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Sammanfattning 

Syftet med denna studie var att hitta en metod för att utforska potentialen i att öka effektiviteten i 

en manuell tillverkningsprocess, samtidigt som flexibiliteten och förmågan att anpassa sig till 

förändringar i efterfrågan bibehålls eller förbättras. Studien har genomförts i samarbete med 

Scania CV AB Motormontering i Södertälje, Sverige. Denna explorativa studie har genomförts 

med hjälp av ett ramverk bestående av traditionell kvalitets- och processledningslitteratur, 

tillsammans med teorier om innovationsledning och olika sätt att utforma en produktionsprocess. 

Ramverket utformades genom att fokusera på perspektiv för att förklara utvärdera och optimera 

dynamiken i en manuell monteringsprocess som präglas av stor variation. Ökning av effektivitet 

har innefattat eliminering av slöseri och störningar samtidigt som nya möjligheter för 

kontinuerlig förbättring skapas. Förbättrad förmåga att anpassa sig till förändringar i efterfrågan 

och volym har inneburit omorganisering av informationsflödet. Verksamhet som syftar till att öka 

effektiviteten och behålla eller förbättra flexibiliteten kräver en informationsbas som är tillräcklig 

och möjliggör faktabaserat beslutsfattande. En analys av nuvarande tillstånd utfördes med 

användning av triangulering av metoder. Intervjuer, observationer, fokusgrupper, undersökningar 

och numeriska data analyserades. Kvalitetsledningsverktyg samt vertyg och metoder från Lean 

Management och Productivity Potential Assessment användes för att utveckla en ny metod ör 

utvärdeing anpassad för en manuell tillverkningsprocess för att samla in, bearbeta, sammanställa, 

vikta, prioritera och visualisera processerna och de identifierade utmaningarna. Identifiering av 

förbättringsaktiviteter och utformning av ett framtida läge genomfördes genom omfattande 

intervjuer och fokusgrupper och genom tolkning av relevant litteratur. Kartläggning av nuläget 

genererade fem primära utmaningar som komplicerar det dagliga arbetet på olika sätt. 

Utmaningen som uppskattas ha den högsta övergripande effekten på den studerade processen är 

Time Data Management. Denna utmaning avser bristen på giltiga och korrekta uppgifter för att 

noggrant planera och kontrollera processen. 

Keywords: custom manufacturing, flexibility management, innovation management, lean 

manufacturing, process improvement 
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Abstract 

The purpose of this study was to find a method for exploring the potential of increasing the 

efficiency of a manual manufacturing process while simultaneously maintaining the flexibility 

and the ability to adjust to changes in demand. The study has been conducted in cooperation with 

Scania CV AB Engine Assembly in Södertälje, Sweden. This explorative study has been 

conducted using a framework mixing traditional Quality and Process Management literature, with 

theories of Innovation Management and ways of designing a production process. The framework 

was designed by focusing on perspectives to help explain and optimize the dynamics of a manual 

assembly process characterized by high variation. Increasing the efficiency has included the 

elimination of waste and disturbances while creating opportunities for continuous improvement. 

Improving the ability to adjust to changes in demand and volume has included reorganization of 

the information flow. Activities aimed at increasing the efficiency and improving flexibility 

requires a base of information which is sufficient and enables fact-based decision-making. An 

analysis of the current state was conducted using triangulation of data collection methods. 

Interviews, observations, focus groups, surveys, and numeric data was analyzed. Tools of Quality 

Management, Lean Management, and the Productivity Potential Assessment method were used to 

develop a framework for evaluating a manual production process and aim to collect, process, 

compile, weigh, prioritize, and visualize the processes and the identified challenges. 

Identification of improvement activities and the design of a future state was conducted through 

extensive interviews and focus groups and by interpreting relevant literature. Mapping of the 

current state generated five primary challenges which are complicating the daily work in different 

ways. The challenge estimated to have the highest overall impact on the studied process is Time 

Data Management. This challenge refers to the lack of valid and correct data on which to 

accurately plan and control the process.  

 

Keywords: custom manufacturing, flexibility management, innovation management, lean 

manufacturing, process improvement 

 

 

 

 

 

 

 

 

 

 



4 
 

Acknowledgments 

This study has been conducted in cooperation with Scania CV AB Engine Assembly, in 

Södertälje, Sweden. I would like to thank everyone at the engine assembly plant that has been 

involved in this project and especially the employees of the Marine & Industrial Engine 

Customization department who have offered their full support and answered every question with 

patience and interest. I want to offer a very special thank you to Maria Peterson, Head of Process 

Engineering at Scania CV AB Engine Assembly, for her commitment and support. I would like to 

express my sincerest gratitude to Joakim Tell, program manager, and Rögnvaldur Saemundsson, 

topic examiner, at the University of Halmstad for their support, guidance, and mentorship during 

this project. Thank you to my family and friends for their inexhaustible patience and support. 

 

 

 

 

 

 

 

 

 

Södertälje, Sweden, September 2018 

Elin Ohlsson 

 

 

 

 

 

 

 

 

 

 

 

 

 



5 
 

Glossary 

Abbreviation Swedish  English Description 

DCMP Måleri Lastbil & Buss Truck & Bus 

Painting 

 

DECMS Inbana Engine Delivery  

DEEA Måleri Industri & 

Marin 

Industrial & 

Marine Painting 

 

DEEA-MK / MK Marinkompletteringen Marine & 

Industrial Engine 

Customization 

 

D12  Motortyp för raka 

motorer 

Engine type for 

straight engines 

 

D16 Motortyp för V 

motorer 

Engine type for V 

engines 

 

LVP / Pop-ID Lågvolymsplock 

 

 

Low Volume 

Material 

Collection 

Inventory with low 

consumption. The material 

is collected in a pallet and 

sent to the Marine & 

Industrial Assembly 

SPS Scania 

Productionssystem 

Scania Production 

System 

 

Q-Zone Q-Zon  Quality Control Zone 

within DEEA-MK 
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1 Introduction 

This chapter presents the background to this study conducted at Scania CV AB in Södertälje, 

Sweden. The problem description will introduce the challenges currently facing the studied 

process. The purpose will introduce the objectives and the research questions will further define 

the direction of the study. The empirical context including company information, limiting, and 

restricting factors such as limitations and delimitations are explained in the Methodology 

chapter.  

1.1 Background 

The current pace in which the industry is changing requires focus on exploiting current products 

and markets while at the same time exploring new emerging markets in order to survive in the 

long-term. The key to long-term success of companies is dependent on the quality of being 

ambidextrous. To stay competitive in the short-term as well as in the long-term, organizations must 

be ambidextrous when it comes to Innovation Management, Strategic Management, and Process 

management. The general definition of ‘Ambidexterity’ is the ability to use both the left and the 

right hand equally well. In a product and business development context, however, does the term 

have a related but more complex definition. Ambidexterity in relation to organization of innovation 

implies the ability to focus on different strategies and do it equally well. Birkinshaw and Gibson 

(2004) define Ambidexterity as a company’s ability to execute today’s strategy while developing 

tomorrow’s simultaneously.  

Ambidexterity is a principally strategic concept and is most commonly discussed, analysed, and 

applied on a higher strategic and/or organizational level. On this level, two types of ambidexterity 

are dominating. Structural ambidexterity is an approach to reach ambidexterity by letting different 

business units focus on exploration or exploitation (Birkinshaw & Gibson, 2004). Contextual 

ambidexterity is a way “to simultaneously achieve alignment and adaptability at a business unit 

level” (Birkinshaw & Gibson, 2004). Contextual ambidexterity, in contrast to structural 

ambidexterity does not involve separation of exploration and exploitation in different business units 

but is a way of integrating both activities in the same business unit.  

In contrast to traditional research within the area of ambidexterity, this study aims to operationalize 

the strategic concepts of ambidexterity. This is done by applying ambidexterity on an operational 

level in a away that is different from both structural and contextual ambidexterity. On a strategic 

level ambidexterity is the ability to manage, or “master” as Birkinshaw and Gibson (2004) express 

it, both alignment and adaptability. (Abernathy, 1978) argues that the long-term competitiveness 

of a business is dependent on their ability to increase their efficiency while simultaneously be 

innovative. Translating this to ambidexterity in an operational context result in the concepts; 

flexibility and efficiency.  

Applying ambidexterity on an operational level, as is the case of this project studying a manual 

manufacturing process is an unusual way of studying ambidexterity. In the context of a manual 

manufacturing process, it is an interesting perspective and offer potentially new ways of solving 

the efficiency versus flexibility dilemma. Implementing ambidexterity on an organizational level 

using the efficiency and flexibility concepts is a way of achieving ambidexterity of a higher level.  
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On an operational level, ambidexterity requires two contradictory activities. Exploitation of the 

past and current competencies is required while at the same time exploring new capabilities. Both 

exploration and exploitation include elements of innovation. Exploitation usually result in 

incremental innovation while exploration means more radical innovation. It is important to focus 

on the process, which is a tactical and operational issue while at the same time focusing on the 

outcome, which is a strategic issue. There should be an iterative process of feedback between these 

activities resulting in continuous learning and improvement.  

The need for improving efficiency is steadily increasing, especially in the manufacturing industry. 

The most common solution is standardization of products and processes. Such variation-decreasing 

activities also affect the innovation processes and ultimately the organizations dynamic capabilities 

(Benner & Tushman, 2003). In cases when the process must accommodate variation in products 

and volume, traditional process management methods are not enough.  

There is also a trend showing an increasing customer demand for customized products requiring a 

flexible production process. Another trend is the continuously increasing level of customization 

generating more variation and more uncertainty. Scania CV AB is the perfect example of a 

company with successful implementation of traditional quality and process management methods.  

Lean Management constitutes the core around which the company has created its own production 

system called Scania Production System (SPS). The current system is efficient in managing line 

production. The challenge lies in the need to simultaneously be efficient and flexible. This happens 

when products deviate beyond what can be managed by line production which is the case for all 

customized products. Scania is meeting the demands for customization by having a manual 

production process as a supplement to line production. This manual production process is a 

customization process and will be the focus of analysis throughout this project. Analysis of regular 

production will be excluded in this project1.  

Being efficient is generating as much output as possible, while still meeting the demands of quality, 

with as little resources as possible. There are multiple ways of improving the efficiency. 

Continuously reducing waste, limit variation, or implementing Just-In-Time are a few examples. 

Lean Management is a philosophy offering ways to become more efficient.  

Flexibility in a general perspective refers to the ability to react efficiently. It requires change to be 

managed as fast and with as little resources as possible. The definition of flexibility in relation to 

different fields varies. The need for flexibility can occur in different levels of the organization, and 

different definitions and approaches applies depending on whether the context is economic, 

organizational, or operational. However, in this study focus will be on flexibility on the operational 

level referred to as manufacturing flexibility which is part of operational flexibility. Flexibility in 

a manufacturing context can be defined as “the ability to adopt to changes in the environmental 

conditions and, in the process, requirements” (De Toni & Tonchia, 2004). More specifically, 

flexibility in this study refers to the traditional perspective of flexibility meaning the ability to 

adjust to changes in current production processes such as volume, material, and products as well 

as the ability to adjust to uncertainty that comes with new and constantly changing customer 

demands. Flexibility refers primarily to the ability to adopt to changes in volume or between 

different products in the current product portfolio. Along with the traditional components of 

flexibility and variation, this project will specifically focus on the need for the customization 

process to be flexible in terms of new products as the effects of new or changing customer demands.  

                                                         
1 Read more about this in the Delimitations chapter.  
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Improving efficiency in a manufacturing process is more straightforward than improving 

flexibility. That does in no way mean it is easier. To be both efficient and flexible at the same time 

is a challenge for most manufacturing companies. It requires an ambidextrous approach where the 

variation in customer demands and the organizational needs to operate efficiently must be managed 

simultaneously and equally well.  

The purpose of the study is to fill a gap in current ambidexterity and process management literature. 

