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Abstract 
Background: In general, it is very complicated to build submarines. There are many parts and 
equipment that must be in place, and there are tight spaces on the boat. As submarine development 
progresses and new modern concepts take shape, the installation of new equipment on board becomes 
more complex, placing higher demands on well-defined interfaces, both geometrically and logically. 
The approach to electrical cabinets today is to run the cables from the bottom or top through a cable 
transit system, and only after the cabinet is installed on the submarine can the cables be installed in the 
proper terminals. This means that the installation takes a lot of time and combined with the fact that 
there are so many cables sticking out of the cable transit system, the work becomes even more superficial 
as installers are also constrained by the tight space. Sometimes workers also must move around to make 
room for others to pass through other parts of the submarine. This means that workers must leave their 
jobs and move before resuming their work. The following can happen several times a day, which means 
more time is needed to install electrical cabinets on the submarine. 
 
Purpose: The purpose of this work is to develop and design a solution that is a standardized interface 
for equipment in the form of electrical cabinets that are present and used in submarines. In this way, the 
solution must be able to satisfy the different interfaces of the devices that the different subcontractors 
provide to the company. The created proposals must be illustrated with a CAD software to visualize the 
concept. 
 
Methodology: The research methodology used in this project is a combination of Participatory Action 
Research (PAR) and Design Thinking (DT). 
 
Result: The result presents a solution (ISO-box) showing that it is possible to reduce and optimize the 
time to install the cabinet once the cabinet is permanently mounted on the submarine. The solution is 
presented in the form of a CAD model. The model is set up so that all the cables coming from the cable 
transit system have an adapter at the end, which has a counterpart in a box to the cabinet that is installed 
on the submarine. Then when the cabinet is assembled, all that must be done is to plug the right connector 
into the right place in this box. The box has colors for the connectors and numbering that makes it easier 
for the installer to know which adapter to use. 
 
Conclusions: The work concludes that it is quite possible to change the current solution so that less time 
is needed in the final assembly of the cabinets. It will be easier to just connect the contacts and then 
leave room for others to pass in the confined spaces. It will also be easier to maintain, as the installer 
can replace broken contacts as the solution is modular, and there is the possibility of installing new 
equipment with ISO-box if necessary. 
 
Keywords: Design Thinking, Participatory Action Research, Electrical cabinet, Standardization, 
Submarine 
 

 

 

  



 

 
 

SAMMANFATTNING 
Bakgrund: I allmänhet är det väldigt komplicerat att bygga ubåtar, det är många delar och utrusning 
som skall på plats och det är ganska trånga utrymmen på ubåten. I takt med att ubåtsutvecklingen 
fortskrider och nya modernare koncept tar form blir monteringen av ny utrustning ombord mer komplex, 
vilket ställer högre krav på väldefinierade gränssnitt, både geometriskt och logiskt. Tillvägagångssättet 
för elskåp idag är att kablar underifrån eller ovanför matas genom en kabelgenomföring och kablarna 
kan installeras i rätt plintar först efter att skåpet har installerats på ubåten. Detta innebär att installationen 
tar mycket tid och i kombination med att antalet kablar som sticker ut från kabelgenomföringen är så 
många försvåras arbetet ytterligare då installatörerna begränsas även av det trånga utrymmet. Ibland 
måste arbetare också flytta för att göra plats för andra att passera genom andra delar av ubåten. Det 
innebär att anställda måste lämna arbetet och flytta på sig innan de kan återuppta arbetet. Följande kan 
ske flera gånger om dagen, vilket gör att det krävs mer tid att installera elskåp på ubåten. 
 
Syfte: Syftet med detta arbete är att utveckla och designa en lösning som är ett standardiserat gränssnitt 
för utrustning i form av elskåp som finns och används i ubåtar. På så sätt ska lösningen kunna möta de 
varierande gränssnitten på utrustning som de olika underleverantörerna tillhandahåller företaget. De 
skapade förslagen måste illustreras med en CAD-mjukvara för att visualisera konceptet. 
 
Metod: Forskningsmetodiken som använts i detta projekt är en kombination av Participatory Action 
Research (PAR) och Design Thinking (DT)  
 
Resultat: Resultatet presenterar en lösning (ISO-box) som visar att det är möjligt att korta ner och 
optimera tiden för installation av skåpet när skåpet väl är fastmonterat på ubåten. Lösningen presenteras 
i form av en CAD modell. Modellen är gjord på sådant sätt att alla kablar som kommer från 
kabelgenomföringen får en adapter monterad på slutet som har en motsvarighet i en box till det skåp 
som skall installeras på ubåten. När skåpet sedan monteras klart behövs det endast att koppla in rätt 
kontakt till rätt position i boxen. Boxen är avsedd med färger för kopplingarna och numrering för att 
underlätta vilken adapter som skall in var.  
 
Slutsatser: Arbetet visar att det är fullt möjligt att ändra på dagens lösning till något som tar mindre tid 
vid slutinstallationen av elskåpen. Det blir smidigare att endast koppla in kontakter och sedan lämna 
plats till andra som behöver komma förbi i dom trånga utrymmena. Utöver det så underlättas det för 
underhåll då installatören kan byta ut trasiga kontakter då lösningen är modulär samt att det finns 
möjlighet till installation av ny utrusning med ISO-box när det behövs.  
 
Nyckelord: Design Thinking, Participatory Action Research, Elskåp, Standardisering, Ubåt  
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1 Introduction 
This master thesis describes an improvement of the installation and mounting of the electrical cabinets 

onboard current and future submarines for Saab Kockums AB at Malmö. The company is a global leader 

in the design, manufacture and operational support of submarines, surface vessels and marine systems. 

The product portfolio includes air-independent propulsion submarines, warships with stealth technology 

that makes it difficult to detect radar, demining systems and fast patrol and pilot ships. Kockums also 

delivers subsystems and components for integration in marine solutions to customers in Sweden and 

abroad. Saab Kockums AB stands for products that create security and defense capacity in Sweden and 

other countries [1]. 

 

In general, shipbuilding is very complex, considering how many components and parts must fit in the 

confined space aboard a submarine. As development progresses and new modern concepts for 

submarines take shape, it becomes more complicated to fit the new equipment on board, which places 

higher demands on well-defined interfaces, both geometrically and logically. The approach to electrical 

cabinets today is that cables coming from below or above are fed through a multi cable transit system. 

These systems are modular, adaptable sealing and passive fire protection solutions. They are used to 

protect cables and pipes from gas, smoke, water, and explosions when installed through gaps in walls, 

floors, bulkheads, or decks. The installation of the cables in the correct terminal is done only after the 

cabinet has been installed on site. This means that installation takes a lot of time and, combined with the 

number of cables protruding from the multi-cable transit system, the installer can only work with a 

limited amount of space. Sometimes the worker must also move to clear the way for others to pass 

through to other parts of the submarine. This means that the worker must interrupt his work and move 

around, then resume work. This can be done several times a day and it will cost a lot of time installing 

electrical cabinets on the submarine [1]. 

 

1.1 Aim of the study 
The purpose of this work is to develop and design a solution that is a standardized interface for 

equipment in the form of electrical cabinets that are available and used in submarines. In this way, the 

solution must be able to meet the varying interfaces on equipment that the various subcontractors 

provide to the company. The created proposals must be illustrated by a CAD software to visualize the 

concept.  
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1.2 Research Questions 
The research questions for this work are as follows: 

 
• How to optimize the design phase for assembling equipment in production and maintenance 

during shipbuilding? 
 

• How to optimize time savings and cost efficiency by standardizing interfaces for electrical 
cabinets systems on board a submarine? 

 

1.3 Delimitations  
This work will be limited to the electrical cabinets in the submarine, and the purpose is to try to create 

a standard interface that meets the standards for submarine use. This means that the group will not 

consider all the different parts that are included in a submarine. In addition, only the electrical cabinets 

area and what is connected to it will be studied to develop a solution according to the company's needs. 

This work is also limited to electrical cabinets on board a submarine with cables coming from below, 

i.e., from the platform. The time will only be considered when the electrical cabinet is mounted in place. 

The final prototype will only be presented in a CAD model and the verification will be based on interval 

for cabinets with different numbers of cables due to the duty of confidentiality as precise figures may 

not occur. 
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2 Theory  
In this chapter appropriate information relevant to the project is presented and explained. 

 

2.1 Submarines 
Submarines are ships that can travel completely underwater but also get up to the water surface. There 

are different types of submarines such as military but also civilian. The use of civilians often occurs by 

researchers but also for smuggling. There are nuclear-powered and diesel-electric submarines, the 

nuclear-powered ones have a nuclear reactor that is used to heat the water and via the steam drives a 

steam turbine that causes a propeller shaft to rotate. The diesel-electric boats use one or more diesels 

motors when it is on the surface to charge the battery. It also uses one or more electric motors underwater 

when it dives and take power from the charged battery. It can only run underwater until the batteries 

need to be recharged [2].  

 

2.2 Electrical cabinets 
An electrical cabinet is a cabinet or box used to store and protect electrical or electronic equipment. 

Switches, knobs, and displays can be installed in the enclosure and adapted to different purposes. 

Cabinets protect equipment and users, as well as the environment in which the cabinet is located. The 

more hazardous and extreme the environment, the stronger the enclosure must be. Some of the features 

required for electrical cabinets include protection against contact with hazardous parts, protection 

against ingress of solid objects, water, corrosive substances, temporary submersion, and prolonged 

submersion. For personnel and users, this means protection against electric shocks or explosions [3].  

 

2.3 Electrical components  
This subchapter describes the electrical components and factors that are commonly found in electrical 

cabinets and that are relevant to workers who work in this area daily. These electrical components will 

be considered when applying various tools and developing a solution.  

 

2.3.1 Electromagnetic interference 
Electromagnetic interference (EMI) is a disturbance caused by electromagnetic induction or externally 

emitted electromagnetic radiation that breaks an electrical circuit. The electromagnetic fields generated 

by the operation of a system induce interference from one electrical or electronic system to another, 

which is called EMI. When one EMI interferes with another, the electromagnetic fields become 
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distorted. Even if they are not at the same frequency, electromagnetic radiation can interfere and cause 

problems. Since electromagnetic radiation is easily picked up by any conductor, EMI can be a problem 

for electrical equipment. That's why speakers occasionally generate noise when a nearby cell phone 

receives a call or text message. This is because the coil in the speakers acts as an antenna and picks up 

the EMI emitted by the cell phone [4]. For an illustration of electromagnetic interference acting on 

unprotected electronics, see figure 1. 

