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Abstract 
 

A company producing mostly asphalt rollers has a hard time quality assuring their bolted connections. 

There is an assembly line at the company where the different parts are put together using screwdrivers. 

These screwdrivers therefore need to be properly calibrated, to meet the high standards on the bolted 

connections. 

 

The purpose of this research has been to come up with a cost-effective solution for the manufacturing 

company, so that they can digitally keep track of their screwdrivers and determine the need for 

calibration. The aim is to achieve full control over the quality of the connected screw-joints. 

 

A lot of the research was focused around Industry 4.0 and IoT (Internet of Things) which are two of 

the most recognized buzzwords in production industries today. A product development process was 

used to develop the proposed solution that would help solve the identified problems. 

 

The result of the research and the product development process is an Excel based database where 

information about screwdrivers are held. The database can determine when there is a need for a 

screwdriver to be calibrated based on the total amount of performed tightenings for each screwdriver. 

The total amount of performed tightenings are determined by the total amount of produced asphalt 

rollers which is retrieved from a production software within the company. The database also stores 

timestamps for calibration and service intervals, for each screwdriver. 

 

The initial research was focused on new screwdrivers, however, inventorying of the screwdrivers 

made it clear that most of the screwdrivers in the manufacturing line only had the basic functions. 

With this information, the focus shifted to include both new and old screwdrivers. The final solution 

uses existing information from the company to determine when calibration is needed. Most 

manufacturing companies today still uses old tools, this solution can help them transition into a more 

digitalized industry. This solution doesn’t require tools to be compatible with a software while still 

offering the modern functions of newer screwdrivers. 

 
Keywords: Product development, database, screwdriver, Industry 4.0, calibration 
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SAMMANFATTNING 
 

Ett företag som mestadels tillverkar asfaltsvältar har problem med att kvalitetssäkra deras 

skruvförband. På företaget finns en produktionslinje där de olika delarna är hopskruvade med hjälp av 

skruvdragare. Dessa skruvdragare behöver därför kalibreras ordentligt för att möta de höga kraven 

som ställs på skruvförbanden. 

 

Syftet med denna forskning har varit att hitta en kosteffektiv lösning för företaget så att de digitalt kan 

hålla reda på deras skruvdragare, samt bestämma när skruvdragarna behövs kalibreras. Målet är att 

uppnå full kontroll över kvaliteten på skruvförbanden. 

 

Mycket av forskningen fokuserades på Industri 4.0 och IoT (Internet of Things) som är två av de mest 

kända trendorden inom dagens produktions industrier. En produktutvecklingsprocess användes för att 

utveckla den föreslagna lösningen som skulle hjälpa till att lösa de identifierade problemen. 

 

Resultatet av forskningen och produktutvecklingsprocessen är en Excelbaserad databas som innehåller 

information om skruvdragarna. Databasen kan avgöra när en skruvdragare är i behov av kalibrering 

baserat på hur många åtdragningar varje skruvdragare utfört. Det sammanlagda antalet åtdragningar är 

baserat på antalet producerade asfaltsvältar, detta hämtas från ett produktionssystem inom företaget. 

Databasen lagrar även tidsstämplar för kalibrerings- och serviceintervall för varje enskild 

skruvdragare. 

 

I början var forskningen fokuserad på nya skruvdragare men efter inventering fastställdes det att 

majoriteten av skruvdragarna var äldre modeller och endast hade de basfunktioner som vardagliga 

skruvdragare har. Med denna information till hands skiftade projektets fokus till att inkludera både 

äldre och nyare skruvdragare i lösningen. Den lösning som tagits fram använder sig av redan befintlig 

information från företaget för att sedan avgöra om en kalibrering är nödvändig. Eftersom de flesta 

företag idag fortfarande använder sig av äldre verktyg, så kan denna lösning hjälpa dem att övergå till 

en mer digitaliserad industri. Detta eftersom lösningen inte kräver att verktygen som används är 

kompatibla med någon programvara och samtidigt uppnår de moderna funktioner som nya 

skruvdragare erbjuder. 

 

Nyckelord: Produktutveckling, databas, skruvdragare, Industri 4.0, kalibrering 
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1. INTRODUCTION 
1.1 Background 
Dynapac Compaction Equipment AB is a company in Karlskrona that mostly manufactures asphalt 

rollers but also other tools and machines that are used in compaction of dirt and asphalt. At the factory 

located in Karlskrona they produce the drum for the rollers themselves and there is also an assembly 

line where the whole asphalt rollers are put together. Dynapac produces on demand which means that 

they need to be flexible in their manufacturing to keep short lead and changeover times.  

 

By the assembly the different parts are put together using screw-joints or bolted connections. To be 

able to perform the operations, they are today using around 400 different types of pneumatic (air 

powered) and electrical screwdrivers. All the screwdrivers are not used simultaneously in the 

production but are brought forward when needed, depending on which type of asphalt roller that is 

assembled at the time. Since asphalt rollers are considered heavy machinery, there are high standards 

on the quality of the connected joints and therefore also the screwdrivers. 

 

 
Figure 1. A typical pneumatic screwdriver in the Dynapac manufacturing line. 
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Dynapac are today using around 400 different types of screwdrivers. All screwdrivers are used 

regularly and the high demands on the connected joints require the screwdrivers to be frequently 

calibrated to maintain the desired tightening torque. Depending on how often and comprehensive the 

screwdrivers are used, they need to be calibrated more or less often. There is currently no way for 

Dynapac to track which screwdrivers are used and how often, resulting in every screwdriver being 

calibrated on a set time interval instead of when there is an actual need for it. Each screwdriver is 

currently being calibrated once a year. The suboptimal maintenance and calibration of 400 

screwdrivers leads to an unnecessary cost that could be avoided. The screwdrivers need to be replaced 

every 10 years which leads to costly investments due to the many types of screwdrivers. Some 

screwdrivers also need to be calibrated more often than others depending on how often they are used, 

and if they are used at the more critical screw-joints. 

 

For manufacturing companies to stay competitive they need to have full control over the 

manufacturing process and can this way verify that the quality demands for the product is being 

fulfilled. Increased traceability in the assembly process also open up the possibility to be able to 

backtrack faulty products in a database, using this to examine if the performed operations were done 

correctly within the required standards. It would provide a larger degree of Built-in Quality [1].     

 

Since Industry 4.0 becomes more and more relevant as well as accessible, it’s important for companies 

to implement digital solutions to stay competitive. Industry 4.0 means digitalization and 

communication between machines, people and clothes through the entire manufacturing process. By 

having the products that is being manufactured communicating with each other and the machines, the 

outcome can be optimized for a more efficient production. It is currently something that many 

countries in the west, including Sweden is working towards [2]. 

 

There are three different assembly lines at Dynapac dividing them into what is considered the three 

main types of rollers. There is the one line for the Small CC (SCC) which is the range of models for 

the smallest roller they produce. The CC stands for Compaction-Compaction which refers to the roller 

having one steel drum in the front and one in the back, compacting the asphalt. Another line is for the 

Big CC (BCC) which is the range of models for the larger rollers that are also using two drums. The 

last assembly line is for the CA which stands for Compaction-Axle, referring to the roller having one 

steel drum in the front and rubber wheels in the back rather than a drum. The CA model is used for 

compacting soil rather than asphalt hence the rubber wheels in the back for more traction on rough 

ground. 
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1.2 Problem definition 

There hasn’t been a way for Dynapac to digitally keep track of their screwdrivers which is needed to 

determine the need for e.g. calibration. The task at hand has been to come up with a digital solution for 

the screwdrivers that would hold useful information and make for a better structure. A better structure 

would also ease and possibly result in less screwdrivers. A bad structure and insufficient information 

could lead to unnecessary investments of new screwdrivers.  

 

The calibration and maintenance of 400 screwdrivers brings high costs. The purchase price of a new 

screwdriver is approximately 15 000 SEK. There is a need for the screwdrivers to be replaced every 10 

years which leads to an average cost of 600 000 SEK each year. 

 

1.3 Public interest 

There are many companies working with assembly lines that would be able to benefit from a way of 

keeping track of their tools in the production. A solution would not only be useful for screwdrivers but 

should also be applicable to other types of tools that are used in manufacturing as well. 