There is currently a gap when it comes to how to apply ambidexterity in a concrete way on an 

operational level such as a manufacturing process. To answer the research question, a new 

framework was developed. The new framework works to create and extensive knowledge base of 

a complex processes that can be used to improve efficiency and maintain flexibility.  

1.2 Problem Description 

The generic problem to be investigated is the difficulty and potential of balancing flexibility and 

efficiency in a customization process. A customization process with variation of different types is 

considered an unstable environment. More specifically, this project focuses on how to improve the 

efficiency of a process which also must be flexible and is characterized by a high level of variation. 

Changing a process in a stable and predictable environment often only requires incremental process 

innovation. Changing an unstable and unpredictable process requires what within Innovation 

Management literature is referred to as Ambidexterity (Benner & Tushman, 2003). An organization 

is recommended to devote resources to simultaneously work on incremental and radical innovation 

to remain sustainable in the marketplace.  

The main problem is that efficiency and flexibility from a process management perspective are 

each other’s opposites. To increase efficiency, one must reduce the flexibility. To increase 

flexibility, efficiency must pay the price. This is an issue that still must be managed for an 

organization to remain successful in a long-term perspective. This generic problem can be 

understood and solved by studying a concrete example of the generic problem.  

The Marine & Industrial Engine Customization department (DEEA-MK) is a sub-department 

within the Scania Engine Assembly plant in Södertälje, Sweden. DEEA-MK (from now referred 

to as MK) is characterized by manual work with a high level of variation in products (engine types 

and models), material, and volume. MK is the area to which some engines go straight after leaving 

the production line, and before going to the test area. The engines being routed though MK has 

special requirements which the regular production line cannot meet. MK has a manual workstation-

based production flow. The department has five workstations and has limited flexibility in adjusting 

the area and workforce to changes in demand. However, it is flexible in the sense that it has the 

potential to execute a wide range of assembly activities. The unevenness of the flow of input puts 

pressure on the process. More information about the empirical context including company 

information, delimitations,  and limitations can be found in chapter 3.2 Empirical Context.  

The production process within MK is a concrete example of the previously presented generic 

problem. What adds to the already challenging situation is the trend showing customer demand for 

customization is expected to increase in the coming years requiring a higher level of flexibility. 

Constant changed in demand and the resulting variation means a wider range of material and tools. 

These factors require more flexibility to adjust and adapt to the changes along with more efficient 

use of resources within MK.  
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1.3 Purpose & Research Questions 

The purpose of this study is to understand how to balance flexibility and efficiency in the context 

of a manual manufacturing process with a high level of variation. To fulfill this purpose, the study 

intends to develop a framework for evaluating and improving complex processes with manual 

characteristics and a high level of variation. Improvements are primarily meant to affect the 

efficiency. Efficiency improvements must be made in such a way that it does not affect the 

flexibility requirement. The goal with this method is to increase the understanding of such 

manufacturing processes and thereby improve it by enable ambidexterity on an operational level. 

Ambidexterity on an operational level refers to the balance between flexibility and efficiency.   

Problem formulation, purpose, and delimitation can be concretized with the following questions: 

- How can a manual production process be evaluated to enable increased efficiency without 

reducing flexibility? 
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2 Frame of Reference 

This chapter presents the theoretical framework used to for analyzing and describing the current 

situation as well as designing a future state. Literature has been chosen based on its relevance to 

the general problematization and to the context in which the study has been conducted. Four main 

theories have been used. Below figure shows what theories where used when, for what purposes, 

and to answer which research questions.  

Innovation management is a part which has influenced the study and analysis rather than being 

active in generating the results. Particularly process innovation has played an important role in 

understanding the problem and how to do things differently to improve efficiency while at the same 

time accommodate flexibility in adjusting to changes in volume and changes that comes with new 

and unexpected customer demands. Ambidexterity literature has played an important role in 

developing the problematization and used through the entire research process. Theories related to 

production design has helped creating and understanding for the current situation as well as 

generating suggestions for improvement. Process management literature has been a crucial part 

of understanding the challenges that comes with a manual customization production process. Lean 

Management theories has been used as a tool to analyze the current situation and challenges and 

its structure has been used to present the results. Information management literature is an 

important part of the solution and has primarily influenced how the customization process can be 

improved regarding both improving efficiency and maintaining flexibility.   

 

 

Figure 2.a: Theoretical framework in relation to purpose and research questions. 
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2.1 Ambidexterity 

The long-term success of companies is dependent on the quality of being ambidextrous. To stay 

competitive in the short-term as well as in the long-term organizations must be ambidextrous when 

it comes to Innovation Management, Strategic Management, and Process management.  

 

 

Figure 2.b: Innovational Ambidexterity. A framework based on Birkinshaw &  

Gibson (2004) and Benner & Tushman (2003) 

 

The general definition of ‘Ambidexterity’ is the ability to use both the left and the right hand 

equally well. In a product and business development context, however, does the term have a related 

but more complex definition. Ambidexterity in relation to organization of innovation implies the 

ability to focus on different strategies and do it equally well. Birkinshaw and Gibson (2004) define 

Ambidexterity as a company’s ability to execute today’s strategy while developing tomorrow’s 

simultaneously. Benner and Tushman (2003) present research showing that an ambidextrous 

organization provides dynamic capabilities that allow an organization to exploit their current 

market and technologies simultaneously as well as explore new markets and technologies. 

There are many concepts related to organizational and managerial ambidexterity. Ambidexterity 

includes activities that are important to be competitive now and to stay competitive in the future. 

Research has shown that there is a strong relationship between ambidexterity and business unit 

performance. There is a correlation between strong social support when utilized with performance 

management (Organizational Context) and alignment when utilized with adaptability 

(ambidexterity) (Birkinshaw & Gibson, 2004). They are dependent on each other for the 

organization to reach the “High-Performance Context”. Social support and performance 

management are crucial factors to utilize for an organization to reach a “High-Performance 

Context”. In other words: support and performance management enable ambidexterity.  
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It is not an easy task to structure, organize and support the organization in a way that enables 

innovational ambidexterity. Those are merely enabling factors. For an organization to become 

effectively ambidextrous, it also must have a strategy that is compatible. Cooper (1999) talks about 

two types of success factors for product innovation; “Doing the right projects” and “Doing projects 

right”. These two statements indicate a need to focus on the process, which is a tactical and 

operational issue while at the same time focusing on the outcome, which is a strategic issue.  

2.1.1 Innovation Management 

Innovation management includes two different types of contradictory focus areas. Exploitation 

means building on the past and current competencies (Benner & Tushman, 2003). Exploration 

means breaking with the past and develop fundamentally new capabilities. Benner and Tushman 

(2003) suggest that an organization must focus on process efficiency and innovate at the same time.  

Innovation management provides methods and tools to create strategies enabling the organization 

and its managers to act on internal or external opportunities proactively. Innovation Management 

is related to both the management of innovation and change management and refers to the 

innovation of product, process, business, and organization. Process innovation is an activity which 

intensifies later in the Product Life Cycle (PLC) and will, due to the process approach of this study, 

be the primary focus. 

Innovation is the utilization of new knowledge to offer a new product or service fulfilling a 

customer need or want (Afuah, 2003). It is driven by the ability to see connections, to spot 

opportunities and to take advantage of them (Tidd, et al., 2005). It is a new way of doing things 

which can be applied to both technologies and processes with the goal to achieve a competitive 

advantage (Porter, 1990). A new product design, production process, or marketing approach all 

illustrate innovation. Innovations can be incremental or radical. From the emergence of a new 

technology or product, there is a natural shift from product innovation to process innovation and 

incremental refinements (Benner & Tushman, 2003).  

2.1.2 Strategic Management 

Strategic Management includes two different strategies. Adaptability is the organization's ability 

to adapt to changes in the environment quickly and to utilize the opportunities given (Birkinshaw 

& Gibson, 2004). Adaptability is crucial for success in the long-term. Alignment is another 

important strategy, which optimally utilized, will ensure that the activities throughout the 

organization are aligned with its core values. Ambidexterity of alignment and adaptability can be 

reached through two different approaches; Structural & Contextual Ambidexterity, that also should 

be combined to reach a higher level of ambidexterity. Structural and Contextual Ambidexterity will 

be described later in this lecture.  

2.1.3 Process Management 

Process Management characterizes the organization as a “system of interlinked processes” (Benner 

& Tushman, 2003) which builds on the Total Quality Management programs. Process management 

is vital to keep high quality and to stay efficient. This is however somewhat of a hindering factor 

for innovation and thereby long-term success. That is why this concept includes different 

objectives. On the one hand, organizations must find a balance between exploration and 

exploitation, but at the very same time have efficient process management and control. Process 
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Management in this context involves managerial activities such as mapping and improving 

processes as well as ensuring compliance with the changes.  

2.2 Process Management 

A process is a series of activities repeated over time. The activities are executed in a specific order 

creating a flow. A process could have input such as information or material and output such as 

products or services. Process management includes activities with the purpose of create an 

understanding for the process its context which serves a base for process improvement. Benner & 

Tushman (2003) argues that process management includes the three main activities of mapping, 

improving, and adhering to systems of improved processes. IBM begun using process management 

in s four step sequence (Bergman & Klefsjö, 2012): 

1. Organizing improvements by defining ownership 

2. Understanding the process by defining the interface, identifying customers and suppliers, 

and documenting the workflow 

3. Control the process by determining measurement points and measuring them regularly 

4. Improve the process continuously by using the information from the measurements to 

improve the process. 

It is important to use process management as an analysing tool for several reasons. Process 

Management activities can work enabling for certain types of innovation but hindering for others 

(Benner & Tushman, 2003). Process management can help the decision-making process of 

determining what projects to focus on by making the resource allocation more stable. 

Benner & Tushman (2003) argues that process management is important for creating an 

organizational focus which should improve the understanding of the existing customers which 

could promote exploitation and incremental innovation. All the while process management could 

improve an organizations ability for exploitation; it could also reduce its exploratory ability. 

2.2.1 Definitions of Quality  

Sandholm (2001) defined the Quality of a product as its” Suitability for use”. Quality has developed 

over time and has become a much wider concept than just Product Quality. Total Quality 

Management (TQM) is a product of this development of Quality concept.  

TQM is a Management Strategy also referred to as Offensive Quality Management because of its 

extensive Customer Focus. A prerequisite for successful TQM is a corporate management with an 

ambition to achieve quality throughout the entire organization. TQM has five important elements 

which are “Customer Focus”, “Process Focus”, “Fact-based Decision-making”, “Continuous 

Quality Improvement”, “Create Conditions for Employee Involvement” and “Committed 

Management” (Bergman & Klefsjö, 2012). 

Customer Focus applies to both external and internal customers. Quality can be perceived very 

differently between individual customers. To ensure a customer focus the customer and their needs 

must be understood. The needs of the customers should be analyzed from their perspective to 

identify the needs that they, themselves, did not yet know existed. (Bergman & Klefsjö, 2012). 

Working with processes and having a process perspective on activities offers insight required to 

understand the process. Understanding the process and its stakeholders is crucial for its 

improvement and for reducing waste. To base decisions on facts is to actively analyze relevant 
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information before and during a decision-making process. A fact-based decision-making strategy 

is important from a product development stage all the way through manufacturing, delivery, and 

customer support. Those who stop getting better will soon stop being good. Continuously 

improvement of quality leads to opportunities for producing more and better with less resources 

and unnecessary costs. A higher level of quality will reduce the number of mistakes and errors 

along with the costs associated with those mistakes. A person who does not have the information 

cannot take responsibility. A person who has information cannot fail to take responsibility. 

(Carlzon 1985 referenced in Bergman & Klefsjö 2012). Employees with knowledge and insight of 

why they perform work tasks generally perform better. Finally, TQM must be built on a foundation 

of a committed management (Bergman & Klefsjö, 2012). Managers and supervisors must be 

involved in the work, have credibility, possess communication skills, and be a good example to 

their employees. When managers and supervisor possess these traits, it makes the employees feel 

valued and secure in their role while maintaining faith in the organization.   