 
Figure 1. Unprotected electronics exposed to EMI([4] , used with permission) 

 

 

 

2.3.2 Electromagnetic compatibility    
Electromagnetic compatibility (EMC) refers to the ability of an electronic device to function properly 

in an electromagnetic environment without being disturbed by or giving off unwanted electrical noise. 

Electromagnetic interference from sources such as radio and television waves, electrical circuits, and 

electrical faults is avoided by directing electromagnetic waves to earth through a metallic frame [5]. 

 

A noise source that generates noise, a receiving device that is affected by the noise, and a coupling 

channel between the source and receiver are the three essential elements that cause EMI noise. If any 

one of these components is reduced, redirected, or cancelled, electromagnetic compatibility can be 

achieved. Grounding and shielding are two approaches that can be used to reduce EMI and achieve EMC 

[5]. 
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2.3.3 Earth ground 
Grounding is the process of establishing a zero-volt reference and connecting metal items or circuits to 

it via a low-impedance, non-current-carrying connection. Large metal structures cannot be driven 

relative to one other in a good EMC grounding method, resulting in unintentional emissions or immunity 

issues. Most goods' electromagnetic compatibility is ensured by bonding metal items to maintain them 

at the same potential and referring all external connections to the same zero-volt ground [6]. 

 

For both safety and electromagnetic compatibility, proper grounding is critical in electronic system 

design. In the case of unintended errors or electromagnetic interference, ground plays a critical role in 

deciding what occurs. Engineers can also better limit undesired radiated emissions by using proper 

grounding procedures [6]. 

 

2.3.4 Shielding 
Shielding is a technique for preventing electromagnetic interference from reaching sensitive equipment. 

With the use of conductive or magnetic barriers, electromagnetic signals are decreased, and the field is 

blocked. Shielding can likewise be used in the opposite direction. It keeps electromagnetic fluxes and 

communications from escaping a shielded location. To secure emission restrictions, sensitive 

information might be secured from eavesdropping or trapped interference caused by power generation 

in a shielded region. In figure 2 a system that is protected from EMI can be seen [7]. 

 
Figure 2. System protected by shielding ([4], used with permission) 
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Shielding is used to protect electrical equipment from the 'outside world,' as well as cables from the 

environment through which they travel. Reflections, absorption, and multiple reflections all play a role 

in a shield's effectiveness. Shielded cables are defined as electrical cables with insulating conductors 

wrapped in a conventional conductive layer. Braided copper (or a comparable metal) strands, spiral 

copper tape, or any other conducting polymer can be used to make the shield. Cables that are protected 

are often thicker and more durable than cables that are not shielded. When working with them, they also 

demand more extensive attention [7]. 

 

2.4 Electrical blocks 
Electrical block is a device used in telecommunications closets to link one group of wires to another 

group of wires using a system of metal pegs to which the cables are fastened. The solid copper wires are 

"punched down" into short open-ended slots, which are a sort of insulation-displacement connector, 

hence the name [8]. 

 

2.4.1 Spring clamp electrical block 
One variation of electrical blocks is the spring clamp where spring pressure is used to keep the wire 

clamped in these terminals. Spring clamps are a newer alternative to screw clamps, and they're typically 

used for cables that aren't too long [9]. 

 

Figure 3. Spring clamp electrical block used in electrical cabinets. 
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2.5 Multi cable transit systems 
Cable transit systems are modular, adaptable sealing and passive fire protection solutions. They are used 

to protect cables and pipes from gas, smoke, water, and explosions when installed through gaps in walls, 

floors, bulkheads, or decks. The system consists of cable modules, standardized rubber blocks of various 

sizes and designs, through which cables and pipes are routed. Any combination of these modules can be 

configured within a transit frame - the rigid perimeter that is attached to the wall or floor. The final step 

is to attach a wedge module to the top of the transit frame. This wedge is enlarged with a socket wrench 

to fix the cable modules under pressure. For future modifications, just loosen the wedge and adjust the 

cable modules as needed [10]. In figure 4 is a picture of a multi-cable transit system. 

 

 

Figure 4. Shows the multi cable transit system with three cables through 
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2.6 Standards   
A standard can be defined as a common solution to a recurring problem. Through uniform and clear 

routines, everyone can agree on a standard to, among other things, increase quality, avoid 

misunderstandings, and not have to start from scratch every time. In this way, it is in everyone's interest 

to be able to agree on a standard. Through a common standard, buyers and suppliers can speak the same 

language without misunderstandings, which in turn facilitates procurement and agreements. Through 

standards, trade can be exercised, and products can be manufactured according to the best accepted 

solution that prevails in the industry, such as appearance, functions or test methods for a product or 

service [11]. 
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3 Related works 
The subject of submarines and warships in the military sector is a very closed and limited area for the 

public, as the information is usually kept confidential. This means that previous research in this area is 

not available, which has limited the group's work in this regard. 

 

Once enough data and information were gathered for this project and the requirements were clear, the 

group decided to move on and see how they performed in other markets. First, they looked at houses 

and the electrical connections there, then the boat industry and today's submarines. Then the aviation 

industry was also examined. What appealed to this project the most was the automotive industry, 

because here it could be seen that there is a lot about electrical connections that could be related to the 

submarine industry. That they hold up under heavy braking and at different speeds, that they can 

withstand heat and cold, but also rain and snow. The connections that are there are often complex, 

especially in today's cars, and all the systems must work correctly, otherwise a wrong meter, sensor, or 

the like can give wrong data, which can lead to dangerous penalties. Seung-Deog [12] presents a 

compilation of reports on wiring harness systems in cars, showing that they have been tested for 

durability and strength as well as electrical properties, confirming that they do the job to be done. When 

compared with the work being done on submarines today, the main test was whether the requirements 

in the automotive industry were the same as those in shipbuilding, so that they could be used as a suitable 

related work. 

 

In shipbuilding, and especially in electrical cabinets, the installation of electrical cables takes place in a 

confined space and is time-consuming. In car manufacturing, however, this takes place within factories. 

The team wanted to take advantage of this difference to reduce the time required for the final installation 

of electrical cabinets once they are fixed in their intended place on board the submarine. The lesson is 

that connections can be made in the cabinet as in a car, but the contacts must be adjusted for the purpose. 
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4 Method 
The tools and methods used for this project are presented in this chapter for the different phases of the 

project. The purpose of this chapter is to give the reader an idea of how and in what ways the tools and 

methods were used and why they were chosen for this project. The tools are first explained in terms of 

their background and theory before showing the reader how they were used. 

 

4.1 Plan  
Two methods used in this work are Participatory Action Research (PAR) and Design Thinking (DT) 

and can be seen in figure 5 below. A combination of these two methods was used because they cover 

different aspects in different steps. However, DT is the main process and follows its four phases, while 

PAR is used as a complement to make inputs. At the beginning of the work, the team will consider 

mainly PAR and at the end DT. In this way, the aim is to obtain a result that corresponds to the objectives 

set in advance for the work. The work consists of a clear need but has a poorly defined problem, which 

underlines that the definition of the problem and the basis for a future solution is done in relation to the 

internal stakeholders of the company. Because the company and the subject itself are very closed, 

meaning it is difficult to find information from external sources. It is necessary to obtain information 

from the company and from the employees who will follow the progress of the work. For this reason, 

the Participatory Action Research (PAR) methodology is well suited to supplement the first phases of 

the Design Thinking methodology and to resume Design Thinking in the product development phase in 

the later part of the work. So, the first two parts initiation and inspiration of DT are supplemented by 

PAR. The reason Design Thinking was chosen as a basis for this work is because the method has been 

used before on other projects and was the most logical for this work. At the beginning of the work, 

however, the problem was formulated very poorly, as Saab itself did not focus on a specific area of the 

submarine. After several meetings and discussions, the boundaries were drawn and a specific area was 

chosen, the electrical cabinet, with cables coming from below from the cable gland was selected. The 

demarcation line is made with Saab, which means focus needs to be towards the cables and the cabinet 

itself and what needs to be built into it. Other components, such as cooling or extinguishing in the event 

of a fire, are not considered. It was therefore decided to replace the first part of design thinking with 

PAR, as most of the information about the company came from working closely with those working in 

the fields related to electrical cabinets and cables. DT, on the other hand, helps to ensure that work is 

oriented towards the user, that is, towards those who use the solution and benefit from it. In this way, 

users can participate early in the design process, which in turn yields valuable insights into requirements 

and behaviors that form the basis for the visualization and materialization of ideas and concepts. DT as 
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a method helps to identify problems early and improve ideas even before a complete solution can be 

produced, saving money and time, hence the choice of DT as the main method. 

 

 

Figure 5. Combination of DT and Participatory Action Research. 

 

4.2 Participatory Action Research (PAR) 
People and groups most affected by an investigation are specifically included in the design and 

implementation of participatory research and evaluation approaches. Participatory research and 

evaluation procedures are designed to ensure that methods and conclusions reflect the viewpoints, 

values, interests, and concerns of the people being studied. By giving stakeholders an active role in a 

study or evaluation process, their contributions become valuable as they generate new knowledge or 

insights about the organization. [13]. 

 

All relevant stakeholders (participants, communities, and anyone with an interest in the topic under 

study) are actively involved in defining the research problems, developing questions, collecting data, 

analyzing the data obtained, and making recommendations as part of the study. In other words, this study 

involves those closest to the problem (participatory) while seeking to effect positive change (action). By 

tapping into the collective wisdom of the researcher, the participants, and the organization under study, 

this technique helps produce more relevant findings and suggestions. Participant observation, field 

notes, group discussions, diaries and personal records, surveys, and questionnaires are some of the data 

collection tools used in participatory action research studies. [13].  
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Those who would be considered "subjects" in a normal research study are identified as co-researchers. 

Therefore, the insights gained through a PAR process are the result of a collaborative effort rather than 

the work of professional researchers working independently of those being observed and studied. [13].  