Industry 4.0 is important for the industrial sector because it is believed to contribute to a decentralized 

production. A decentralized production raises the flexibility within manufacturing and individually 

customized products will be as efficient to produce as today's mass production. Achieving this would 

reduce the need for western countries to move their production to low-wage countries. Many 

companies are believed to, by a well implemented Industry 4.0, be able to relocate their production 

back to their corresponding countries. Manufacturing companies need to become more flexible, lean 

and achieve a higher degree of quality on their products for this to be a reality [3]. 

 

1.4 Purpose, goal and research questions 

The purpose is to find a solution for how full control over the quality of the connected screw-joints in 

an asphalt roller assembly line can be achieved. To find a solution, some research questions has been 

developed to give the research project focus. The main research question for the project is: 

 

How can a communication system between screwdrivers and machines in assembly of 

asphalt rollers be created, that gives complete control over that the quality demands of the 

screw-joints are achieved? 

 
To answer the main research question, it is split in sub-questions. They are as follows: 
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1. How can an integrated information flow between tools, machines and humans be 

created, that naturally mimics a social network? 

2. How can older tools that doesn't’ have modern functions be included in an 

integrated information flow? 

 

The first sub-question refers to the way that H. Kagermann, W. Wahlster and J. Helbig defines a smart 

factory, which is what should be aimed for to be successful with Industry 4.0 [2, p. 25]. The question 

deemed to be of relevant importance for this project which is why it was chosen. The question implies 

newer technology when it comes to equipment and functions. 

 

The second sub-question is based on how newer technology can be applied considering older 

equipment without having to replace the older equipment before it has reached its final life-span. Most 

of the tools that Dynapac use are older screwdrivers, there is a need to utilize them as long as possible 

to save resources and maximize usage. The resources saved can later be used to invest in newer, more 

advanced equipment. 

 

  

 

1.5 Limitations 
Dynapac have several assembly lines for different types and models of asphalt rollers. This report and 

the work surrounding it involves the assembly for the SCC, small compaction-compaction, which is 

the smallest model of the asphalt rollers that Dynapac produces. It involves the screwdrivers that 

Dynapac uses in that assembly. They are currently using a mix of pneumatic and electric screwdrivers 

in the assembly. They are working towards replacing the pneumatic to electric ones since that opens 

the possibility to connect them to the machines and a database. The focus in this research project is 

therefore on the electric screwdrivers. Most of the screwdrivers that Dynapac uses today are older 

pneumatic ones that aren’t as compatible with newer technologies as their electrical counterparts. The 

newer electrical screwdrivers of today outshines the pneumatic ones when it comes to the number of 

functions as well as the amount of data that can be extracted. The high demands that Industry 4.0 sets 

on companies when it comes to complete monitoring and control over the manufacturing process, 

makes the electrical screwdrivers the easy choice when moving ahead [4]. 
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1.6 Risks 

In the unlikely event of the project being too trivial, the option was given from Dynapac to use the 

data gathered and the resulting work to come up with and develop a construction that could be used in 

the assembly line. A construction that would e.g. make it possible for an electrical screwdriver to be 

used on more than one station. Another risk would be that if the amount of data gathered from the 

screwdrivers would not be sufficient, it could lead to the resulting database not being complete. 

Dynapac already have some data about the screwdrivers already which would ease the work. There is 

a possibility that the newer tools that Dynapac uses is not compatible with the database that is 

developed during this project. It could lead to some important functions such as performed torque, not 

being registered in the database. If that would be the case, more work would need to be put into the 

role of the older screwdrivers in the database. 

 

1.7 Electric screwdrivers 
The more advanced electrical screwdrivers usually come in two main parts: the tool and an associated 

control unit. The tools are powered by an electrical cord and there are also cordless tools that are 

driven by battery. The cord is used to provide the tool with direct current and it is also capable of 

transmitting information between the tool and the control unit. The battery powered ones are also 

provided with direct current and instead have the possibility to communicate to the control unit 

through Bluetooth or Wi-Fi. The tools are typically equipped with a sensor that registers the angular 

momentum as well as the torque that the tool is performing. The values are then transferred and stored 

in the control unit. The data that is stored in the control unit could with the right software and 

programming be used to create a network in which the machines and tools communicate. 

 

Figure 2 below is showing an example of an electrical screwdriver at Dynapac that is 

connected to a control unit. 
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Figure 2. An electrical screwdriver at the Dynapac manufacturing line. The screwdriver is 
connected to the control unit. 
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2. RELATED WORK 
2.1 Industry 4.0 
In recent years Industry 4.0 has been more and more important since the technologies needed for the 

“Fourth Industrial Revolution” hasn’t been as evolved as they are today. There is a lot that is uncertain 

about Industry 4.0 e.g. there is no agreed-upon definition of it, as shown in the research article by E. 

Hofmann, M. Rüsch about computers in industry [2]. Paragraph 2.1 will continue discussing the 

findings in computers in industry.  

 

There is a general consensus that Industry 4.0 won’t happen over a week or even months but will 

instead be implemented over a longer period of time, improving as IoT, IoS and CPS becomes easier 

to implement. 
 

In 2011, Germany launched their so called “Industry 4.0 initiative” with the aim to prepare and enable 

industries to deal with the increasing complexity within companies regarding production and logistic 

networks. However, to stay strong as an industrial nation such as Germany, they would have to 

actively work with Industry 4.0 and all the things surrounding it. They would have to actively work 

with development of the tools and systems that are considered to be the key for success in Industry 

4.0. This mostly means autonomous, knowledge- and sensor-based, self-regulating production 

systems. 
 
One of the many benefits from Industry 4.0 are personalized products for the customer, meaning a 

more flexible production. Combining the three identified key components of Industry 4.0; Cyber-

physical systems (CPS), Internet of Things (IoT) and Internet of Services (IoS), more advanced and 

effective factories will emerge. These factories are considered “smart factories” and will be a result of 

Industry 4.0’s cumulated technological advances. By having a smart manufacturing line where each 

operation is easily traceable, it enables the factory to make decisions autonomously, creating 

individualized products that will be as effective as mass production in bulk. This also results in a 

decentralization of the factories. 
 

CPS are systems that integrate computers and networks into the physical processes to have a traceable 

and controllable production. This enables companies to optimize their production by having better 

control, more detailed information and better transparency in their manufacturing lines. 
IoT is widely known by now since it has been a popular term for more than ten years and is considered 

to be the initiator of Industry 4.0. IoT envisions a future where all products, e.g. your refrigerator, car, 

watch or a screwdriver in a factory, can be connected to the internet. 



 

9 
 

In recent years it’s been speculated that the IoS will also be a part of the future since today almost 

every company offers some kind of service. The IoS will be a market where you can purchase a 

service for a limited amount of time, e.g. Volvo’s connection to a 24/7 technical support or access to a 

movie editing software. 
 
Just-in-Time (JIT) and Just-in-Sequence (JIS) are also two widely known terms, a lot of companies in 

the automotive industry, where you want to avoid buffer due to big and expensive parts, use these 

concepts since they follow the LEAN ideology. As discussed, implementing Industry 4.0 will, with the 

use of CPS, help JIT and JIS i.e. result in more transparency and more accurate tracking of processes 

and material flows. In the research paper they also discuss how greatly it will affect the factories, one 

expert believes that real-time data won’t have a very big impact because the information transparency 

in today’s factories are already on such a high level. 
 

In the future, a lot of experts believe that the automation of logistics will improve over the years and 

that the majority of the work will be done by intelligent CPS. Implementing CPS will remove the 

physical workforce needed for e.g. transporting and delivering goods and instead create new jobs on 

the operational and monitoring level of manufacturing. 
 

There are today many obstacles that needs to be overcome for Industry 4.0 to be realized e.g. the data 

security. However, the first obstacle that needs to be dealt with is the current non-existing clear and 

common definition of Industry 4.0. 
 

2.2 Big Data 

Big Data is a term that has been around since the 1990s but have been growing since 2010 to become a 

commonly used term when talking about Industry 4.0. The main reason for its rapid expansion is 

believed to be because big companies such as IBM has brought attention to it by making large 

investments in the area [5]. 

