 1 000 kg 6

Assembling of the workstation  8.5*22 m Lifting crane min. 1 000 kg 6

1. 1a
    1

1. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m
    8.5*22 m

1. Lifting crane min. 35 tons
   Lifting crane min. 250 kg 4

1. 1a
     2

1. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m
    8.5*22 m

1. Safety harness
Lifting crane min. 250 kg 4

1. Storing of the machinery block
    2

1. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m
    8.5*22 m

1. Lifting crane min. 250 kg 2

1. Storing of the machinery block
    2

1. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m
    8.5*22 m

1. Lifting crane min. 250 kg 2

 1.3
    4

1. 7.43*7.43 m
    7.43*7.43 m
     5*5 m
2. 8.5*22m

1. Lifting crane min. 35 tons
    3 jack lifts to lift the
slewing from below
    Lifting crane min. 25 tons

4

1. 5
2. 1a

1. 7.43*7.43 m
     8.5*22 m
2. 7.43*7.43 m

1. Lifting crane min. 35 tons
2. Lifting crane min. 35 tons 4
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Task and STU Area Resources Workers

1. 6
     8
     1b
2. 1a
    2

1. 8.5*22 m
    7.43*7.43 m
    5*5 m
    6*6 m
2. 7.43*7.43 m
    4.5*4.5 m
     4.5*4.5 m

1. Lifting crane min. 1 500 kg
    Safety harness
    Lifting crane min. 31 – 43
tons
2. Safety harness
    Lifting crane min. 250 kg

10

1.7
    8
   1b
2. Storing the machinery block
   2

1. 7.43*7.43 m
     6*6 m
     8.5*22m
     5*5 m
2. 7.43*7.43 m
     4.5*4.5 m
     4.5*4.5 m

1. Lifting crane min. 1 500 kg
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
     Lifting crane min. 100 kg
2. Lifting crane min. 250 kg

8

1. 7
    8
    1b
2. Storing the machinery block
    2

1. 7.43*7.43 m
     6*6 m
     8.5*22 m
     5*5 m
2. 7.43*7.43 m
     4.5*4.5m
     4.5*4.5 m
    7.43*7.43 m

1. Lifting crane min. 1 500 kg
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
     Lifting crane min. 100 kg
2. Lifting crane min. 250 kg

6

1. 7
    8
   Storing of the connection block
2. Storing the machinery block
    2

1. 7.43*7.43 m
     6*6 m
     8.5*22 m
     5*5 m
2. 7.43*7.43 m
     4.5*4.5 m
     4.5*4.5 m
    7.43*7.43 m

1. Lifting crane min. 1 500 kg
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
     Lifting crane min. 100 kg
2. Lifting crane min. 250 kg

6

1. 7
    8
   Storing of the connection block
2. 3
    4

1. 7.43*7.43 m
     6*6 m
     8.5*22 m
     5*5 m
2. 7.43*7.43 m
     5*5 m
    7.43*7.43 m

1. Lifting crane min. 1 500 kg
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg
2. Lifting crane min. 35 tons
    3 jack lifts to lift the
slewing from below
    Lifting crane min 25 tons

8

1. 9
     7
2. 5

1. 7.43*7.43 m
     5*5 m
     8.5*22 m
2. 5*5m
    7.43*7.43 m

1. Lifting crane min. 31 – 43
tons
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg
2. Lifting crane min 25 tons

6
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Task and STU Area Resources Workers

1. 10
2. 8
    1b
    6
3. 1a

1. 7.43*7.43 m
2. 6*6 m
     5*5 m
    7.43*7.43 m
    7.43*7.43 m
3. 7.43*7.43 m
8.5*22m

1. Lifting crane min. 65 tons
     Guidance stud bolts M90
2. Lifting crane min. 1 500 kg
     Lifting crane min. 31 – 43
tons
3. Lifting crane min. 35 tons

10

1. 11
2. 8
    1b
    7
3. 2
    1a

1. 7.24*7.43 m
2. 7.43*7.43 m
     6*6 m
     5*5 m
    7.43*7.43 m
3. 7.43*7.43 m
     4.5*4.5 m
     4.5*4.5 m
8.5*22 m

1. Lifting crane min. 11 tons
2. Lifting crane min. 1 500 kg
    Safety harness
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg
3. Lifting crane min. 250 kg
    Lifting crane min. 35 tons

12

1. 11
2. 8
    Storing the connection block
    7
3. 2
    Storing the machinery block

1. 7.24*7.43 m
2. 7.43*7.43 m
     6*6 m
     5*5 m
    7.43*7.43 m
3. 7.43*7.43 m
     4.5*4.5 m
     4.5*4.5 m
8.5*22 m

1. Lifting crane min. 11 tons
2. Lifting crane min. 1 500 kg
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg
3. Lifting crane min. 250 kg

8

1. 12
2. 8
    Storing the connection block
    7
3. 2
    Storing the machinery block

1. 7.24*7.43 m
2. 7.43*7.43 m
     6*6 m
     5*5 m
    7.43*7.43 m
3. 7.43*7.43 m
     4.5*4.5 m
     4.5*4.5 m
8.5*22 m

1. Lifting crane min. 800 kg
2. Lifting crane min. 1 500 kg
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg
3. Lifting crane min. 250 kg

8

1. 13
2. 8
    Storing the connection block
    7
3. 2
    Storing the machinery block

1. 7.24*7.43 m
2. 7.43*7.43 m
     6*6 m
     5*5 m
    7.43*7.43 m
3. 7.43*7.43 m
     4.5*4.5 m
     4.5*4.5 m
    7.43*7.43 m
8.5*22 m

1. Lifting crane min. 6 tons
2. Lifting crane min. 1 500 kg
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg
3. Lifting crane min. 250 kg

8

1. 14
2. 9
    7
3. 2
    Storing the machinery block

1. 7.24*7.43 m
2. 7.43*7.43 m
     6*6 m
    7.43*7.43 m
3. 7.43*7.43 m
     4.5*4.5 m
     4.5*4.5 m
     7.43*7.43 m
8.5*22m

1. Lifting crane min. 200 kg
2. Lifting crane min. 31 – 43
tons
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg
3. Lifting crane min. 250 kg

8
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Task and STU Area Resources Workers

1. 15
2. 10
3. 3
    4

1. 7.24*7.43 m
2. 7.43*7.43 m
    7.43*7.43 m
3. 7.43*7.43 m
     7.43*7.43 m
8.5*22m

1. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts (2 011/4 022 kN)
    Lifting crane min. 100 kg
2. Lifting crane min. 65 tons
3. Lifting crane min. 35 tons

8

1. 16
2. 11
3. 5
    1b

1. 7.24*7.43 m
2. 7.43*7.43 m
3. 7.43*7.43 m
     5*5 m
8.5*22m

1. 3 jack lifts to lift the
slewing onto place from
below
2. Lifting crane min. 11 tons
3. 3 jack lifts to lift the
slewing from below
    Lifting crane min. 25 tons

8

1. 17
2. 11
3. 6
    8
    1b

1. 7.24*7.43 m
2. 7.43*7.43 m
3. 7.43*7.43 m
     5*5 m
     6*6 m
8.5*22m

1. Testing equipment
2. Lifting crane min. 11 tons
3. Lifting crane min. 25 tons
     Lifting crane min. 31 – 43
tons.

10

1. 15
2. 12
3. 8
    7
    Storing the connection block

1. 7.43*7.43 m
2. 7.24*7.43 m
3. 7.43*7.43 m
    4.5*4.5 m
    7.43*7.43 m
    6*6 m
 8.5*22m

1. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts (2 011/4 022 kN)
    Lifting crane min. 100 kg
2. Lifting crane min. 800 kg
3. Lifting crane min. 1 500 kg
     Safety harness
     Tightening equipment for
M90 bolts (2 038/4 077 kN)
Lifting crane min. 100 kg

8

1. 15
2. 13
3. 8
    7
    Storing the connection block

1. 7.43*7.43 m
2. 7.24*7.43 m
3. 7.43*7.43 m
    4.5*4.5 m
   7.43*7.43 m
    6*6 m
 8.5*22m

1. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts (2 011/4 022 kN)
    Lifting crane min. 100 kg
2. Lifting crane min. 5 tons
3. Lifting crane min. 1 500 kg
     Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg

8

1. 18
2. 14
3. 8
    7
    Storing of the connection block

1. 7.43*7.43 m
     8.5*22 m
2. 7.24*7.43 m
3. 7.43*7.43 m
     4.5*4.5 m
    7.43*7.43 m
    6*6 m

1. Lifting crane min.  130 tons
2. Lifting crane min. 500 kg
    H-beam for the slewing
rings
3. Lifting crane min. 1 500 kg
     Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg

8

1. 19
2. 15
3. 8
    7
    Storing the connection block

1.  8.5*22 m
2. 7.24*7.43 m
3. 7.43*7.43 m
     5*5 m
    7.43*7.43 m
    6*6 m

1. Tightening tool (electric or
pressure air)
2. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts (2 011/4 022 kN)
3. Lifting crane min. 1 500 kg
     Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg

8
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Task and STU Area Resources Workers

1. 20
2. 16
3. 9
    7

1.  8.5*22 m
2. 7.24*7.43 m
3. 7.43*7.43 m
    7.43*7.43 m
    6*6 m

1. Lifting crane min. 900 kg
    Tightening tool (electric or
pressure air)
2. 3 jack lifts for lifting the
water slewing from below
3. Lifting crane min. 31 – 43
ton
     Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg

8

1. 20
2. 17
3. 10

1.  8.5*22 m
2. 7.24*7.43 m
3. 7.43*7.43 m
    7.43*7.43 m

1. Lifting crane min. 900 kg
    Tightening tool (electric or
pressure air)
2. Testing equipment
3. Lifting crane min. 31 – 43
tons

6

1. 20
2. 15
3. 11

1.  8.5*22 m
2. 7.24*7.43 m
3. 7.43*7.43 m

1. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)
2. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts (2 011/4 022 kN)
3. Lifting crane min. 11 tons

6

1. 20
2. 15
3. 11

1. 8.5*22m
2. 7.43*7.43 m
3. 7.24*7.43 m

1. Lifting crane min.  900 kg
    Tightening tool (electric or
pressure air) (598 Nm)
2. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts (2 011/4 022 kN)
3. Lifting crane min. 11 tons

6

1. 20
2. 18
3. 12

1. 8.5*22m
2. 7.43*7.43 m
3. 7.24*7.43 m

1. Lifting crane min. 900 kg
    Tightening tool (electric or
pressure air) (598 Nm)
2. Lifting crane min. 130 tons
3. Lifting crane min. 800 kg

6

1. 20
2. 19
3. 13

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Lifting crane min. 900 kg
    Tightening tool (electric or
pressure air) (598 Nm)
2. Tightening tool (electric or
pressure air) (1030 Nm)
3. Lifting crane min. 6 tons

6

1. 21
2. 20
3. 14

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Oil filling equipment
2. Lifting crane min. 900 kg
    Tightening tool (electric or
pressure air) (598 Nm)
3. Lifting crane min. 200 kg

6

1. 22
2. 20
3. 15

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Rotation equipment
    Dial indicator
2. Lifting crane min. 900 kg
    Tightening tool (electric or
pressure air) (598 Nm)
3. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts (2 011/4 022 kN)

6
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1. 22
2. 20
3. 16

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Rotation equipment
    Dial indicator
2. Lifting crane min. 900 kg
    Tightening tool (electric or
pressure air) (598 Nm)
3. 3 jack lifts for lifting the
water slewing from below

6

1. 23
    27
2. 20
3. 17

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Lifting crane min. 600 kg
    Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
2. Lifting crane min. 900 kg
    Tightening tool (electric or
pressure air) (598 Nm)
3. Testing equipment

8

1. 24
    27
2. 20
3. 15

1/2. 8.5*22 m
3. 7.43*7.43 m

1. Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
2. Lifting crane min. 900 kg
    Tightening tool (electric or
pressure air) (598 Nm)
3. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts (2 011/4 022 kN)

8

1. 24
    27
2. 20
3. 15

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
2. Lifting crane min. 900 kg
    Tightening tool (electric or
pressure air) (598 Nm)
3. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts (2 011/4 022 kN)

8

1. 25
    27
2. 21
3. 18

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
2. Oil filling equipment
3. Lifting crane min. 130 tons

8

1. 25
    27
2. 21
3. 19

1/2/3. 8.5*22 m

1. Lifting crane min. 2 100 kg
    Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
    Tightening tool (398 Nm)
(electric or pressure air)
2. Oil filling equipment
3. Tightening tool (1030Nm)
(electric or pressure air)

8

1. 25
    27
2. 22
3. 20

1/2/3. 8.5*22m

1. Lifting crane min.2 100 kg
    Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
    Tightening tool (398 Nm)
(electric or pressure air)
2. Rotation equipment
    Dial indicator
3. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

8
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1. 30
2. 22
3. 20

1/2/3. 8.5*22m

2. Rotation equipment
    Dial indicator
3. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

6

1. 30
2. 24
    27
3. 20

1/2/3. 8.5*22m

2. Lifting crane min. 600 kg
    Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
3. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

8

1. 30
2. 24
    27
3. 20

1/2/3. 8.5*22m

2. Tightening tool (306/598
Nm) (electric or pressure air)
    Lifting crane min. 1 500 kg
    Tightening tool (electric or
pressure air)
3. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

8

1. 30
2. 24
    27
3. 20
4. 1a
    2

1/2/3. 8.5*22m
4. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m

2. Tightening tool (306/598
Nm) (electric or pressure air)
    Lifting crane min. 1 500 kg
    Tightening tool (electric or
pressure air)
3. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)
4. Lifting crane min. 35 tons
    Lifting crane min. 250 kg

12

1. 30
2. 25
    27
3. 20
4. 1a
    2

1/2/3. 8.5*22 m
4. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m

2. Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
3. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)
4. Safety harness
    Lifting crane min. 250 kg

12

1. 30
2. 26
    27
3. 21
4. Storing of the machinery block
    2

1/2/3. 8.5*22 m
4. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m
    7.43*7.43 m