The process of PAR begins with working with a company or organization that has a problem somewhere 

in its operations. Generally, the research process begins with a literature review and formulation of 

hypotheses before applying it to an organization. Once a working relationship is established with an 

organization, the researcher will use the literature to define the problem and purpose to gain a better 

understanding of the situation. The researcher must ensure that the action process is participatory, 

meaning that the people who will be impacted have a say in what aspects of the problem will be 

addressed. The researchers must also ensure that the process is participatory driven, which means that 

the organization must be able to participate in the decision-making process about what actions to apply. 

Thus, the methodology of PAR can be broken down into several parts, with the first step being problem 

formulation, followed by goal planning and strategy determination, data collection and analysis, and 

finally reflection and interpretation of the conclusions of the process [14]. Figure 6 illustrates the various 

steps of the process, which can be seen as a cyclical process of observation, reflection, action, evaluation, 

and adaptation, with each cycle leading to new insights or improvements. 

 

Figure 6. The methodology for PAR figure 

 

4.3 Design thinking methodology  
Design thinking is an iterative, human-cantered process that focuses on understanding stakeholders and 

users in relation to specific existing or current problems. The design thinking process should seek 

alternative perspectives on problems, solutions, and strategies to provide a deeper and more complete 

picture of the initial situation. Design thinking is not just a process, but a way of thinking and working 

[15]. 
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4.3.1 Design thinking process 
The innovation process in design thinking can be divided into four parts: Initiation, Inspiration, Ideation, 

and Implementation [15]. The different parts can be seen in figure 7. 

 

 

Figure 7. The methodology for Design Thinking ([16], used with permission) 

 

4.3.1.1 Initiation 

The initiation phase includes steps such as getting to know each other as a project group, discussing the 

roles everyone will take on, and identifying the group's competitors and expertise. This phase also 

establishes rules and principles for how the project will be developed, how communication will be 

handled, and how decisions will be made. A project goal is established and a strategy to achieve that 

goal. This ensures that the group is focused and unified, minimizes confusion, and reduces the likelihood 

of lengthy conversations about how to proceed later in the project [15]. 

 

4.3.1.2 Inspiration 

The goal of the inspiration phase is to find out what specific problems need to be addressed and what 

needs to be considered in the project. Interviews with persons of interest and observations are often 

conducted to gather information about needs. This phase also includes research on current and upcoming 

trends and technologies. Much of the information gathered is qualitative and serves as a starting point 

for the ideas and solutions that are developed in the later phases of the design thinking process [15]. 

 

4.3.1.3 Ideation 

The idea phase focuses on idea generation and is the part of the process where solutions and ideas to 

current needs and challenges are presented and discussed in the group. The main purpose is to get the 

group members to come up with and discuss as many answers as possible, no matter how crazy they are, 

and then narrow down and test the different solutions before deciding on one idea or concept as the 

ultimate solution they will work on [15]. 
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4.3.1.4 Implementation 

The implementation phase is used to transform the solutions and prototypes created in the idea phase 

into a real product that users and stakeholders will want to use. The product may be crude at this stage, 

but it should solve the problem and meet the needs of the users while being useful. This phase is also 

about how the product should be marketed, how much it would cost, and what kind of marketing strategy 

is available [15]. 

 

The different phases overlap because innovation is not a straightforward process, and it is sometimes 

necessary to move forward or backward in a project to make it work. This also makes it possible to 

gather information while ideas are being discussed, which makes the schedule more flexible because 

different projects take different amounts of time at different stages [15]. 

 

4.4 Initiation  
In this step, it is discussed how the project was initiated through, how the problem was formulated, and 

what tools have been used to evaluate different ways of working. 

 

4.5 Gain understanding    
The problem formulation was started by the group creating contact with relevant stakeholders from 

various departments within Saab Kockums. Through this, the work started, and the scope of the project 

determined together with the stakeholders. Through meetings and discussions, thoughts and suggestions 

could be exchanged between the group and individuals from different departments within the company 

about problems. All thoughts and suggestions were welcomed by the group, which eventually led to an 

agreement being drawn up on the problem formulation. The next step in the initiation phase was thus to 

investigate deeper around the area to investigate what has been done and what is missing in the form of 

shortcomings and disadvantages with current methods. With the help of this knowledge, it became clear 

to be able to formulate the project's aim and determine research questions. For an evaluation of different 

ways of working and goals with the project to be established and become clear to the group from the 

very beginning, a team canvas was created. 

 

4.5.1 Team canvas 
The challenge in achieving successful collaboration is not due to a lack of understanding. The challenge 

is that essential questions are not asked at the right time. That's why the Team Canvas is a simple and 

quick tool for building a productive and high-performing team on a project. It provides a systematic way 
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to align all members of a team toward a common goal while considering the individual thoughts of the 

team. The Canvas provides a solid foundation for shared goals, expectations of each other, and helps 

frame the discussion. The Team Canvas contains several elements that ensure teams are on the same 

page. Factors such as team alignment meetings and shared goal setting are extremely valuable for new 

teams working together. However, the aspects highlighted in the Canvas are People & Roles, Shared 

Goals, Individual Personal Goals, Purpose, Core Values, Strengths & Assets, Key Weaknesses & Areas 

for Development, Needs & Expectations, and Rules & Activities. The result of these 9 aspects, as shown 

in figure 8, is a foundation and summary of the important aspects that can be used as a reminder when 

issues arise or when focus is lost on the fundamental problem and thus throughout the project [16]. 

 

 

Figure 8. Shows an empathy template with the 9 aspects. 

 

The tool was used by the group using a blank template that contained the 9 aspects to develop an 

understanding of how everyone in the group perceived the core problem and the importance of the 

aspects to the project in relation to Saab Kockums through conversation and reflection (see Appendix 

5). The instrument was used in a digital format, with each group member having access to the template 

and attaching sticky notes to each area. 
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4.6 Inspiration  
This section describes the techniques used to acquire data and information. Several tools were used 

during this phase to gain a deeper understanding of the company's need and problem. 

4.6.1 Stakeholder Analysis  
Once the team have a clear understanding of the problem, a need is there to identify which stakeholders 

exist and may be affected by the solution. Once selected a stakeholder, the Stakeholder Power Benefit 

Grid will be created. From here, a follow up with the people can be done and interview them to gather 

more needs and gain more empathy and understanding of the situation. The Stakeholder Power Benefit 

Grid includes four different topics related to future solutions, divided into two categories: Power and 

Interest, see figure 9. Stakeholders are ranked according to their ability to drive change and their interest 

in projects and solutions. Stakeholders who have high power and interest should be closely managed, 

meaning they should be regularly involved in the project and considered in decisions. When 

performance levels drop, stakeholders belong to the Stay Informed section, meaning they should be kept 

informed but not involved. The other two parts are called Satisfaction and Monitoring. The first part 

means that stakeholders should be kept informed, and the solution should be tailored to their needs. 

Stakeholders in the monitoring part are of lower priority and usually do not participate [17]. 

 

 

Figure 9. Power-Interest matrix 
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The grade for these questions was on a scale from low to high. The group answering these questions 

must consider the various stakeholders from their perspective. In answering the questions, help assess 

the overall interests and power of each stakeholder was based on assumptions and some management. 

Detailed assessments for the different stakeholder groups can be found in Appendix 1 where details are 

shown.  

 

4.6.2 Observations and visits  
Another approach to understanding the fundamental problem by the user is to put himself in his/her 

environment and perspective. Observing people in their environment allows researchers to empathize 

with their experiences, know their context, uncover hidden requirements, and get honest and unfiltered 

feedback. Observation also requires a beginner's mindset, asking questions such as "What does it mean?" 

and "Why?" [18]. Such questions can be asked using the AEIOU approach, AEIOU basically stands for 

"Activity, Environment, Interaction, Object and User". This is essentially a framework for structuring 

all the observations that is made during user research in the field. In this approach, AEIOU helps capture 

all events that occur in the environment where the observation is taking place. Table 1 shows a set of 

inquires that can be used depending on the scenario [15]. The group also adopted a similar mindset and 

approach to observations and visits. A synopsis of how the dialogue occurred during the observations 

and visits can be found in Appendix 2. 

 
Table 1. How the AEIOU is broken into categories 

Activities What happens? 
What are folks up to? 
What exactly is their task? 
What activities do they engage in? 
What occurs before and after the event? 

Environment What does the environment look like? 
What is the nature and function of the space? 

Interaction How do the systems interact with one another? 
Are there any interfaces? 
How do the users interact among one another? 
What constitutes the operation? 

Objects What objects and devices are used? 
Who uses the object and in which environment? 

User Who are the users? 
What role do the users play? 
Who influences them? 

 

 

Presentations were given with different departments relevant to the topic and useful information to 

contribute to the project. Many different concepts and components were explained to facilitate 

understanding of the project, but also to understand what must be included for it to be implemented and 
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operated in a particular structure. In addition, other requirements must be considered, such as 

magnetism, how to extinguish a fire, how to cool the system, but also how to protect the cables before 

they are inserted into the cabinet. All this and more were explained in various presentations at Saab 

Kockums AB in both Malmö and Karlskrona. The visits were made to the company's production 

facilities so that the group could see the problem from a different perspective. Here the group were able 

to see and observe electrical cabinets with all their components in an existing submarine, but also for a 

newly developed submarine in production. 

 

4.6.3 Interviews 
The project entailed conducting several interviews to gather information and data from stakeholders as 

well as other individuals within the firm who seemed to be important to this project. In an interview, the 

interviewer asks the interviewee relevant questions. This is done to obtain information that is of interest 

to the interviewer and that the interviewer knows. There are several ways to conduct an interview and 

they have been used for different applications in this project. Unstructured interviews, in which no 

predetermined questions are asked, are one type of interview style. Instead, the interviewer listens to the 

person's thoughts [14]. A semi-structured interview is another type of interview in which the session 

consists of questions prepared by the interviewer, but which may be adjusted during the session based 

on the responses received. The interviewer is free to add or delete information in this approach [14].  

 

The group got relevant people to talk to by being introduced to the person in charge in the electricity 

area and from there came several other relevant persons for our project. The group conducted the 

interviews using a mix of unstructured, semi-structured, and telephone interviews. Adjustments were 

made to each interview based on who the person being interviewed was and what their conditions were. 