 

Technology today is so advanced that the level of products that generate different kinds of data is too 

large to keep track of. An excellent example of this is the rapid growth of smartphones in the last 

couple of years. Being constantly connected to the internet as well as the popularity with e.g. writing 

on social media and blogs is generating tremendous amounts of data [5]. Technology going forward, 

and computer systems and sensors becoming more easily available, has reached a level where it is 

cheap and accessible for industries to install and adapt it to monitor different processes. Industries 

today are therefore generating a lot of data and the way the technology is going forward means that 

there is a need for being able to control and extract the valuable information from the large amount. 
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Because there is a such large amount of data being generated and stored, there is a lot of valuable data 

that is not being used. The main point and concepts surrounding Big Data seems to be to structure and 

extract valuable information from the large amount of data that is constantly being generated [5]. The 

data that is being generated could be used in real-time to e.g. monitor different parts of the production 

process to be able to see if problems occur that might compromise the quality of the finished product. 

It could also be done over time and analyzed towards historical data to find ways to improve the 

system and processes [5].  

 

2.3 Embedded systems 
Embedded systems are systems where the hardware and software is embedded and pre-programmed. 

This is done to ensure that the system is secure from its surroundings [6]. The purpose is to aim for a 

more reliable system compared to e.g. a personal home computer since the system is not made to be 

reprogrammed by the final user [7]. The system can have programs that are stored inside that can give 

the user specified choices. An example of an Embedded system is a washing machine. Its aim is to 

wash clothes and the machine has a software built in that make sure the washing process is done 

correctly. The user can specify a laundry program such as quick wash, white/colored, number of 

degrees etc. The programs have the underlying software that is developed to perform exactly what the 

user wants. 
 

The biggest success for Embedded systems have been the development of the microprocessor [7]. 

When the modern microprocessor emerged, it could perform more than one task compared to its 

predecessors which enabled single pieces of hardware to be able to perform multiple functions. The 

continuous development of the microprocessor has led to more flexibility in developing new or 

existing products when the products can have more functions with less hardware. Fewer ingoing 

hardware parts also makes for easier repairs and maintenance. 
 

The goals of the Embedded systems today are to be able to communicate and coordinate with its 

surroundings [6]. Three different technical fields have joined together to make this possible, IT, 

Electronics and network communications. Developers have had to work across multiple fields since 

the microprocessor first emerged in the production industry.  Development teams therefore need broad 

competence to succeed in bringing Embedded systems to where it is needed.      

Since a few years back Dynapac has a digitalized system for their assembly line of the CA models. 

This line is equipped with newer tools and equipment that is storing data about each assembly step and 

keeping track of which machine that is being assembled. The technology that comes with the newer 

tools and equipment does not support the older tools. A large part of the screwdrivers that they are 
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using in the SCC assembly line are older ones that wouldn’t work together with that technology. It is 

relevant for this project that the results consider the older tools as well. There are quite a few years left 

before those screwdrivers need to be replaced and there is a need for extracting as much value out of 

the tools as possible before 
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3. THEORETICAL FRAMEWORK 
 
Using a good framework in any project is crucial to success. The framework guides and enables the 

practitioners to reach great results, it also keeps the project organized and speeds up the development. 

 
The authors have in their courses at BTH previously used the MSPI, Master’s in Sustainable Product-

Service System Innovation, design thinking method. However, in this research project a more 

extensive method is required. The Product Development Process by Ulrich and Eppinger is therefore 

used throughout the project [8]. Ulrich and Eppinger’s process is well-known and scientifically 

supported, it has great depth and extensive explanations.  

 

Chapter 3 and its content is based on the development process by Ulrich and Eppinger and, to avoid 

excessive referencing, will not reference it from now on. 

 
A good product development process can help with: quality assurance, coordination, planning, 

management and improvement. 
 
This chapter will explain most of the steps from the product development process developed by Ulrich 

and Eppinger. The authors have used this process throughout the project to secure a good result. Since 

not all methods in the process can be applied to every project, the authors have selected the ones most 

prominent to their work and explained those methods further. Due to the nature of the project, The 

Spiral Product Development Process is used which is an applied version of the standard development 

process, it has distinctive characteristics and purpose mentioned later in the framework.  
 
Finally, in this project the authors jump back and forth a lot, as Christian Johansson and Andreas 

Larsson remarks in their booklet: adaptation in development processes is a good thing, innovation 

processes are often not linear, they are iterative and also concurrent [9]. 
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Introduction 

Following Figure 3, the research project starts with planning. In this stage a rough estimation of how 

much time that needs to be spent on each stage should be done. A Gantt chart could be created as a 

schedule, also clarify goals, expectations and opportunities. The final output of the planning stage is 

the mission statement. 
 

 
Figure 3. T. Ulrich and D. Eppinger’s Product Development Process [8, p. 14].  
 

3.1 Planning 
Marketing 

• Articulate market opportunity. 

• Define market segments. 

 

Design 
• Consider product platform and architecture. 

• Assess new technologies. 

 

Manufacturing 
• Identify production constraints. 

• Set up supply chain strategy. 

 

Other Functions 
• Research: Demonstrate available technologies. 

• Finance: Provide planning goals. 

• General Management: Allocate project resources. 
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Ulrich and Eppinger suggests a five-step process for product planning which will result in a product 

plan and mission statements, these are: 
 

1. Identify opportunities. 

2. Evaluate and prioritize projects. 

3. Allocate resources and plan timing. 

4. Complete pre-project planning. 

5. Reflect on the results and the process. 

 

Step 1: Identify opportunities 
In product development, identifying opportunities would mean identifying ideas for future products or 

services. These opportunities could be a newly discovered problem or new technology that can be used 

in a better way instead of an existing one.  
 

Categorizing opportunities into groups makes it easier for a project group to identify if the 

opportunities are useful to them. Two of the most useful categories to product development teams are 

how familiar the team is in regard to the solution i.e. how much knowledge they have of the 

technology. The second one is how familiar they are with what role the solution plays in the market, 

i.e. how much knowledge they have of the market. Selecting opportunities this way reduces risk since 

companies with low experience of a product or market fall for hidden risks and often make costly 

mistakes developing new products in new markets. 
 

Terwiesch and Ulrich created an uncertainty matrix in 2009 which divides zones affiliated with high 

risks into three horizons that is useful when developing new products or services, see Figure 4. 
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Figure 4. The uncertainty matrix where opportunities are divided into horizons depending on 
their relative risk [8, p. 36]. 
 
 
This graph is often used when introducing product development and innovation. There are other 

similar variants as well e.g. core, adjacent, and transformational [10], instead of horizon 1, 2, and 3 

respectively. 
In a project, an opportunity identification process is often used to maximize the amount of 

opportunities found and to select the most promising opportunities. The next step is to generate and 

sense as many opportunities as possible. While many opportunities are identified internally, roughly 

half of the opportunities are recognized from external sources e.g. the customers. Therefore, looking 

both internally and externally is vital. Many techniques can be used to recognize opportunities; tech- 

and trend-watching, brainstorming, studying customers etc. If a company or firm is actively looking 

for opportunities it’s possible to find hundreds to thousands each year. The final step when identifying 

opportunities is to select the exceptional ones for next step in the planning process. 
 

Step 2: Evaluate and prioritize projects 
The second step of the planning process is to prioritize and evaluate opportunities. A first filtering has 

already been done in the opportunity identification process, now it’s in the projects best interest to find 
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promising projects out of the many opportunities. While there are many different variables to have in 

mind depending on what type of product is to be created, e.g. new product in existing market, 

selecting opportunities depending on strengths and weaknesses of the project group is generally a good 

idea. 
 
Step 3: Allocate resources and plan timing 
In many organizations, resources are distributed to satisfy the needs of whatever project is running. 

It’s important to not take on too many projects as it’s easy to underestimate the amount of resources it 

takes to complete a project. A lot of the time key personnel that has a lot of knowledge can only 

participate in a limited number of projects. In smaller project groups and in the example of a master 

thesis project, the resources are limited and the project plan and time allocation should be managed by 

the ones doing the project. The projects can also get help from external sources within or outside the 

company. 
A project timeline schedule should also be created to easily check if a project is on track, e.g. a Gantt 

chart or a simple spreadsheet with time units is most of the time sufficient. The project schedules are 

adjusted depending on how the project unfolds. 

 
Step 4: Complete Pre-Project Planning 
Pre-project planning begins and ends with developing the mission statement for the project. The 

mission statement can include the following: product description, benefit proposition, key business 

goals, primary and secondary markets, assumptions and constraints, and stakeholders. 

 
Step 5: Reflect on the Results and the Process 
This step is also important as it will e.g. reveal if the project is actually in the right interest of the 

company. By asking questions, reflecting and criticizing the project. This stage acts as a “reality 

check” and safety mechanism to prevent early problems that might get bigger and more expensive as 

the project progresses. 