2. Lifting crane min. 2.5 tons
    Tightening tool (398 Nm)
(electric or pressure air)
    Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
3. Oil filling equipment
4. Lifting crane min. 250 kg

10

1. 30
2. 25
    27
3. 33
4. Storing of the machinery block
    2

1/2/3. 8.5*22 m
4. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m
    7.43*7.43 m

2. Lifting crane min. 2 100 kg
    Tightening tool (398 Nm)
(electric or pressure air)
    Tightening tool (306/598
Nm) (electric or pressure air)
3. Rotation equipment
    Dial indicator
4. Lifting crane min. 250 kg

10
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2. 30
3. 22
4. 3
    4

2/3. 8.5*22 m
4. 7.43*7.43 m
    5*5 m
    7.43*7.43 m

3. Rotation equipment
    Dial indicator
4. Lifting crane min. 35 tons
    Lifting crane min. 25 tons

8

2. 30
3. 24
    27
4. 5
    1b

2/3. 8.5*22 m
4. 7.43*7.43 m
    5*5 m
    7.43*7.43 m

3. Lifting crane min. 600 kg
    Tightening tool (electric or
pressure air)
    Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
4. Lifting crane min. 25 tons
    Lifting crane min. 31 – 43
tons

12

2. 30
3. 24
    27
4. 4
    8
   1a
5. 2
    1b

2/3. 8.5*22 m
4. 7.43*7.43 m
    5*5 m
    7.43*7.43 m
    6*6 m
5. 4.5*4.5 m
    4.5*4.5 m
    7.43*7.43 m

3. Tightening tool (electric or
pressure air)
    Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
4. Lifting crane min. 1 500 kg
    Safety harness
5. Lifting crane min. 250 kg
    Lifting crane min. 35 tons

16

2. 30
3. 24
    27
4. 7
    8
   Storing of the connection block
5. 2
    1a

2/3. 8.5*22m
4. 7.43*7.43 m
    5*5 m
    7.43*7.43 m
    6*6 m
5. 4.5*4.5 m
    4.5*4.5 m
    7.43*7.43 m

3. Tightening tool (electric or
pressure air)
    Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
4. Tightening equipment for
M90 bolts (2 038/4 077 kN)
     Lifting crane min. 1 500 kg
5. Lifting crane min. 250 kg
    Safety harness

14

1. Delivery
2. 30
3. 25
    27
4. 7
    8
   Storing of the connection block
5. 2
    Storing of the machinery block

1. 8*16 m
2/3. 8.5*22 m
4. 7.43*7.43 m
    5*5 m
    7.43*7.43 m
    6*6 m
5. 4.5*4.5 m
    4.5*4.5 m
    7.43*7.43 m
    7.43*7.43 m

1. Lifting crane min. 160 tons
3. Tightening tool (306/598
Nm) (electric or pressure air)
    Lifting crane min. 1 500 kg
4. Tightening equipment for
M90 bolts (2 038/4 077 kN)
     Lifting crane min. 1 500 kg
5. Lifting crane min. 250 kg

14

1. Delivery
3. 26
    27
4. 7
    8
   Storing of the connection block
5. 2
    Storing of the machinery block

1. 8*16 m
2/3. 8.5*22 m
4. 7.43*7.43 m
    5*5 m
    7.43*7.43 m
    6*6 m
5. 4.5*4.5 m
    4.5*4.5 m
    7.43*7.43 m
    7.43*7.43 m

1. Lifting crane min. 10 tons
3. Lifting crane min. 2 100 kg
    Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
    Tightening tool (398 Nm)
(electric or pressure air)
4. Tightening equipment for
M90 bolts (2 038/4 077 kN)
     Lifting crane min. 1 500 kg
5. Lifting crane min. 250 kg

14
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1. Delivery
3. 26
    27
4. 7
    8
   Storing of the connection block
5. 3
    4

1. 8*16 m
3. 8.5*22 m
4. 7.43*7.43 m
    5*5 m
    7.43*7.43 m
    6*6 m
5. 7.43*7.43 m
    7.43*7.43 m
    5*5 m

1. Lifting crane min. 10 tons
3. Lifting crane min. 2 100 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
    Tightening tool (398 Nm)
(electric or pressure air)
4. Tightening equipment for
M90 bolts (2 038/4 077 kN)
     Lifting crane min. 1 500 kg
5. Lifting crane min. 35 tons
    Lifting crane min. 25 tons

14

1. Pick-up
3. 30
4. 7
    9
5. 5
    1a

1. 8*16 m
3. 8.5*22 m
4. 7.43*7.43 m
    7.43*7.43 m
    6*6 m
5. 7.43*7.43 m
    5*5 m
    6*6 m

1. Lifting crane min. 160 tons
4. Tightening equipment for
M90 bolts (2 038/4 077 kN)
     Lifting crane min. 31 – 43
tons
5. Lifting crane min. 25 tons
    Lifting crane min. 31 – 43
tons

12

2. Delivery
3. 30
4. 10
5. 6
    8
    1b
6. 1a

2. 8*16 m
3. 8.5*22 m
4. 7.43*7.43 m
    7.43*7.43 m
5. 7.43*7.43 m
    5*5 m
    7.43*7.43 m
    6*6 m
6. 7.43*7.43 m

2. Lifting crane min. 160 tons
4. Lifting crane min. 35 tons
5. Lifting crane min. 1 500 kg
    Safety harness
6. Lifting crane min. 35 tons

14

2. Delivery
3. 30
4. 11
5. 8
    7
   Storing of the connection block
6. 2
    1a

2. 8*16 m
3. 8.5*22 m
4. 7.43*7.43 m
5. 7.43*7.43 m
    5*5 m
    7.43*7.43 m
    6*6 m
6. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m

2. Lifting crane min. 10 tons
4. Lifting crane min. 11 tons
5. Lifting crane min. 1 500 kg
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg
6. Lifting crane min. 150 kg
    Safety harness

14

2. Delivery
3. 30
4. 11
5. 8
    7
    Storing of the connection block
6. 2
    Storing of the machinery block

2. 8*16 m
3. 8.5*22 m
4. 7.43*7.43 m
5. 7.43*7.43 m
    5*5 m
    7.43*7.43 m
    6*6 m
6. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m

2. Lifting crane min. 10 tons
4. Lifting crane min. 11 tons
5. Lifting crane min. 1 500 kg
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg
6. Lifting crane min. 150 kg

12
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2. Delivery
3. 30
4. 12
5. 8
    7
    Storing of the connection block
6. 2
    Storing of the machinery block

2. 8*16 m
3. 8.5*22 m
4. 7.43*7.43 m
5. 7.43*7.43 m
    5*5 m
    7.43*7.43 m
    6*6 m
6. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m
    7.43*7.43 m

2. Lifting crane min. 10 tons
4. Lifting crane min. 800 kg
5. Lifting crane min. 1 500 kg
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg
6. Lifting crane min. 150 kg

12

2. Pickup
3. 30
4. 13
5. 8
    7
    Storing of the connection block
6. 2
    Storing of the machinery block

2. 8*16 m
3. 8.5*22 m
4. 7.43*7.43 m
5. 7.43*7.43 m
    5*5 m
    7.43*7.43 m
    6*6 m
6. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m
    7.43*7.43 m

2. Lifting crane min. 160 tons
4. Lifting crane min. 5 tons
5. Lifting crane min. 1 500 kg
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg
6. Lifting crane min. 150 kg

12

3. Delivery
4. 14
5. 8
    7
    Storing of the connection block
6. 2
    Storing of the machinery block

3. 8*16 m
4. 7.43*7.43 m
5. 7.43*7.43 m
    5*5 m
    7.43*7.43 m
    6*6 m
6. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m
    7.43*7.43 m
 8.5*22 m

3. Lifting crane min. 160 tons
4. Lifting crane min. 200 kg
5. Lifting crane min. 1 500 kg
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
     Lifting crane min. 100 kg
6. Lifting crane min. 150 kg

10

3. Delivery
4. 15
5. 8
    7
    Storing of the connection block
6. 3
    Cleaning of the slewing bearing

3. 8*16 m
4. 7.43*7.43 m
5. 7.43*7.43 m
    5*5 m
    7.43*7.43 m
    6*6 m
6. 7.43*7.43 m
    7.43*7.43 m
    5*5 m
8.5*22 m

3. Lifting crane min. 10 tons
4. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts (2 011/4 022 kN)
5. Lifting crane min. 1 500 kg
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg
6. Lifting crane min. 35 tons
     Lifting crane min. 25 tons

12

3. Delivery
4. 15
5. 9
    7
6. 5

3. 8*16 m
4. 7.43*7.43 m
5. 7.43*7.43 m
    6*6 m
    7.43*7.43 m
6. 7.43*7.43 m
    5*5 m
8.5*22 m

3. Lifting crane min. 10 tons
4. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts (2 011/4 022 kN)
5. Lifting crane min. 31 – 43
tons
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100 kg
6. Lifting crane min. 25 tons

10
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3. Pick-up
4. 15
5. 10
6. 6

3. 8*16 m
4. 7.43*7.43 m
5. 7.43*7.43 m
    7.43*7.43 m
6. 7.43*7.43 m
8.5*22 m

3. Lifting crane min. 160 tons
4. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts (2 011/4 022 kN)
5. Lifting crane min. 35 tons

8

4. 16
5. 11
6. 7

4. 7.43*7.43 m
5. 7.43*7.43 m
6. 7.43*7.43 m
8.5*22 m

4. 3 jack lifts for lifting the
slewing from below
5. Lifting crane min. 11 tons
6. Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100kg

6

4. 17
5. 11
6. 7

4. 7.43*7.43 m
5. 7.43*7.43 m
6. 7.43*7.43 m
8.5*22 m

4. Testing equipment
5. Lifting crane min. 11 tons
6. Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100kg

6

4.  18
5. 12
6. 7
    1b

4. 7.43*7.43 m
    8.5*22 m
5. 7.43*7.43 m
6. 7.43*7.43 m
    6*6 m
8.5*22 m

4. Lifting crane 130 tons
5. Lifting crane min. 800 kg
6. Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100kg
    Lifting crane min. 31 – 43
tons.
    Safety harness

8

4. 19
5. 13
6. 7
     8
    1b

4. 8.5*22 m
5. 7.43*7.43 m
6. 7.43*7.43 m
    6*6m
    7.43*7.43 m
    5*5 m
8.5*22m

4. Tightening tool (1030 Nm)
(electric or pressure air)
5. Lifting crane min. 6 tons
6. Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 1 500 kg
    Lifting crane min. 100kg
    Safety harness

10

4. 20
5.14
6. 7
    8
    Storing the connection block

4. 8.5*22 m
5. 7.43*7.43 m
6. 7.43*7.43 m
    7.43*7.43 m
    5*5 m
    6*6 m

4. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)
5. Lifting crane min. 200 kg
    H-beam
6. Lifting crane min. 1 500 kg
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100kg

8

4. 20
5.15
6. 7
    8
    Storing the connection block

4. 8.5*22 m
5. 7.43*7.43 m
6. 7.43*7.43 m
    7.43*7.43 m
    5*5 m
    6*6 m

4.Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)
5. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts (2 011/4 022 kN)
6. Lifting crane min. 1 500 kg
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100kg

8
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4. 20
5. 15
6. 7
    8
    Storing the connection block

4. 8.5*22 m
5. 7.43*7.43 m
6. 7.43*7.43 m
    7.43*7.43 m
    5*5 m
    6*6 m

4.Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)
5. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts (2 011/4 022 kN)
6. Lifting crane min. 1 500 kg
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100kg

8

4. 20
5. 15
6. 7
    8
    Storing the connection block

4. 8.5*22 m
5. 7.43*7.43 m
6. 7.43*7.43 m
    7.43*7.43 m
    5*5 m
    6*6 m

4.Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)
5. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts (2 011/4 022 kN)
6. Lifting crane min. 1 500 kg
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100kg

8

4. 20
5. 16
6. 7
   9

4. 8.5*22 m
5. 7.43*7.43 m
6. 7.43*7.43 m
    7.43*7.43 m
    6*6 m

4.Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)
5. 3 jack lifts for lifting the
slewing from below
6. Lifting crane min. 31 – 43
tons.
    Tightening equipment for
M90 bolts (2 038/4 077 kN)
    Lifting crane min. 100kg

8

4. 20
5. 17
6. 10

4. 8.5*22 m
5. 7.43*7.43 m
6. 7.43*7.43 m
    7.43*7.43 m

4.Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)
5. Testing equipment
6. Lifting crane min. 35 tons

6

4. 21
5. 18
6. 11

4/5. 8.5*22 m
5. 7.43*7.43 m
6. 7.43*7.43 m

4. Oil filling equipment
5. Lifting crane min. 130 tons
6. Lifting crane min. 11 tons

6

4. 22
5. 19
6. 11

4/5. 8.5*22 m
6. 7.43*7.43 m

4.Rotation equipment
    Dial indicator
5. Tightening tool (electric or
pressure air)
6. Lifting crane min. 11 tons

6

4. 22
5. 20
6. 12

4/5. 8.5*22 m
6. 7.43*7.43 m

4.Rotation equipment
    Dial indicator
5. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)
6. Lifting crane min. 800 kg

6
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4. 24
    27
5. 20
6. 19

4/5. 8.5*22 m
6. 7.43*7.43 m

4. Lifting crane min. 600 kg
    Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
5. Lifting crane min. 900
    Tightening tool (598 Nm)
(electric or pressure air)
6. Lifting crane min. 6 tons

8

4. 24
    27
5. 20
6. 13

4/5. 8.5*22 m
6. 7.43*7.43 m

4.  Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
    Tightening tool (electric or
pressure air)
5. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)
6. Lifting crane min. 200 kg
    H-beam

8

4. 24
    27
5. 20
6. 15

4/5. 8.5*22m
6. 7.43*7.43 m

4.  Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
    Tightening tool (electric or
pressure air)
5. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)
6. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts

8

4. 25
    27
5. 20
6. 15

4/5. 8.5*22m
6. 7.43*7.43 m

4.  Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
5. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)
6. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts

8

4. 26
    27
5. 20
6. 15

4/5. 8.5*22 m
6. 7.43*7.43 m

4.Lifting crane min. 2 100 kg
    Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
5. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)
6. Lifting crane min. 100 kg
    Tightening equipment for
M90 bolts