This allowed the group to be adaptable and conduct interviews with stakeholders on-site at the company 

as well as those working from home or in a department elsewhere.  

 

In some interviews, a combination of semi-structured and unstructured interviews was used, where the 

group would first introduce the topic to the person and then allow discussion while adding questions or 

using questions from a generated list of possible questions in the meantime. This made it more 

comfortable for the person to speak and share their thoughts, while allowing the group to direct the 

discourse toward helpful and valuable insights. The sessions were typically between 30 and 60 minutes 

in length. The questions asked of different people varied depending on who the person was, what the 

topic was, and what the team wanted to know. The questions used in a semi-structured interview can be 

found in Appendix 3. 
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4.6.4 Personas  
Information gathered through interviews was organized in the form of numerous personas highlighting 

key stakeholders to provide an overview of the needs of various departments. Personas are tools used in 

the inspiration phase of the product development process. Personas are a way to represent the needs of 

a specific group of people or individual by creating a template that can be used to present information 

about them. The information needed to create personas is gathered through research about potential 

users and the market in which the product will be used. The research is usually done through necessary 

discoveries, which include observations and interviews. All the information from the interviews with 

key stakeholders is summarized and categorized into different roles to understand the basic needs of the 

different departments. A persona is a fictional character that represents a group of real people and their 

needs, goals, and experiences. Personas are often used to help designers understand the people for whom 

solutions are being developed and by guiding the idea process, one can reduce the complexity of the 

design task [15].  

 

Personas were created using information gathered in interviews and meetings with key project 

stakeholders. To ensure that each persona was accurate and fair, each stakeholder was approached again 

to verify that the stated needs and the persona developed matched the individuals. For the personas, the 

group decided on relevant aspects such as preferred method of communication, goal, job responsibilities, 

challenges, how they receive information, how they can help us, and finally a brief biography. Through 

the data collected and collaboration with the stakeholders, the questions about the aspects were answered 

and a persona was created. 

 

4.6.5 List of requirements 
A list of requirements identifies the key characteristics that the group's design must meet and 

complement to be successful. The list expresses all design goals in concrete terms and can be used to 

identify the most promising ideas and design solutions, or even a combination of ideas. Such a list can 

be created by analyzing all the information collected for the design task. The importance of a 

requirements specification increases for complicated projects with multiple aspects that require the need 

for a systematic list of requirements. This can be considered as a tool in a team to check if all members 

are on the same page. On the other hand, it can be considered as an agreement between the team and the 

company about the future direction of the development. The list evolves as the project progresses and 

the idea proposals become more explicit and thorough. [19]. 

 

After all the standards had been reviewed and summarized, the group moved on to create a list of 

requirements. From this, it was possible to see what was required for a new or existing concept to be 
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applied to the submarine. In addition, there were important aspects to consider. When concepts were 

developed, they were a basis that was considered so that the concept development phase could begin. 

 

4.7 Ideation 
In this part, the focus is on how ideas and concepts were generated for the core problem to be able to 

answer the research questions. 

 

4.7.1 Brainstorming  
The goal of brainstorming is to find ideas that can solve a problem. Brainstorming, which comes in 

many forms, is a creative method of collective brainstorming and an important component of idea and 

innovation management. Often used in the early stages of a project, this method provides an easy way 

to generate creativity and generate as many ideas as possible with just a few group members. No idea is 

bad, no member should criticize each other, everything is documented and reviewed later. The idea 

behind this method is that ideas can contributed to without interruption. Then development of each 

other's ideas can be done, quantity over quality, no dumb ideas, all ideas are welcome since dumb ideas 

can turn into smart ideas [19].  

 

The group has been actively using this method for a week, coming up with ideas that are appropriate 

and adequate. But also, ideas that were completely out of the box. In this way, the group managed to 

collect many ideas that led to the 16 concepts presented (see Appendix 4). These were divided into three 

different groups, that are named “Adapter systems”, that includes concept 1 and 2. The “Fixed systems 

before electrical cabinets on site”, includes concept 3 to 13. The last group “Electrical cabinets on site” 

includes concept 14 to 16. These were numbered and documented for use in the Pugh matrix, but before 

doing so the group had to weight all the requirements from the list of requirements in an Analytic 

Hierarchy process.  

 

4.7.2 Analytical Hierarchy Process (AHP)  
The Analytic Hierarchy Process (AHP) is a theoretical approach to understanding the relationships and 

weighting of the various needs or criteria. After the various criteria are defined, the weighting of each 

criterion must be determined by AHP. Each criterion is compared in pairs on a scale of 1 to 9 to 

determine which criterion is most important and most significant [20]. 

 

The results are calculated as a percentage relative to each criterion, showing how important they are 

compared to each other. Concordance ratios (CRs) were also calculated from the calculated percentages. 
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The concordance ratio represents the consistency of the assessment to ensure appropriate proportionality 

and transitivity. A concordance ratio of 10% or less is desirable [20].  

 

To identify the various criteria needed for AHP and the Pugh matrix, the group brainstormed what was 

important in developing a new concept. Previous information from the observations and interviews was 

also used. Meetings were also held with stakeholders to secure critical items that must be met for the 

concepts. In this tool, 11 criteria were used and compared a total of 55 times to produce an AHP score 

where all criteria were given a percentage for importance.  

 

4.7.3 Pugh Matrix  
The Pugh matrix is a decision matrix that allows to compare different alternatives. The matrix is 

structured in such a way that the alternatives are rated according to predetermined criteria. The 

evaluations are made on a scale, and the criteria are usually weighted according to their importance in 

comparison to each other [21].  

 

In this tool, the percentage weighting from the AHP was used to then score the developed concepts 

against the developed criteria. The concepts that were used can be seen in Appendix 4. They were scored 

in the group based on how well they were perceived to meet the developed criteria.  

 

4.7.4 Winning concepts and meetings  
The four concepts that were best awarded based on the Pugh matrix were selected. For these four, a 

presentation was made to the project stakeholders where the pros and cons were analyzed and discussed 

to see what could be improved and what would really work on a submarine. A total of 4 meetings were 

held, each with different people present, from which all the data was compiled to select the best concept. 

The four concepts that blew the whistle are explained in the result part. For these four, rough modelling 

was done in Inventor (a CAD software) to present the concept more easily. 

 

The group decided to further develop this concept to see what improvements can be made for the worker 

where one considers the social sustainability. A visualization prototype will also be created in inventor 

that will show the concept in more detail. 

 

4.7.5 Prototype  
As mentioned above, the final prototype is created in a CAD software. The prototype shows how the 

box will be connected to the adapter. Each cable coming out of the cable transit system will have an 

adapter, which will be of different sizes depending on which cable is to be connected. The final product 
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is to be made of plastic and the contacts for the couplings will be made of copper. The materials copper 

and plastic used can be reused for other purposes after the submarine's half-time improvement or the 

materials are recycled separately into new products. On the top and bottom of the adapter are inputs for 

testing each cable and on the box, there are links that can be used to test them if necessary. The box 

itself is modular and can be adapted to create different patterns and orders for different cabinets. This 

arrangement is made together in the cabinet, which is predetermined, because when the cabinet is 

mounted on the submarine, simply click the appropriate adapter in the right place. Once the order in the 

cabinet is established, there can be a coloured code and numbers from top to bottom and left to right. 

This makes it easier to click when the cabinet is in place, since the adapters are also coloured and 

numbered.  

 

4.7.6 Expected Results 
Here, the group gathered information on how long it can generally take to install the electrical cabinets 

on the submarine. The group then printed out a few contacts (ISO box) and then made a comparison of 

how long it can take using the current method compared to the team's own method. It was viewed at 

four different cabinets with different numbers of cables and made a list of how long this process takes 

for each. A safety factor of ten were applied to the time given in case of delays to make the result 

credible. The test is made in a cramped space where the contacts were connected, disturbances occurred 

when people had to walk past.  

 

4.8 Implementation 
In this section, tools for investigations and analyzes of the final solution are presented. 

 

4.8.1 Sustainability  

The concept "sustainability" has become increasingly important and debated in today's culture. This is 

because it has become apparent that it is no longer possible to continue as humanity have been doing 

because of the significant impact it has on the environment. As a result, many researchers have tried to 

grasp the problem and define sustainability. A simple definition of sustainability is that society should 

be able to meet its own needs without compromising the ability of future generations to meet their needs. 

To achieve this, a set of methods and principles have been developed to serve as recommendations for 

businesses and society when it comes to product design and consumption [22]. See the eight 

sustainability principles in table 2. 
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Table 2. Sustainability principles (adapted from [23]) 

SP Sustainable principles 

1 In a sustainable society, nature is not exposed to a systematic increase in the concentration of 

substances from bedrock. 

2 In a sustainable society, nature is not exposed to a systematic increase in the concentrations of 

substances from social production. 

3 In a sustainable society, nature is not subject to systematically increasing physical degradation. 

4 There are no structural barriers to human health. 

5 There are no structural barriers to human influence. 

6 There are no structural barriers to human competence. 

7 There are no structural barriers to human impartiality. 

8 There are no structural barriers to human meaning. 

 

The concepts developed by the group were analysed in relation to the eight sustainability principles to 

determine whether they contradict or fulfil the principles. Social, environmental, and economic aspects 

were considered, as sustainability should not be neglected but should be incorporated into a solution. 

The group initially examined the first three principles in terms of material selection and the impact on 

society and nature during production, but also in a possible end-use phase. Later, the focus also shifted 

to examining how people, in this case the installer, are affected by the current method of laying cables 

on board the ship, and this has to do with the conditions the installer works on inside the submarine 

which is cramped and feels trapped. 

 

4.8.1.1 Design for reuse and recycling (DfR) 

This process consists of four steps, first is reuse, second is repair, third is remanufacture, and fourth is 

recycling. In the first step, to maintain, repair or upgrade can be chosen. In the next step, replace the 

defective part because it is modular. In the third step, remanufacturing, reassemble, repair, or refurbish 

the product, which can be done by a partner or subcontractor. Finally, in the last stage, recycle the 

product, take it back by the company itself or a subcontractor who will disassemble it, recycle the plastic 

and copper. Recycle all the residues and then perform upcycling [24]. 