 

3.2 Concept Development 

Marketing 
• Collect customer needs. 

• Identify lead users. 

• Identify competitive products. 
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Design 
• Investigate feasibility of product concepts. 

• Develop industrial design concepts. 

• Build and test experimental prototypes. 

 
Manufacturing 

• Estimate manufacturing cost. 

• Assess production feasibility. 

 
Other Functions 

• Finance: Facilitate economic analysis. 

• Legal: Investigate patent issues. 

 
Figure 5 lists the many activities that collectively make up the concept development phase. These 

activities require a lot of cooperation between each other. The concept development phase is iterative, 

as is all other phases in the product development process. 

 
Figure 5. The customer-needs activity in relation to other concept development activities [8, 
p. 16] 
 
Identify Customer Needs 
Ulrich and Eppinger are firm believers in structure and to identify customer needs they recommend 

their five-step process: 
 

1. Gather raw data from customers. 

2. Interpret the raw data in terms of customer needs. 

3. Organize the needs into a hierarchy of primary, secondary, and (if necessary) tertiary needs. 

4. Establish the relative importance of the needs. 

5. Reflect on the results and the process. 
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Step 1: Gather raw data from customers 
This can be done by conducting interviews, focus groups and by observing the product in use. The 

interviews can be open or structured. In structured interviews it’s recommended to prepare questions 

e.g. when and why the customer uses a similar product and how the customer typically uses it. When 

interacting with the customer it’s also important to be open to whatever the interviewed says and not 

be biased with their product or prototype. A good interviewer doesn’t always stick to the prepared 

questions but rather goes with the flow. Interesting and unexpected answers might come up which are 

worth pursuing further since there are often missed latent needs. Documenting with audio, notes or 

video are the most common but it’s important to ask the interviewed first as some might not want to be 

recorded on anything other than paper, this applies to all methods of gathering data. Focus groups are 

also a great way to gather data. However, this requires more resources than just single interviews and 

research from Griffin and Hauser in 1993 has shown that one 2-hour focus group yields about the 

same number of needs as two 1-hour interviews. Therefore, it’s recommended to use interviews as the 

primary tool when gathering raw data. Surveys are good in later stages of the development process but 

in this stage, they lack the interactive part that interviews give i.e. the ability to be reactive and follow 

up answers and reveal possible latent needs. 
 

Step 2: Interpret the raw data in terms of customer needs 
In this step there are some guidelines to follow, some more important than others. Research by Griffin 

and Hauser has also shown that interview notes are sometimes translated into different needs 

depending on who the person is. Therefore, it’s good to have more than one person translating the 

interview needs. Two vital guidelines are to translate the needs so that they state what criteria that 

needs to be fulfilled, and to express the need in the same level of detail as the raw data. Three other 

important guidelines are to use positive phrasing as negativity is hard to work with, to express the 

needs as attributes to stay consistent and to avoid excessive needs, and to not use words that imply 

importance such as must and should since prioritization of needs comes later. 
 
Step 3: Organize the needs into a hierarchy 
From previous steps the average number of accumulated needs are around 50 to 300 need statements 

depending on the size of the project. The goal in this step is to categorize them into primary, and 

secondary needs, and so on. It’s also a good idea to categorize the needs into subgroups depending on 

how similar they are to each other. In large projects where there are many subgroups it’s also possible 

to group the subgroups into supergroups. Keeping the list tidy and structured is important for the 

outcome of all steps and makes it easier to work with the needs. 
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Step 4: Establish the relative importance of the needs 
This step requires the team to categorize the needs into groups depending on their importance e.g. a 

scale of 1-5 where a 5 is a vital need and 1 not desirable. Since the hierarchical list in the previous step 

doesn’t place any weight on how important the needs are in the perspective of the customer this is 

what needs to be done next. If a team is confident in their ability to rate these needs they can do it as a 

team or they can base the needs on customer surveys that they create, the trade-off here is cost and 

speed versus accuracy. At this stage it is a good idea to send out surveys about needs that the team is 

hesitant to weight since they are hard topics to evaluate. Limiting the surveys to only these types of 

needs, instead of adding needs that are obviously good or bad, increases the possibility that a customer 

will answer the survey as long surveys get fewer answers. 
 

Step 5: Reflect on the results and the process 
This is the last step and acts as a failsafe to make sure the project group hasn’t missed anything and is 

in the right direction i.e. in line with the groups mission statement. Asking if the group has e.g. 

considered all different types of customers or users in the targeted market when asking for needs is 

one important question that tries to identify latent needs. 
 

Establish target specifications 
The difference between customer needs and specifications are that the needs mostly come from the 

customer and aren’t very specific, e.g. the screwdriver is lightweight, while specifications consist of a 

metric and a value, e.g. the weight of the screwdriver is less than 1 kg. Other terms for product 

specifications are: product requirements, and engineering characteristics. 
Product specifications are usually established after the needfinding phase and final specifications are 

established when the project group has decided on what type of product they will develop. 
At this point it’s recommended to use House of Quality which is a technique used in Quality Function 

Deployment. This allows the team to combine needs with metrics, check their dependencies to each 

other, and takes into consideration the weight of the needs. The results from a House of Quality are 

specifications that’s reflecting customer needs which, in the end, results in products that are attractive 

to the customer. Note that a House of Quality isn’t easy and requires the team to tackle tough 

decisions but in a way that generates good results. 
Failing to pay attention to detail or skipping steps when using HoQ can lead to specifications that are 

not in line with the customer needs or simply unimportant which is why the project team should 

always reflect on the results and make sure that the outcome of the specification phase is in the right 

direction of the project. 
 

 

Generate product concepts 
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Another five-step method for generating product concepts will be presented in this section.  

 
Step 1: Clarify the problem. 
Before generating concepts, the problem can be decomposed into subproblems. These subproblems 

needs to be fully understood by everyone in the project or it will be hard to solve the main problem. A 

functional decomposition is a useful tool that can be used if the team has a hard time understanding the 

problem. If you have a complex product, e.g. an asphalt roller, a functional decomposition is used to 

separate the different components so that team can easily understand its structure and the possible 

problem, see an example of a FD in Figure 6. Project groups should also discuss the relative 

importance of each subproblem to decide which problem to focus on first. 
 

 
Figure 6. Example of a Functional Decomposition, a proposed sub-system of a suspension for 
Volvo Haulers created in the course Systems Engineering at BTH. 
 
 

Step 2: Search Externally 
After clarifying the problem, an external search for existing solutions is performed, the external search 

is more or less the equivalent of the buzzword: tech- and trend-watching. Some actions to take can be: 

interviewing lead users, consulting experts, searching for existing patents that can solve subproblems 

or parts of them, searching in journals and other published literature, and benchmark related products. 

External search is, however, an ongoing process throughout the development process. An already 
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existing solution is much cheaper to implement than coming up with a new one which is why the 

project team should actively search externally for solutions. 
 

Step 3: Search Internally 
It’s now time to search internally. The internal search is most often referred to as brainstorming. The 

internal search uses the knowledge that the team already has. By brainstorming, the knowledge that 

the team has is combined into ideas that can potentially be a viable solution for the project. Most often 

a combination of ideas will be the selected concept as initial ideas is rarely the most prominent. During 

a brainstorming session Ulrich and Eppinger suggests four guidelines that follows: 
 

1. Suspend judgement. 

2. Generate a lot of ideas. 

3. Welcome ideas that may seem infeasible. 

4. Use graphical and physical media. 

 

The authors of this thesis document believe that the first and third guideline are the most common 

ones talked about when introducing brainstorming, yet most practitioners fail to suspend their 

judgement as well as welcome infeasible ideas, while still thinking they are open minded. The fourth 

guideline is, in the authors experience, not presented most of the time. However, through several 

projects, a lot of ideas have been misinterpreted by group members due to the lack of graphical and 

physical media which has made the lack of this guideline apparent. 
 

There are a lot of concept generation techniques out there; brainstorming, 6-3-5 brainwriting, 

analogies e.g. TRIZ, the gallery method, among many. The techniques all have some defining 

characteristics and some work better depending on the situation, e.g. brainwriting is less chaotic than 

brainstorming because it’s more structured and always done in silence. 
 