8

4. 26
    27
5. 21
6. 16

4/5. 8.5*22 m
6. 7.43*7.43 m

4.Lifting crane min. 2 100 kg
    Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
5. Oil filling equipment
6. 3 jack lifts to lift the
slewing from below

8
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4. 30
5. 22
6. 17

4/5. 8.5*22 m
6. 7.43*7.43 m

5. Rotation equipment
    Dial indicator
6. Lifting crane min. 100 kg

6

4. 30
5. 22
6. 18

4/5. 8.5*22 m
6. 7.43*7.43 m

5. Rotation equipment
    Dial indicator
6. Lifting crane min. 130 tons

6

4. 30
5. 24
    27
6. 19

4/5/6. 8.5*22 m

5. Lifting crane min. 600 kg
    Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
6. Tightening tool (1030 Nm)
(electric or pressure air)

8

4. 30
5. 24
    27
6. 20

4/5/6. 8.5*22 m

5. Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
    Tightening tool (electric or
pressure air)
6. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

8

4. 30
5. 24
    27
6. 20

4/5/6. 8.5 * 22
m

5. Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
    Tightening tool (electric or
pressure air)
6. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

8

4. 30
5. 25
    27
6. 20

4/5/6. 8.5*22 m

5. Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
6. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

8

5. 25
    27
6. 20

5/6. 8.5*22 m

5. Lifting crane min. 800 kg
    Lifting crane min. 1 500 kg
    Tightening tool (306/598 Nm)
(electric or pressure air)
    Tightening tool (398 Nm)
(electric or pressure air)
6. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

6

5. 25
    27
6. 20

5/6. 8.5*22 m

5. Lifting crane min. 800 kg
    Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
    Tightening tool (398 Nm)
(electric or pressure air)
6. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

6

5. 30
6. 20 5/6. 8.5*22 m

6. Lifting crane min. 900 kg
    Tightening tool (598 Nm)
(electric or pressure air)

4

5. 30
6. 21 5/6. 8.5*22 m 6. Oil filling equipment 4
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5. 30
6. 22 5/6. 8.5*22 m 6. Rotation equipment

     Dial indicators 4

5. 30
6. 22 5/6. 8.5*22 m 6. Rotation equipment

     Dial indicators 4

5. 30
6. 24
    27

5/6. 8.5*22 m

6. Lifting crane min. 600 kg
    Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)

6

5. 30
6. 24
    27

5/6. 8.5*22 m

6. Tightening tool (electric or
pressure air)
    Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)

6

6. 24
    27 6. 8.5*22 m

6. Tightening tool (electric or
pressure air)
    Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)

4

4. Delivery
6. 25
    27

4. 8*16 m
5/6. 8.5 * 22 m

4. Lifting crane min. 160 tons
6. Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)

6

4. Delivery
6. 26
    27

4. 8*16 m
5/6. 8.5 * 22 m

4. Lifting crane min. 10 tons
6. Tightening tool (398 Nm)
(electric or pressure air)
    Lifting crane min. 1 500 kg
    Tightening tool (306/598
Nm) (electric or pressure air)
    Lifting crane min. 2 100 kg

6

4. Delivery
6. 26
    27

4. 8*16 m
5/6. 8.5 *22 m

4. Lifting crane min. 10 tons
6. Lifting crane min. 1 500 kg
    Tightening tool (398 Nm)
(electric or pressure air)
    Tightening tool (306/598
Nm) (electric or pressure air)

6

4. Pick up
6. 30

4. 8*16 m
5/6. 8.5 * 22m 4. Lifting crane min. 160 tons 4

5. Delivery
6. 30

5. 8 m*16 m
6. 8.5 * 22 m 5. Lifting crane min. 160 tons 4

5. Delivery
6. 30

5. 8*16 m
6. 8.5 * 22 m 5. Lifting crane min. 10 tons 4

5. Delivery
6. 30

5. 8*16 m
6. 8.5 * 22 m 5. Lifting crane min. 10 tons 4

5. Pick up
6. 30

5. 8*16 m
6. 8.5 * 22 m 5. Lifting crane min. 160 tons 4

6. Delivery

6. 8*16 m
8.5*22 m 6. Lifting crane min. 160 tons 2
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6. Delivery

6. 8*16 m
8.5*22 m 6. Lifting crane min. 10 tons 2

6. Delivery 6. 8*16 m
8.5*22 m 6. Lifting crane min. 10 tons 2

6. Pick-up 6. 8*16 m
8.5*22 m 6. Lifting crane min. 160 tons 2

CYCLE TIME (days) 60.5



APPENDIX XI, 1

PRODUCTION PLAN FOR HAILIKARI PRODUCTION OF 6 STUS FOR 2 PROJECTS



APPENDIX XI, 2



APPENDIX XI, 3



APPENDIX XII, 1

PRODUCTION PLAN FOR HAILIKARI PRODUCTION OF 6 STUS FOR 2 PROJECTS

Task and STU Area Resources* Workers Resources in
Hailikari*

Assembling of
the workstation 8.5*22 m Lifting crane

min. 1 000kg 6 Lifting crane 2.5 tons

Assembling of
the workstation 8.5*22 m Lifting crane

min. 1 000kg 6 Lifting crane 2.5 tons

Assembling of
the workstation 8.5*22 m Lifting crane

min. 1 000kg 6 Lifting crane 2.5 tons

Assembling of
the workstation 8.5*22 m Lifting crane

min. 1 000kg 6 Lifting crane 2.5 tons

Assembling of
the workstation 8.5*22 m Lifting crane

min. 1 000kg 6 Lifting crane 2.5 tons

Assembling of
the workstation 8.5*22 m Lifting crane

min. 1 000kg 6 Lifting crane 2.5 tons

Assembling of
the workstation 8.5*22 m Lifting crane

min. 1 000kg 6 Lifting crane 2.5 tons

Assembling of
the workstation 8.5*22 m Lifting crane

min. 1 000kg 6 Lifting crane 2.5 tons

Assembling of
the workstation 8.5*22 m Lifting crane

min. 1 000kg 6 Lifting crane 2.5 tons

Assembling of
the workstation 8.5*22 m Lifting crane

min. 1 000kg 6 Lifting crane 2.5 tons

Assembling of
the workstation 8.5*22 m Lifting crane

min. 1 000kg 6 Lifting crane 2.5 tons

1. 1a
    2

1. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m
    8.5*22 m

1. Lifting crane
min. 35 tons

   Lifting crane
min. 250 kg

4

1. 55 tons lifting
crane

    2.5 tons lifting
crane

1. 1a
     2

1. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m
    8.5*22 m

1. Safety
harness

Lifting crane
min. 250 kg

4 1. Safety harness
    Lifting crane 2.5

tons

1. Storing of the
machinery block

    2

1. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m
    8.5*22 m

1. Lifting crane
min. 250 kg 2 1. Lifting crane 2.5

tons

1. Storing of the
machinery block

2

1. 7.43*7.43 m
    4.5*4.5 m
    4.5*4.5 m
    8.5*22 m

1. Lifting crane
min. 250 kg 2 1. Lifting crane 2.5

tons
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Task and STU Area Resources Workers Resources in
Hailikari

1. 3
    4

1. 7.43*7.43 m
    7.43*7.43 m

     5*5 m
2. 8.5*22 m

1. Lifting crane
min. 35 tons

    3 jack lifts to
lift the slewing

from below
    Lifting crane

min. 25 tons

4

1. Lifting crane 55
tons

    3 jack lifts to lift
the slewing from

below
    Lifting crane 30

tons

1. 5
2.  1a

1. 7.43*7.43 m
     6*6 m

     8.5*22 m
2. 7.43*7.43 m

1. Lifting crane
min. 35 tons

2. Lifting crane
min. 35 tons

6

1. Lifting crane 130
tons

2. Lifting crane 55
tons

1. 6
    8

     1b
2. 1a
    2

1. 8.5*22 m
    7.43*7.43 m

    5*5 m
    6*6 m

2. 7.43*7.43 m
    4.5*4.5 m
     4.5*4.5 m

1. Lifting crane
min. 1 500 kg

    Safety
harness

    Lifting crane
min. 31 – 43

tons
2. Safety
harness

    Lifting crane
min. 250 kg

10

1. Lifting crane 2.5
tons

    Safety harness
    Lifting crane 55

tons
2. Safety harness

    Lifting crane 2.5
tons

1. 7
   8

   1b
2. Storing the

machinery block
   2

1. 7.43*7.43 m
     6*6 m

     8.5*22 m
     5*5 m

2. 7.43*7.43
     4.5*4.5 m
     4.5*4.5 m

1. Lifting crane
min. 1 500 kg
    Tightening

equipment for
M90 bolts

Lifting crane min.
100 kg

    Safety
harness

2. Lifting crane
min. 250 kg

6

1. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts
    Safety harness

2. Lifting crane 2.5
tons

1. 7
    8

   Storing of the
connection

block
2. Storing the

machinery block
   2

1. 7.43*7.43 m
     6*6 m

     8.5*22 m
     5*5 m

2. 7.43*7.43
     4.5*4.5 m
     4.5*4.5 m

    7.43*7.43 m

1. Lifting crane
min. 1 500 kg
    Tightening

equipment for
M90 bolts

Lifting crane min.
100 kg

2. Lifting crane
min. 250 kg

6

1. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts
2. Lifting crane 2.5

tons
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Task and STU Area Resources Workers Resources in
Hailikari

1. 7
   8

   Storing of the
connection

block
2. Storing the

machinery block
   2

1. 7.43*7.43 m
     6*6m

     8.5*22 m
     5*5 m

2. 7.43*7.43
     4.5*4.5 m
     4.5*4.5 m

    7.43*7.43 m

1. Lifting crane
min. 1 500 kg
    Tightening

equipment for
M90 bolts

Lifting crane min.
100 kg

2. Lifting crane
min. 250 kg

6

1. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts
2. Lifting crane 2.5

tons

1. 7
   8

   Storing of the
connection

block
2. 3
    4

1. 7.43*7.43 m
     6*6 m

     8.5*22 m
     5*5 m

2. 7.43*7.43 m
     5*5 m

    7.43*7.43 m

1. Lifting crane
min. 1 500 kg
    Tightening

equipment for
M90 bolts

Lifting crane min.
100 kg

2. Lifting crane
min. 35 tons

    3 jack lifts to
lift the slewing

from below
    Lifting crane

min 25 tons

8

1. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts
2. Lifting crane 55

tons
    3 jack lifts

    Lifting crane
30tons

1. 9
    7
2. 5

1. 7.43*7.43 m
     5*5 m

     8.5*22 m
2. 5*5 m

    7.43*7.43 m

1. Lifting crane
min. 31 – 43

tons
    Tightening

equipment for
M90 bolts

Lifting crane min.
100 kg

2. Lifting crane
min 25 tons

6

1. Lifting crane 55
tons

    Tightening
equipment for M90

bolts
2. Lifting crane 30

tons

1. 10
2. 8
    6

3. 1a

1. 7.43*7.43 m
2. 6*6 m
     5*5 m

    7.43*7.43 m
    7.43*7.43 m
3. 7.43*7.43 m

8.5*22 m

1. Lifting crane
min. 65 tons
     Guidance

stud bolts M90
Lifting crane min.

100 kg
2. Lifting crane
min. 1 500 kg

3. Lifting crane
min. 35 tons

10

1. Lifting crane 130
tons

     Guidance stud
bolts M90

2. Lifting crane 2.5
tons

3. Lifting crane 55
tons
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Task and STU Area Resources Workers Resources in
Hailikari

1. 11
2. 8
    1b
   7
3. 2
    1a

1. 7.24*7.43 m
2. 7.43*7.43 m

     6*6 m
     5*5 m

    7.43*7.43 m
3. 7.43*7.43 m
     4.5*4.5 m
     4.5*4.5 m

8.5*22 m

1. Lifting crane
min. 11 tons

2. Lifting crane
min. 1 500 kg

    Safety
harness

    Tightening
equipment for

M90 bolts
Lifting crane min.