2.2.2 Flexibility Management 

Flexibility is defined as “the ability to change or react with little penalty in time, effort, cost, or 

performance” (De Toni & Tonchia, 2004).  Literature on strategic, operational, and manufacturing 

flexibility is wide and definitions, approaches, and scope varies. The need for flexibility can occur 

in different levels of the organization, and different definitions and approaches applies depending 

on whether the context is economic, organizational, or operational. However, focus will be on 

flexibility on the production level referred to as manufacturing flexibility which is part of 

operational flexibility. Mapping (Benner & Tushman, 2003) and creating an understanding 

(Bergman & Klefsjö, 2012) for the situation are essential activities and play an important role in 

managing flexibility and increase the organizations ability to adjust to changes.  

Flexibility in a manufacturing context means “the ability to adopt to changes in the environmental 

conditions and, in the process, requirements” (De Toni & Tonchia, 2004).  That includes the 

demands of the market and exploitation of opportunities offered by technological innovations. The 

environmental uncertainty of which the organization is subject to must be understood to meet the 

demands of manufacturing flexibility. Garvin (1987 referenced by De Toni & Tonchia, 2004) 

distinguish various types of flexibility in relation to such environmental uncertainty. 

Table 2.a: Types of Flexibility in Relation to Environmental Uncertainty 

Type of Flexibility Description 

Material Ability to unexpected variations in inputs 

Volume Ability to deal with variations in demand 

Products Ability to meet the demands of the market in terms of product 

specifications 

Mix Ability to meet the market’ requirements in terms of variety of 

products supplied in a certain time 

Change-Over Ability to vary the production mix, in relation to the life cycle of the 

single products 

Standard Cycle The number of possible routeing options 
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Note: The table shows different types of flexibility in relation to environmental uncertainty based on Garvin (1987 

referenced by De Toni & Tonchia, 2004). 

2.2.2.1 Toyota Production System Deployment on A Flexible Process 

Many companies that cannot check the boxes for high volume and high level of standardization 

have struggled or failed with implementation of Lean and TPS. Lander and Liker (2007) believe 

the problem lies in the perception of TPs as a toolkit rather than a philosophy with tools as an 

integral part of a wider system (Suzaki 1987, Shingo & Dillon 1989, Monden 1993, referenced by 

Lander & Liker 2007). Companies operating with high variability and low volume can apply the 

same TPS thought process but must adjust and customize it to the particular conditions and 

environment within which the organization operates (Lander & Liker, 2007).  

Research conducted on the application of TPS as a philosophy with tools as an integral part of a 

wider system in a low volume – high variability environment shows major improvements in 

performance and waste reduction (Lander & Liker, 2007). The study implemented a continuous 

improvement system with the purpose to support the people in the process on their daily efforts to 

improve their jobs.  

  

Figure 2.c: Continuous Improvement System based on (Lander & Liker, 2007) 

A no-blame environment along with a willingness and feeling of urgency to make things better 

where problems are seen as opportunities for improvement is necessary to ensure that people can 

experiment and make mistakes as they learn. Visual systems and standards are important to 

highlight problems and promote a shared understanding of the current situation. Together, these 

factors form a structured process for continuously working with improvements to ensure that 

results are consistently good. Yet another desired result is the way to capture knowledge to ensure 

that individual learning results in organizational learning.  
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2.2.3 Just-In-Time 

Just-In-Time (JIT) is an approach where material or products are delivered at the exact time they 

are needed, in the required quantity to meet the demand (Ruffa, 2008). JIT is different from batch 

production where products or material is made in larger quantities. JIT can be related to Just-On-

Time when upstream activities are conducted right before downstream activities, in a time specific 

sequence. Key elements of JIT are Volume, Variety, & Flow, pull, standard work, and takt time.   

2.2.4 Push & Pull 

Push and pull are two very different ways of manufacturing. Pull is also referred to as “Make To 

Order” while push is referred to as “Make To Stock” (Chiarini, 2012). Pull means that everything 

produced should start with a demand downstream (Womack & Jones, 2003). Pull logic should start 

with the demand for a real product from a real customer. Pull systems are suitable for mass 

production with little variation in demand and/or product (Chiarini, 2012). This demand should 

trigger activities throughout the production process in a backwards manner until the product finally 

reach the customer (Womack & Jones, 2003). Push is a way of synchronizing work using a top-

down system for schedule control (Ruffa, 2008). Push is based on sales forecasts and material is 

pushed though the manufacturing process (Chiarini, 2012).   

2.2.5 Learning Curve for Manual Assembly 

The learning curve visualize the process every operator must undergo to become sufficiently 

proficient in their work. Assembly speed and output quality is related to the different phases the 

operator pass through while learning a new task. The learning process for an operator that is new 

to a task generally follows three phases (Gustafsson, 2008) described in below chart. 

 

Table 2.b: Phases of The Learning Curve 

Phase Description 

Cognitive Phase Focus on processing information in relation to new tasks from an 

intellectual perspective and requires time and an ability and a will to 

understand. Focus is on activities and movements. The most common 

way is to observe someone else doing the task to find the most efficient 

way.  

Associative Phase Focus on finetuning the movement patterns which are improved with 

every repetition or cycle. 

Autonomous Phase When reaching this phase, the operator is starting to become 

independent in performing the task. The working process should flow 

without the operator having to focus on the movement pattern learned 

in the previous phases. 

 

As the operator progress along the learning curve, he/she becomes more comfortable with the tasks 

and the uncertainty decreases. As seen in Figure 2.d: Learning Curve. Based on , learning time and 

number of work cycles influence the cycle time. The speed of conducting the work task increase 

by the number of repetitions.  
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Figure 2.d: Learning Curve. Based on (Gustafsson, 2008) 

2.3  Production Design 

All manufacturing systems or production processes begin with and require specific input material 

(Mahadevan, 2010). A production process is the system of equipment, workforce, instructions, 

material, and work and information flow that are utilized to produce a product or service (Utterback 

& Abernathy, 1975). Depending on the nature of the flow, there are different options of how to 

design the manufacturing process. Mahadevan (2010) highlights the need first to identify the nature 

of the flow to understand the process choices available for each category of flow. The production 

process tends to pass through a few significant stages ranging from a fluid form to a systematic 

form. Hayes & Wheelwright (1979) claim these of stages to correlate with the product-process life 

cycle.  

2.3.1 Volume, Variety, & Flow 

There is three crucial aspects of vital importance and influence on the manufacturing process 

Mahadevan (2010). Volume, variety, & Flow are determinants of process characteristics. Volume 

and variety generally have an inverse relation. High volume in production often correlates with 

fewer variation. On the contrary, a high variation in products often correlates with a low production 

volume for those products. Volume and variety affect the flow patterns in the manufacturing 

system.  

Volume defines the average quantity of products which are produced in a manufacturing system. 

The volume varies depending on where the product is in the product life cycle and how that can be 

accommodated by the maturity of the process indicated by the process life cycle. Different products 

have different prerequisites.  

Variety refers to the number of alternative products and variants of products which are produced 

in a manufacturing system. Variation can exist between different types of products but can also be 

found in products of the same type, but with different options. Variation in products or models 

correlates to variation in the manufacturing process. A high level of variation usually equals more 

requirements in resources, materials, competence, and process stages in the production process. 

High variation often results in a more complicated process with an increased need for adequate 

operation management processes.  
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Flow indicates the nature and intensity of the manufacturing process.   

 

  

Figure 2.e: Relationship between volume & variety. Based on (Mahadevan, 2010).  

2.3.2 Production Systems 

Hayes & Wheelwright (1979) presents a strategy which can be used to plan and organize the 

manufacturing functions using different production systems depending on the product structure 

and position in the life cycle. The strategy is based on the correlation between the Product Life 

Cycle and the Process Life Cycle. The process structure on the left side of the figure below 

represents the significant trends a production process tends to pass through in relation to were in 

the product life cycle the product is (Hayes & Wheelwright, 1979). The application of the four 

different categories of process structures are related to which product structures they must support. 

The different process structures have different requirements in production layout (Hammar & 

Henriksson, 2016). The figure shows two extremes (marked grey) on each side of the diagonal 

corners; a product structure with a high volume and high standardization combined with a Jumbled 

Flow, and a product structure with a low volume and low standardization combined with a 

Continuous Flow. These two combinations are not applicable (Mahadevan, 2010). 

As the product and its market evolves and develops over time, so does the process for providing 

the product. In the fluid beginning of the Product Life Cycle, the innovation is often radical with 

many different designs. Many small firms are competing about the early adopters and the early 

majority that are interested in their products. The process at this stage is flexible but inefficient. 

The process then follows the evolution of standardization, mechanization, and automation. As the 

process is changing in this direction, it becomes more cost efficient but less flexible.  
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Figure 2.f: Product Process matrix. Based on (Hayes & Wheelwright, 1979) 

Hayes and Wheelwright (1979) described four different process structures. A continuous flow is 

advantageous for high volume and standardized commodity products (Hayes & Wheelwright, 

1979). The production process in a continuous flow is sequential, and the required resources are 

organized in stages throughout the system (Mahadevan, 2010). A connected line is usually the 

option when the company is moving towards automation and standardization and limit their 

offering to only a few models (Hayes & Wheelwright, 1979). By only offering a few models, the 

option of a connected or moving assembly line can be utilized. Mahadevan (2010) presents the 

Intermittent Flow and categorize it by mid-volume and mid-variety systems and process designs. 

It lies in between the Disconnected Line Flow and the Connected Line. In an Intermittent flow, the 

manufacturing resources are being shared by a group of products. A disconnected line flow is 

preferable in an organization with multiple products, often offered as basic models with different 

options to choose from (Hayes & Wheelwright, 1979). This type of disconnected flow can appear 

as batch production or as a low volume assembly line.  

The production process in a jumbled flow is characterized by having its lack of standards and the 

complexity of its flow patterns (Mahadevan, 2010). The reason for this is the unique process design 

for each product or customer order. A jumbled flow or job shop is often chosen as the production 

system when the products being produced has no or a low level of standardization (Hayes & 

Wheelwright, 1979). A jumbled flow is advantageously used when the process is complex, and 

every order has unique features to it (Mahadevan, 2010). Hu et al. (2011) argue manual assembly 

is the most cost-effective in a high variety context. When the products and production process are 

non-standard, there is no benefit in trying to use batch or repetitive production methods. 

Customized Manufacturing Systems is an example of a Jumbled flow where the volume does not 

have to be low, and the variation can be high. This is somewhat contradictory to the model by 

Hayes and Wheelwright. However, Hayes and Wheelwright (1979) argue that an organization can 

go “off the diagonal” which means that the production process does not have to follow the diagonal 

path but can deviate somewhat in either horizontal or vertical direction.  
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Customized Manufacturing Systems  

A customized manufacturing system is one example of a jumbled flow (Mahadevan, 2010). The 

volume of each product can be very low, but the overall volume and variety can be high. Each 

variation could require different processes resulting in a highly jumbled flow. A customized 

manufacturing system is also referred to as a job shop system where machines of the same type are 

grouped. This grouping of machines is done to make the production more cost-efficient even if it 

means it is not an optimal flow of production for some products.  

A Job Shop system creates management challenges due to the elevated operational complexity. 

Mahadevan (2010) present capacity management as the most significant issue. Different products 

or orders require different levels of capacity, of which estimation is hard to make. The second issue 

is managing the operations in the manufacturing system. The jumbled character of the 

manufacturing process results in poor visibility, hiding problems, and backlogs. There are ways to 

manage the issues related to the job shop system. Proper scheduling and process inventory 

management practices are crucial. So is cost accounting and estimation systems due to the constant 

need to queue specific products and orders.  

 

2.4 Information Management 

Valid time data is a crucial factor for efficient resource utilization in a manufacturing process 

(Hedman & Almström, 2017). It directly influences planning and it controls quality. Planning and 

control are the most important factors in improving the performance of manufacturing processes 

(Wacker & Sheu, 2006). A reason for operational inefficiencies is production planning and control 

based on inaccurate input data (Saenz de Ugarte, et al., 2009). Ivert (2012) emphases the 

importance of accurate and consistent high-quality data for planning activities as well as 

optimization projects.  