Step 4: Explore Systematically 
If there are many subproblems the generated solutions will undoubtedly address different areas and 

therefore needs to be categorized into groups. By using the concept classification tree and the concept 

combination tree a team can organize the solutions into categories and combine some of them. This is 

crucial when there are a lot of subproblem. 
 

 

 

Step 5: Reflect on the Solutions and the Process 
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Once again, it’s important to follow up on the work the team has done to stay on track. Ask if the team 

is confident that they have explored all imperative solutions to the problem to satisfy their customers. 

Looking at the health of the team is also important, if anyone has objections to anything it’s good to 

bring that up as dysfunctional teams will never achieve as good results as a team in harmony. 
 

Select product concepts 
There are many ways of conducting a concept selection. A development team can ask customers and 

clients for external decision. One or more experienced people in the team simply choose a concept 

based on what they think is right. This is effective if the decision makers have a good influence on the 

group and are respected by everyone in the development team but ineffective if the decision makers 

aren’t in agreement with the team. Concepts can also be chosen by intuition and this shouldn’t be 

overlooked or ridiculed since this makes the Concept Selection process extremely effective and, most 

of the time, experienced product developers also have very good intuition. 
There’s also voting, web-based surveys, pros and cons, prototype and test, and decision matrices. 
 
Test product concepts 
It’s now time to test the product concepts. Concept selection narrowed the concepts down to a handful, 

testing wouldn’t be possible if there were too many concepts. Like concept selection, concept testing 

also aims at reducing the number of concepts. Testing is also closely related to prototyping due to the 

fact that testing often involves some kind of early prototype to show to the potential customers in the 

target market. It doesn’t have to be a prototype; a detailed description of the concept is also common 

to use. Responses from the potential customers are documented and the concept or concepts that 

should be further developed should be based on these documentations. From the concept testing the 

company might be able to estimate how many products they can sell which is important when and if 

they will conduct an economic analysis. 
However, concept testing isn’t a must. In some instances where consequences of failure aren’t severe 

and when the cost of concept testing is large relative to just launching the product, it can be viable to 

skip the testing. Software is one example of this since software can be refined and updated, if the 

software sold is just a text editor the consequences aren’t severe if some minor functions are missing. 

The resources that would be spent on testing would then be invested into the refining of the product, 

however, it’s not recommended to skip the testing phase. 
 

 

 

 

Set final specifications 
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Taking into consideration design and technological constraints for the final specifications isn’t easy. 

This is because some needs don’t always translate into specifications in a good way, e.g. easy use of a 

product could mean it’s easy to use but highly time consuming which might also be a need. A lot of 

contradicting needs results in a lot of trade-offs which is the biggest difficulty when creating 

specifications. 
 

Setting the final specifications can be done using a five-step process: 
 

1. Develop technical models of the product. 
2. Develop a cost model of the product. 
3. Refine the specifications, making trade-offs where necessary. 
4. Flow down the specifications as appropriate. 
5. Reflect on the results and the process. 
 

Due to the nature of the project described in this master thesis, i.e. lack of cost for created product and 

few trade-offs, final specifications won’t be used or explained in more detail. Economic Analysis will 

therefore also be left out in the theoretical framework. 
 

3.3 System-Level Design 

Marketing 
• Develop plan for product options and extend product family. 

 

Design 
• Develop product architecture. 

• Define major sub-systems and interfaces. 

• Refine industrial design. 

• Preliminary component engineering. 

 

Manufacturing 
• Identify suppliers for key components. 

• Perform make-buy analysis. 

• Define final assembly scheme. 

 

Other Functions 
• Finance: Facilitate make-buy analysis. 

• Service: Identify service issues. 
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In the system-level design phase a definition of the product architecture should be created along with 

sub-systems and interfaces. This is also where the Industrial Design and Design for Environment takes 

place. 
In projects where a team work with a physical product, material choices and other design decisions are 

made. Focusing on the environment is very important for companies. Designing for Environment can 

be done using the Framework for Strategic Sustainable Development (FSSD) by Broman and Robèrt. 

Benchmarking or designing the product so that it complies with the 8 sustainability principles (8SPs), 

explained in the FSSD, is recommended by the authors of this thesis for obvious reasons. The DFE 

guidelines in The Product Development Process, based on Telenko et al., are from 2008. Having 

worked with the FSSD and the 8 SPs before, the authors of this thesis would rather work with the SP 

guidelines as they are more modern, getting published 2017, bringing in the social aspect of 

sustainability. 
 

3.4 (Detail Design) 
Marketing 

• Develop marketing plan. 

 

Design 
• Define part geometry 

• Choose materials. 

• Assign tolerances. 

• Complete industrial design control documentation. 

 

Manufacturing 
• Define piece-part production processes. 

• Design tooling- 

• Define quality assurance processes. 

• Begin procurement of long-lead tooling. 

 

The detail design phase is where a lot of decisions are made; defining geometry, selecting material and 

setting tolerances. In this phase manufacturing and assembling is also planned out. 
 

3.5 (Testing and Refinement) 

Marketing 
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• Develop promotion and launch materials. 

• Facilitate field testing. 

 

Design 
• Test overall performance, reliability, and durability. 

• Obtain regulatory approvals. 

• Assess environmental impact. 

• Implement design changes. 

 

Manufacturing 
• Facilitate supplier ramp-up. 

• Refine fabrication and assembly processes. 

• Train workforce. 

• Refine quality assurance processes. 

 

Other Functions 
• Sales: Develop sales plan. 

 

In the testing and refinement phase there are alpha and beta prototypes. The alpha prototypes are 

typically ones that determine if the product satisfies the identified customer needs and if the product 

can be manufactured the way it’s intended to by previous phases. Beta prototypes are then produced 

and handed out to customers for testing. A successful beta prototype study yields information about 

performance and reliability so that necessary changes to the product can be done before the final 

production starts.  
 

Note that Detail Design and Testing and Refinement are in parenthesis because they were not used in 

this project. Instead the Spiral Product Development Process was used which is an applied method for 

software solutions. 
 

Quick-Build Products 
Since the database, which is the result of this thesis work, is a software it falls into the category of 

quick-build products. This means that the designing, building and testing phases are run through very 

quickly. This implies a fast iteration cycle and results in a flexible development process. It’s 

recommended to split up features into high, medium and low priority and then integrate the features 

through several iterations, starting with the highest priority. 
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The product development process changes a bit depending on what type of product a company wants 

to create. Quick-build products fall into the spiral product development process due to the rapid 

design-build-test cycle. 

 
Figure 7. Displaying the Spiral Product Development Process with many iteration cycles [8, 
p. 22]. 
 

 

 

3.6 Production Ramp-up 
Marketing 

• Place early production with key customers. 

 

Design 
• Evaluate early production output. 

 

Manufacturing 
• Begin full operation of production system. 

 

Other Functions 
• General Management: Conduct post project review. 

 

The final production ramp-up stage is where the product is finally launched. Before launch, issues 

with the final product is brought up and dealt with and another iteration of product evaluation is 

performed. From a technical standpoint, it is much easier analyze projects if a process is used since the 

process is already broken down into phases. Previous mention is why a project review should be done 

to find ways to improve the development process for future projects. 
 

Apart from the post project review, which can be found in the discussion, the product created in this 

thesis will not be sold and the steps regarding production ramp-up will, therefore, not be useful to the 

authors work which is why production ramp-up won’t be explained further. 
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4. METHOD 
The project started off with several meetings with Dynapac where opportunities were discussed 

regarding several problems in the manufacturing line at Dynapac. Opportunities that didn’t concern 

mechanical engineering was removed. The most promising opportunities concerned new screwdrivers, 

calibration issues and reconstructing a frame for a specific digital screwdriver in the manufacturing 

line. 

 

By evaluating the opportunities, the decision to create a database for the digital screwdrivers was 

taken. Building a frame for the digital screwdriver was considered too short of a task. The most 

important variables for choosing project was: time frame, relation to mechanical engineering and level 

of research capabilities. 

 

A Gantt chart was also created to help allocate resources. Since the authors didn’t have any other 

resources than their own the planning only consisted of planning out their own resources, in this case 

time. 

After many discussions with people at Dynapac as well as observations on the manufacturing line, the 

focus of the project changed. Instead of focusing on the new screwdrivers the database would instead 

address all screwdrivers and address the calibration problem in the factory. The reason for change was 

that this problem would yield greater and more important results for Dynapac, and lower the risk of 

the project by not working with highly technical products while keeping the project in same direction 

of a database. This change was a result of the reflection done in the planning stage. 