100 kg
3. Lifting crane

min. 250 kg
    Lifting crane

min. 35 tons

12

1. Lifting crane 130
tons

2. Lifting crane 2.5
tons

    Lifting crane 55
tons

    Safety harness
    Tightening

equipment for M90
bolts

3. Lifting crane 2.5
tons

1. 11
2. 8
    1b
   7
3. 2

    Storing the
machinery block

1. 7.24*7.43 m
2. 7.43*7.43 m

     6*6 m
     5*5 m

    7.43*7.43
3. 7.43*7.43m
     4.5*4.5 m
     4.5*4.5 m

8.5*22 m

1. Lifting crane
min. 11 tons

2. Lifting crane
min. 1 500 kg
    Tightening

equipment for
M90 bolts

Lifting crane min.
100 kg

3. Lifting crane
min. 250 kg

8

1. Lifting crane 130
tons

2. Lifting crane 2.5
tons

     Safety harness
    Tightening

equipment for M90
bolts

3. Lifting crane 2.5
tons

1. 12
2. 8

    Storing of the
connection

block
   7
3. 2

    Storing the
machinery block

1. 7.24*7.43 m
2. 7.43*7.43 m

     6*6 m
     5*5 m

    7.43*7.43 m
3. 7.43*7.43m
     4.5*4.5 m
     4.5*4.5 m

    7.43*7.43 m
   8.5*22 m

1. Lifting crane
min. 800 kg

2. Lifting crane
min. 1 500 kg
    Tightening

equipment for
M90 bolt

Lifting crane min.
100 kg

3. Lifting crane
min. 250 kg

8

1. Lifting crane 2.5
tons

2. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts
3. Lifting crane 2.5

tons
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1. 13
2. 8

    Storing the
connection

block
    7
3. 2

    Storing the
machinery block

1. 7.24*7.43 m
2. 7.43*7.43 m

     6*6 m
     5*5 m

    7.43*7.43 m
3. 7.43*7.43 m
     4.5*4.5 m
     4.5*4.5 m

    7.43*7.43 m
8.5*22 m

1. Lifting crane
min. 6 tons

2. Lifting crane
min. 1 500 kg
    Tightening

equipment for
M90 bolts

Lifting crane min.
100 kg

3. Lifting crane
min. 250 kg

8

1. Lifting crane 55
tons

2. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts
3. Lifting crane 2.5

tons

1. 14
2. 9
   7
3. 2

    Storing the
machinery block

1. 7.24*7.43 m
2. 7.43*7.43 m

     6*6 m
    7.43*7.43 m
3. 7.43*7.43m
     4.5*4.5 m
     4.5*4.5 m

     7.43*7.43 m
8.5*22 m

1. Lifting crane
min. 200 kg

2. Lifting crane
min. 31 – 43

tons
    Tightening

equipment for
M90 bolts

Lifting crane min.
100 kg

3. Lifting crane
min. 250 kg

8

1. Lifting crane 2.5
tons

2. Lifting crane 55
tons

    Tightening
equipment for M90

bolts
3. Lifting crane 2.5

tons

1. 15
2. 10
3. 3

1. 7.24*7.43 m
2. 7.43*7.43 m
    7.43*7.43 m
3. 7.43*7.43 m
     7.43*7.43 m

8.5*22 m

1. Lifting crane
min. 100 kg

    Tightening
equipment for

M90 bolts
2. Lifting crane

min. 65 tons
3. Lifting crane

min. 35 tons

6

1. Lifting crane 2.5
tons

2. Lifting crane 130
tons

3. Lifting crane 55
tons

1. 16
2. 11
3. 3
   4

1. 7.24*7.43 m
2. 7.43*7.43 m
3. 7.43*7.43 m

     5*5 m
8.5*22 m

1. 3 jack lifts to
lift the slewing

onto place from
below

2. Lifting crane
min. 11 tons

3. 3 jack lifts to
lift the slewing

from below
    Lifting crane

min. 25 tons

8

1. 3 jack lifts to lift
the slewing onto
place from below

2. Lifting crane 130/
55 tons

3. 3 jack lifts to lift
the slewing from

below
    Lifting crane min

30 tons



APPENDIX XII, 6
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1. 17
2. 11
3. 5
    1b

1. 7.24*7.43 m
2. 7.43*7.43 m
3. 7.43*7.43 m

     5*5 m
     6*6 m
8.5*22 m

1. Testing
equipment

2. Lifting crane
min. 11 tons

3. Lifting crane
min. 25 tons

     Lifting crane
min. 31 – 43

tons

8

1. Testing
equipment

2. Lifting crane 130
tons

3.Lifting crane min
30 tons

    Lifting crane 55
tons

1. 15
2. 12
3. 6
    8

    1b

1. 7.43*7.43 m
2. 7.24*7.43 m
3. 7.43*7.43 m

    4.5*4.5 m
   7.43*7.43 m

    6*6 m
 8.5*22 m

1. Lifting crane
min. 100 kg

    Tightening
equipment for

M90 bolts
2. Lifting crane

min. 800 kg
3. Lifting crane
min. 1 500 kg

     Safety
harness

10

1. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts
2. Lifting crane 2.5

tons
3. Lifting crane 2.5

tons
     Safety harness

1. 15
2. 13
3. 8
    7

    Storing the
connection

block

1. 7.43*7.43 m
2. 7.24*7.43 m
3. 7.43*7.43 m

    4.5*4.5 m
   7.43*7.43 m

    6*6 m
 8.5*22 m

1. Lifting crane
min. 100 kg

    Tightening
equipment for

M90 bolts
2. Lifting crane

min. 6 tons
3. Lifting crane
min. 1 500 kg
     Tightening

equipment for
M90 bolts

Lifting crane min.
100 kg

8

1. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts
2. Lifting crane

130/55 tons
3. Lifting crane 2.5

tons
     Tightening

equipment for M90
bolts

1. 18
2. 14
3. 8
    7

    Storing of the
connection

block

1. 7.43*7.43 m
     8.5*22 m

2. 7.24*7.43 m
3. 7.43*7.43 m
     4.5*4.5 m

    7.43*7.43 m
    6*6 m

1. Lifting crane
min.  130 tons
2. Lifting crane

min. 500 kg
    H-beam for

the slewing
rings

3. Lifting crane
min. 1 500 kg
     Tightening

equipment for
M90 bolts

8

1. Lifting crane 130
tons

2. Lifting crane 2.5
tons

    H-beam for the
slewing rings

3. Lifting crane 2.5
tons

     Tightening
equipment for M90

bolts
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Task and STU Area Resources Workers Resources in
Hailikari

1. 19
2. 15
3. 8
    7

    Storing the
connection

block

1.  8.5*22 m
2. 7.24*7.43 m
3. 7.43*7.43 m
     4.5*4.5 m

    7.43*7.43 m
    6*6 m

1. Tightening
tool (electric or

pressure air)
2. Lifting crane

min. 100 kg
    Tightening

equipment for
M90 bolts

3. Lifting crane
min. 1 500 kg
     Tightening

equipment for
M90 bolts

8

1. Tightening tool
(electric or pressure

air)
2. Lifting crane 2.5

tons
    Tightening

equipment for M90
bolts

3. Lifting crane 2.5
tons

     Tightening
equipment for M90

bolts

1. 20
2. 16
3. 8
    7

    Storing the
connection

block

1.  8.5*22 m
2. 7.24*7.43 m
3. 7.43*7.43 m

    4.5*4.5 m
    7.43*7.43 m

    6*6 m

1. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
2. 3 jack lifts for
lifting the water

slewing from
below

3. Lifting crane
min. 1 500 kg
     Tightening

equipment for
M90 bolts

8

1. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
2. 3 jack lifts for
lifting the water

slewing from below
3. Lifting crane 2.5

tons
     Tightening

equipment for M90
bolts

1. 20
2. 17
3. 9
    7

1.  8.5*22 m
2. 7.24*7.43 m
3. 7.43*7.43 m
    7.43*7.43 m

    6*6 m

1. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
2. Testing

equipment
3. Lifting crane

min. 31 – 43
tons

     Tightening
equipment for

M90 bolts
Lifting crane min.

100 kg

8

1. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
2. Testing

equipment
3. Lifting crane 55

tons
     Tightening

equipment for M90
bolts

Lifting crane 2.5 tons
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Task and STU Area Resources Workers Resources in
Hailikari

1. 20
2. 15
3. 10

1.  8.5*22 m
2. 7.24*7.43 m
3. 7.43*7.43 m
    7.43*7.43 m

1. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
2. Lifting crane

min. 100 kg
    Tightening

equipment for
M90 bolts

3. Lifting crane
min. 35 tons

6

1. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
2. Lifting crane 2.5

tons.
    Tightening

equipment for M90
bolts

3. Lifting crane 55
tons

1. 20
2. 15
3. 11

1. 8.5*22 m
2. 7.43*7.43 m
3. 7.24*7.43 m

1. Lifting crane
min. 900 kg

    Tightening tool
(electric or

pressure air)
2. Lifting crane

min. 100 kg
    Tightening

equipment for
M90 bolts

3. Lifting crane
min. 11 tons

6

1. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
2. Lifting crane 2.5

tons.
    Tightening

equipment for M90
bolts

3. Lifting crane 55
tons

1. 20
2. 18
3. 11

1. 8.5*22 m
2. 7.43*7.43 m
3. 7.24*7.43 m

1. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
2. Lifting crane
min. 130 tons
3. Lifting crane

min. 11 tons

6

1. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
2. Lifting crane 130

tons
3. Lifting crane 55

tons

1. 20
2. 19
3. 12

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
2. Tightening

tool (electric or
pressure air)

3. Lifting crane
min. 800 kg

6

1. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
2. Tightening tool

(electric or pressure
air)

3. Lifting crane 2.5
tons

1. 21
2. 20
3. 13

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Oil filling
equipment

2. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
3. Lifting crane

min. 6 tons

6

1. Oil filling
equipment

2. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
3. Lifting crane 55

tons
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Task and STU Area Resources Workers Resources in
Hailikari

1. 22
2. 20
3. 14

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Rotation
equipment

    Dial indicator
2. Lifting crane

min. 900 kg
    Tightening

tool (electric or
pressure air)

3. Lifting crane
min. 200 kg

6

1. Rotation
equipment

    Dial indicator
2. Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

3. Lifting crane 2.5
tons

1. 22
2. 20
3. 15

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Rotation
equipment

    Dial indicator
2. Lifting crane

min. 900 kg
    Tightening

tool (electric or
pressure air)

3. Lifting crane
min. 100 kg

    Tightening
equipment for

M90 bolts

6

1. Rotation
equipment

    Dial indicator
2. Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

3. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts

1. 24
    27
2. 20
3. 16

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Lifting crane
min. 600 kg

    Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)

2. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
3. 3 jack lifts for
lifting the water

slewing from
below

8

1. Lifting crane 130
tons

    Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
2. Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

3. 3 jack lifts for
lifting the water

slewing from below
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Task and STU Area Resources Workers Resources in
Hailikari

1. 24
    27
2. 20
3. 17

1/2. 8.5*22 m
3. 7.43*7.43 m

1. Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)

2. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
3. Testing

equipment

8

1. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
2. Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

3. Testing
equipment

1. 24
    27
2. 20
3. 15

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)

2. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
3. Lifting crane

min. 100 kg
    Tightening

equipment for
M90 bolts

8

1. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
2. Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

3. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts

1. 25
    27
2. 21
3. 15

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)
2. Oil filling
equipment

3. Lifting crane
min. 100 kg

    Tightening
equipment for

M90 bolts

8

1. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
2. Oil filling
equipment

3. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts

1. 26
    27
2. 21
3. 18

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Lifting crane
min. 2 100 kg

    Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)
2. Oil filling
equipment

3. Lifting crane
min. 130 tons

8

1. Lifting crane 55
tons

    Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
2. Oil filling
equipment

3. Lifting crane 130
tons
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Task and STU Area Resources Workers Resources in
Hailikari

1. 26
    27
2. 22
3. 19

1/2/3. 8.5*22 m

1. Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)
2. Rotation
equipment

    Dial indicator
3. Tightening

tool (electric or
pressure air)

8

1. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
2. Rotation
equipment

    Dial indicator
3. Tightening tool

(electric or pressure
air)

1. 30
2. 22
3. 20

1/2/3. 8.5*22 m

2. Rotation
equipment

    Dial indicator
3. Lifting crane

min. 900 kg
    Tightening

tool (electric or
pressure air)

6

2. Rotation
equipment

    Dial indicator
3. Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

1. 30
2. 24
    27
3. 20

1/2/3. 8.5*22 m

2. Lifting crane
min. 600 kg

    Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)

3. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)

8

2. Lifting crane 2.5
tons

    Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
3. Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

1. 30
2. 24
    27
3. 20

1/2/3. 8.5*22 m

2. Tightening
tool (electric or

pressure air)
    Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)

3. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)

8

2. Tightening tool
(electric or pressure

air)
    Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

3. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
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Task and STU Area Resources Workers Resources in
Hailikari

1. 30
2. 24
    27
3. 20
4. 1a
    2

1/2/3. 8.5*22 m
4. 7.43*7.43 m

    4.5*4.5 m
    4.5*4.5 m

2. Tightening
tool (electric or

pressure air)
    Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)

3. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
4. Lifting crane

min. 35 tons
    Lifting crane

min. 250 kg

12

2. Tightening tool
(electric or pressure

air)
    Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

3. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
4. Lifting crane 55

tons
    Lifting crane 2.5

tons

1. 30
2. 25
    27
3. 20
4. 1a
    2

1/2/3. 8.5*22 m
4. 7.43*7.43 m

    4.5*4.5 m
    4.5*4.5 m

2. Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)

3. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
4. Safety
harness

    Lifting crane
min. 250 kg

12

2. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
3. Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

4. Safety harness
    Lifting crane 2.5

tons

1. 30
2. 26
    27
3. 20

4. Storing of the
machinery block

    2

1/2/3. 8.5*22 m
4. 7.43*7.43 m

    4.5*4.5 m
    4.5*4.5 m

    7.43*7.43 m

2. Lifting crane
min. 2 100 kg
    Tightening

tool (electric or
pressure air)

    Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)

3. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
4. Lifting crane

min. 250 kg

12

2. Lifting crane 55
tons

    Tightening tool
(electric or pressure

air)
    Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

3. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
4. Lifting crane 2.5

tons



APPENDIX XII, 13

Task and STU Area Resources Workers Resources in
Hailikari

1. 30
2. 26
    27
3. 21

4. Storing of the
machinery block

    2

1/2/3. 8.5*22 m
4. 7.43*7.43 m

    4.5*4.5 m
    4.5*4.5 m

    7.43*7.43 m

2. Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)
    Tightening

tool (electric or
pressure air)
3. Oil filling
equipment

4. Lifting crane
min. 250 kg

6

2. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
    Tightening tool

(electric or pressure
air)

3. Oil filling
equipment

4. Lifting crane 2.5
tons

2. 30
3. 22
4. 3
    4

2/3. 8.5*22 m
4. 7.43*7.43 m

    5*5 m
    7.43*7.43 m

3. Rotation
equipment

    Dial indicator
4. Lifting crane

min. 35 tons
    Lifting crane

min. 25 tons

8

3. Rotation
equipment

    Dial indicator
4. Lifting crane 55

tons
    Lifting crane 30

tons

2. 30
3. 22
4. 5
    1b

2/3. 8.5*22 m
4. 7.43*7.43 m

    5*5 m
    7.43*7.43 m

3. Rotation
equipment

    Dial indicator
4. Lifting crane

min. 25 tons
    Lifting crane

min. 31 – 43
tons

8

3. Rotation
equipment

    Dial indicator
4. Lifting crane 55

tons
    Lifting crane 30

tons

2. 30
3. 24
    27
4. 6
    8
   1b
5. 2
    1a

2/3. 8.5*22 m
4. 7.43*7.43 m

    5*5 m
    7.43*7.43 m

    6*6 m
5. 4.5*4.5 m
    4.5*4.5 m

    7.43*7.43 m

3. Lifting crane
min. 600 kg

    Tightening
tool (electric or

pressure air)
    Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)

4. Lifting crane
min. 1 500 kg

    Safety
harness

5. Lifting crane
min. 250 kg

    Lifting crane
min. 35 tons

16

3. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
    Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