2.4.1 Lean Information Management 

Most every process throughout an organization is dependent on some sort of information to be able 

to perform its tasks. The principles of Lean can be applied to any system or process and is especially 

suited for Information Management (Hicks, 2007). The only limitations are the ability to identify 

waste and define value. The purpose of Information Management within an organization is to 

ensure that the information is valuable and used in an efficient way. Efficiency in Information 

Management refers to a process objective where the information is optimally produced and that its 

full potential is exploited. Information Management involve adding value to information by virtue 

to how it is organized, visualized, represented, and by enabling information to flow to the end-user 

through the organizational processes. 

Table 2.c: Principles of Lean Information Management 

Principle   Description 

Principle 1 Value Information and functionality must provide value to the end user. 

Only manage valuable information that supports the core 

business activities 
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Principle 2 Value Stream Map series of processes and activities that deliver information. 

Integrate processes that support Information Management 

Principle 3 Flow Information should be available as soon as it is generated. 

Information processes and support processes should work in the 

simplest way on the shortest possible time. Minimize duplication 

of information and efforts as well as out-of-date information 

within the organization, across departments, and customers and 

suppliers.  

Principle 4 Pull Information should only be delivered, as the users demand it. 

Interfaces, methodology, and procedures need to be consistent 

across the organization.  

Principle 5 Continuous 

Improvement 

Regularly review infrastructure and processes such as 

information systems, business processes, and processes that 

support products. Support rapid implementation and integration 

with the business processes.  
Note: The table shows five principles of Lean Management. (Hicks, 2007) 

2.4.2 Time Data Management 

Time data management (TDM) is a term for determination, application, and administration of time 

data in manual assembly. TDM include how the actual time durations of operations capture the 

current work content and how it is reviewed (Hedman & Almström, 2017). This is described by 

the two attributes ‘correctness of time data’ and ‘review of correctness of data’. Focus is on the 

accuracy of data. A major challenge for manual assembly is the variation in operation times. Every 

change in product and/or process affect the operation times.  

Kuhlang et al. (2014) argues that companies perceive time data management functions as time- and 

cost-consuming and therefor hesitate to implement such functions. Time data are often assumed to 

be already existent and little focus has been on how time data is determined (Kuhlang, et al., 2014). 

Research conducted by Almström and Winroth (2010) show a striking difference between time 

data in systems for material planning and control (MPC) and the actual operation times. The 

operation time used as input data is often incorrectly determined and updated only by 25% of the 

studied companies once the data had been inserted into the system (Almström & Kinnander, 2011). 

Overestimation of data quality and underestimation of the impact of inaccurate data risk 

compromising the performance of manufacturing companies (Hedman & Almström, 2017). Many 

planning processes lacks adequate technological and methodological support (Schallow, et al., 

2012). The result is manual opposed to automated, transaction of information and data. The 

information is often paper-based and distributed manually which is time-consuming and comes 

with risks of information getting lost (Saenz de Ugarte, et al., 2009).  

2.4.2.1 Predetermined Time Systems 

A predetermined time system is a motion-based technique estimating time standards in a consistent 

manner. Manual activities are measured with actual operation times as the outcome. The activities 

are measured based on how long they should take to perform, not how long they took. 

Predetermined time systems consider time required for an average skilled operator, working at a 

normal pace, to perform a specified task using a prescribed method, allowing for personal needs, 

fatigue, and delay (Zandin, 2001). There are many methods for measuring work tasks this way. 
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The most commonly used is the Methods-Time Measurement (MTM) and the Maynard Operation 

Sequence Technique (MOST). Another system based on MTM, called MTM-SAM, which is less 

detailed and less time-consuming, is the most established method in Sweden (IMD, 2004). Using 

a less detailed system require a trade-off between accuracy and effort. The difference of the effort 

required for time determination between MTM and MTM-SAM is 1:200 and 1:25-30. The 

translation of the ratio is one minute of activity either takes 200 minutes (MTM) or 25-30 minutes 

(MTM-SAM) to break down.  

Deviations found between planned assembly time and the actual assembly time generated by using 

a Predetermined Time System indicate Waste Elimination within the assembly process.  

2.4.2.2 Knowledge-Based Estimation of Manufacturing Lead Time 

There are different ways of managing the variation and changes in operation time in manual 

assembly processes. Mourtzis et al. (2014) presents a methodology the experience of the operators 

is the basis for estimation of manufacturing lead time. This knowledge-based estimation of 

manufacturing lead time is primarily used in production of highly customized and engineered-to-

order products. Knowledge generated and related to products and processes are confined to a 

specific operator. The accuracy of data based on such empirical estimations can be questioned and 

the reusability restricted to each individual. Significant deviations related to accurate lead time 

estimations are a major issue with this type of data collection.  

2.4.2.3 Software 

Another way is implementing a software with the ability to control, mine and, manage data crucial 

for manufacturing planning and control. A research project conducted by Chalmers University of 

Technology in cooperation with two external companies studied the life cycle of operation times 

in production planning and control using a holistic approach (Hedman & Almström, 2017). The 

final result was the development of a tool (from now referred to as TDM IT) based on a Digital 

Manufacturing (DM) concept for planning and control incorporating continuous improvement 

features. Main functionalities of the software are the acquiring and managing shop-floor data used 

for process planning. The system integrates planned and actual values. The planned values 

represent time data determination, pre-processing, and application while the actual values represent 

the control part which is actual order execution times and disturbances. 
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3 Methodology 

This chapter describes the strategies, processes, and methods used to answer and fulfil the purpose 

of this research study. Due to the qualitative nature of this study, focus has been on letting facts 

speak and ensuring the facts are accurate by using different methods to obtain the same 

information. 

The study has been conducted using a Qualitative Research Method. Action Research is a Research 

Strategy within the Qualitative Research approach where the researcher takes part in the research 

process. While the study has been designed and conducted using a Qualitative Research Method, 

both Qualitative and quantitative data collection methods were used. Both data collection methods 

are compatible with an Action Research Strategy.  

Relevant literature and research related to the topic was analysed. For the problem in this study 

to balance efficiency and flexibility, current literature focuses on standardization. Current 

literature does not offer a method for conducting an analysis and evaluation of such a problem for 

a manual manufacturing process. The result was the development of such a model during this study. 

Due to the lack of concrete research in this specific area, a new framework was developed through 

experiments and iterations to identify the activities most suitable for this type of analysis. The 

framework is presented along with the results from the experiment in chapter 4 Analysis.  

3.1 Workflow 

The work during the study has followed a predetermined workflow illustrated in below figure. The 

purpose and research questions were decided upon early in the research process. The scope of the 

research question had to be adjusted when the current state was mapped. The following work 

consisted of data analysis and reference research with multiple iterations.  

The frame of references has been used to map, analyze, and evaluate the current state as well as 

the development of the new framework. It has also influenced the suggested improvement activities 

explained in chapter 4.2.4.2 Concept Proposal.  

 

Figure 3.a: Workflow 

3.2 Empirical Context 

This chapter describes the empirical context in which the study has been conducted along with 

and relevant delimitations and limitations made during this study.  
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3.2.1 Company Information 

Scania was founded in 1891 (Scania CV AB, 2018) and is today one of the world's leading 

manufacturers of heavy-duty trucks, buses, and industrial and marine engines. The business also 

includes products related to maintenance in services and finance. Scania trucks are the largest 

business area and accounted for 60% of the net sales (2016), while stand-alone engines represent 

2%. Scania is a multinational corporation with 46,000 employees in about 100 countries. The core 

of the Research and Development is in Sweden, with branches in Brazil and India. Production units 

are located in Europe, Latin America, and Asia. In 2014, Scania became a wholly owned subsidiary 

of the Volkswagen Group (Scania CV AB, 2018). 

The production of engines takes place in Södertälje, Sweden and São Bernardo do Campo, Brazil. 

The production facility in Södertälje, Sweden is by far the largest. The engines produced in 

Södertälje is for Scania's global production. Around 1,100 people currently work at the Engine 

Assembly plant in Södertälje.  

The Engine Assembly plant in Södertälje has two main production lines. One is producing straight 

engines with five or six cylinders, and one is producing V8 engines. Both production lines are using 

a continuous moving flow. The production lines merge into one test flow where all engine types 

undergo tests after which they are separated into two different lines for painting. Engines for the 

industrial and marine application have different requirements than truck engines. Parts of the test 

line has a jumbled flow.   

3.2.2 Delimitations 

The Scania Engine Mounting Department has many different manufacturing processes which is 

why delimitations must be made to achieve the defined purpose. All processes will not be analyzed 

in detail. The focus will be on Marine & Industrial Assembly, which is one unit within the Engine 

Assembly Plant, in Södertälje, Sweden. The regular production flow will be excluded from this 

project. If particular parts of the regular production process is identified as highly relevant in order 

to get a full understanding of the process and problem, they will also be analyzed. Additionally, 

this study will not deal with the product development process and will accept the current design 

approach of the organization.   

MK receives marine and industrial engines requiring customization. There are two types of 

customization activities. There is the regular extensive customization, and then there is what is 

called “Quick Engines”. Such “Quick Engines” have some customization requirements and should 

take approximately 80-90% less time than the straight engines with extensive customization needs. 

“Quick Engines” has the highest volume and represents 62% of the total number of engines passing 

though MK during an average day. “Quick Engines” has a different flow and should be analyzed 

separately in a project with this as a primary focus. For this reason, “Quick Engines” has been 

excluded from this study. However, they profoundly affect the flow of the other customization 

requirements and is therefore included as one of the side processes and analyzed solely from this 

perspective.  
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3.2.3 Limitations 

The analysis of the current state, the suggested improvement activities, and the design of the future 

state will be identified and developed based on the prerequisites and limitations of the organization 

as well as the ability of the researcher.  

Two main conditions of the organization limit the research study:  

- The physical area in which the Marine and Engine Assembly takes place will not be 

increased.  

- The assumption that the staffing within the department will not increase 

3.3 Type of Research  

The study has been conducted using a Qualitative Research Method. Action Research is a research 

strategy within the qualitative research approach where the researcher takes part in the research 

process. While the study is designed and conducted using a qualitative research method, both 

qualitative and quantitative data collection methods has been used. Qualitative research is an 

approach of building theory by studying peoples meaning and social behaviour (Yin, 2015). Yin 

(2015) states that for reaching a trustworthy and credible qualitative research, it is necessary to 

work in a transparent and methodical way by using adherent evidence.  

A Qualitative research method works particularly well in this study due to the complexity of the 

process and its implications that is being analysed. The study requires some details and information 

that in this case can only be derived from qualitative data collection methods such as interviews 

and observations. Quantitative data will be collected to support the research. Only collecting 

quantitative data would not generate enough information to meet the purpose of the study nor 

provide enough answers to the research question. 

Both data collection methods are compatible with an Action Research Strategy. Qualitative 

research is usually conducted using an inductive approach and is a robust method to investigate 

and create a deep understanding of a phenomenon. People's subjective experiences are in focus 

(Leavy, 2017). When conducting inductive research, the framework is emerging as the information 

is being grouped. The knowledge and insights are the steering factor from which the patterns and 

descriptions will emerge later in the research process.  

The research has been carried out at the Engine Assembly plant at Scania in Södertälje, Sweden. It 

has been conducted with regular contact with representatives from management as well as other 

employees within relevant departments of the organization. Due to the qualitative nature of this 

study, focus has been on letting facts speak. Different methods to obtain diverse and/or verifying 

information has been used to ensure facts are as accurate as possible. 

3.4 Research Strategy 

The practical character and the scope of the study are the main reasons for choosing Action 

Research as the research strategy. Action research, as a type of qualitative research, emphasize the 

researcher’s adoption of an action role or an active collaborator with study participants (Yin, 2015). 