The final mission statement included the problem definition, public interest, purpose, goal, research 

questions, limitations and risks.  

The needs for the project was collected through several iterations, open interviews were used for the 

most parts and feedback from meetings also yielded some needs. The first needs were collected 

through an open discussion with the person responsible for overseeing the manufacturing line. This 

person explained how the line works and how the different screwdrivers are used. 

  

Since the most important needs was that of the person responsible for the calibration, i.e. the main user 

of the database, a lot of focus was put into understanding that persons point of view when calibrating 

to understand the problems fully and possibly identify latent needs. When the authors visited the 

calibration section they kept an open discussion and tried to follow up on questions they didn’t fully 

understand or things they found interesting, e.g. how the current calibration program worked and how 

Dynapac calibrated both pneumatic and electric screwdrivers. 
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In the next steps the needs were translated and organized into hierarchy. Three groups were used: high, 

medium, and low priority. The needs that were considered vital to the database, e.g. amount of 

calibrations, and tracking the latest date of calibration, were then discussed to establish their relative 

importance. 

 

The initial specifications were basic and the database didn’t have any limiting requirements compared 

to physical products. Requirements from Dynapac was e.g. that the database shall be accessible from 

multiple computers which was the reason the database were made from the start in Google Sheets.    

 

Since the project team didn’t have a complex product to work with a functional decomposition wasn’t 

used, however, a simple illustration of the manufacturing line was produced for clarification purposes. 

The mission statement was discussed a lot at every reflection to ensure that the work was on track.  

The external search was done at the manufacturing line, at the calibration section and in meetings with 

Dynapac. Another major external search was done researching Industry 4.0 the buzzwords 

surrounding it, i.e. IoT, IoS, CPS, Smart Factories, and Big Data. The research was read through and 

then reviewed once again, marking the important and interesting sections.  

 

The internal search started off with regular brainstorming around functions for the database. While the 

first brainstorming yielded around 20 ideas this was followed up by using a board in the office, using 

it as a brainwriting board. This board was filled with ideas that arose while working with the database.  

 

At this point in the project, a bit after the halfway mark, the prototype was displayed in its current state 

to most of the leading staff at Dynapac. Some feedback was received and suggestions for next steps. A 

reflection on the project up until this point was then done. 

 

Selected concepts and ideas that was implemented into the database was chosen regarding several 

variables. Feedback from meetings, database specifications, input from observations and interviews, 

conducted research, and relative importance of needs. 
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5. RESULTS 
5.1 Database 
The result from the first meeting with Dynapac was the opportunity description. Shaping the 

framework for the project is one of many steps in the planning phase, opportunity identification is part 

of that framework. 
The following opportunities shaped the project: 

• Dynapac had currently no basis for calibration in their SCC manufacturing line.  

• The screwdrivers at the line were very old, some as old as 20 years, and was soon to be 

replaced by newer ones. Dynapac needed a foundation for their screwdrivers to decide which 

ones to swap out first.  

• Dynapac couldn’t show customers, having problems with their machines, that the 

manufacturing line had tightened joints with sufficient torque. 

 

Discussing these opportunities with Bo Svensson and Mats Nilsson it was clear that some sort of 

database was the ideal solution. The meetings with Dynapac together with the interviews and 

observations landed in some desired needs that they would like the developed database to fulfill.  
 

In figure 8, the Gantt chart is shown. The chart indicates how time will be spent, however, unexpected 

changes will most likely happen according to the product development process. 

 

 
Figure 8. Gantt chart with supplementary table for the activities. 
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Prior to this project, Dynapac had no data over which screwdrivers belong to each station. It was only 

logical to collect this data because such information together with the digital documents that Dynapac 

provided about their screwdrivers would help build the foundation of the database. By having the 

screwdrivers being connected to each workstation in the assembly line it will provide the opportunity 

too quickly find which station a tool is connected to in the database. It will open up the possibility to 

gather data about the use of the screwdrivers at each station. If a system were to be implemented 

where the performed torque would be logged in the database, when problems occur in the final 

product, the problems can be backtracked to the exact tool and station it belongs to. This would help 

with working towards eliminating problems in the manufacturing process and ensuring the quality of 

the final product. 
 

Figure 9 below is showing the basic concept for how the tools connection with their corresponding 

workstations was implemented in the database. For the sake of protecting the data that Dynapac 

provided, the data in the image is made up and not related to the real thing. Each tool has a specific 

Tool-ID that differentiates which tool they are and their corresponding row contains useful 

information for each specific screwdriver. 

 
Figure 9. The foundation of the database with the tools connected to their respective 
workstation 
 
Figure 10 below is a basic schematic image of the layout of the assembly line:  

 
Figure 10. Schematic layout of the workstations in the assembly line. 
 
 

After connecting the screwdrivers to their corresponding station in the database it was clear that most 

of the screwdrivers at Dynapac are older pneumatic ones and among the electrical ones there were 
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only two that could be connected to a computer. The company that delivered those said when 

contacted, that it would be easy to extract data from those screwdrivers. Data such as the performed 

torque and number of tightenings performed by the tool. In order to extract data from those tools you 

would need their specific software. The software would not allow for specific data extraction but 

would download 10 000 samples of data at once. The data would be restricted to the software and to 

be able to use it in the database it would require extra steps that would interfere with many of the 

functions and basic needs that had been identified. The focus was therefore shifted from considering 

both newer and older tools to just the older ones. 
 

From the meeting with the person responsible of the calibration of the screwdrivers the 

following was identified: 

• Each screwdriver is calibrated by hand. 

• The software that is currently used for calibration only help with performing the 

calibration e.g. adjusting the torque and verifying when it is within desired range. 

• When a screwdriver has been calibrated, a date for next upcoming calibration is set to 

a year from the date.  

 
A semi-structured interview was done together with the person responsible for the calibration and 

maintenance of the screwdrivers. He had spent quite some time in both the assembly as well as in the 

quality department which qualified him as a perfect person to interview. The kind of questions that 

were asked was: 
 

1. What are the most important features when considering the workers in the assembly line? 

2. Who should have access to the database? 

3. How does the current system work and how could it be integrated with a new solution? 

 

Summarized answers to the interview questions: 
 

The best scenario would be if the workers would not feel any change in their regular work routines. If 

a solution would in some way change the way of their work routines it should be in a way where it 

interferes as little as possible. Anyone in upper and middle-management should be able to access the 

database from their own computers. As it is now, only one person can access the data about the 

screwdrivers from one specific computer. Although many people should be able to access the 

database, it would be best if only the one handling the calibrations can make changes in the database 

once it is up. This to keep the structure of the database as secure as possible.  
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The total collected data helped to give a basis for generating ideas through brainstorming. The ideas 

and features that were produced through brainstorming were compiled into functions that would be the 

most relevant for the database to possess. The most relevant functions were split into high, medium 

and low priority in accordance with the database falling into the Quick-Build Products category. The 

priority order would be based on the requests from Dynapac as well as the interview and observations 

in the assembly line. 

 

High priority 
-        Be able to add new tools in the database (by hand) 
-        Display date for latest and upcoming calibration (static) 
-         Min/max capable torque for the screwdrivers 
-         Which station the tool belongs to 
-         Display date of purchase 
-         Type of tool, model etc. 

 
Medium priority 

-         Dynamic determination of when the screwdriver should be calibrated based on number of 

uses 
-         Show the most vital information in the database and click on a tool to get more detailed 

information 
-         Show how many times a screwdriver has been calibrated 
-         Save timestamps for every calibration 
           

 

Low priority 
-        Scan the tool and it will automatically be added in the database and ready to be use 

-        Have the database keeping track of how the different stations relate to each other 
-         Be able to see service intervals in the database   

 

The first function that was implemented and tested in excel was determining which screwdriver that 

should be calibrated based on how often they are used. A sorting function was implemented where the 

tools get sorted based on the total performed tightenings. This way the tool that have been used the 

most since its last calibration will be placed on top and then the other tools in a descending order 

going downwards. There could be several hundred tools in the database which would lead to having to 
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find the most used screwdriver would be inefficient to do by hand. The idea is that the screwdrivers 

that are found in the top are the ones that are most urgent to calibrate. 
  
Figure 11 below is a figure displaying the concept of the sorting function with some tools as before 

and after being sorted: 

 
Figure 11. Displaying the sorting function in the database, based on total performed 
tightenings. 
 