4. Lifting crane 2.5
tons

    Safety harness
5. Lifting crane 2.5

tons
    Lifting crane 55

tons
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Task and STU Area Resources Workers Resources in
Hailikari

2. 30
3. 24
    27
4. 7
    8

   Storing of the
connection

block
5. 2
    1b

2/3. 8.5*22 m
4. 7.43*7.43 m

    5*5 m
    7.43*7.43 m

    6*6 m
5. 4.5*4.5 m
    4.5*4.5 m

    7.43*7.43 m

3. Tightening
tool (electric or

pressure air)
    Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)
4. Tightening

equipment for
M90 bolts

     Lifting crane
min. 1 500 kg

5. Lifting crane
min. 250 kg

    Safety
harness

14

3. Tightening tool
(electric or pressure

air)
    Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

4. Tightening
equipment for M90

bolts
     Lifting crane 2.5

tons
5. Lifting crane 2.5

tons
    Safety harness

2. 30
3. 24
    27
4. 7
    8

   Storing of the
connection

block
5. 2

    Storing of the
machinery block

2/3. 8.5*22 m
4. 7.43*7.43 m

    5*5 m
    7.43*7.43 m

    6*6 m
5. 4.5*4.5 m
    4.5*4.5 m

    7.43*7.43 m
    7.43*7.43 m

3. Tightening
tool (electric or

pressure air)
    Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)
4. Tightening

equipment for
M90 bolts

Lifting crane min.
100 kg

     Lifting crane
min. 1 500 kg

5. Lifting crane
min. 250 kg

12

3. Tightening tool
(electric or pressure

air)
    Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

4. Tightening
equipment for M90

bolts
     Lifting crane 2.5

tons
   Lifting crane 2.5

tons
5. Lifting crane 2.5

tons

2. 30
3. 25
    27
4. 7
    8

   Storing of the
connection

block
5. 2

    Storing of the
machinery block

2/3. 8.5*22 m
4. 7.43*7.43 m

    5*5 m
    7.43*7.43 m

    6*6 m
5. 4.5*4.5 m
    4.5*4.5 m

    7.43*7.43 m
    7.43*7.43 m

3. Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)
4. Tightening

equipment for
M90 bolts

     Lifting crane
min. 1 500 kg

Lifting crane min.
100 kg

5. Lifting crane
min. 250 kg

10

3. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
4. Tightening

equipment for M90
bolts

     Lifting crane 2.5
tons

  Lifting crane 2.5
tons

5. Lifting crane 2.5
tons
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Task and STU Area Resources Workers Resources in
Hailikari

3. 26
    27
4. 7
    8

   Storing of the
connection

block
5. 3
    4

3. 8.5*22 m
4. 7.43*7.43 m

    5*5 m
    7.43*7.43 m

    6*6 m
5. 7.43*7.43 m
    7.43*7.43 m

    5*5 m

3. Lifting crane
min. 2 100 kg

    Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)
4. Tightening

equipment for
M90 bolts

     Lifting crane
min. 1 500 kg

Lifting crane min.
100 kg

5. Lifting crane
min. 35 tons

    Lifting crane
min. 25 tons

12

3. Lifting crane 130
tons

    Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
4. Tightening

equipment for M90
bolts

     Lifting crane 2.5
tons

Lifting crane 2.5 tons
5. Lifting crane 55

tons
    Lifting crane 30

tons

3. 26
    27
4. 7
    9
5. 5
    1b

3. 8.5*22 m
4. 7.43*7.43 m
    7.43*7.43 m

    6*6 m
5. 7.43*7.43 m

    5*5 m
    6*6 m

3. Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)
4. Tightening

equipment for
M90 bolts

     Lifting crane
min. 31 – 43

tons
Lifting crane min.

100 kg
5. Lifting crane

min. 25 tons
    Lifting crane

min. 31 – 43
tons

10

3. Lifting crane 2.5
tons.

    Tightening tool
(electric or pressure

air)
4. Tightening

equipment for M90
bolts

     Lifting crane 130
tons

Lifting crane 2.5 tons
5. Lifting crane 30

tons
    Lifting crane 55

tons

3. 30
4. 10
5. 6
    8

    1b
6. 1a

3. 8.5*22 m
4. 7.43*7.43 m
    7.43*7.43 m
5. 7.43*7.43 m

    5*5 m
    7.43*7.43 m

    6*6 m
6. 7.43*7.43 m

4. Lifting crane
min. 35 tons

5. Lifting crane
min. 1 500 kg

    Safety
harness

6. Lifting crane
min. 35 tons

12

4. Lifting crane 130
tons

5. Lifting crane 2.5
tons

    Safety harness
6. Lifting crane 55

tons
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Task and STU Area Resources Workers Resources in
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1. Delivery
3. 30
4. 11
5. 8
    7

Storing of the
connection

block
6. 2
    1a

1. 8*16 m
3. 8.5*22 m

4. 7.43*7.43 m
5. 7.43*7.43 m

    5*5 m
    7.43*7.43 m

    6*6 m
6. 7.43*7.43 m

    4.5*4.5 m
    4.5*4.5 m

1. Lifting crane
min. 160 tons
4. Lifting crane

min. 11 tons
5. Lifting crane
min. 1 500 kg
    Tightening

equipment for
M90 bolts

Lifting crane min.
100 kg

6. Lifting crane
min. 150 kg

    Safety
harness

14

1. Lifting cranes 130
tons and 55 tons

Lifting beam
4. Lifting crane 30

tons
5. Lifting crane 2.5

tons
Lifting crane 2.5 tons

    Tightening
equipment for M90

bolts
6. Lifting crane 2.5

tons
    Safety harness

1. Delivery
3. 30
4. 11
5. 8
    7

Storing of the
connection

block
6. 2

    Storing of the
machinery block

1. 8*16 m
3. 8.5*22 m

4. 7.43*7.43 m
5. 7.43*7.43 m

    5*5 m
    7.43*7.43 m

    6*6 m
6. 7.43*7.43 m

    4.5*4.5 m
    4.5*4.5 m

1. Lifting crane
min. 10 tons

4. Lifting crane
min. 11 tons

5. Lifting crane
min. 1 500 kg
    Tightening

equipment for
M90 bolts

Lifting crane min.
100 kg

6. Lifting crane
min. 150 kg

12

1. Lifting crane 55
tons

4. Lifting crane 30
tons

5. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts
Lifting crane 2.5 tons

6. Lifting crane 2.5
tons

1. Delivery
3. 30
4. 12
5. 8
    7

    Storing of the
connection

block
6. 2

    Storing of the
machinery block

1. 8*16 m
3. 8.5*22 m

4. 7.43*7.43 m
5. 7.43*7.43 m

    5*5 m
    7.43*7.43 m

    6*6 m
6. 7.43*7.43 m

    4.5*4.5 m
    4.5*4.5 m

    7.43*7.43 m

1. Lifting crane
min. 10 tons

4. Lifting crane
min. 800 kg

5. Lifting crane
min. 1 500 kg
    Tightening

equipment for
M90 bolts

Lifting crane min.
100 kg

6. Lifting crane
min. 150 kg

12

1. Lifting crane 55
tons

4. Lifting crane 2.5
tons

5. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts
Lifting crane 2.5 tons

6. Lifting crane 2.5
tons
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1. Pickup
3. 30
4. 13
5. 8
    7

    Storing of the
connection

block
6. 2

    Storing of the
machinery block

1. 8*16 m
3. 8.5*22 m

4. 7.43*7.43 m
5. 7.43*7.43 m

    5*5 m
    7.43*7.43 m

    6*6 m
6. 7.43*7.43 m

    4.5*4.5 m
    4.5*4.5 m

    7.43*7.43 m

1. Lifting crane
min. 160 tons
4. Lifting crane

min. 6 tons
5. Lifting crane
min. 1 500 kg
    Tightening

equipment for
M90 bolts

Lifting crane min.
100 kg

6. Lifting crane
min. 150 kg

12

1. Lifting cranes 130
tons and 55 tons

Lifting beam
4. Lifting crane 30

tons
5. Lifting crane 2.5

tons
    Tightening

equipment for M90
bolts

Lifting crane 2.5 tons
6. Lifting crane 2.5

tons

2. Delivery
3. 30
4. 14
5. 8
    7

    Storing of the
connection

block
6. 2

    Storing of the
machinery block

2. 8*16 m
3. 8.5*22 m

4. 7.43*7.43 m
5. 7.43*7.43 m

    5*5 m
    7.43*7.43 m

    6*6 m
6. 7.43*7.43 m

    4.5*4.5 m
    4.5*4.5 m

    7.43*7.43 m

2. Lifting crane
min. 160 tons
4. Lifting crane

min. 200 kg
5. Lifting crane
min. 1 500 kg
    Tightening

equipment for
M90 bolts

Lifting crane 100
kg

6. Lifting crane
min. 150 kg

10

1. Lifting cranes 130
tons and 55 tons

Lifting beam
4. Lifting crane 2.5

tons
5. Lifting crane 2.5

tons
    Tightening

equipment for M90
bolts

Lifting crane 2.5 tons
6. Lifting crane 2.5

tons

2. Delivery
4. 11
5. 8
    7

    Storing of the
connection

block
6. 3
    4

2. 8*16 m
4. 7.43*7.43 m
5. 7.43*7.43 m

    5*5 m
    7.43*7.43 m

    6*6 m
6. 7.43*7.43 m
    7.43*7.43 m

    5*5 m
8.5*22 m

2. Lifting crane
min. 10 tons

4. Lifting crane
min. 100 kg

    Tightening
equipment for

M90 bolts
5. Lifting crane
min. 1 500 kg
    Tightening

equipment for
M90 bolts

Lifting crane 100
kg

6. Lifting crane
min. 35 tons

     Lifting crane
min. 25 tons

12

2. Lifting crane 130
tons

4. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts
5. Lifting crane 2.5

tons
    Tightening

equipment for M90
bolts

Lifting crane 2.5 tons
6. Lifting crane 55

tons
     Lifting crane 30

tons
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Task and STU Area Resources Workers Resources in
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2. Delivery
4. 16
5. 9
    7
6. 5

2. 8*16 m
4. 7.43*7.43 m
5. 7.43*7.43 m

     6*6 m
    7.43*7.43 m
6. 7.43*7.43 m

    5*5 m
8.5*22 m

2. Lifting crane
min. 10 tons

4. 3 jack lifts for
lifting the

slewing from
below

5. Lifting crane
min. 31 – 43

tons
    Tightening

equipment for
M90 bolts

Lifting crane 100
kg

6. Lifting crane
min. 25 tons

10

2. Lifting crane 130
tons

4. 3 jack lifts for
lifting the slewing

from below
5. Lifting crane 55

tons
    Tightening

equipment for M90
bolts

Lifting crane 2.5 tons
6. Lifting crane 30

tons

2. Delivery
4. 8

5. 10
6. 6

2. 8*16 m
4. 7.43*7.43 m
5. 7.43*7.43 m
    7.43*7.43 m
6. 7.43*7.43 m

8.5*22 m

2. Lifting crane
min. 10 tons

4. Testing
equipment

5. Lifting crane
min. 35 tons

8

2. Lifting crane 130
tons

4. Testing
equipment

5. Lifting crane 55
tons

2. Pickup
4. 15
5. 11
6. 7

2. 8*16 m
4. 7.43*7.43 m
5. 7.43*7.43 m
6. 7.43*7.43 m

8.5*22 m

2. Lifting crane
min. 160 tons.
4. Lifting crane

min. 100 kg
    Tightening

equipment for
M90 bolts

5. Lifting crane
min. 11 tons
6. Tightening

equipment for
M90 bolts

    Lifting crane
min. 100kg

8

2. Lifting crane 130
tons and 55 tons
    Lifting beam

4. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts
5. Lifting crane 30

tons
6. Tightening

equipment for M90
bolts

    Lifting crane 2.5
tons

3. Delivery
4. 15
5. 11
6. 7

3. 8*16 m
4. 7.43*7.43 m
5. 7.43*7.43 m
6. 7.43*7.43 m

8.5*22 m

3. Lifting crane
min. 160 tons

4. Lifting crane
min. 100 kg

    Tightening
equipment for

M90 bolts
5. Lifting crane

min. 11 tons
6. Tightening

equipment for
M90 bolts

    Lifting crane
min. 100kg

8

3. Lifting crane 130
tons and 55 tons
     Lifting beam

4. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts
5. Lifting crane 30 tons

6. Tightening
equipment for M90

bolts
    Lifting crane 2.5 tons
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3. Delivery
4. 15
5. 12
6. 7

3. 8*16 m
4. 7.43*7.43 m
5. 7.43*7.43 m
6. 7.43*7.43 m

8.5*22 m

3. Lifting crane
min. 10 tons

4. Lifting crane
min. 100 kg

    Tightening
equipment for

M90 bolts
5. Lifting crane

min. 800 kg
6. Tightening

equipment for
M90 bolts

    Lifting crane
min. 100kg

8

3. Lifting crane 130
tons

4. Lifting crane 2.5 tons
    Tightening

equipment for M90
bolts

5. Lifting crane 2.5 tons
6. Tightening

equipment for M90
bolts

    Lifting crane 2.5 tons

3. Delivery
4. 15
5. 13
6. 7

3. 8*16 m
4. 7.43*7.43 m
5. 7.43*7.43 m
6. 7.43*7.43 m

8.5*22 m

3. Lifting crane
min. 10 tons

4. Lifting crane
min. 100 kg

    Tightening
equipment for

M90 bolts
5. Lifting crane

min. 6 tons
6. Tightening

equipment for
M90 bolts

    Lifting crane
min. 100kg

8

3. Lifting crane 130
tons

4. Lifting crane 2.5 tons
    Tightening

equipment for M90
bolts

5. Lifting crane 30 tons
6. Tightening

equipment for M90
bolts

    Lifting crane 2.5 tons

3. Pickup
4. 15
5. 13
6. 7

3. 8*16 m
4. 7.43*7.43 m
5. 7.43*7.43 m
6. 7.43*7.43 m

8.5*22 m

3. Lifting crane
min. 160 tons

4. Lifting crane
min. 100 kg

    Tightening
equipment for

M90 bolts
5. Lifting crane

min. 6 tons
6. Tightening

equipment for
M90 bolts

    Lifting crane
min. 100kg

8

3. Lifting cranes 130
tons and 55 tons
    Lifting beam

4. Lifting crane 2.5 tons
    Tightening

equipment for M90
bolts

5. Lifting crane 30 tons
6. Tightening

equipment for M90
bolts

    Lifting crane 2.5 tons

4. 18
5.14
6.7
    8

    1b

4. 8.5*22 m
    7.43*7.43 m
5. 7.43*7.43 m
6. 7.43*7.43 m
    7.43*7.43 m

    5*5 m
    6*6 m

4. Lifting crane
min. 130 tons

5. Lifting crane
min. 200 kg
    H-beam

6. Lifting crane
min. 1 500 kg
    Tightening

equipment for
M90 bolts

    Lifting crane
min. 100kg

    Lifting crane
min. 31 – 43 tons
    Safety harness

10

4. Lifting crane 130
tons

5. Lifting crane 2.5 tons
    H-beam

6. Lifting crane 2.5 tons
    Tightening

equipment for M90
bolts

    Lifting crane 2.5 tons
    Lifting crane 55 tons

    Safety harness
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4. 19
5. 14
6. 7
    8