 

4.8.2 Product Service System 
Given that one of the group's stated values in the Team Canvas is to consider sustainability, it became 

clear that exploring the solution based on product-service system (PSS) thinking was valuable. The 

company sees itself as conservative, with little influence of sustainable thinking in its processes, making 

it interesting for the group to explore how sustainable thinking can be combined with, among other 
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things, material selection in the final solution and how the product life cycle can be extended to save the 

company money in the long run. What used to be the focus on the product or service is now the PSS, 

which is an important sustainable business model, as mass production and exclusive focus on the product 

are no longer current and useful working models. In this sense, a product-service system can be defined 

as a business model that offers a variety of services along the way in addition to the product [25]. There 

are three different types of product-service systems, which are product-oriented, use-oriented, and 

result-oriented, and which can be seen in figure 10. 

 

Figure 10. Product-service system (adapted from [20]). 

 

Product-oriented PSS, where the core of the business model is still the sale of items, but which include 

one or more additional services, which may be product-related services or advice and consultation. In 

the case of a product-related service, the seller additionally offers a service that is required during the 

lifetime of the product. This may be a maintenance or take-back agreement. In the case of advice and 

consultation, the provider of the product advises on how best to use it [25]. 

 

The traditional product is still important in application-oriented PSS, but the business model no longer 

focuses on its sale. The product remains the property of the vendor, but it is meant for leasing, renting, 

sharing, and pooling. Companies no longer receive money for maintenance in this business model, 

which puts pressure on the product to improve its quality and longevity. [25]. 
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In the third form of PSS, result-oriented services, the product is no longer the primary focus. Instead, it 

is the company's duty to ensure that the product meets the user's requirements. In this way, the buyer is 

only interested in the outcome. A company that helps with lighting systems and the customer only pays 

for the promised lighting intensity is an example of this sort [25]. 

 

PSS was implemented through discussions both within the team and with a key stakeholder to determine 

the type of service that would be most appropriate. Factors such as feasibility, sustainability, and 

viability were considered when reviewing the concept. Since the company wants the product to last 

longer, benefit and outcome orientation were neglected. From this perspective, leasing or renting the 

product is irrelevant because the company would rather choose to buy the product than spend money to 

rent or lease the product for years. The product-oriented approach was thoroughly reviewed and found 

to be the best option considering the time for which the product will be used. At the end of its life, the 

product is resold to a third party who takes care of the waste and thus recycles it. As the material is 

recycled and put to a new use, the product has a long-life cycle, and the group decided to focus on 

product-oriented PSS. 

 

4.8.3 Business model canvas  
The Business Model Canvas is a complete visual tool for discussing business concepts and helping 

companies understand how they do business. The Business Model Canvas can be used in many phases 

of the development process, although it was not used until near the end of this project. This organized 

canvas allows a team to identify the business importance and context of the product or service being 

produced, as well as the added value and benefits to whom. This can be accomplished by mapping 

different components or sections on the canvas that can be considered critical. The sections in the canvas 

are key partners, key activities, key resources, value proposition, customer relationships, channels, 

customer segments, cost structure, and revenue streams. As a result, this tool helps analyze the current 

business and identifies strengths and weaknesses, risks, and opportunities [19]. 

 

The group started by filling in the screen from the left and then logically went through. The canvas 

started at the top left and then systematically went through the entire canvas. The authors then started 

by filling in the main partners who were installers, suppliers, Saab Kockums services, and the Swedish 

Armed Forces. Then explored how to add value and how to use the product.  
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5 Results  
This chapter presents the results based on the application of the tools presented in the Method chapter. 

The results were obtained by collecting data and information that led to a conclusion using the tools. 

References to appendices and illustrations in the form of figures are provided for the reader's better 

understanding. 

 

5.1 External sources  
Below is the compilation of the standards that the company works with. 

 

5.1.1 SOLAS 
The International Convention for the Safety of Life at Sea (SOLAS) is an agreement that regulates the 

safety of human life at sea. Many areas of shipping are governed by the convention, including how ships 

should be constructed and equipped, particularly in terms of lifesaving, firefighting, and communication 

equipment, as well as how cargo should be handled and how the journey should be planned and 

managed. Other standards such as TSFS, IEC 60092 and in marine scripts such as RMS, UKR have 

been formed based on what is described in SOLAS [26]. 

 

5.1.2 IEC 60092 
The International Electrotechnical Commission (IEC) is a global standards organization made up of all 

national electrotechnical committees from across the world (IEC National Committees). The IEC's 

mission is to encourage worldwide cooperation on all issues relating to electrical and electronic 

standards. To do this, the IEC produces International Standards in addition to other operations. IEC 

60092 is a set of international standards for the design, selection, installation, maintenance, and 

operation of electrical equipment in seagoing ships for the generation, storage, distribution, and 

consumption of electrical energy for all purposes [27]. 

 
5.2 Internal Sources 
Below is the compilation of all standards with which the company works, and which are internal. 

 

5.2.1 General Electric Requirements (GER) 
General Electric Requirements (GER) This document describes and specifies the requirements for all 

electrical and electronic equipment aboard the submarines. It is applicable to all types of contactors 

supplying systems or equipment connected to any type of power source. 
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5.2.2 Rules for military shipping (RMS) 
Rules for military shipping (RMS) in Swedish “Regler för militär sjöfart” are regulations that must be 

followed by ships belonging to the Armed Forces as well as contracted ships used as warships. Vessels 

(boats) that are deployed as warships in the home guard with maritime missions under special 

agreements are tested for seaworthiness according to standards and under special conditions. Military 

shipping rules apply to all activities involving warships, divers, and associated support systems within 

the Armed Forces. 

 

5.2.3 Submarine safety: Requirements and Recommendations (UKR) 
Submarine safety Requirements and Recommendations (UKR) in Swedish “Ubåtssäkerhet: krav och 

rekommendationer” is the Swedish Defense Materiel Administration, FMV, which sets rules and 

recommendations for submarine safety. The UKRs form the basis for the specification of minor and 

major modifications for all submarine types and for new construction of submarines to achieve good 

submarine safety. Exceptions to these rules can only be approved by the FMV. The FMRs, together with 

RMS, form the marine and submarine safety requirements for submarines.   

 

5.2.4 Transport Control's regulations (TSFS) 
Transport Control's Regulations for general advice on machine installation (TSFS) in Swedish 

“Transportstryrelsens Föreskrifter för allmäna råd om maskininstallation” are regulations that contain 

provisions for machinery installation, electrical installation, and regularly unmanned machinery space 

on ships subject to the requirements of an International Safety Certificate.  

 

5.2.5 Construction and process instructions (KPA) 
Construction and process instructions (KPA) in Swedish” Konstruktions och processanvinsingar”.  can 

be described as a standard that is a compilation of all standards such as IEC that must be considered in 

shipbuilding. Originally, it comes from the SOLAS Convention, which specifies how electrical systems 

should operate, etc. 
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5.3 Initiation 
In this section, results from the initiation phase are presented, which consists of a team canvas with a 

description of different ways of working, goals, and expectations as a group but also an individual in the 

team. 

 

5.3.1 Team Canvas 
The project was initiated in the team canvas and can be seen in Appendix 5 where the following can be 

stated: 

• The project consists of two individuals who are both researchers and authors. 

• The common goal was to understand the core problem, by collecting data using the relevant 

tools mentioned in the Method chapter. 

• The goal of the project is to develop and design a standardized interface for devices in the form 

of electrical cabinets. 

• In the project team, it is important to be able to communicate freely and, at the same time, to 

express and receive constructive criticism. 

• The values that the members share is good communication, quality of work, reliable solution, 

and trust in the group. 

• To structure the work, it was determined that there should be regular weekly meetings in the 

group, weekly goals, and discussions about critical decisions. 

 

5.4 Inspiration  
This section contains data and information that the group has combined with Participatory Action 

Research and Design Thinking. DT is the main process while PAR is used as a complement to the first 

two phases of DT.  

 

5.4.1 Stakeholder analysis  
Stakeholder analysis has shown that those who need to be actively involved are the development 

engineer EMC, the section chief, the electrical engineer, the Swedish Armed Forces, and the electrical 

cabinet installer. On the monitor box, there is an electrical engineer, the Swedish Armed Forces, and an 

electrical cabinet installer, as well as the project manager for Saab and BTH, and cable routing. On the 

keep satisfied box, electrical engineer, Swedish Armed Forces and an electrical cabinet installer, project 

manager for Saab, BTH, and cable routing can be seen. On keep informed the group then also find 

electrical engineers and Swedish armed forces. Below in figure 11 it can be seen where each stakeholder 
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is placed in terms of performance and interest, but also where they appear in the four different fields, 

namely Keep Satisfied, Actively Engaged, Monitor and Keep Informed.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

5.4.2 Interviews  
Interviews were conducted with a total of 7 individuals from different departments, and some individuals 

had more than one interview due to their importance to the project. In general, semi-structured and 

unstructured interviews were conducted. For unstructured interviews, a topic was selected in advance, 

usually related to the person's work, after which an interview was conducted on the topic. For semi-

structured interviews, a series of questions on a topic related to electrical cabinets and their contents was 

prepared to guide the conversation in the desired direction in one session. Occasionally, however, 

telephone interviews were also conducted, via Skype with people from the production department who 

were in a different location. 

 

5.4.3 Personas and needs of stakeholders  
All the information might be collected into multiple identities by identifying key stakeholders and 

conducting interviews. The group also gathered needs and requirements based on statements from 

various individuals. The personas are based on real individuals from areas such as manufacturing, 

electrical mechanics, EMC, construction, and supervisors in the form of section chief and project 

supervisors. As a result, eight personas were created, each representing a distinct department and 

function that each persona conducts. 

Figure 11. Shows the stakeholder analysis and where all stakeholders are when it comes to power and interests. 
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These can be seen in Appendix 6, in figures A4-A11, and it can be observed that the core problem has 

a complicated structure, which is why each persona has different work tasks. However, some people 

require each other's assistance to perform in connection to the installation of wires within electrical 

cabinets. Most departments agree that the company's cable installation procedures are conservative, 

which suggests that it must be more efficient in terms of cost and time savings. 