When the total performed tightenings for a specific tool would reach high enough value it would need 

to be calibrated. After the screwdriver have been calibrated, the total performed tightenings would be 

reset to 0. The sorting function would naturally position the tool in the bottom of the database meaning 

it would be the furthest away from calibration.  
 
A reset calibration function was implemented where the user when pressing the Reset calibration 

button would be presented with a pop-up window. When a specific tool has been calibrated, the user 

can enter the Tool-ID of that tool in the textbox of the window and press OK. The total performed 

tightenings of that tool will be reset to 0, implying it has been calibrated and a timestamp for the tool 

is logged as Date of last Calibration. The Reset calibration function would also add 1 to the Total 

calibrations which would display how many times the tool has been calibrated up to this point. 
  

The use of the Reset calibration function is displayed in Figure 12 below where the second table is 

showing the aftermath of using the function: 
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Figure 12. Displaying the Reset calibration function in the database. 
 
 

After discussing and showing the functions to Dynapac, they suggested that it would be good to have a 

way of seeing service intervals of the screwdrivers in the database as well. When a screwdriver is 

serviced it is also being calibrated. This led to prototyping a function, using the same approach as for 

the Reset calibration function. When a screwdriver has been serviced, the user presses the Reset 

service button. A pop-up window appears where the user can enter the Tool-ID for the specific 

screwdriver and press OK. A timestamp is set as the Date of last service and a 1 is also added to the 

number of total services. As it is protocol to calibrate a screwdriver after it has been serviced to verify 

that it performs according to quality demands, a timestamp and a 1 is also added for the calibration 
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when the Reset service function is executed. The total performed tightenings for the tool is also reset 

to 0 and the sorting function is doing its thing placing the tool at the bottom of the database. There is a 

need for being able to backtrack and access data about the screwdrivers for several reasons, the main 

reason being to ensuring quality in the assembly line. Each timestamp will therefore be logged in the 

database and depending on if the executed function is for calibration or service it will be displayed as 

“Calibrated” or “Serviced” together with the stamp.  
 

The Reset service function is displayed in Figure 13 below. The logged timestamps are also displayed: 

 

 
Figure 13. Displaying the Reset service function in the database and the timestamps for 
calibration and service. 
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The most trivial functions in the database are based on the total performed tightenings. To be able to 

determine how many tightenings each screwdriver performs, one of the ten workstations in the 

assembly line were chosen to observe how many tightenings each tool performed for one asphalt 

roller. The second station were chosen as it is one of the stations where there are not that many 

different screwdrivers used in the operations. It is also the station where the drums of the asphalt roller 

are being assembled which contains some of the more critical screw-joints. The observation was made 

for each of the four more commonly produced asphalt roller models; CC800, CC900, CC1100 and 

CC1200. The operations performed at the second workstation are the same for the different models 

which ended in that the amount of tightenings that each screwdriver performs are the same for the 

different models at that station. After a meeting with Dynapac, they suggested that the number of 

produced asphalt rollers needed to determine the total performed tightenings could be retrieved from 

their production software. The data from the production software can also be extracted into excel 

which is perfect since the database has been developed in excel.  

 
The number of produced asphalt rollers are added into the database by clicking the update function 

button. The database will collect the amount of produced asphalt rollers from the production software 

and it will add any amount since the last time the button was pressed. The number of tightenings that 

each screwdriver performs, when assembling one asphalt-roller, is then automatically multiplied by 

the number of produced asphalt-rollers resulting in the total performed tightenings for each specific 

tool. 
 

The update function is displayed in Figure 14 below: 
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Figure 14. Displaying the update function where the total performed tightenings are 
determined by the number of produced asphalt rollers. 
 
 

The database was firstly prototyped in Google Sheets which is a free spreadsheet-software, very 

identical to Microsoft Excel. Google Sheets have the advantage that it is naturally cloud-based which 

made it a good choice for this project. The prototype and its functions later had to switch from Google 

Sheets to Microsoft Excel to be able to be connected to and integrated to the network at Dynapac. 
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6. ANALYSIS AND DISCUSSION 
 

In the beginning there was a possibility that the project would focus on new screwdrivers, therefore, 

some research was dedicated towards new screwdrivers. The newest technology of screwdrivers could 

be considered a new solution due to their integrated IoT functions. This means that the assigned 

project would then address new/existing needs in the factory and this corresponds to opportunities 

located somewhere between horizon two and three in the uncertainty matrix, see figure 4.  
As the focus of the work later shifted to integrating old screwdrivers into a database, the opportunities 

of the project shifted to somewhere between horizon 1 and 2, i.e. existing solution that’s not used in an 

existing market. This means that the overall risk of the research project was reduced e.g. the new 

screwdrivers might not work as intended. Reduced risk is always a good thing and can save a lot of 

time and money. Shifting the focus of the project wasn’t done with the intention of reducing risk but to 

instead address a more relevant problem to the manufacturing. However, we believe that having 

knowledge about what that shift meant to our project is very important as the reverse implies an 

increase in risk and a threat. 

 
This project started with a discussion at Dynapac where the problem of this project arose. Therefore, 

the first opportunity identification was done with Dynapac. As the project went, on the authors 

iteratively worked through the opportunity and the solution to the problem became clear quite early. 

An explicit opportunity identification was never done consciously and the opportunity was therefore 

collected passively which often happens in projects. 
 
In the beginning of the project there was discussion about whether to develop the database for the new 

screwdrivers or for the old ones. However, as there were almost only old screwdrivers in the SCC 

manufacturing line and only two that had the technology to communicate with a computer the final 

decision was to develop the database around the old screwdrivers. Talking to people at Dynapac about 

this it became obvious that most of the problems surrounded the old screwdrivers as well, e.g. no good 

system for when calibrating the tools. 
 
If the project would focus on connecting the two new screwdrivers to a computer, this would satisfy 

the need at Dynapac to show their customers that sufficient torque had been met at the critical screw 

joints. However, as there was no good basis for regular calibration to all the screwdrivers this would 

cause problems for all the screw joints in the first place. Therefore, the need to have a good basis for 

calibration is greater than the need to show customers sufficient torque at critical screw joints. The 

database solution prevents the root cause of a problem, it is addressing a primary problem in the 

manufacturing at Dynapac. Focusing on the new screwdrivers would be focusing on a secondary 

problem. 
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In our project we started off with a Gantt chart. This gave us a good basis for our project. Since we 

worked with software as a solution in this project the resource allocation only consisted of people. 

During one of the first meetings with Dynapac we got an agreement about using a project room in one 

of their facilities so that we could work in close proximity to the manufacturing line. We also got a lot 

of contacts close to the manufacturing line that could help us if we had any questions. Working so 

close to the manufacturing line and having people to help us if needed is always a huge advantage and 

there will be almost no downtime in the project due to excessive emailing and waiting for responses. 

Since we had tags to enter Dynapac’s facilities this also enabled us to come and go when we needed 

to. 
 
We both thought a lot about the direction of the project and asked ourselves and discussed if we were 

on the right path but never did an extensive reflection in the planning phase, according to Ulrich and 

Eppinger’s suggestion. Projects involving large number of people and more variables are in greater 

need of using this step since a lot more can go wrong. 

 
During a midpoint meeting with Dynapac where we showed our prototype we got some very positive 

feedback and knew that we had interpreted the project in a correct way. The reverse would have meant 

a misinterpretation of the project and that could probably have been prevented in the early planning 

stages of the project. 
 
The needs in our project was from the beginning already translated into specifications. The discussions 

in the meetings, that we had with several people at Dynapac, translated into several specifications that 

were implementable, e.g. the database shall keep track of calibrations done in the past. 
The hardest part of translating needs into specifications are the trade-offs, a lot of times involving cost, 

but since this project consisted of a software solution there were few trade-offs and a QFD was never 

needed. Software solutions such as the one presented in this thesis didn’t require any manufacturing 

cost in contradiction to projects where physical products are created. Few trade-offs and no economic 

analysis resulted in a fast concept development and, later in the research project, fast iteration cycles 

for design, building and testing, which is iconic for software solutions i.e. Quick-Build Products. 
 

A small trade-off in the project occurred while transitioning to a database in Excel instead of Google 

Sheets. The current database in Excel doesn’t update in real time as it would have done in Google 

Sheets. However, an argument can be made that the database doesn’t need to be updated in real time. 