    1b

4. 8.5*22 m
5. 7.43*7.43 m
6. 7.43*7.43 m
    7.43*7.43 m

    5*5 m
    6*6 m

4. Tightening
tool (electric or

pressure air)
5. Lifting crane

min. 200 kg
    H-beam

6. Lifting crane
min. 1 500 kg
    Tightening

equipment for
M90 bolts

    Lifting crane
min. 100kg

10

4. Tightening tool
(electric or pressure

air)
5. Lifting crane 2.5

tons
    H-beam

6. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts
    Lifting crane 2.5

tons

4. 20
5. 15
6. 7
    8

    Storing the
connection

block

4. 8.5*22 m
5. 7.43*7.43 m
6. 7.43*7.43 m
    7.43*7.43 m

    5*5 m
    6*6 m

4.Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
5. Lifting crane

min. 100 kg
    Tightening

equipment for
M90 bolts

6. Lifting crane
min. 1 500 kg
    Tightening

equipment for
M90 bolts

    Lifting crane
min. 100kg

8

4.Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
5. Lifting crane 2.5

tons
    Tightening

equipment for M90
bolts

6. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts
    Lifting crane 2.5

tons

4. 20
5. 16
6. 7
    8

    Storing the
connection

block

4. 8.5*22 m
5. 7.43*7.43 m
6. 7.43*7.43 m
    7.43*7.43 m

    5*5 m
    6*6 m

4.Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
5. 3 jack lifts for

lifting the
slewing from

below
6. Lifting crane
min. 1 500 kg
    Tightening

equipment for
M90 bolts

    Lifting crane
min. 100kg

8

4.Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
5. 3 jack lifts for

lifting the slewing
from below

6. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts
    Lifting crane 2.5

tons
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4. 20
5. 17
6. 7
    8

    Storing the
connection

block

4. 8.5*22 m
5. 7.43*7.43 m
6. 7.43*7.43 m
    7.43*7.43 m

    5*5 m
    6*6 m

4.Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
5. Testing

equipment
6. Lifting crane
min. 1 500 kg
    Tightening

equipment for
M90 bolts

    Lifting crane
min. 100kg

8

4.Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
5. Testing

equipment
6. Lifting crane 2.5

tons
    Tightening

equipment for M90
bolts

    Lifting crane 2.5
tons

4. 20
5. 15
6. 7
   9

4. 8.5*22 m
5. 7.43*7.43 m
6. 7.43*7.43 m
    7.43*7.43 m

    6*6 m

4.Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
5. Lifting crane

min. 100 kg
    Tightening

equipment for
M90 bolts

6. Lifting crane
min. 31 – 43

tons.
    Tightening

equipment for
M90 bolts

    Lifting crane
min. 100kg

8

4.Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
5. Lifting crane 2.5

tons
    Tightening

equipment for M90
bolts

6. Lifting crane 55
tons

    Tightening
equipment for M90

bolts
    Lifting crane 2.5

tons

4. 20
5. 16
6. 10

4. 8.5*22 m
5. 7.43*7.43 m
6. 7.43*7.43 m
    7.43*7.43 m

4.Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
5. Lifting crane

min. 100 kg
    Tightening

equipment for
M90 bolts

6. Lifting crane
min. 35 tons

6

4.Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
5. Lifting crane 2.5

tons
    Tightening

equipment for M90
bolts

6. Lifting crane 55
tons
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4. 20
5. 8

6. 11

4. 8.5*22 m
5. 7.43*7.43 m
6. 7.43*7.43 m

4.Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
5. Lifting crane

min. 100 kg
    Tightening

equipment for
M90 bolts

6. Lifting crane
min. 11 tons

6

4.Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
5. Lifting crane 2.5

tons
    Tightening

equipment for M90
bolts

6. Lifting crane 30
tons

4. 21
5. 18
6. 11

4. 8.5*22 m
5. 7.43*7.43 m
6. 7.43*7.43 m

4.Oilfilling
equipment

5. Lifting crane
min. 130 tons
6. Lifting crane

min. 11 tons

6

4.Oilfilling
equipment

5. Lifting crane 130
tons

6. Lifting crane 30
tons

4. 22
5. 19
6. 12

4/5. 8.5*22 m
6. 7.43*7.43 m

4. Rotation
equipment

    Dial indicator
5. Tightening

tool (electric or
pressure air)

6. Lifting crane
min. 800 kg

6

4. Rotation
equipment

    Dial indicator
5. Tightening tool

(electric or pressure
air)

6. Lifting crane 2.5
tons

4. 22
5. 20
6. 13

4/5. 8.5*22 m
6. 7.43*7.43 m

4. Rotation
equipment

    Dial indicator
5. Lifting crane

min. 900 kg
    Tightening

tool (electric or
pressure air)

6. Lifting crane
min. 6 tons

6

4. Rotation
equipment

    Dial indicator
5. Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

6. Lifting crane 55
tons

4. 24
    27
5. 20
6. 14

4/5. 8.5*22 m
6. 7.43*7.43 m

4. Lifting crane
min. 600 kg

    Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)

5. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
6. Lifting crane

min. 200 kg
    H-beam

8

4. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
5. Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

6. Lifting crane 2.5
tons

    H-beam



APPENDIX XII, 23

Task and STU Area Resources Workers Resources in
Hailikari

4. 24
    26
5. 20
6. 15

4/5. 8.5*22 m
6. 7.43*7.43 m

4.  Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)
    Tightening

tool (electric or
pressure air)

5. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
6. Lifting crane

min. 100 kg
    Tightening

equipment for
M90 bolts

8

4.  Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
    Tightening tool

(electric or pressure
air)

5. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
6. Lifting crane 2.5

tons
    Tightening

equipment for M90
bolts

4. 24
    27
5. 20
6. 16

4/5. 8.5*22 m
6. 7.43*7.43 m

4. Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)
    Tightening

tool (electric or
pressure air)

5. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
6. 3 jack lifts to
lift the slewing

from below

8

4.  Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
    Tightening tool

(electric or pressure
air)

5. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
6. 3 jack lifts to lift
the slewing from

below

4. 25
    27
5. 20
6. 17

4/5. 8.5*22 m
6. 7.43*7.43 m

4.  Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)

5. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
6. Testing

equipment

8

4.  Lifting crane 2.5
tons

    Tightening tool
    Tightening tool

(electric or pressure
air)

5. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
6. Testing

equipment
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4. 26
    27
5. 20
6. 15

4/5. 8.5*22 m
6. 7.43*7.43 m

4.Lifting crane
min 2 100 kg

    Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)

5. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)
6. Lifting crane

min. 100 kg
    Tightening

equipment for
M90 bolts

8

4. Lifting crane 2.5
tons

    Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
5. Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

6. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts

4. 26
    27
5. 21
6. 15

4/5. 8.5*22 m
6. 7.43*7.43 m

4. Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)
    Tightening

tool (electric or
pressure air)
5. Oil filling
equipment

6. Lifting crane
min. 100 kg

    Tightening
equipment for

M90 bolts

8

4. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
    Tightening tool

(electric or pressure
air)

5. Oil filling
equipment

6. Lifting crane 2.5
tons

    Tightening
equipment for M90

bolts

5. 21
6. 18 5/6. 8.5*22 m

5. Oil filling
equipment

6. Lifting crane
min. 130 tons

4

5. Oil filling
equipment

6. Lifting crane 130
tons

4. 30
5. 22
6. 19

4/5/6. 8.5*22 m

5. Rotation
equipment

    Dial indicator
6. Tightening

tool (electric or
pressure air)

6

5. Rotation
equipment

    Dial indicator
6. Tightening tool

(electric or pressure
air)

4. 30
5. 22
6. 20

4/5/6. 8.5*22 m

5. Rotation
equipment

    Dial indicator
6. Lifting crane

min. 900 kg
    Tightening

tool (electric or
pressure air)

6

5. Rotation
equipment

    Dial indicator
6. Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)
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4. 30
5. 24
    27
6. 20

4/5/6. 8.5*22 m

5. Lifting crane
min. 600 kg

    Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)

6. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)

8

5. Lifting crane 2.5
tons

    Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
6. Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

4. 30
5. 24
    27
6. 20

4/5/6. 8.5*22 m

5. Lifting crane 1
500 kg

    Tightening
tool (electric or

pressure air)
    Tightening

tool (electric or
pressure air)

6. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)

8

5. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
    Tightening tool

(electric or pressure
air)

6. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)

4. 30
5. 24
    27
6. 20

4/5/6. 8.5*22 m

5. Lifting crane 1
500 kg

    Tightening
tool (electric or

pressure air)
    Tightening

tool (electric or
pressure air)

6. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)

8

5. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
    Tightening tool

(electric or pressure
air)

6. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)

4. 30
5. 25
    26
6. 20

4/5/6. 8.5*22 m

5. Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)

6. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)

6

5. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
6. Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)
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4. 30
5. 26
    27
6. 20

4/5/6. 8.5*22 m

5. Lifting crane
min. 800 kg

    Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)

6. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)

6

5. Lifting crane 2.5
tons

    Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
6. Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

5. 26
    27
6. 21

4/5/6. 8.5*22 m

5. Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)
    Tightening

tool (electric or
pressure air)
6. Oil filling
equipment

6

5. Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)
    Tightening tool

(electric or pressure
air)

6. Oil filling
equipment

5. 30
6. 22 4/5/6. 8.5*22 m

6. Rotation
equipment

     Dial
indicators

4
6. Rotation
equipment

     Dial indicators

5. 30
6. 22 4/5/6. 8.5*22 m

6. Rotation
equipment

     Dial
indicators

4
6. Rotation
equipment

     Dial indicators

5. 30
6. 24
   27

4/5/6. 8.5*22 m

6. Lifting crane
min. 600 kg

    Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)

6

6. Lifting crane 2.5
tons

    Lifting crane 2.5
tons

    Tightening tool
(electric or pressure

air)

4. Delivery
5. 30
6. 24
    27

4. 8*16 m
5/6. 8.5*22 m

4. Lifting crane
min. 160 tons
6. Tightening

tool (electric or
pressure air)

    Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)

8

4. Lifting crane 130
tons and 55 tons
    Lifting beam

6. Tightening tool
(electric or pressure

air)
    Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)
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Task and STU Area Resources Workers Resources in
Hailikari

4. Delivery
5. 30
6. 24
    27

4. 8*16 m
5/6. 8.5*22 m

4. Lifting crane
min. 10 tons
6. Tightening

tool (electric or
pressure air)

    Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)

8

4. Lifting crane 130
tons

6. Tightening tool
(electric or pressure

air)
    Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

4. Delivery
5. 30
6. 25
    27

4. 8*16 m
5/6. 8.5*22 m

4. Lifting crane
min. 10 tons

6. Lifting crane
min. 900 kg

    Tightening
tool (electric or

pressure air)

8

4. Lifting crane 130
tons

6. Tightening tool
(electric or pressure

air)
    Lifting crane 2.5

tons

4. Pick up
6. 26
    27

4. 8*16 m
5/6. 8.5*22 m

4. Lifting crane
min. 160 tons
6. Lifting crane
min. 2 500 kg

     Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)

6

4. Lifting cranes 130
tons and 55 tons
     Lifting beam

6. Lifting crane min.
2.5 tons

     Lifting crane min.
2.5 tons

    Tightening tool
(electric or pressure

air)

5. Delivery
6. 26
    27

5. 8*16 m
6. 8.5*22 m

5. Lifting crane
min. 160 tons
6. Tightening

tool (electric or
pressure air)

     Lifting crane
min. 1 500 kg
    Tightening

tool (electric or
pressure air)

6

4. Lifting crane 130
tons and 55 tons
     Lifting beam

6. Tightening tool
(electric or pressure

air)
    Lifting crane 2.5

tons
    Tightening tool

(electric or pressure
air)

5. Delivery
6. 30

5. 8*16 m
6. 8.5*22 m

5. Lifting crane
min. 10 tons 4 5. Lifting crane 130

tons

5. Delivery
6. 30

5. 8*16 m
6. 8.5*22 m

5. Lifting crane
min. 10 tons 4 5. Lifting crane 130

tons

5. Pick up
6. 30

5. 8*16 m
6. 8.5*22 m

5. Lifting crane
min. 160 tons 4

5. Lifting cranes 130
and 55 tons

     Lifting beam
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Task and STU Area Resources Workers Resources in
Hailikari

6. 30 6. 8.5*22 m 6. Lifting crane
min. 10 tons 2 6. Lifting crane 130

tons

6. 30 6. 8.5*22 m 6. Lifting crane
min. 10 tons 2 6. Lifting crane 130

tons

6. Delivery 6. 8*16 m
8.5*22 m

6. Lifting crane
min. 160 tons 2

6. Lifting cranes 130
and 55 tons

     Lifting beam

6. Delivery 6. 8*16 m
8.5*22 m

6. Lifting crane
min. 160 tons 2 6. Lifting crane 130

tons

6. Delivery 6. 8*16 m
8.5*22 m

6. Lifting crane
min. 160 tons 2 6. Lifting crane 130

tons

6.Pick up 6. 8*16 m
8.5*22 m

6. Lifting crane
min. 160 tons 2

6. Lifting cranes 130
and 55 tons

     Lifting beam

Production days 61.5

*Torques or powers needed for equipment can be seen from appendix IV in
research.
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DICTATED PRODUCTION PLAN FOR HAILIKARI PRODUCTION FOR 3 STUS