It was observed that the personas named section chief, project supervisor, and project supervisor (BTH) 

are not identified essential stakeholders since they are simply concerned in the work's results. This is 

not to say that they are irrelevant; rather, it is via them that assistance, resources, and introductions to 

key stakeholders can be received. 

The team has concluded, based on the findings of the numerous personas, that the organization solely 

depends on items and equipment that have been thoroughly tested and perform ideally. The cable 

installation works as it should, but it takes a long time and costs the firm money. 

 

5.4.4 List of requirements  
In list of requirements, the following criteria were compiled and used: 

• KPA - Compilation of all standards. 

• EMC - Electromagnetic compatibility. 

• Variation of cables - Dealing with a range of different cable sizes. 

• Testing (Saab) - Pass the impact test. 

• Cooling and Extinguishing - cope with extinguishing and cooling in case of fire or heating. 

• Durability - make sure they hold. 

• Lifespan - have a long service life of approximately 50 years. 

• Maintenance - requires little or no maintenance. 

• Safety - user and system safety during installation and entertainment. 

• Cost - cheaper or similar cost as current method. 

• Time saving - shorter time for installation compared to current method. 

 

5.5 Ideation  
Ideas and concepts have been created because of the preceding phase's outcomes, which included tools, 

sessions, and analyses, and are given in this part. 
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5.5.1 Brainstorming  
The group came up with 16 potential solutions using brainstorming techniques, which were then 

separated into three different groups: adapter systems, fixed systems before electrical cabinets on site, 

and electrical cabinets on site. The ideas in the "Adapter systems" category are those that share the fact 

that they are linked by an adapter that allows them to be swiftly clicked into an equivalent. Concepts in 

the second category "fixed systems before electrical cabinets are in place" share the fact that cables will 

be installed before the electrical cabinet is positioned in its specified location. The third set of concepts, 

"electrical cabinets on site," share the fact that the installation of cables occurs after the cabinet has been 

put in its intended location. Each concept has a number that allows it to be easily represented in the pugh 

matrix. These concepts are shown in Appendix 4, where each concept is identified by a number. Through 

this, the team received a variety of ideas that could be applied to different scenarios, which in this case 

became the three different categories. 

 
5.5.2 Analytical Hierarchy Process (AHP)  
A full comparison of these criteria can be found in Appendix 7, where all scores for each comparison 

are listed. Consistency ratios (CRs) also ended at 7.7, confirming adequate proportionality and 

transitivity. The 11 criteria were as follows “KPA, EMC, Variation of cables, Testing (Saab), Cooling 

and extinguishing, Durability, Lifespan, Maintenance, Safety, Cost and time saving”. At the bottom of 

the figure, the result is also shown in order of how important the different criteria are, and their 

percentage is used in Pugh matrix. The AHP shows that Safety has the highest score on the list at 22.5 

percent, then comes KPA 17 and so it goes on with Testing Saab 16.8, EMC12.3, Lifetime 10.2, 

Durability 9.4, Time Savings 3.0, Cooling and extinguishing 2.7, Maintenance 2.3, Cable Variation 2.2 

and last on the list is Cost 1.7, where all the above are in percentages. See figure 12 below for the AHP 

result.  
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Figure 12. Shows the percentage and order of each criterion. 

 

5.5.3 Pugh Matrix  
In figure 13 is the Pugh matrix showing all 16 concepts and the weighting and grading of each concept 

for each creation on a scale of 1-5. Of all concepts, 8 received a score of 4 or higher, which was weighted 

by looking at which concepts have the highest grade on the two most important criteria, to be able to 

select the number of winners to proceed with. KPA with a weighing of 17% and Safety of 22.5% means 

that these two constitute the two most important requirements and were selected as a basis for the choice 

of winning concept. Four concepts were picked since they obtained the greatest score, related to the two 

criteria what weighted the most. Based on this, the top four concepts were selected, namely concepts 4, 

10, 6, and 5. To see which concept each number is, see Appendix 4. 

 

 

Figure 13. Shows the Pugh matrix which shows all weights and concepts as well as what grade was obtained for each. 
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5.5.4 Winning concepts  
Concept 1: Easy-plint  

This concept is based on a standard terminal used in today's submarines, where all cables of the cable 

transit system are mounted directly in the terminal. The terminal has a cable path that becomes the 

entrance to the terminal, to identify how long the cable should be to each cabinet. Then it is installed in 

the right place in each cabinet using screw connections when the cabinet is installed. When this is then 

fixed in the cabinet, the components are connected to the right place in the cabinet so that everything 

works. The illustration of concept 1 can be seen in figure 14. 

 
Figure 14. Shows the idea of the first concept 

 

Concept 2: Plug in 2.0  

The usual terminals found in today's cabinets are still used. The cables come from the cable transit 

system as usual and are mounted on the terminals before the cabinet is set up. The distance to the cables 

from the cable transit system is measured to the position in the cabinet found on the terminal block to 

ensure the proper length for each cabinet. Once all cables are mounted to the clamps, the entire clamp 

system acts as a laptop battery that is connected to the side of the cabinet after installation. By a laptop 

battery it is meant that it can be placed and removed in a similar way as seen in figure 15.  
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Figure 15 Shows an old laptop and the laptop battery. 

 

Figure 16 shows what a contact looks like. These are strung together as terminals until the desired length 

is reached, then the equivalent is in the cabinet. 

 

 

Figure 16. Visualization of concept Plug-in 2.0 

 

Concept 3: Plug in  

The principle of this concept works the same as concept 2, but the difference in this concept is that the 

terminal strip is a newly developed variant that facilitates the attachment of cables during installation 

before the cabinet is in place. Here are also plinths that can be plugged together to the desired length, 

which then becomes a system that can be clicked together with the counterpart in the cabinet. Concept 

3 is shown in figure 17. 
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Figure 17. Visualization of concept Plug-in 

 

 

Concept 4: ISO-box 

This concept is based on the use of iso adapters for each cable coming out of the cable transit system. 

These are then pre-installed on one or more frames (depending on the cabinet), which can then be click 

together with the equivalent in the cabinet and so everything is connected very quickly.  

 

 

Figure 18. First visualization of concept ISO-box 

 

After all the data was summarized, a selection was made based on feedback and discussions with key 

stakeholders that resulted in the ISO -Box concept being selected as the final concept and can be seen 

in figure 18. 

 

5.5.5 ISO-box Prototype 
Below is what the ISO-box and a possible structure for it looks like. The colors indicate which terminal 

to enter, and the numbering always starts from top to bottom and then from right to left. See figure 19. 
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Figure 19. Shows what the box inside the cabinet looks like. On the left side the numbering is shown. 

 

Figure 20 below shows how the adapters corresponding to the connectors in the box may look for 

different cables. 

 

 

Figure 20. Shows three adapters corresponding to the box in the cabinet. 

 

5.5.6 Expected Results 
The following table shows the times for installing the electrical cabinet when it is permanently mounted 

on the submarine. Four cases showing how many cables come from cable transit systems and how long 

the installation time is for each case. The long-time intervals can vary, because different kinds of cables 

can come from the cable transit system, which need different time to install, therefore the time interval 

in the old method is as shown in Table 3.  Only after the cabinet is in place is the time taken. This as the 
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preparation is done before in ISO-box while in the old method the work is done when the cabinet comes 

into place. In the ISO-box method the adapters are already in place when the cabinet is in place. 

 

Table 3. shows the number of cables from the cable transit systems and the difference in time between old and new method 

Electrical 
cabinet 

Cables from cable 
transit system 

(Quantity) 

Old method (Weeks) New method (Minutes) 

1 Under 10 0-2 15 
2 10-20 1-4 20 
3 30-40 2-6 25 
4 40+ 3-8 30 

 

 

5.6 Implementation 
The results are presented around the solution's system in this phase, where the solution is noticed 

based on sustainability, PSS, and the business model canvas. The team studied this because it touches 

on the second research question, how to reduce costs. Here's a point of view on how to save resources 

by using recyclable materials to reduce costs while its more sustainable. The Business Model Canvas 

is a recommendation for Saab Kockums as it shows how it can be used for sustainability.  

 

5.6.1 Sustainability  
The product can be more sustainable than current solution because it uses the design for reuse and 

recycling product can be used in multiple phases, even after Saab is done with it. It is also a modular 

design which can be easily replaced when defective parts are detected instead of replacing the entire 

product. The customer owns the product but has an obligation to return the ISO-box together with the 

entire submarine at the end of its life cycle. In this case, Saab wins by saving time, and at the end of its 

life, they can return it to the recycling center or the company for a sum of money or reuse it themselves 

in new submarines. In addition, the social aspects of sustainability are also promoted, as the solution 

makes it easier for the workers to work in the confined spaces and save the time they need to spend in 

those confined spaces. 

 

5.6.2 Product service system  
A product-oriented (product-related) service system is used, the profit comes from the sale of the 

product. The product-oriented approach has been thoroughly evaluated and considered the best option 

considering the product's longevity. At the end of the product's useful life, the product is resold to a third 
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party responsible for waste disposal and recycling. Products have a long-life cycle as materials are 

recycled and reused, so the group decided to focus on product-oriented PSS. 

 

5.6.3 Business model canvas  
 
The business model canvas for the ISO-box solution has been created regarding the product service 

system that has been made and in this case product-oriented. In Appendix 8, the finished canvas can be 

seen with its constituent sections. What is interesting to see in the model are the value proposition 

sections which with this solution will contribute to easy installation, facilitate the preparation inside the 

electrical cabinet, save time and facilitate future installations of cables. These values also generate cost 

savings for Saab Kockums in comparison with how cables were previously installed. Another interesting 

factor with this solution and which can be seen in the canvas is that after the end use of the product can 

be resold to a third party who benefits from recycling the product for Saab Kockums. To enable the 

solution, key activities need to be fulfilled, which are analyzes through PSS, contact with the company's 

test department, and perform tests to ensure that it is feasible and durable, but also create contact with a 

third party who handles the product after use and recycles. 