This is because the build-up time for a calibration is long, and the database will indicate ahead of time 

when the tool needs calibration. 
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From the start of the project, the problems that Dynapac had that we were to solve were clear: they had 

too many old screwdrivers which they would soon need to change, no good basis for calibration and 

they could not prove to their customers that critical joints were tightened with enough torque. When 

we got the list of screwdrivers from the person responsible for the calibrations we got more 

information about the problem and the screwdrivers. 

 

We dedicated a lot of resources to external research, the knowledge we have around the subjects 

Industry 4.0, Big Data, pneumatic and electrical screwdrivers, and embedded systems. 
The next step was to search internally. The knowledge we got from the external research was helpful 

here since we now knew the somewhat diffuse goal of a fully developed industry. The first research 

sub-question came from the external research and was therefore also a guideline for us when 

generating ideas in the internal search. We used the regular brainstorming and had an active 

brainwriting board in our workroom that we continuously added ideas to as they came to us. 
 

Our concept selection is based on the needs and specifications discussed in the meetings with Dynapac 

and our interpretation of the problems. We figured this was the right path to take since we both 

worked in Dynapac’s facilities, this enabled us to ask questions to the people we wanted for important 

input e.g. information about the manufacturing line and the screwdrivers. There were several 

conditions for our success but we believe the most important one was us interpreting problems in a 

correct way. 

 

In one of the last presentations at Dynapac we got very good feedback and the present members at the 

meeting were extremely happy about our solution. We believe this is proof that we succeeded with our 

interpretation of the problems, needs and specifications in our project. The feedback from the meeting 

was afterwards translated into the final specifications. 

 

The provided database will make it more efficient for Dynapac to calibrate and keep track on their 

screwdrivers. The main way that our solution help Dynapac save money is the reduction in man-hours 

that are needed to maintain and service all the screwdrivers. When the database has been used for a 

while there will be historical data about the calibrations that can be used to determine which type of 

screwdrivers that should be invested to replace older ones. The database can then be used to save 

money by making the right investments.  
 
There is a total of 10 references used for the findings in this thesis. One could argue that it is on the low 

side, however each reference has been carefully chosen. For every reference we’ve gone through several 
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others to determine and validate the usefulness and correctness of the contents presented. The references 

that are used in this thesis are the ones that deemed the most useful and rewarding to use for this 

particular research. 

 

We believe that our close collaboration with Dynapac has been positive for the outcome of this thesis. 

Being close to the manufacturing made for a better understanding of the problem and if there were any 

uncertainties with anything throughout the project we could just ask the people surrounding the 

manufacturing line for help. By having our own project room at Dynapac and working on site, we could 

easily get in contact with anyone that we needed help from and get a quick response. This way any 

problems or questions that occurred could be solved quickly and the focus could be set on developing 

the concept to provide as much value as possible. 

 

If we had more time for the project we would have liked to research about the possibility to further 

develop the database into a more autonomous solution. Finding out how the data that our solution 

provides can be analyzed to determine the performance of the different screwdrivers and which ones are 

superior to others for certain screw-joints.   
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7. CONCLUSION AND FUTURE WORK 
 

Research questions 
 

1. How can an integrated information flow between tools, machines and humans be 

created, that naturally mimics a social network? 

 
In the beginning there was a possibility that the project would focus on new screwdrivers, therefore, 

some research was dedicated towards new screwdrivers. When the inventorying of the screwdrivers 

was done as well as connecting them to their corresponding workstation in the assembly line, it was 

clear that most of the screwdrivers were older ones. There were only two screwdrivers among the 

electrical ones in the assembly line for the SCC models at Dynapac that could be connected to a 

computer. The company that supplied Dynapac with those screwdrivers explained when contacted; 

that the software that can be run together with the tools can provide the data that is necessary for 

creating an integrated flow of information. The research has also shown that newer electrical tools 

come with the integrated functions and software that is needed for the tools to communicate and work 

together with its surroundings. 
 

2. How can older tools that doesn't’ have modern functions be included in an 

integrated information flow? 

 
Since most of the screwdrivers that Dynapac uses in the assembly are older ones the focus on the 

project shifted from including both newer and older screwdrivers to mainly the older ones. The 

prototyped database provides a digital way of knowing when the screwdrivers have been calibrated 

and serviced. It lays a basis for determining when a screwdriver need to be calibrated and the database 

works with both new and older screwdrivers. Since the functions are based on the number of produced 

asphalt rollers and that the number is taken from the production software, it proves that the 

screwdrivers doesn’t need to have modern functions to be included in a modern solution. The database 

is a great tool for Dynapac to work towards eliminating problems in the assembly line by having a 

greater control over the production. 
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We believe that the result from this thesis proves to manufacturing companies that it is not necessarily 

needed to make costly investments to become more digitalized. It shows that tools that doesn’t hold new 

technology can be included without having to be replaced before reaching its life span. This way 

companies can join new trends early on to become stronger competitors. 

 

The final database has been handed to Dynapac and they are positive about implementing it in their 

system. The solution works for the small assembly line which was the aim of this research project. The 

next steps are for them to complement the data with that of the other workstations which will make it 

work for the whole assembly line. 
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APPENDIX A 
The program file for the macro functions in Microsoft Excel 
 
VERSION 1.0 CLASS 
 
Sub Sortera() 
' 
' Macro that sorts the rows in a descending order based on total performed 
tightenings 
' 
 
' 
    Columns("H:H").Select 
    ActiveWorkbook.Worksheets("Sheet1").Sort.SortFields.Clear 
    ActiveWorkbook.Worksheets("Sheet1").Sort.SortFields.Add 
Key:=Range("H4:H100"), _ 
        SortOn:=xlSortOnValues, Order:=xlDescending, 
DataOption:=xlSortNormal 
    With ActiveWorkbook.Worksheets("Sheet1").Sort 
        .SetRange Range("A4:AZ100") 
        .Header = xlGuess 
        .MatchCase = False 
        .Orientation = xlTopToBottom 
        .SortMethod = xlPinYin 
        .Apply 
    End With 
End Sub 
 
Private Sub CommandButton1_Click() 
' 
' The input text in the reset calibration form is processed and the 
function is executed 
' 
        Dim v As Variant 
    v = Application.Match(TextBox1.Text, Range("B:B"), 0) 
    Dim e As Integer 
    If IsNumeric(v) Then 
        Range("H" & v).Value = 0 
        Range("J" & v).Value = Now() 
        e = Range("I" & v).Value 
        Range("I" & v).Value = e + 1 
        Dim k As Integer 
        k = Range("I" & v).Value 
        Cells(v, 12 + k).Value = Now() & " Calibrated" 
        Unload Me 
 
    Else 
        MsgBox Me.TextBox1.Text, vbExclamation, "No Match Found" 
    End If 
End Sub 
 
Private Sub CommandButton2_Click() 
Unload Me 
End 
End Sub 
 
Private Sub CommandButton1_Click() 
' 
' The input text in the reset service form is processed and the function is 
executed 
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' 
    Dim f As Variant 
    f = Application.Match(TextBox1.Text, Range("B:B"), 0) 
    Dim g As Integer 
    Dim i As Integer 
    If IsNumeric(f) Then 
        Range("H" & f).Value = 0 
        Range("J" & f).Value = Now() 
        g = Range("I" & f).Value 
        Range("I" & f).Value = g + 1 
        Range("L" & f).Value = Now() 
        i = Range("K" & f).Value 
        Range("K" & f).Value = i + 1 
        Dim l As Integer 
        l = Range("I" & f).Value 
        Cells(f, 12 + l).Value = Now() & " Serviced" 
        Unload Me 
 
    Else 
        MsgBox Me.TextBox1.Text, vbExclamation, "No Match Found" 
    End If 
End Sub 
 
Private Sub CommandButton2_Click() 
Unload Me 
End 
End Sub 
 
Private Sub CommandButton1_Click() 
' 
' Macro that finds the corresponding row for the input text and delete the 
row 
' 
    Dim j As Variant 
    j = Application.Match(TextBox1.Text, Range("B:B"), 0) 
    Dim e As Integer 
    If IsNumeric(j) Then 
        Range("H" & j).EntireRow.Delete 
        Unload Me 
 
    Else 
        MsgBox Me.TextBox1.Text, vbExclamation, "No Match Found" 
    End If 
End Sub 
 
Private Sub CommandButton2_Click() 
Unload Me 
End 
End Sub 
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