Task and STU Area Resources Workers Resources in
Hailikari

Assembling of the
workstation  8.5*22 m  Lifting crane

min. 1 000 kg 6  Lifting crane 2.5
tons

Assembling of the
workstation 8.5*22 m  Lifting crane

min. 1 000 kg 6  Lifting crane 2.5
tons

Assembling of the
workstation 8.5*22 m Lifting crane

min. 1 000 kg 6 Lifting crane 2.5
tons

Assembling of the
workstation 8.5*22 m  Lifting crane

min. 1 000 kg 6  Lifting crane 2.5
tons

Assembling of the
workstation 8.5*22 m  Lifting crane

min. 1 000 kg 6  Lifting crane 2.5
tons

Assembling of the
workstation 8.5*22 m  Lifting crane

min. 1 000 kg 6  Lifting crane 2.5
tons

Assembling of the
workstation 8.5*22 m  Lifting crane

min. 1 000 kg 6  Lifting crane 2.5
tons

Assembling of the
workstation 8.5*22 m Lifting crane

min. 1 000 kg 6 Lifting crane 2.5
tons

Assembling of the
workstation 8.5*22 m  Lifting crane

min. 1 000 kg 6  Lifting crane 2.5
tons

Assembling of the
workstation 8.5*22 m  Lifting crane

min. 1 000 kg 6  Lifting crane 2.5
tons

Assembling of the
workstation 8.5*22 m  Lifting crane

min. 1 000 kg 6  Lifting crane 2.5
tons

1. 1a
    2

1. 7.43*7.43 m
4.5*4.5 m
4.5*4.5 m
8.5*22 m

1. Lifting crane
min. 35 tons
   Lifting crane
min. 250 kg

4

1. 55 tons lifting
crane
    2.5 tons lifting
crane

1. 1a
     2

1. 7.43*7.43 m
4.5*4.5 m
4.5*4.5 m
8.5*22 m

1. Safety
harness
Lifting crane
min. 250 kg

4
1. Safety harness
    Lifting crane
2.5 tons

1. Storing of the
machinery block
    2

1. 7.43*7.43 m
4.5m*4.5m
4.5m*4.5m
8.5m*22m

1. Lifting crane
min. 250 kg 2 1. Lifting crane

2.5 tons

1. Storing of the
machinery block
    2

1. 7.43*7.43 m
4.5m*4.5m
4.5m*4.5m
8.5m*22m

1. Lifting crane
min. 250 kg 2 1. Lifting crane

2.5 tons
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Task and STU Area Resources Workers Resources in
Hailikari

 1. 3
    4

1. 7.43*7.43 m
    7.43m*7.43m
    5*5m
2. 8.5m*22m

1. Lifting crane min.
35 tons
    3 jack lifts to lift the
slewing from below
    Lifting crane min.
25 tons

4

1. Lifting crane 55
tons
    3 jack lifts to
lift the slewing
from below
    Lifting crane 30
tons

1. 5
2. 1a

1. 7.43*7.43 m
    6*6 m
    8.5m*22 m
2. 7.43*7.43 m

1. Lifting crane min.
35 tons
2. Lifting crane min.
35 tons

4

1. Lifting crane
130 tons
2. Lifting crane 55
tons

1. 6
     8
     1b
2. 1a
    2

1. 8.5*22m
    7.43*7.43 m
    5*5m
    6*6m
2. 7.43*7.43 m
    4.5*4.5m
     4.5*4.5 m

1. Lifting crane min. 1
500 kg
    Safety harness
    Lifting crane min.
31 – 43 tons
2. Safety harness
    Lifting crane min.
250 kg

10

1. Lifting crane
2.5 tons
    Safety harness
    Lifting crane 55
tons
2. Safety harness
    Lifting crane
2.5 tons

1. 7
   8
   1b
2. Storing the
machinery block
   2

1. 7.43*7.43 m
     6*6m
     8.5m*22m
     5*5m
2. 7.43*7.43
     4.5m*4.5m
     4.5*4.5 m

1. Lifting crane min. 1
500 kg
    Tightening
equipment for M90
bolts
    Safety harness
2. Lifting crane min.
250 kg

8

1. Lifting crane
2.5 tons
    Tightening
equipment for
M90 bolts
    Safety harness
2. Lifting crane
2.5 tons

1. 7
   8
   Storing of the
connection
block
2. Storing the
machinery block
   2

1. 7.43*7.43 m
     6*6m
     8.5m*22m
     5*5m
2. 7.43*7.43
     4.5m*4.5m
     4.5*4.5 m
    7.43*7.43 m

1. Lifting crane min. 1
500 kg
    Tightening
equipment for M90
bolts
2. Lifting crane min.
250 kg

6

1. Lifting crane
2.5 tons
    Tightening
equipment for
M90 bolts
2. Lifting crane
2.5 tons
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Task and STU Area Resources Workers Resources in
Hailikari

1. 7
   8
   Storing of the
connection
block
2. Storing the
machinery block
   2

1. 7.43*7.43 m
     6*6 m
     8.5*22 m
     5*5 m
2. 7.43*7.43 m
     4.5*4.5 m
     4.5*4.5 m
    7.43*7.43 m

1. Lifting crane min. 1
500 kg
    Tightening
equipment for M90
bolts
2. Lifting crane min.
250 kg

6

1. Lifting crane
2.5 tons
    Tightening
equipment for
M90 bolts
2. Lifting crane
2.5 tons

1. 7
   8
   Storing of the
connection
block
2. 3
    4

1. 7.43*7.43 m
     6*6 m
     8.5m*22m
     5*5 m
2. 7.43*7.43 m
     5*5 m
    7.43*7.43 m

1. Lifting crane min. 1
500 kg
    Tightening
equipment for M90
bolts
2. Lifting crane min.
35 tons
    3 jack lifts to lift the
slewing from below
    Lifting crane min 25
tons

8

1. Lifting crane
2.5 tons
    Tightening
equipment for
M90 bolts
2. Lifting crane 55
tons
    3 jack lifts
    Lifting crane
30tons

1. 9
    7
2. 5

1. 7.43*7.43 m
     5*5 m
     8.5m*22 m
2. 5*5m
    7.43*7.43 m

1. Lifting crane min.
31 – 43 tons
    Tightening
equipment for M90
bolts
2. Lifting crane min 25
tons

6

1. Lifting crane 55
tons
    Tightening
equipment for
M90 bolts
2. Lifting crane 30
tons

1. 10
2. 8
    6
3. 1a

1. 7.43*7.43 m
2. 6*6 m
     5*5 m
    7.43*7.43 m
    7.43*7.43 m
3. 7.43*7.43 m
8.5*22 m

1. Lifting crane min.
65 tons
     Guidance stud
bolts M90
2. Lifting crane min. 1
500 kg
     Lifting crane min.
31 – 43 tons
3. Lifting crane min.
35 tons

8

1. Lifting crane
130 tons
     Guidance stud
bolts M90
2. Lifting crane
2.5 tons
3. Lifting crane 55
tons
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Task and STU Area Resources Workers Resources in
Hailikari

1. 11
2. 8
    Storing of the
connection
block
    7
    1b
3. 2
    1a

1. 7.24*7.43 m
2. 7.43*7.43 m
     6*6 m
     5*5 m
    7.43*7.43 m
3. 7.43*7.43m
     4.5*4.5 m
     4.5*4.5 m
8.5*22 m

1. Lifting crane min.
11 tons
2. Lifting crane min. 1
500 kg
    Safety harness
    Tightening
equipment for M90
bolts
3. Lifting crane min.
250 kg
    Lifting crane min.
35 tons

12

1. Lifting crane
130 tons
2. Lifting crane
2.5 tons
    Tightening
equipment for
M90 bolts
    Lifting crane 55
tons
    Safety harness
3. Lifting crane
2.5 tons

1. 11
2. 8
    1b
    7
3. 2
    Storing the
machinery block

1. 7.24*7.43 m
2. 7.43*7.43 m
     6*6 m
     5*5 m
    7.43*7.43 m
3. 7.43*7.43m
     4.5*4.5 m
     4.5*4.5 m
8.5*22 m

1. Lifting crane min.
11 tons
2. Lifting crane min. 1
500 kg
    Tightening
equipment for M90
bolts
3. Lifting crane min.
250 kg

10

1. Lifting crane
130 tons
2. Lifting crane
2.5 tons
    Tightening
equipment for
M90 bolts
    Safety harness
3. Lifting crane
2.5 tons

1. 12
2. 8
    Storing the
connection
block
    7
3. 2
    Storing the
machinery block

1. 7.24*7.43 m
2. 7.43*7.43 m
     6*6 m
     5*5 m
    7.43*7.43 m
3. 7.43*7.43 m
     4.5*4.5 m
     4.5*4.5 m
    7.43*7.43 m
8.5*22 m

1. Lifting crane min.
800 kg
2. Lifting crane min. 1
500 kg
    Tightening
equipment for M90
bolts
3. Lifting crane min.
250 kg

8

1. Lifting crane
2.5 tons
2. Lifting crane
2.5 tons
    Tightening
equipment for
M90 bolts
3. Lifting crane
2.5 tons

1. 13
2. 8
    Storing the
connection
block
    7
3. 2
    Storing the
machinery block

1. 7.24*7.43 m
2. 7.43*7.43 m
     6*6 m
     5*5 m
    7.43*7.43 m
3. 7.43*7.43 m
     4.5*4.5 m
     4.5*4.5 m
    7.43*7.43 m
8.5*22 m

1. Lifting crane min. 5
tons
2. Lifting crane min. 1
500 kg
    Tightening
equipment for M90
bolts
3. Lifting crane min.
250 kg

8

1. Lifting crane 55
tons
2. Lifting crane
2.5 tons
    Tightening
equipment for
M90 bolts
3. Lifting crane
2.5 tons
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Task and STU Area Resources Workers Resources in
Hailikari

1. 14
2. 9
    7
3. 3

1. 7.24*7.43 m
2. 7.43*7.43 m
     6*6 m
    7.43*7.43 m
3. 7.43*7.43 m
     4.5*4.5 m
     7.43*7.43 m
8.5*22 m

1. Lifting crane min.
200 kg
2. Lifting crane min.
31 - 43 tons
    Tightening
equipment for M90
bolts
3. Lifting crane min.
250 kg

10

1. Lifting crane
2.5 tons
2. Lifting crane 55
tons
    Tightening
equipment for
M90 bolts
3. Lifting crane
130 tons
    3 jack lifts to
lift the slewing on
to the machinery
block from below

1. 11
2. 10
3. 5
    1b

1. 7.24*7.43 m
2. 7.43*7.43 m
    7.43*7.43 m
3. 7.43*7.43 m
     7.43*7.43 m
8.5*22 m

1. Lifting crane min.
100 kg
    Tightening
equipment’s for M90
bolts
2. Lifting crane min.
65 tons
3. Lifting crane min.
35 tons

8

1. Lifting crane
2.5 tons
2. Lifting crane
130 tons
3. Lifting crane 30
tons
    Lifting crane 55
tons

1. 8
2. 11
3. 6
    8
    1b

1. 7.24*7.43 m
2. 7.43*7.43 m
3. 7.43*7.43 m
    4.5*4.5 m
    7.43*7.43 m
    6*6 m
 8.5*22m

1. 3 jack lifts to lift the
slewing onto place
from below
2. Lifting crane min.
11 tons
3.  Lifting crane min.
25 tons

10

1. 3 jack lifts to
lift the slewing
onto place from
below
2. Lifting crane
130/ 55 tons
3. Lifting crane
2.5 tons
     Safety harness

1. 16
2. 11
3. 7
    8
    Storing of the
connection
block

1. 7.24*7.43 m
2. 7.43*7.43 m
3. 7.43*7.43 m
     5*5 m
     6*6 m
8.5*22m

1. Testing equipment
2. Lifting crane min.
11 tons
3. Lifting crane min. 1
500 kg
    Lifting crane min.
100 kg
    Tightening
equipment for M90
bolts

8

1. Testing
equipment
2. Lifting crane
130 tons
3. Lifting crane
2.5 tons
    Lifting crane
2.5 tons
    Tightening
equipment for
M90 bolts



APPENDIX XV, 6

Task and STU Area Resources Workers Resources in
Hailikari

1. 15
2. 12
3. 7
    8
    Storing of the
connection
block

1. 7.43*7.43 m
2. 7.24*7.43 m
3. 7.43*7.43 m
    4.5*4.5 m
   7.43*7.43 m
    6*6 m
 8.5*22m

1. Lifting crane min.
100 kg
    Tightening
equipment’s for M90
bolts
2. Lifting crane min.
800 kg
3. Lifting crane min. 1
500 kg
     Lifting crane min.
100 kg
    Tightening
equipment for M90
bolts

8

1. Lifting crane
2.5 tons
    Tightening
equipment’s for
M90 bolts
2. Lifting crane
2.5 tons
3. Lifting crane
2.5 tons
    Lifting crane
2.5 tons
    Tightening
equipment for
M90 bolts

1. 15
2. 13
3. 8
    7
    Storing the
connection
block

1. 7.43*7.43 m
2. 7.24*7.43 m
3. 7.43*7.43 m
    4.5*4.5 m
    7.43*7.43 m
    6*6 m
 8.5*22m

1. Lifting crane min.
100 kg
    Tightening
equipment’s for M90
bolts
2. Lifting crane min. 6
tons
3. Lifting crane min. 1
500 kg
     Tightening
equipment for M90
bolts

8

1. Lifting crane
2.5 tons
    Tightening
equipment’s for
M90 bolts
2. Lifting crane
130/55 tons
3. Lifting crane
2.5 tons
     Tightening
equipment for
M90 bolts