 

For the cost structure section, it can be clearly seen that the ISO-box solution has its costs that can be 

identified as the cost of the tools included in the solution, the cost of shipping service, and the cost of 

shipping fee of waste after use, given that a service in the form of a third party who takes care of the 

waste will be included. However, the costs are later reduced when recycling the product that both Saab 

Kockums and the recycling center benefit from in the long run. On the other hand, a reduction in the 

working time for cable installation, even by a few percent, is a boost because it was stated through 

interviews that the company pays large sums per working hour to the installer. The time saved in using 

the product is what creates the most value in saving money when installing the cabinet. The installation 

of a cabinet takes between 0 and 8 weeks. 
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6 Discussion 
This chapter discusses the different methods and tools used for the projects, but also highlights and 

challenges during the project. 

 

6.1 Saab Kockums AB  
The work started quite late because the group had to undergo a security audit, which took about eight 

weeks to go through. During that time, it was very unclear, and facts could not be handed to us because 

the team were not yet approved. But once the group had them, a lot of information came right in the first 

week and a lot had to be done at the company. The team were given computers from there to work on 

some tasks to get a deeper understanding of how important it is to think about safety, but also other 

relevant facts about submarine construction. After that, there was a lot of work and a lot of meetings. 

The team enjoyed the company because the group had a lot of good contacts with different departments 

and there were very helpful people in the company who always showed up when they were needed. This 

way the work could move forward intensively from the beginning and get what was needed for the 

project. Within the company, there is a lot of confidentiality, which means that prudent measures must 

be applied in order not to share information that is internal. Although a lot of documents were 

confidential, most of them could be used and by asking the company, permission could be obtained. The 

result was affected to some extent given that no physical tests or validations could be done on site. In 

other circumstances, the work could have gone further, but the company has its confidentiality, and it 

must be respected. 

 

6.2 Methodology  
Originally, the research technique was to be conducted only using the design thinking method. Instead, 

the team decided to use a combination of DT and PAR, as the company and its stakeholders were 

continuously involved in the entire process. Another reason why the PAR method was suitable for this 

project is that the research topic was quite limited in terms of data and literature and required an active 

exchange of knowledge and information between the group and the company. This, in turn, led to the 

formulation of the problem and the objective of this work at the beginning of this work to continue to 

collect useful information and data through people affected by a solution to the core problem. 

 

Saab Kockums and especially the stakeholders within the company were allowed to participate and 

contribute to deciding the scope of the project, the purpose, the review of the concept, the results and 

finally the possibility of review and evaluation through participatory action research. In this way, 

information could be shared and suggestions for changes or improvements could be made. Because this 
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project could be conducted on-site at the organization, this strategy allowed stakeholders to be involved 

on a more personal level. Without the internal stakeholders and their participation, it would probably 

have posed major challenges as information and data are limited given its confidentiality. It is possible 

to discuss whether the result would have looked different if all the information was available online, 

however, it felt more reliable and flexible to obtain data through the internal stakeholders as the solution 

is for them and only them. In this way, good relationships were created that could reveal the person's 

innermost needs and use it as insights when generating a solution. 

 

Because of the group's previous project experience, the design thinking technique and its phases were 

applied effectively and properly. The team was able to use this process to establish clear stakeholder 

needs, capture key stakeholders, develop ideas, and choose concepts, as well as prototype and undertake 

some type of testing. In the design thinking process, the group had access to a wide range of tools. This 

meant that the group had to consider each instrument to build a solution that fit the requirements of the 

business. 

 

6.3 Initiation - Gain understanding  
The most difficult part of the assignment was to find out whom the stakeholders were and what the real 

problem was. It required several meetings as well as visits and observations both on site in the production 

area and pictures of different cabinets and how cables were pulled to identify the existing problem. But 

when the data and information was summarized, a clearer picture of the problem was achieved and how 

to address it. Beyond that, the team then had to look at different departments and disciplines to see what 

applied to an electrical cabinet and what needed to be thought about. It took a long time to understand 

and summarize the KPAs, and based on them, the team got a lot of facts in about everything that could 

impact and what applied. From that, the team were able to come up with a list of requirements and needs 

to come up with an idea and conceptualization for possible solutions, which will ease the installation 

time once the cabinet is attached to the sub. The project team had access to many of the stakeholders 

and that was helpful because contact could be made with the right individuals for any question and get 

an answer relatively quickly. This made the work easier because instead of getting stuck for not 

understanding something, the work could be continued while gaining a deeper understanding of things 

that were complicated. 
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6.4 Inspiration  

6.4.1 Stakeholder analysis  
Performing the stakeholder analysis had its challenges since the team needed think not only from the 

stakeholder's point of view, but also about how this affects the work and what can and cannot be done. 

After all the scores were tallied, a chart had to be created showing who in the power grid ended up in 

each of the four different departments. This allowed the group to see which stakeholders were important 

to this project, who was being kept in the loop, and which group needed to be talked to further. What's 

interesting about this is that researcher gets a clear categorization of the stakeholders that have been 

used, and then can be followed up, interviewed, and meet with them for different purposes to get more 

information about the project. Then the researcher can also see which ones are less interesting and which 

ones they did not need to talk to as much because they do not affect the project in the same way. 

 

6.4.2 Interviews  
The interviews conducted as part of this thesis were instrumental in allowing the group to gather data 

and information. Each interview was unique, as people behave and react differently. The interviews 

have a certain rhythm that either results in difficulty in getting everything down on paper, or they are 

effortless and proceed at a steady pace, with all findings and materials noted appropriately. As a result, 

the team was able to do its best by using a variety of ways to avoid overlooking important information 

that would generate needs and answers to the research questions. On the other hand, several meetings 

may have been conducted with the same person, up to the very last one, but in this case, the limited time 

of the project and the valuable time of the people had to be considered, and the project schedule 

respected. 

 

On the other hand, it is possible that the group missed some important details because the conversations 

were often fluid, and it is difficult to know exactly what the other party is saying. But in evaluating the 

information gathered, the group saw that when an information gap was discovered, they quickly got 

back in touch with a person to fill it in. However, it was more difficult with telephone interviews because 

the person's body language cannot be captured, and the technology makes it difficult to hear everything 

well compared to face-to-face contact. So, there is a possibility that the telephone interviews were not 

as beneficial as the others, which means that other methods would have been preferable in these 

circumstances. 
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6.4.3 Persona  
The group was in contact with people from different departments of the company throughout the work, 

and it was found that people from the same department often mention the same things. Therefore, 

different personas were created to get an overview of the needs that exist in each department. It was 

important to keep in mind that the fictional character in a persona should be able to convey the entire 

department, including needs, goals, and experiences. The personas created also served as a guide for the 

team to know who to contact in case of ambiguity and which department is appropriate to receive the 

necessary help for this activity. 

 

6.5 Ideation  

6.5.1 Brainstorming  
In a brainstorming session, the spectrum of ideas is often endless, and any suggestion, no matter how 

ridiculous it sounds, can be useful and contribute to a solution. It was not as easy to come up with ideas 

as it was in previous projects. This is because in this industry, and specifically in submarines, there are 

very strict criteria that cannot be stretched and must be considered or followed to the letter. This initially 

made the team feel constrained in their thinking, but after a while the team realized that it was necessary 

to think outside the box to have a set of thoughts and concepts in the first place. 

 

Saab Kockums, on the other hand, is cautious in its tactics, preferring to rely on known procedures so 

as not to compromise the function aboard a submarine. Given the complexity of a submarine, it was 

obvious and understandable to the group that the company had such a mindset. To respect the company's 

approach while not limiting the team's creative thinking, the team developed three groupings of ideas 

and concepts that included both innovative and conservative solutions. The result is that Saab Kockums 

does not have to completely change its methods for installing cables in electrical cabinets but can 

consider this as a future solution. A solution could be developed through a balance of conservative and 

inventive ideas, characterized by creativity and new thinking. 

 

6.5.2 Analytical Hierarchy Process (AHP)  
AHP needed to take its time, which is natural because all criteria were compared with each other to be 

able to obtain a score that shows that all the values are consistently credible. This tool was very helpful 

given that the weight of each criterion was needed to be able to decide which one or which ones are 

most important. This does not mean that other criteria are less important just because they have a smaller 

weighting. But in the case that several concepts have similar scores, it can be used as a reference to 

choose who can be considered the winner. Given that a submarine operates underwater where much can 
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go wrong, it is no wonder that safety in all its components must be a high priority, as was seen in the 

results. 

 

6.5.3 Pugh Matrix  
The evaluation of the 16 concepts in relation to the criteria posed challenges in the form of several 

concepts having close scores and the question mark was about how many concepts should be chosen as 

winners. Given that safety and KPA were the two highest criteria from AHP, it was not surprising to 

choose the four winners. Partly to not have too many winning concepts to present to the company, partly 

to base it on something with clear foundations. The internal stakeholders within the company formed an 

important part in the evaluation of the four winners as important feedback and input could be obtained. 

 

6.5.4 Prototype 
Implementing the creation of a prototype in this project was not as easy as in previous projects where 

the team created physical prototypes. This is partly because the shipbuilding production facility is in a 

different location, but also because it is difficult to test a potential physical solution on board the 

submarine. Therefore, the implementation phase was limited to the digital level, via a 3D prototype that 

visualizes the solution and how it works. Considering that the company's engineers use similar working 

methods, where design and development are done digitally using tools from CAD, it was not unusual 

that such a limitation was imposed on this thesis. A physical prototype and the opportunity to test it on 

a real submarine had of course changed the result. This is since real feedback and input from the installer 

could have been obtained and that the shortcomings and the possibilities for improvements could have 

been clearly seen. 