The Action Research Strategy is defined by its practical character, actual change as an integrated 

part of the study, a cyclic process with feedback mechanisms for continuous work, and actual 

participation of the research group. This research strategy plays a part in the purpose and design of 
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the study, but it is not a limiting factor when it comes to choosing research methods (Denscombe, 

2010). 

Action research is favourable in the way that it provides instant feedback to the reality in which it 

takes place. The stakeholders are required to actively participate, which can result in a more 

democratic research process (Marshall & Rossman, 2014). The objective of such a research 

strategy is to engage participants to sustained change in organizations, communities, or institutions 

(Stringer, 2007 referenced by Marshall & Rossman 2014). The scope of a research study conducted 

using an Action Research Strategy is limited by the integration of practice and research required. 

However, this may affect the possibility to generalize the findings. 

3.5 Research Design 

A qualitative research approach is best suited approach for this sort of study. To fulfil the purpose 

of this study and to answer the research questions, the current status has to be described in an initial 

phase. This is in line with the requirements of a qualitative research approach (Leavy, 2017). The 

research must be conducted in a natural setting, with a holistic outlook, and by using people as a 

research instrument. The research must continue until the information is saturated. The research 

design must be flexible and continuously develop as the knowledge and insights mature. These 

factors will all be met during this study.  

The study will be conducted using a descriptive framework. A descriptive framework is 

characterized by its appropriateness to describe individuals, groups, activities, or situations (Leavy, 

2017). The aim is to find details, meanings, and context from the perspective of people living it. A 

descriptive research approach is well-suited for this type of study where the current state must be 

determined. The current state should represent the reality which the process is facing. Results of 

the initial study of the current state will function as input into the analysis of why that is. In a final 

stage, the analysis of the current state will be the base on which potential improvement activities 

are derived. 

3.6 Data Collection Method 

Data collection is one of the major tasks of every research project and is the base for data analysis 

and the deduction of theories. Data collection in relation to the research questions can be split into 

data mining and the collection of already mined data. These ways of data collection are defined as 

primary data and secondary data. Secondary data is data where the researcher is not involved in the 

collection process (Bryman & Bell, 2015). In contrast, primary data is actively collected using data 

collection methods utilized by the researcher. Bryman and Bell (2015) describe this as an approach 

where “the researcher who collected the data conducts the analysis”.  

This study will focus on primary data but include secondary data such as company documentation. 

This enables the comparison between historical and newly mined primary data. The following 

chapter will describe the way of how data is collected and how the chosen methods contribute to 

answer the research questions. 

Action research as the chosen approach requires an active and collaborative role of the researcher 

within the research environment by keeping a neutral and objective view (Marshall & Rossman, 

2014). To take an active role, the researcher needs a deep understanding of the process 

environment. In the context of this study that translates to the requirement of an understanding of 
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the engine assembly process in a holistic manner as well as detailed knowledge about each process 

step. Data collection in this study has been structured using an outside-in approach starting with a 

wide perspective and gradually funnelling in as information matures and data is refined. 

The employees have been the most important and primary source of information. They are closest 

to the process and have more knowledge of the process than an external researcher can ever have. 

Another important reason to involve the employees in the process has been to create opportunities 

for employee engagement. Employees with knowledge and insight of why they perform work tasks 

generally perform better and are more positive to change. 

See chapter 18 Appendix - Interview Schedule for full list of official interviews, observations, and 

focus groups.  

3.6.1 Observations 

The complexity of the process and the many side processes that are affecting and are affected by 

MK has made observation the most important method for collecting data.  

Non-participant observation & Participant observation 

A suitable data collection method for the first step is the non-participant observation. This was used 

to map the process steps and its order. The next level of extraction represents a participant 

observation to monitor the role of humans within MK. The participant observation offers an insight 

into the complexity of subtasks and their resource utilization.  

Work Sampling 

The efficiency of the work force can be estimated using a statistical method called work sampling. 

Work sampling is conducted by studying defined objects at fixed time intervals. This method is an 

efficient way of analysing the workforce efficiency without having to time all activities, which is 

not a very time-consuming endeavour, but still receive a statistically representative result.  

To reach a representative result, it is recommended to collect 480 samples. The data collection for 

this study was conducted during two days with a total of 728 work samples for the first study and 

1028 work samples for the second study. The work samples are divided into three categories; Non-

Value Adding, Value Adding, and Supporting. What activities are included in each category is 

dependent on the context and must be adjusted accordingly. 9 Appendix – Work Sampling 

Summary & Categorization contains a legend for the identified activities and how they were 

categorized. It also contains a table and charts with breakdown on the different activities within the 

three categories.  

The assessment of workforce efficiency has been conducted during assembly work. No breaks, 

meetings or prolonged down time has been included. Downtime due to bottle necks and waiting 

within MK is included. Downtime due to lack of engine input has not been logged. The assessment 

does not account for waste within2 the assembly activities.  

                                                         
2 Such waste could be due to skill level, individual pace, lack of supporting documentation, personal needs, fatigue, 

and/or delay. 
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Two work sample studies were conducted during two time periods with very different workload 

due to a relatively high volume during the first study and a unusually low volume during the second 

study.  

3.6.2 Interviews 

Interviews are an example of subjective scientific methods within Qualitative Research Methods. 

When using interviews as a research method it is desirable to have a relatively open agenda where 

the informant can freely move within the topic. There are three main methods for conducting 

interviews. These methods include structured interviews, semi-structured interviews, and 

unstructured interviews (Denscombe, 2010). The unstructured interview is characterized by its 

open questions and is often conducted by introducing a theme and letting the informant speak freely 

about his or her thoughts and opinions. Unstructured interviews typically generate qualitative data 

while the structured interviews generally produce quantitative data. Unstructured and semi-

structured interviews have been used during this study.  

Interviews where held with employees within and outside the department. Much focus was on 

create a complete picture of the main process of MK and how it is affected by side processes. The 

interviews provided detailed knowledge to further refine the data.  

The interviews conducted during this study have included both semi-structured and unstructured 

interview types. Unstructured interviews dominated the initial phases of the study and later 

transitioned naturally into semi-structured interviews. The objective of the unstructured interviews 

was to develop an understanding of the organization, its routines, and its processes. The semi-

structured interviews were used to develop a deeper understanding of specific topics, processes, 

and flows on a micro and macro level. All interviews were conducted with a flexible approach to 

ensure that all relevant information was exhausted. During the interviews, supplementary questions 

were asked to ensure the answers were correctly understood. 

The organization offered free access to all departments as well as unlimited access to interviews 

with individuals from both management and manufacturing.  

None of the interviews were recorded, however, handwritten notes were taken during each 

interview. Most interviews were conducted in the facilities organizations. Some interviews were 

held over the phone.  

3.6.3 Survey 

The next layer of data comes from the ones who has the most experience of the process and the 

products. Surveys was distributed to and answered by the employees and managers of the 

department.  

The survey was in three parts asking questions related to workload ergonomics, physical work 

environment as well as psychosocial work environment. The survey regarding psychosocial work 

environment included questions with answers according to the Likert scale. This means the 

informant was given a statement and had to answer on a scale from 1 (Strongly Agree) to 5 

(Strongly Disagree).  

The surveys regarding workload ergonomics and physical work environment contained questions 

for which the informant could answer “yes”, “no”, or “do not know”. The three surveys then got 

individual average scores from 1 to 5 that was matched with PPA Assessment Criteria. The 
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assessment criteria can be found in Appendix – Survey and Answers for Production Engineering 

Assessment. 

3.6.4 Focus groups 

Focus group meetings where held on 15 occasions during the project until the group collectively 

agreed all necessary topics had been addressed and enough information exhausted.  

The operators and managers within MK are the one who undoubtably has the most knowledge and 

insight into the process and factors affecting it. The employees were offered and accepted active 

roles to participate in both mapping of the current state as well as designing the future state.  

Figure 3.b: Working Process of Identifying Challenges described the data collection and data 

analysis process. Focus groups were held during all phases of the process to collect, map, and 

improve the process. 

3.6.5 Documentation 

Another way to collect process data is to compile existing process documentation to see how the 

process has evolved over time.  

A challenge during this study has been the lack of accurate and valid time data. The organization 

in general has a high level of standardization. Process maps and standards exist for almost 

everything related to the organization. Relevant documents, data, process maps, routines, and 

standards has been analysed during this study.  

Due to confidentiality reasons, this study does not contain much information from internal 

documentation. Approval from the organization has been given when such information is shared.  

3.6.6 Benchmark 

A small-scale benchmarking analysis has been conducted with two different manufacturing units 

in Sweden. Both plants had production lines with a high level of standardization but also 

departments with manual assembly. Company A has a moving continuous flow very similar to the 

one used in Engine Assembly line at Scania in Södertälje. Company B has a continuous flow with 

batching. The benchmark indicates similar or variations of the challenges identified during this 

study.  

The results from this analysis has not been used in the results but as reference information. The 

purpose of the two company visits was see if these companies with similar challenges had other 

solutions than the ones at Scania. As it turned out, manual manufacturing with or without a high 

level of variation has the same challenges and an equally hard time finding solutions to improving 

efficiency while maintaining flexibility.  

3.7 Data Analysis Methods & Tools 

This chapter explains the tools and methods used to analyse the collected data. Lean Management 

principles and tools has been used to analyse the current situation. Types of waste and “Non-Value 

Adding Activities” has helped creating a map over the current and general challenges. The 

Productivity Potential Assessment (PPA) was primarily used during the pre-study. The results have 
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been used throughout the entire study. The three-level root cause method was developed during 

this study based on inspiration from previous literature.  

When using action research, the researcher is part of the study and the analysis does not take place 

sequentially but circular. Circular data analysis work in a circular process; data will be analysed 

during the data collection process while themes in the data emerge and are detected (Denscombe, 

2010). As the data analysis process progress, gaps of information may be found, and more data 

must be collected. This continues until all necessary data has been collected and analysed.  

The process of finding the challenges started with identifying all disconnects within every step of 

the customization process. Disconnects are everything with an impeding effect on the process. The 

disconnects were then grouped into categories explaining to what category or process they belong. 

Each disconnect was evaluated to see on what level the issue originates. The final step was to 

bundle the disconnects into challenges. The challenges do have somewhat of an overlap. The 

challenges can contain disconnects that is also related to and can be found in other challenges.  

 

Figure 3.b: Working Process of Identifying Challenges 

3.7.1 Lean Management 

Lean Production was born as The Toyota Production System (TPS) in the 1950s. It was focused 

on “taking waste out of value streams” (Lander & Liker, 2007) with defining value as an initial 

step by asking: What does the customer want from this process? (Liker, 2004). The term customer 

refers to both external customers as well as the internal customers to the subsequent process steps. 

This section describes relevant parts of Lean Management.  

‘Cost reductions through the elimination of waste’ and ‘Full utilization of worker’s capabilities’ 

are the two basic concepts explained by Toyota managers, as the keys to the success behind TPS 

(Lander & Liker, 2007). Cost reductions were achieved by JIT, pull systems, flow, Heijunka, and 

Jidoka. Full utilization of worker’s capabilities requires values based on respect for individuals, 

reducing unnecessary movements, safety focus, and more individual responsibility for individual 

work and for continuous improvement.  

The manufacturing industry has been transformed as TPS and Lean Management has helped 

improve performance, cost reductions, and increase quality improvements. TPS and Lean 

Management has primarily been applied to organization with the following features; high volume 

with repetitive manufacturing, relatively standardized products, and a relatively predictable 

demand. Lander and Liker (2007) argue that there is a fundamental misunderstanding regarding 
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the application and implementation of TPS. The common perception of TPS is its composition of 

specific tools to be technically and standardized implemented. TPS is better described as a 

philosophy composed by general principles of management and organization supporting the 

company to establish continuous learning and improvement.  

Lander and Liker (2007) argue that there is a fundamental misunderstanding regarding the 

application and implementation of the Toyota Production System (TPS). Many companies unable 

to check the boxes for high volume and high level of standardization have struggled or failed to 

implement Lean Management and TPS. TPS and Lean have had a significant impact on the 

manufacturing industry with improved performance, cost reductions, and quality improvements 

just to mentions some results. However, most of the applications have been too high volume with 

repetitive manufacturing, relatively standardized products, and relatively predictable demand. 