1. 18
2. 14
3. 8
    7
    Storing of the
connection
block

1. 7.43*7.43 m
     8.5*22 m
2. 7.24*7.43 m
3. 7.43*7.43 m
     4.5*4.5 m
     7.43*7.43 m
    6*6 m

1. Lifting crane min.
130 tons
2. Lifting crane min.
500 kg
    H-beam for the
slewing rings
3. Lifting crane min. 1
500 kg
     Tightening
equipment for M90
bolts

8

1. Lifting crane
min.  130 tons
2. Lifting crane
2.5 tons
    H-beam for the
slewing rings
3. Lifting crane
2.5 tons
     Tightening
equipment for
M90 bolts

1. 19
2. 15
3. 9
    7

1.  8.5*22 m
2. 7.24*7.43 m
3. 7.43*7.43 m
    7.43*7.43 m
    6*6 m

1. Tightening tool
(electric or pressure
air)
2. Lifting crane min.
100 kg
    Tightening
equipment for M90
bolts
3.  Lifting crane min.
31-43 tons
     Lifting crane min. 1
500 kg
     Tightening
equipment for M90
bolts

8

1. Tightening tool
(electric or
pressure air)
2. Lifting crane
2.5 tons
    Tightening
equipment for
M90 bolts
3. Lifting crane 55
tons
     Tightening
equipment for
M90 bolts
     Lifting crane
2.5 tons
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Task and STU Area Resources Workers Resources in
Hailikari

1. 20
2. 16
3. 10

1.  8.5*22 m
2. 7.24*7.43 m
3. 7.43*7.43 m
    7.43*7.43 m

1. Lifting crane min.
900 kg
    Tightening tool
(electric or pressure air)
2. 3 jack lifts for lifting
the water slewing from
below
3. Lifting crane min. 35
tons

6

1. Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)
2. 3 jack lifts for
lifting the water
slewing from
below
3. Lifting crane 55
tons

1. 20
2. 17
3. 11

1.  8.5*22 m
2. 7.24*7.43 m
3. 7.43*7.43 m

1. Lifting crane min.
900 kg
    Tightening tool
(electric or pressure air)
2. Testing equipment
3. Lifting crane min. 11
tons

6

1. Lifting crane 2.5
tons
    Tightening tool
(electric or
pressure air)
2. Testing
equipment
3. Lifting crane 55
tons

1. 20
2. 15
3. 11

1.  8.5*22 m
2. 7.24*7.43 m
3. 7.43*7.43 m

1. Lifting crane min.
900 kg
    Tightening tool
(electric or pressure air)
2. Lifting crane min.
100 kg
    Tightening
equipment for M90
bolts
3. Lifting crane min. 11
tons

6

1. Lifting crane 2.5
tons
    Tightening tool
(electric or
pressure air)
2. Lifting crane 2.5
tons
    Tightening
equipment for
M90 bolts 3.
Lifting crane 55
tons

1. 20
2. 15
3. 12

1. 8.5*22m
2. 7.43*7.43 m
3. 7.24*7.43 m

1. Lifting crane min.
900 kg
    Tightening tool
(electric or pressure air)
2. Lifting crane min.
100 kg
    Tightening
equipment for M90
bolts
3. Lifting crane min.
800 kg

6

1. Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)
2. Lifting crane
2.5 tons
    Tightening
equipment for
M90 bolts
3. Lifting crane
2.5 tons

1. 20
2. 18
3. 13

1. 8.5*22m
2. 7.43*7.43 m
3. 7.24*7.43 m

1. Lifting crane min.
900 kg
    Tightening tool
(electric or pressure air)
2. Lifting crane min.
130 tons
3. Lifting crane min. 6
tons

6

1. Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)
2. Lifting crane
130 tons
3. Lifting crane 55
tons
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Task and STU Area Resources Workers Resources in
Hailikari

1. 20
2. 19
3. 14

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Lifting crane min.
900 kg
    Tightening tool
(electric or pressure air)
2. Tightening tool
(electric or pressure air)
3. Lifting crane min.
200 kg
    H-beam for the
slewing rings

6

1. Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)
2. Tightening tool
(electric or
pressure air)
3. Lifting crane
2.5 tons
    H-beam for the
slewing rings

1. 21
2. 20
3. 15

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Oil filling equipment
2. Lifting crane min.
900 kg
    Tightening tool
(electric or pressure air)
3. Lifting crane min.
100 kg
Tightening equipment
for M90 stud bolts

6

1. Oil filling
equipment
2. Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)
3. Lifting crane
2.5 tons
    Tightening
equipment for
M90 bolts

1. 22
2. 20
3. 16

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Rotation equipment
    Dial indicator
2. Lifting crane min.
900 kg
    Tightening tool
(electric or pressure air)
3. 3 jack lifts for lifting
the water slewing from
below

6

1. Rotation
equipment
    Dial indicator
2. Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)
3. 3 jack lifts for
lifting the water
slewing from
below

1. 22
2. 20
3. 17

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Rotation equipment
    Dial indicator
2. Lifting crane min.
900 kg
    Tightening tool
(electric or pressure air)
3. Testing equipment

6

1. Rotation
equipment
    Dial indicator
2. Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)
3. Testing
equipment
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Task and STU Area Resources Workers Resources in
Hailikari

1. 24
    27
2. 20
3. 15

1/2. 8.5m*22m
3. 7.24*7.43 m

1. Lifting crane min. 600
kg
    Lifting crane min. 1 500
kg
    Tightening tool (electric
or pressure air)
2. Lifting crane min. 900
kg
    Tightening tool (electric
or pressure air)
3. Lifting crane min. 100
kg
Tightening equipment for
M90 stud bolts

8

1. Lifting crane 130
tons
    Lifting crane 2.5
tons
    Tightening tool
(electric or
pressure air)
2. Lifting crane 2.5
tons
    Tightening tool
(electric or
pressure air)
3. Lifting crane 2.5
tons
    Tightening
equipment for M90
bolts

1. 24
    27
2. 20
3. 15

1/2. 8.5*22m
3. 7.43*7.43 m

1. Lifting crane min. 1 500
kg
    Tightening tool (electric
or pressure air)
2. Lifting crane min. 900
kg
    Tightening tool (electric
or pressure air)
3. Lifting crane min. 100
kg
Tightening equipment for
M90 stud bolts

8

1. Lifting crane 2.5
tons
    Tightening tool
(electric or
pressure air)
2. Lifting crane 2.5
tons
    Tightening tool
(electric or
pressure air)
3. Lifting crane 2.5
tons
    Tightening
equipment for M90
bolts

1. 24
    27
2. 20
3. 18

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Lifting crane min. 1 500
kg
    Tightening tool (electric
or pressure air)
2. Lifting crane min. 900
kg
    Tightening tool (electric
or pressure air)
3. 3 jack lifts for lifting the
water slewing from below

8

1. Lifting crane 2.5
tons
    Tightening tool
(electric or
pressure air)
2. Lifting crane 2.5
tons
    Tightening tool
(electric or
pressure air)
3. Lifting crane min.
130 tons

1. 25
    27
2. 21
3. 19

1/2. 8.5*22 m
3. 7.24*7.43 m

1. Lifting crane min. 1
500 kg
    Tightening tool
(electric or pressure air)
2. Oil filling equipment
3. Testing equipment

8

1. Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)
2. Oil filling
equipment
3. Tightening tool
(electric or
pressure air)
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Task and STU Area Resources Workers Resources in
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1. 26
    26
2. 21
3. 20

1/2/3. 8.5*22 m

1. Lifting crane min. 2
100 kg
    Lifting crane min. 1
500 kg
    Tightening tool
(electric or pressure air)
2. Oil filling equipment
3. Lifting crane min.
900 kg

8

1. Lifting crane 55
tons
    Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)
2. Oil filling
equipment
3. Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)

1. 26
    27
2. 22
3. 20

1/2/3. 8.5*22 m

1. Lifting crane min. 1
500 kg
    Tightening tool
(electric or pressure air)
2. Rotation equipment
    Dial indicator
3. Lifting crane min.
900 kg
    Tightening tool
(electric or pressure air)

8

1. Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)
2. Rotation
equipment
    Dial indicator
3. Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)

1. 30
2. 22
3. 20

1/2/3. 8.5*22 m

2. Rotation equipment
    Dial indicator
3. Lifting crane min.
900 kg
    Tightening tool
(electric or pressure air)

6

2. Rotation
equipment
    Dial indicator
3. Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)

1. 30
2. 24
    27
3. 20

1/2/3. 8.5*22 m

2. Lifting crane min.
600 kg
    Lifting crane min. 1
500 kg
    Tightening tool
(electric or pressure air)
3. Lifting crane min.
900 kg
    Tightening tool
(electric or pressure air)

8

2. Lifting crane
2.5 tons
    Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)
3. Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)
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1. 30
2. 24
    27
3. 20

1/2/3. 8.5*22 m

2. Tightening tool
(electric or pressure air)
    Lifting crane min.1
500 kg
    Tightening tool
(electric or pressure air)
3. Lifting crane min.900
kg
    Tightening tool
(electric or pressure air)

8

2. Tightening tool
(electric or
pressure air)
    Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)
3. Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)

1. 30
2. 24
    27
3. 20

1/2/3. 8.5*22 m

2. Tightening tool
(electric or pressure air)
    Lifting crane min. 1
500 kg
    Tightening tool
(electric or pressure air)
3. Lifting crane min.
900 kg
    Tightening tool
(electric or pressure air)

8

2. Tightening tool
(electric or
pressure air)
    Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)
3. Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)

1. 30
2. 25
    27
3. 21

1/2/3. 8.5*22 m

2. Lifting crane min. 1
500 kg
    Tightening tool
(electric or pressure air)
3. Oil filling equipment

8

2. Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)
3. Oil filling
equipment

1. 30
2. 26
    27
3. 30

1/2/3. 8.5*22 m

2. Lifting crane min. 2
100 kg
    Tightening tool
(electric or pressure air)
    Lifting crane min. 1
500 kg
    Tightening tool
(electric or pressure air)
3. Rotation equipment
    Dial indicator

8

2. Lifting crane 55
tons
    Tightening tool
(electric or
pressure air)
    Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)
3. Rotation
equipment
    Dial indicator
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2. 26
    27
3. 22

2/3. 8.5*22 m

2. Tightening tool
(electric or pressure air)
    Lifting crane min. 1
500 kg
    Tightening tool
(electric or pressure air)
3. Rotation equipment
    Dial indicator

6

2. Tightening tool
(electric or
pressure air)
    Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)
3. Rotation
equipment
    Dial indicator

2. 30
3. 24
    27

2/3. 8.5*22 m

3. Lifting crane min.
600 kg
    Tightening tool
(electric or pressure air)
    Lifting crane min. 1
500 kg.
    Tightening tool
(electric or pressure air)

6

3. Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)
    Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)

2. 30
3. 24
    27

2/3. 8.5*22 m

3. Tightening tool
(electric or pressure air)
    Lifting crane min. 1
500 kg
    Tightening tool
(electric or pressure air)

6

3. Tightening tool
(electric or
pressure air)
    Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)

2. 30
3. 24
    27

2/3. 8.5*22 m

3. Tightening tool
(electric or pressure air)
    Lifting crane min. 1
500 kg
    Tightening tool
(electric or pressure air)

6

3. Tightening tool
(electric or
pressure air)
    Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)

2. 30
3. 25
    27

2/3. 8.5*22 m

3. Lifting crane min. 1
500 kg
    Tightening tool
(electric or pressure air)

6

3. Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)
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1. Delivery
2. 30
3. 26
    27

1. 8*16 m
2/3. 8.5*22m

1. Lifting crane min.
160 tons
3. Lifting crane min. 2
100 kg
    Tightening tool
(electric or pressure air)
    Lifting crane min. 1
500 kg
    Tightening tool
(electric or pressure air)

8

1. Lifting cranes
130 tons and 55
tons
    Lifting beam
3. Lifting crane
2.5 tons
    Lifting crane
2.5 tons
    Tightening tool
(electric or
pressure air)

1. Delivery
2. 30
3. 26
    27

1. 8*16 m
2/3. 8.5*22m

1. Lifting crane min. 10
tons
3. Tightening tool
(electric or pressure air)
    Lifting crane min. 1
500 kg
    Tightening tool
(electric or pressure air)

8

1. Lifting crane
130 tons
3. Lifting crane
min. 2.5 tons
    Tightening tool
(electric or
pressure air)
    Tightening tool
(electric or
pressure air)

1. Delivery
3. 30

1. 8*16 m
3. 8.5*22m

1. Lifting crane min. 10
tons 4 1. Lifting crane

130 tons

1. Pick-up
3. 30

1. 8*16 m
3. 8.5*22m

1. Lifting crane min.
160 tons 4

1. Lifting cranes
130 tons and 55
tons
    Lifting beam

2. Delivery
3. 30

2. 8*16 m
3. 8.5*22m

2. Lifting crane min. 10
tons 4

2. Lifting cranes
130 tons and 55
tons
    Lifting beam

2. Delivery
3. 30

2. 8*16 m
3. 8.5*22m

2. Lifting crane min. 10
tons 4 2. Lifting crane

130 tons

2. Delivery
3. 30

2. 8*16 m
3. 8.5*22m

2. Lifting crane min. 10
tons 4 2. Lifting crane

130 tons

2. Pick-up
3. 30

2. 8*16 m
3. 8.5*22m

2. Lifting crane min.
160 tons 4

2. Lifting cranes
130 tons and 55
tons
    Lifting beam

3. Delivery 3. 8*16 m
    8.5*22m

3. Lifting crane min.
160 tons 2

3. Lifting cranes
130 tons and 55
tons
    Lifting beam

3. Delivery 3. 8*16 m
    8.5*22m

3. Lifting crane min. 10
tons 2 2. Lifting crane

130 tons

3. Delivery 3. 8*16 m
    8.5*22m

3. Lifting crane min. 10
tons 2 2. Lifting crane

130 tons
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3. Pick-up 3. 8*16 m
    8.5*22m

3. Lifting crane min.
160 tons 2

3. Lifting cranes
130 tons and 55
tons
    Lifting beam

Production days 37
*Torques or powers needed for equipment can be seen from appendix IV in
research.
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