 

6.5.5 Validation  
There are different variations of cabinets, and different cables take different amounts of time to install 

in the old method, hence the long installation times. With the new approach, only the specified number 

of contacts per cabinet need to be connected in the right place, and once the preparatory work is done, 

the installation takes only 15-30 minutes. So, with a safety factor of 10, it takes a maximum of 2.5 to 5 

hours to connect the cabinet's contacts to the submarine's adapters. Since there are a large number of 

cabinets on the submarine, the group decided to make a more general table that shows why it is smoother 

with the ISO-box, because the preparation work is done when there is space in the submarine and do not 

disturb others in the same way, and also so that the equivalent is installed in the factory before it is on 

the submarine to ensure the best comfort for the worker. The old method takes too much time and space 

and therefore the team sees ISO-box as a better and more efficient method to work with when the 
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electrical cabinet is in place, since the adapters only needs to be connected to the box. The safety factor 

was chosen because this prototype has not been tested in real life, which means the results will not be 

accurate. Of course, these times can be changed if an actual installation is performed 

 

6.6 Implementation  

6.6.1 Sustainability and PSS  
When it comes to sustainability, the company could not do much because it needs high-quality 

submarines and Saab do not choose to recycle and reuse parts like other companies do today. The cycle 

that the company has is that it resells the waste and what is not to be used to the recycling center and 

receives a sum of money for it. In the solution, the focus on the design itself became an important factor, 

as a modular design was used to easily combine all electrical cabinets with the corresponding interior 

cabinets and with adapters on submarines. This also allows to easily replace defective contacts in both 

the box and the adapter. The connectors can be reused for other projects or sold through a subcontractor 

for reuse. The PSS used was product-based (product-oriented), as it is most beneficial for the company 

to do this and send the copper and plastic to the recycling center to be recycled at end-of-life. In addition, 

the social aspects of sustainability are also promoted, as it makes it easier for the workers to work in the 

confined spaces and save the time that must be spend in those confined spaces. At the beginning there 

were many difficulties because the team did not know how the company works and what is of value to 

the company, so more data had to be collected to develop this proposal. 

 

6.6.2 Business model canvas  
Saab Kockums is primarily the manufacturer for the designed ISO -Box solution to bring to the market. 

Because the company lacks sustainability, the group saw the solution as having the potential to integrate 

a type of product-service system into the business canvas model that would benefit the company 

financially now or in the future. Because the corporation requires that all materials be of the highest 

quality, it proved difficult to incorporate recycled materials into the designed solution. Therefore, the 

emphasis was placed on incorporating a service in the form of recycling into the final use of the product. 

Since leasing or renting products is not allowed in this task, it seemed natural that a service in addition 

to the product should not be an obstacle for the company, as it brings it one step closer to sustainability 

and can be an initiative for future sustainable investments. 

 

It is important to remember that there is confidentiality within the company that covers all information. 

To avoid breaching the existing confidentiality, the company must consider which third party will be 

responsible for providing the service. It is at the discretion of the company and its interests whether it 

chooses to disclose or include only its closest stakeholders.   
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7 Conclusion and future work 
This chapter compiles what has been decided, and then describes what will be done in the future to 

achieve the final goal for the winning concept. 

 

7.1 Conclusion  
This thesis offered the opportunity to standardize interfaces for equipment, especially electrical cabinets 

on board a submarine. The focus was on the installation of cables in electrical cabinets, and the team 

answered the questions by establishing research questions, applying research methods and tools, and 

arriving at a conclusion: 

 

For the first research question, “How to optimize the design phase for assembling equipment in 

production and maintenance during shipbuilding”, the team conducted a structural review of 

information and data obtained through a combination of Participatory Action Research and Design 

Thinking to create an understanding of the problem, the research area, and the stakeholders in the area. 

The group concluded that there is very limited research to date on submarines and the installation of 

cables aboard ships. This is because there are secrets in this area, which means that the focus must shift 

to nearby markets with similar problems. It was concluded that there is previous research in the 

automotive industry on the installation of electrical cables that match the requirements of the submarine 

industry, so this market was used as a source of inspiration. The proposed solution is the ISO-box 

method, as it has been recognized that it optimizes the design phase for the assembly of equipment in 

production and maintenance. 

 

For the second research question, “How to optimize time savings and cost efficiency by standardizing 

interfaces for electrical cabinets systems on board a submarine”, during the last two phases of the design 

thinking method and especially through testing and validation, it was found that the installation of 

cabinets with less than 10 cables takes about 15 minutes using the ISO -box method. Cabinets with 10-

20 cables take about 20 minutes, cabinets with 30-40 cables take about 25 minutes, and cabinets with 

slightly more than 40 cables take about 30 minutes. So compared to the current method, which can take 

up to several weeks, Saab Kockums ISO -box method saves time. In terms of cost, by applying the PSS 

and the business model, it was found that the cost benefit is achieved by reducing the labor time for 

installation given the high hourly wage of an installer. The cost benefit is also achieved because the ISO 

box has a modular design that can be easily replaced when defective parts are discovered, rather than 

replacing the entire product. In a product-oriented PSS, the profit comes from the sale of the product. 

At the end of its life, it can be returned for a sum of money to the recycling center or to Saab Kockums 

for reuse in other submarines, if desired. 
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The last thing to conclude from Saab Kockums' conservative approach to applying methods is that this 

solution is not based on reinventing the wheel, but on an already mature market that has been used in 

other industries with promising results. 

 

7.2 Future work  
The goal of this project was to find a solution to reduce the time it takes to install electrical cabinets 

once the cabinet is in place. The next step in this project will be to further investigate the winning 

concept, the ISO box, and see if it can withstand a possible test by Saab Kockums. It can be tested with 

an infrared camera to see how it performs with different cable diameters and if it can keep up there as 

well. These checks show that they do not get too hot to avoid the risk of fire. After that, a test can be 

done on a real electrical cabinet to see if it really works and is helpful in a real-life example in a 

submarine. The advantages and disadvantages can be evaluated superficially in this assembly and an 

attempt can be made to learn from it. Where it can be improved and correct the ISO box to a better 

version that can really replace the current way of installation and completely change to the ISO box 

method. The electrical components in this product can be developed with an expert to see if it is possible 

to connect the cables with smaller spacing to make room for more cables on each adapter. Different 

cable diameters can be investigated to see how the adapters should be designed to be as compact as 

possible without posing a hazard and to provide the expected performance. Also investigate the 

possibility of using the method in other areas to save space and facilitate the installation of cabinets. 

Modification of the box structure in the cabinet can be made to facilitate the replacement and addition 

of components that need to be replaced and for new equipment on the submarine. 
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Appendix 1 

 
Figure A1. Shows stakeholder analysis and the points of each question 
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Appendix 2 
- What is difficult today and how do you see it happening in the future? 

What is difficult today is the space on some cabinets as this sit in cramped spaces on the submarine, 

which makes it difficult to install and assemble as it is difficult to access. 

- What should you think about when everything is ready assembled? 

The important thing when everything is pre-assembled is that you must have access to all components 

so you can test safety. It must also be possible to dismantle certain parts without them getting in the 

way and interfering with other cables. 

- What can make it easier today to assemble these cabinets and install all cables? 

Today I do not see that there is an easier way to do this as I am used to this way that you have not 

thought about what you can do to make it easier. It would have been easier if you had a standard to 

follow, of course, but all cabinets look different and have a different wiring diagram. Therefore, I do 

not see how this could be done. 

- How long does it take to install and install these cables in the electrical cabinets (approx. 

10 cables with different cable types) for an electrical cabinet on the submarine? 

Depending on the type of cables, the time may vary, but if it is only cables that in this case should be 

directly into components and only shielded once, this takes about 2-3 days. If there are cables that 

need to be shielded 2-3 times, this can take up to 4 times at the same time. 

- How is the grounding done between different cabinets and components? 

All components in the cabinet are earthed and this also applies to the cabinet which is earthed with the 

hull. Everything that has electricity on board the submarine is and must be earthed. 

- Do you believe in the solution with terminals on the lower part of the cabinet? 

It is a good concept that can make it easier for the fitter, however, you need to think about how many 

terminals can fit around the cable gland. Another thing that can be important to keep in mind is that it 

can work differently for different cabinets. Electric cabinets with fewer cables may work just as well, 

while larger electrical cabinets with more cables can be a limitation. 
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- What do you think is the appropriate height to work with if these terminals were to be 

implemented? 

I would say that about 20 cm is very nice for the fitter to work with, considering that some electrical 

cabinets have a much smaller space to work with. 

- What advantages and disadvantages do you see with this? 

I think it will be difficult to implement this solution as in smaller cabinets with many cables you do 

not have enough space to have so many terminals on the bottom. The advantages are that if you can 

apply this, you cut down on time and facilitate the work when assembling the rest. Although only 50, 

60, 70 percent are installed on the terminal block and the rest must be mounted when the cabinet is in 

place. 

- How do you ensure that you get the right length if you introduce such a system so that all 

cables are with the right margin and length? 

Then you have to introduce a standard that tells the fitter what to think about and how the length is 

distributed over cables that come from a certain position from the bushing. 

- Do the terminals need to be connected in advance? 

The terminals must be fully assembled when the cabinet is in place. 
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Appendix 3 
1.What is your specific role? 

2. What are your job responsibilities? 

3. What are your goals? 

4. What are the biggest challenges you face in your work? 

5. What is the most difficult part of assembling today's cabinets? 

6. What shortcomings do you see today in installing these cabinets only through digital software? 

7. What steps are required to be done on site to ensure that the electrical cabinets are really seated? 

8. Are there major differences between the interfaces? 

A. how long does it take to adapt the different interfaces during assembly? 

B. Is there different times for different moments? 

C. Which step is the one that takes the longest time? 

9. What in addition to electrical cabinets is what is time consuming and poses problems when 

assembling equipment? 

10. How long does it take to install, for example, electrical cabinets with today's standards? 

11. How much does it cost for Saab to install the equipment with today's standards? 

12. What would you like to do differently with today's assembly of equipment? 

13. How would you like to create time savings and cost-effectiveness? 

14. What international standards do you use? 

15. Do you know the standards IEC 60529, NEMA250, UL50 and 50E? 

a) Is there anything from the above standards that you use in your processes? 

                          b) If not why?  
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Appendix 4 
 

 

Figure A2. Shows the 16 concepts and the three categories 

 



 

55 
 

Appendix 5 

 
Figure A3. Shows the Team Canvas 
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Appendix 6 

 
Figure A4. Shows the persona for the electrical engineer 
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Figure A5. Shows the persona for the BTH Supervisor 
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Figure A6. Shows the persona for the Project Supervisor at Saab 
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Figure A7. Shows the persona for the Cable routing 
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Figure A8. Shows the persona for the development engineer EMC 
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Figure A9. Shows the persona for the cabinet installer 
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Figure A10. Shows the persona for the cabinet designer 
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Figure A11. Shows the persona for the section chief 
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Appendix 7 

 

Figure A12. Show the comparison between all creation 
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Appendix 8 

 

Figure A13. Shows the Business Model Canvas 