Applying Lean to a manufacturing process with varying volume and low standardization requires 

a somewhat different approach compared to the traditional implementation. Lander and Liker 

(2007) believe the problem lies in the perception of TPs as a toolkit rather than a philosophy with 

tools as an integral part of a more comprehensive system (Suzaki 1987, Shingo & Dillon 1989, 

Monden 1993, referenced by Lander & Liker 2007). 

3.7.1.1 Waste Elimination 

There are three main groups of waste that together represents a system. All three are important 

focus areas for a process flow that is entirely value adding. It is common to focus mostly on Muda’s 

eight types of waste (Liker 2004, p114). 

Muda - The 8 types of waste or Non-Value Added (NVA) 

Muda is a term used to explain activities that are wasteful and do not add value or are unproductive. 

Examples of NVAs are unnecessary activities or elements extending the process flow. This could 

create extra inventory, unnecessary time for waiting, or extra movement in order to fetch material 

or tools (Liker 2004, p89). 

Table 3.a: The Eight Types of Waste 

  Type of waste Description 

1 Overproduction Producing item for which there are no orders, which generates 

such wastes as overstaffing and storage and transportation costs 

because of excess inventory.  

2 Waiting Wait or queues are periods of inactivity in a process as a 

consequence of an upstream activity did not deliver on time. 

Workers merely serving to watch an automated machine or having 

to stand around waiting for the next processing step, tool, supply, 

part, etc., or just plain having no work because of stock outs, lot 

processing delays, equipment downtime, and capacity bottlenecks.  

3 Over processing Rework, reprocessing, handling or storage that is required because 

of defects, poor tool, and products design, overproduction or 

excess inventory. Waste is also generated when providing higher-

quality products than necessary. 
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4 Defects Finished products that does not meet the specification and/or 

demands, or needs of the customer 

5 Unnecessary 

Transport 

Unnecessary motion or movement of materials. Carrying work in 

process (WIP) long distances, creating inefficient transport, or 

moving materials, parts, or finished goods into or out of storage or 

between processes. Transports should be minimized because it 

adds time to the process during which no value is added, and the 

material is exposed to risk of damage.  

6 Excess 

Inventory 

All inventory that does not directly fulfill current customer orders. 

It includes raw materials, work-in-progress and finished products 

leading causing longer lead times, obsolescence, damaged goods, 

transportation and storage costs, and delay. Extra inventory also 

hides problems such as production imbalances, late deliveries from 

suppliers, defects, equipment downtime, and long setup times.  

7 Unnecessary 

Movement 

Extra steps or movement such as walking, looking for, reaching 

for, or stacking parts, tools, etc. taken by employees and 

equipment to accommodate inefficient layout, defects, 

reprocessing, overproduction or excess inventory.  Movement 

takes time and does not add value.  

8 Unused 

Employee 

Creativity 

Losing time, ideas, skills, improvements, and learning 

opportunities by not engaging or listening to your employees 

Note: The table shows eight types of waste (Liker, 2004) 

Muri – Overburden of human or machine  

Muri is a Japanese term for overburden where humans or machines are driven beyond natural 

boundaries. This can create problems related to quality and safety (Liker, 2004)  

Mura – Unevenness  

Mura is a Japanese term for unevenness. Unevenness can result in variation in the production 

process (Liker, 2004). 

3.7.1.2  Value Adding Versus Non-Value Adding Activities 

Defining what truly is value makes it possible to distinguish between value adding (VA) activities 

and non-value adding (NVA) activities. Everything that does not add value is defined as waste. 

This way of differentiating activities can be applied to all processes throughout the organization.  

According to Lean Management literature, activities fall into one or more of the eight types of 

waste can be categorized as value adding, non-value adding, or non-value-adding but required to 

provide the product or service (Liker, 2004). Kuhlang et al. (2014) split categories into primary 

and secondary activities. Primary activities represent the value-adding activities while the 

secondary activities would equal the supportive and non-value adding activities according to Lean 

Management. Waste should be eliminated as much as possible (Liker, 2004). There are activities. 

However, that do not directly add value to the customer, but are supportive to value-adding 

activities or in other ways are required.  
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Table 3.b: Categories of Waste 

Category Description Examples 

Value added Activities that directly affect or contribute 

to the product or service the customer is 

paying for. value adding activities adds to 

cost but has a compensating benefit. 

Manufacturing, engineering, 

accounting 

Non-value 

added 

Activities that are pure waste. Wait and walk time, rework, 

unused information 

Non-value 

added but 

required 

Activities that does not add direct value but 

is required to offer the product or service to 

the customer.  

Inspections, control systems, 

follow-up, documentation 

Note: The table shows different categories of waste. (Liker, 2004) 

3.7.2 Productivity Potential Assessment 

The Productivity Potential Assessment (PPA) is a method to determine the productivity potential 

within the manufacturing industry. PPA was developed as a response to findings showing that 

productivity potential on a workplace-level is neglected (Almström & Kinnander, 2011). The PPA 

method consist of multiple parameters related to; actual productivity potential of people and 

machines, ability to efficient manufacturing, ability to run and develop its production efficiently, 

and method improvements. 

In this study, the PPA method was rater used as a set of data collection and data analysis methods 

than as a complete assessment.  All parameters of the PPA study was not used and some parameters 

were analyzed in more detail than what was required. This was due to some not being applicable 

to the process analyzed. Another reason was the lack of valid and accurate data some aspects.  

3.8 Method Discussion 

This section discusses the implications of the chosen methods by using established perspectives 

such as reliability, validity, generalizability, and ethical considerations.  

3.8.1 Reliability and Validity 

Reliability and Validity refers to the extent of which research data and the methods of obtaining 

data are considered precise, proper, and accurate (Denscombe, 2010). Reliability refers to the 

credibility of the method of measure and the consistency if it the study was repeated independent 

of the method of measurement and the person measuring. Validity refers to the accuracy and 

preciseness of the data when it comes to weather if the right type of data was measured in a proper 

way that suits the topic that is studied. Corner stones of TQM, especially Fact-based Decision-

making and Process Focus, has permeated the work during the study. 
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3.8.1.1 Reliability 

The concept of reliability is often used in qualitative studies and discuss how neutral an 

investigation tool is in its effect and whether it would be consistent on a variety of occasions.  

Tools of Quality Management have been used to identify and prioritize issues and solutions. Data 

collection and data analysis tools and methods have partially been taken from the Productivity 

Potential Assessment framework. Those tools and methods have previously and successfully been 

used to study manual assembly processes. A large part of the data is based off of interviews and 

observations that could potentially result in a lower level of reliability. To ensure the result were 

as reliable as possible, multiple sources of data were used. Focus groups, data logs, and surveys 

were added. These different sources of information were important components used to conduct 

method triangulation. The main purpose of the survey was to confirm information collected during 

interviews and observations. The tools and methods used during the study are consistently utilized 

and should generate the same result given a repetition of the study during. The reliability is, overall, 

considered high. 

Generalizability 

Generalizability or external reliability refers to the potential of applying the results of the study to 

other examples of the same phenomenon. The results of this study could be applied to other cases 

on a more general basis. Results from benchmarking activities looking at other companies with 

manual assembly, show the occurrence of similar challenges. This is the indication even when the 

products and production design deviates from the one analyzed in this study. More general research 

must be conducted to determine that this is the case.  

3.8.1.2 Validity 

Validity refers to the accuracy and precision of data and if the right things have been measured 

based on the purpose and research questions, but also the appropriateness of the amount of data for 

the study. The theory of Lean Management that is mainly suited for manufacturing processes has 

been interpreted to suit a study that analyzes information flow. Lean Management is a philosophy 

meant to be a to be adjusted to fit each specific organization. Interpreting theories such as Lean 

Management to suit an area for which it was not originally intended might reduce the true validity.  

The chosen frame of reference can never fit the context, or the organizational setting perfectly, nor 

has this been the intention. The goal has been to identify a new way of balancing flexibility and 

efficiency which has required research and information from areas outside the typical range. The 

intention has been to retrieve validate facts from literature by finding the same or comparable 

information from different sources.  

Data Triangulation has been used to combine quantitative data with qualitative data to determine 

the current and future states as well as estimated improvement potential. Data Triangulation is a 

way of validating results using different sources of information (Denscombe, 2010). Qualitative 

data has been obtained from different informants on different occasions using different methods 

such as observations, interviews, and surveys. Quantitative data has been obtained through 

company logged data and on-site logged data.  
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3.8.2 Ethical Considerations 

The Swedish Research Council has developed four specific Research Ethical Principles.  

Table 3.c Research Ethical Principles 

  Principles Description 

1 Information 

Requirement 

The researcher shall inform all individuals affected by 

the purpose of the research 

2 Consent Requirement Individuals are entitled to decide if they want to 

participate or not 

3 Confidentiality 

Requirement 

Information about all individuals participating in 

research shall be given highest possible 

confidentiality. Personal data shall be kept hidden in 

such a way that unauthorized persons cannot access 

them.  

4 Utilization Requirement Data collected on individuals may only be used for 

research purposes 

Not: The table shows research ethical principles. (The Swedish Research Council) 

The Information Requirement has been met by informing all informants about their participation, 

the purpose of the study, that participation is optional, and that they could end their participation 

at any given time.  

The Consent Requirement was met by obtaining the informants consent by giving the informants 

the right to decide on what conditions they want to participate. The obtaining of information was 

conducted in such a way that there were no dependencies between the researcher and informants.  

The Confidentiality Requirement was met by not using the information in such a way that 

individuals could be identified. The obtained data has been kept with no access for unauthorized 

persons.  

The Utilization Requirement has been met by only using obtained data for research purposes.  

3.8.2.1 Objectivity 

Objectivity can be described as a form of neutral assessment of facts and a neutral depiction of a 

phenomenon (Söderbom & Ulvenblad 2010, p33). Through this objectivity, there is only one true 

reality. People, including researchers, have personal experiences and carry mental sediments and 

knowledge, which has an influence on their assessment of the reality.  

The goal throughout this study has been to be as objective as possible. Awareness is important 

when it comes to how prejudices and pre-defined values, could affect the outcome of a research 

study. One could always argue that the choice of theory and methods can be somewhat subjective. 

A method throughout this study has been to focus on letting facts speak to minimize the opportunity 

and, thereby risk, of subjectivity. An action research strategy generally risk affecting the 

objectivity.  



41 
 

3.8.2.2 Anonymity 

Highest possible level of anonymity has primarily been achieved by following the ethical 

requirements developed by The Swedish Research Council. No information that could reveal the 

identity of individuals has been used or passed on during the research process.  
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4 Analysis 

The research question of explorative character and from the perspective of high variation and 

manual tasks, asks “how” a manual production process can be evaluated to increase efficiency 

without reducing flexibility. Determining how to achieve increased efficiency and improved or 

maintained flexibility require an in-depth understanding of the context and what the current state 

and challenges are. This chapter presents two main parts. The first part is the primary result of 

this study consisting of a framework for mapping and evaluating a manual production process. 

This framework was developed and used throughout the study. This framework was developed by 

conducting numerous experiments to determine which activities are suitable for this type of 

evaluation. The experiments were conducted using an iterative approach to ensure all needed 

information was exhausted in each step. The second part present the output from the activities 

during the development of the framework.  

4.1 Framework for Evaluating A Manual Production Process 

Since this is a study with the purpose to find answers to how a process like the one studied can be 

improved in terms of both efficiency and flexibility, a need to define and understand specific 

challenges emerged. 

A framework for evaluating a manual production processes was developed during this study. It is 

primarily a work process developed to accommodate activities such as mapping and evaluation a 

manual production process. The objective of using this framework is to create an understanding of 

a complex process characterized by many different challenges originating on different levels of the 

organization and on different steps of the production process. It is especially efficient when 

collecting and evaluation a large amount of information from different sources. Finally, it involves 

employees and management and shorten the time from idea to execution. The main workflow is 

visualized in below figure. The second and third step are the most work intense steps as most of 

the data collection and evaluation is done there. Each step is explained in more detail in the 

following chapters. 

 

 

Figure 4.a: Workflow: Manual Production Process Evaluation  
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4.1.1 Step 1: Map Current Situation 

As a first step it is important to create an understanding for the process. To understand the process, 

it must be outlined as a flow chart or process map to make it easy to visualize. This will become 

the main document and base for the evaluation. In addition to the process map it is beneficial to 

map several other parameters, se Figure 4.b: Work Process Step 1: Evaluation of Current Situation. As is the 

case with every mapping or evaluation method, it is important to only evaluate the parameters that 

are relevant and to do so as extensively as required to generate enough and in-depth knowledge of 

the area that is being studied.   

 

 

Figure 4.b: Work Process Step 1: Evaluation of Current Situation 

The work starts with the process. The main process is the focus and base of this framework. The 

first step is to outline the production process by creating a process map with every step of the 

process. Process mapping is conducted through a combination of observations, interviews, and 

workshops. A manual production process can have a lot of variation depending on what product of 

model is manufactured. Nonetheless, it is important to outline every step of the process even if 

some activities are not always executed. This mapping activity highlight process inefficiencies that 

are otherwise hidden in the process. The project group must sign off on the process map before 

proceeding to the next step. 
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Figure 4.c: Example of process map 

When the process has been mapped and consensus about its design has been reached, additional 

relevant parameters should be mapped. Production design, process management, and information 

management parameters are all important perspectives. Depending on the insight of the process, 

these parameters and sub-categories are relevant. It is crucial to determine the existing knowledge 

within the area and evaluate the need for further information for each of them.  

4.1.2 Step 2: Evaluate Current Situation 

When the process is outlined it is time to evaluate the current situation to identify opportunities for 

improvement. Below figure visualize the work process of step 2.  

 

 

Figure 4.d: Work Process Step 2: Evaluation of Current Situation 

 

The first step is to identify disconnections (inefficiencies). This is done through brainstorming and 

workshops. To enable a creative and innovative environment it was important that all ideas, no 

matter how small or big was lifted and discussed. A no-blame environment along with support 

from management was required. On this level, the cost of potential improvements was not a 

limitation.  
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The sessions had two major focus points: problems and potential. The first focus point was on 

current issues causing problems and waste in a short-term perspective as well as issues that could 

cause problems and waste in a long-term perspective. The second focus point was on activities with 

a potential to improve the process in a short-term as well as in a long-term perspective.  

The step called “Three-Level root cause” root cause model in Figure 4.e: Three Level Root Cause Model 

was developed as result of the requirements of this study. It was inspired by (Rummler & Brache, 

2013) who recommends identifying disconnects and determine whether the issue originates in the 

organizational level, process level, or on the job performer level. It was also influenced by the root 

cause analysis frequently used in improvement projects based on TQM or Lean.  

In this study, 67 disconnects were identified during focus group sessions. The aim with the focus 

groups was to highlight everything that was considered an issue. The reason was to get a wide 

perspective on the current problems and see how they were connected. It was found that the root 

cause of the many of the disconnects originated in more than one level. Only grouping disconnects 

in relation to the three levels did not offer much understanding of the patterns of the disconnects 

rather than where the problem primarily lies. Therefore, a process category was added to group the 

disconnects into categories showing to which part of the process the issue is mostly related. The 

analysis generated an overview of the current situation which had just enough detail to understand 

the diversity of the situation and where the issues originates without showing an overwhelmingly 

amount of information.  

 

Figure 4.e: Three Level Root Cause Model 

 

When the disconnections were categorized and grouped into challenges, the next step consisted of 

evaluating each disconnection by weighting them. Each disconnection was given a number from 1 

(low) to 5 (high) to reflects its impact in regard to estimated improvement potential as well as 

implementation complexity. The average was then calculated, and each disconnection was placed 

in one of the boxes as exemplified in below figure. 
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Figure 4.f: Model for Disconnection Evaluation 

4.1.2.1 Summary 

The mapping and evaluation of the current situation results in a widespread and extensive 

overview. It also provides answers to which the major challenges are. Many smaller issues often 

have the same root cause. These challenges or root causes might need additional research. 

Additional data collection and mapping might be needed after this step before proceeding to the 

next step.  

4.1.3 Step 3: Improve the Process 

When the process is mapped, and its main challenges are clear it is time to identify potential 

solutions. This is done through workshops with employees and management. Below figure 

visualize the work process of step 3. 

 

Figure 4.g: Work Process Step 3: Improve the Process 

The solutions are categorized and grouped the same way as done for the three-level root cause 

model. Here it is also determined what level of the organization can approve such an activity. The 



47 
 

potential solutions are identified from brainstorming during workshops. When all ideas are 

exhausted the potential solutions are evaluated the same way as the disconnections. The scale 1 

(low) to 5 (high) is used to reflect its impact in regard to estimated improvement potential as well 

as implementation complexity. The average was then calculated, and each potential solution was 

placed in one of the boxes as exemplified in Figure 4.f: Model for Disconnection Evaluation. 

When all potential solutions are known and evaluated it is time to evaluate them in relation to their 

estimated impact on the challenges identified earlier. This is done by determining the level of 

correlation (strong, medium, or weak) between the solutions and the disconnections. The solutions 

are also evaluated in relation to organizational difficulty and technical difficulty. From this it 

becomes evident what solutions are the most efficient in solving or partially solving the most 

disconnections. From this matrix solutions and disconnections can be prioritized.  

An addition to this matrix could be to add the cost of the different solutions and disconnections. 

This would add another financial level which would make it easier to motivate investments and 

speed up the decision-making process.  

 

 

Figure 4.h: Example of Concept Proposal Matrix 

The last step is then to implement the suggested changes. In a manufacturing environment it is a 

long process to get investments for improvements approved. The more accurate information and 

calculations for saving there are, the easier and faster it will be to get the suggestions approved.  
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4.1.4 Step 4: Learn from The Process 

The last step is to learn from the process and the work the group has put in. This is a crucial step 

to capture all knowledge generated by the performed activities. It is beneficial to go back and 

review all the documents from early steps in the evaluation process to see if new ideas can surface 

after the group has new insights and knowledge about the process.  

As a manual production process is always changing it is important to continuously work according 

to this framework and its iterations to ensure continuous improvement.  

 

 

Figure 4.i: Knowledge sharing process 

It is important to use the new knowledge about the issues for creating and implementing the 

solution. However, it is equally important to learn from the working process to transfer the new 

knowledge horizontally and vertically in the organization. The created knowledge and the 

successful methods and tools could be applied to other processes on the operational level and 

should be transferred to higher levels to reach the strategic level. The process in which the 

evaluation takes place should ensure knowledge is transferred to the strategic level. On the 

strategic level of the firm, the new knowledge can be refined and standardized after which the 

new ways of doing things can be transferred back down into other processes on the operational 

level, see Figure 4.i: Knowledge sharing process. By doing this step, knowledge is not only created by 

also captured. This way, conducting this type of evaluating activities does not only become a one-

time effort, but something that can benefit the organization in a long-term perspective.  

This can be done using any knowledge sharing method. The method for how to share knowledge 

is not important. However, getting it done is crucial.   
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4.2 Output from Experiment During Development of The 

Framework for Evaluating A Manual Production Process 

This part of the results chapter will give an overview of the current state generated from application 

of the framework for evaluating a manual production process outlined in chapter 4.1 Framework 

for Evaluating A Manual Production Process. The assembly process in general including 

production design, productivity parameters and workforce efficiency, will be described. General 

and specific challenges which are currently facing the department, will be explained.  

The information presented in this chapter was generated from the iterative experimentation process 

during the development of the framework.  

4.2.1 Step 1: Map Current Situation 

The current general state has been studied using a wide scope. This section descries the most 

important features of the process. The engine assembly process is explained briefly to get a holistic 

view. The MK process is described in more in detail. In addition to the process maps additional 

relevant parameters has been mapped and analyzed.  

4.2.1.1 Process Map – Main Production Line (Engine Assembly) 

Engines produced in Södertälje initially follow two different production lines. Five, and six-

cylinder engines are produced in the D12 Assembly line and V8 engines are produced in the D16 

Assembly line. Most engines are produced in full within these two lines and proceed straight to the 

test line where the two lines merge into one. Marked in green is the flow of engines requiring 

customization and pass through MK for final assembly before merging into the same test line as 

the standard engines. Engines with deviations during assembly or test go to the repair shop before 

going back to the regular flow. DECMS conduct tests after which they go on to be painted before 

finally heading to shipping.   

The production design of the assembly lines for straight and V8 engines has a continuous flow. 

The engines are passing through the moving production line has a high level of standardization and 

are produced in high volumes. The production in MK has a jumbled flow which is also referred to 

as a Job Shop. The assembly in MK is of manual character and the engines does not flow through 

its assembly process. Many different engine models with customized features pass through MK. 

Each version is produced in relatively low volumes. 

A more detailed flow chart of the Marine & Industrial Engine Customization process and its 

deviation flow can be found in 12 Appendix – DEEA-MK Flow. That flow chart also shows the 

flow of “Quick Engines”. 
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Figure 4.j: Engine Assembly Flow 

4.2.1.2 Process Map – Marine & Industrial Engine Customization 

MK is a subprocess of the Engine Assembly process. The input of the Marine & Industrial Engine 

Customization process is engines that has left the production line incomplete. Engines developed 

for use in a marine environment and some engines for industrial use, has additional features that 

require special components. The special requirements of these types of engines can require a longer 

assembly time or contain components that does not fit within the assembly area in the production 

line. The engines follow the regular production flow as far as possible but must be taken out when 

it reaches the first activity that cannot be performed in the production line. At that stage, the engines 

are being transported to the Marine & Industrial Engine Customization area (DEEA-MK) where 

the customization process takes place.  

The MK has a pulling process which means it responds to the demands. In other words, it is only 

working when there is output from the previous process. For a pulling process to be efficient, it 

either must be fed with an even and constant flow of input or be flexible to react and adjust its 

resources when the demands fluctuate. The Marine & Industrial Engine Customization process 

suffers from an uneven flow and currently has little potential to adjust staffing, area, and machines 

in accordance with the currently prevailing conditions.  

General 

Both production lines process engines for industrial and marine applications. MK receive marine 

and industrial engines from both lines. The department also receives what is called “Quick 

Engines” which mostly consists of truck engines but can also be engines for industrial or marine 

applications. “Quick Engines” arrives from both production lines and together represents 62% of 

the total number of engines going through the department. The flow for “Quick Engines” deviates 

from the ordinary customization of marine and industrial engines and is for that reason excluded 

in this report. An explanation of this and why can be found in 3.2.2 Delimitations. X  
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Figure 4.k: Engine Type Distribution 

Assembly 

The engines are placed in a buffer for the Marine & Industrial Engine Customization. The buffer 

has 9 parking lots for engines. MK has 5 workstations, of which one is assigned to “Quick 

Engines”. The customization engineer picks up and start working on the engines in chronological 

order.  

The workstations are fixed, and each engineer has his/her own workstation. The assembly process 

is conducted in full within the workstation and taken to the Quality Control Zone upon completion. 

Quality Control (Q-Zone) 

The Q-Zone is one station within which visual controls, mechanical controls, and pressure tests are 

conducted. The Quality Control includes visual and mechanical controls along with pressure tests. 

“Quick Engines” are not pressure tested. The dotted lines indicate the deviation flow. If a defect or 

deviation is discovered during the assembly process and is of kind that cannot be fixed by the 

engineer, the engine is rerouted to the Repair Shop.  

4.2.1.3 Process Management Parameters 

The operation within MK is highly sensitive to changes early in the ordinary production process 

and affected by the operation in many other departments. 

Quality Parameters 

Productivity parameters applies to the final output of the Engine Assembly plant.  

Table 4.a: Productivity Parameters 

Reliability Value Unit Comment 

Delivery Accuracy 

“Delivery At Port” 
93% % 

Full responsibility for 

delivery* 

Delivery Accuracy “Non 

Delivery At Port” 
88% % 

Customer responsible for 

pick-up* 
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Quality Value Unit Comment 

Scrap rate 10% % Estimated number 

Customer reject rate 4 incidents per year Estimated number 

Note: *Data interval is 2017-05-01 to 2018-04-30 

Production Control & Management  

The number of "yes” answers, determines how close to the “ideal state of production engineering” 

the production unit is. This “ideal state of production engineering” is based on sound production 

practice and traditional engineering principles defined by the PPA projects reference committee, 

which includes representatives from the manufacturing industry3. 

The informants provided “yes” answers to an average number of 19,5 questions for the full form. 

For the individual answers, this ranged from 12 to 23 number of “yes” answers.  

 

Table 4.b: Production Engineering Assessment 

Production Engineering  Value % Unit 

Number of "yes" 19.5 49% Scale 1-40 

Note: This part of the assessment measures the ability of the management to run and develop production. The study 

was made using a form where four people with different roles within the manufacturing unit of Marine and Industry 

Engine Customization, answered “yes” or “no” to 40 questions. The roles of the individuals answering the survey was 

team lead, production technician, and department managers. The questions are divided into 10 topics. The division of 

topics were not visible to the informants. The full list of questions and answers can be found in Appendix – Survey 

and Answers for Production Engineering Assessment. 

Below is a breakdown of the 10 different topics. Quality along with Continuous improvement and 

calculations received the highest score. Planning, Competence, and Maintenance received the 

lowest scores.  

 

Table 4.c: Total Number of “Yes” Answers For The 10 Topics 

Topic Number of "yes" 

answers 

Maximum number 

of "yes" answers %  
Strategy - Goal 2.5 4 63% 

Work Method 1.25 3 42% 

Maintenance 1.75 5 35% 

Competence 1 3 33% 

Cleanliness and order 1.25 3 42% 

Material handling 2 5 40% 

Change over 1.25 3 42% 

Continouos improvements 3.25 4 81% 

Calculations 1.5 2 75% 

                                                         
3 There were some inconsistencies among the managers. Out of all 40 questions, only 25% were answered the same 

by all informants. 40% of the questions were answered the same by 75% of the informants. 35% of the questions 

were answered the same by 50% of the informants.  
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Planning 1.25 5 25% 

Quality 2.5 3 83% 

Total 19.5 40  

Work Environment 

There is no relation between good work environment and higher productivity. There is however a 

relation between poor work environment and a low productivity. This part of the assessment is 

done through a survey with participation from all operators and managers actively working within 

the manufacturing unit of Marine and Industry Engine Customization.  

 

Table 4.d: Work Environment Assessment 

Work Environment Value Comment 

Workload ergonomics4 3 
Acceptable environment.  

Shortcomings exist. 

Physical work 

environment5 
3 

Acceptable environment.  

Shortcomings exist. 

Phychosocial work 

environment6 
3.67 

There are some shortcomings in the psychosocial work 

environment. There is a relatively small improvement 

potential in this area. 

 

The results from the assessment of the work environment can then be compared and analyzed with 

three predefined Key Performance Indicators for work environment.   

 

Table 4.e: Key Performance Indicators 

Key Performance Indicators Value Comment 

Short term absence (<2 weeks) 2%   

Total absence due to illness 6%   

Personnel turnover NA Not Applicable.  

Waste 

Waste has been identified related to all but two of Lean Managements waste categories7. Boxes 

with a thick outline represents waste categories according to Lean Management. The boxes 

surrounding the waste categories are identified disconnections within the assembly process of MK.  

The lack of accurate data makes it hard to know exactly how efficient the process and its workforce 

is. During this study only, wasteful activities within and between assembly activities, has been 

identified. What has not been analyzed are waste within assembly time. There are factors indicating 

                                                         
4 Scale 1-5 
5 Scale 1-5 
6 Scale 1-5 
7 That does not mean they are not existent in the process. Excess Inventory and Unused Employee Creativity has not 

been analyzed in this study. 
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waste within the assembly process. One such factor is the variation in assembly time among the 

operators for the same engine type. Not having enough or reliable data is a major factor making 

the process less efficient. The department is managed and planned on approximate data. This cause 

an unevenness to the flow generating waste and a less than optimal work environment.   

MK performs some activities which from this perspective are unnecessary. An example of this are 

untightening screws to access parts of the engine, which have been assembled and tightened in the 

production line. Some activities performed in MK could be moved back to the ordinary assembly 

lines. The decisions on whether activities can be done on the ordinary line or must be done in MK 

is made in an early stage of the construction phase. Even though the production lines continuously 

change, once the engine type starts production, revisions on what activities are done in the 

production line versus MK are rare. One issue with this is that the process in MK is lacking 

feedback mechanisms. A result of this is that potential changes and improvements often stay in the 

head on the operator.  
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Figure 4.l: Relationship Diagram – Waste Categories & Disconnections in The Assembly Process Of MK 

Workforce Efficiency 

Two work sample studies were conducted. The volume was relatively high during the first study. 

The employees experienced that the volume exceeded what they could manage. Backlogs were 

occasionally built. The volume was unusually low during the second study. Employees experienced 

lack of motivation.    

The assessment of workforce efficiency has been conducted during assembly work. Breaks, 

meetings or prolonged down time has been excluded. Downtime due to bottle necks and waiting 

within MK is included. Downtime due to lack of engine input has not been logged. The assessment 
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does not account for waste within8 the assembly activities. For more info about how the study was 

conducted, see Appendix – Work Sampling Summary & Categorization which contains a legend 

for the identified activities and how they were categorized. It also contains a table and charts with 

breakdown on the different activities within the three categories. The results from this analysis is 

comparable with companies with the same type of manufacturing as well as in general.  

Table 4.f: Workforce Efficiency present the results from the two studies. The utilization of the 

workforce is distributed among the three categories. The Non-Value Adding activities are much 

higher than the reference value. 

Table 4.f: Workforce Efficiency 

Workforce 

Efficiency 

Value 

Study #1 

Value 

Study #2 

Reference Value - 

Manual 

Production9 

Reference Value - 

General 

Value Adding 39% 48% 59% 48% 

Supporting 31% 10% 26% 29% 

Non-Value Adding 30% 48% 14% 24% 

Note: Data interval for study#1 is 2018-04-25 to 2018-04-27. Data interval for study#2 is 2018-06-25 to 2018-06-29. 

In addition to the study of workforce efficiency, another phenomenon has been identified. It is 

known that the input of engines has a high level of variation. The same workforce using the same 

equipment produce significantly more output during times when the volume is considered very 

high, compared to when the volume is considered normal. The output of straight engines increases 

by 28% when the volume peaks to unusually high levels. The output of V8 engines increase by 

50% during that same circumstance. Whether this depends on if the operators are working at a 

faster pace than what is sustainable during peaks in volume, or if they work at a slower pace than 

what is considered efficient and healthy during normal volume levels is not determined.   

4.2.1.4 Information Management Parameters 

This section will give an overview of how and what information flow though MK.  

Information Flow 

The customization engineer picks up the engine from the buffer and start working on the engines 

in chronological order. The operator leaves the workstation to walk to the one computer within MK 

to scan the document following the engine and thereby start the assembly process in the system. 

During this activity the engine card is automatically printed. The actual assembly process could 

very well have been started earlier. The operator often unpacks the Pop-ID (containing material) 

pallet before moving the engine from the buffer to the workstation, hence all work may not be 

included in the logged time data. When work on the engine is finished, the Engine Card is scanned 

once more which marks the end of the assembly process for that engine. No other activities are 

logged in between.  

                                                         
8 Such waste could be due to skill level, individual pace, lack of supporting documentation, personal needs, fatigue, 

and/or delay. 
9 Reference values are based on a study of 14 manufacturing companies of which three had manual assembly.  
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MK use multiple documents throughout the assembly and quality control process. The different 

documents and how they are used is described in 13Appendix - Documents Used for Assembly in 

MK. The primary document is the engine card which is used as a checklist during assembly. 

Position standards and element sheets are used when needed.  

 

 

 Figure 4.m: Information Flow 

4.2.2 Step 2: Evaluate Current Situation 

The current situation has been evaluated using several tools outlined in chapter 4.1.1  Step 1: Map 

Current Situation 

As a first step it is important to create an understanding for the process. To understand the process, 

it must be outlined as a flow chart or process map to make it easy to visualize. This will become 

the main document and base for the evaluation. In addition to the process map it is beneficial to 

map several other parameters, se Figure 4.b: Work Process Step 1: Evaluation of Current Situation. As is the 

case with every mapping or evaluation method, it is important to only evaluate the parameters that 

are relevant and to do so as extensively as required to generate enough and in-depth knowledge of 

the area that is being studied.   

 



58 
 

 

Figure 4.b: Work Process Step 1: Evaluation of Current Situation 

The work starts with the process. The main process is the focus and base of this framework. The 

first step is to outline the production process by creating a process map with every step of the 

process. Process mapping is conducted through a combination of observations, interviews, and 

workshops. A manual production process can have a lot of variation depending on what product of 

model is manufactured. Nonetheless, it is important to outline every step of the process even if 

some activities are not always executed. This mapping activity highlight process inefficiencies that 

are otherwise hidden in the process. The project group must sign off on the process map before 

proceeding to the next step. 

 

Figure 4.c: Example of process map 

When the process has been mapped and consensus about its design has been reached, additional 

relevant parameters should be mapped. Production design, process management, and information 

management parameters are all important perspectives. Depending on the insight of the process, 
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these parameters and sub-categories are relevant. It is crucial to determine the existing knowledge 

within the area and evaluate the need for further information for each of them.  

Step 2: Evaluate Current Situation and is based on the information generated from step 1.  

The Marine & Industrial Engine Customization department is currently facing several challenges 

which have been categorized and are being explained in the sub chapters of this section. In addition 

to the more specific challenges described below are some conditions of a general character, that 

has an impact on the department.  

The process categories contain all related disconnections and are represented below with weighted 

values. Disconnections can only belong to one process category but can belong to multiple 

disconnection levels and challenges. Three disconnection were categorized as Miscellaneous. This 

was done due to the lack of relation to the other challenge categories. Those disconnections are 

included in all totals but will not be explained further.  

The Three-Level root cause model below show Time Data Management, Equipment, followed by 

Limited area as the challenges with the highest weighted impact on the effect goal. The categories 

are sorted according to node width which means that the wider the node, the higher the impact is 

on the effect goal of the studied selection of disconnections.  

 

 

Figure 4.n: Three-Level Root Cause Model - Process Categories, Disconnection Levels & Challenges 

4.2.2.1 Challenges 

The identified challenges are intertwined and partially affected or caused by each other. That is 

why there is somewhat of an overlap and repetitions can occur. Since MK is at the end of the 

production process, it is vulnerable to changes in earlier stages of the process. The lack of accurate 

and reliable data causes an uneven flow of input engines to MK. Sometimes there is a heavy 
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backlog and sometimes the buffer is completely empty. This creates waste and negatively affect 

the work environment as well as overall productivity and efficiency.  

The challenges are listed on the right side on the Three-level root cause model in Figure 4.n: Three-

Level Root Cause Model - Process Categories, Disconnection Levels & Challenges. They will be explained 

briefly in this chapter and more thoroughly in Appendix Error! Reference source not found..  

The assembly process is complex, with many different activities requiring a wide variety of 

components and tools. The department work exclusively with engines but with many different 

types. The complexity of the process together with the wide variety of engine types results in a 

prolonged training period for the operator. In turn, a prolonged training period is time consuming 

and results in a high level of dependency on individuals which generate a vulnerable competence 

level. More about individual dependency in sub chapter 4.2.2.3 Individual Dependency. 

Additionally, a manual process with a high level of variation is hard to measure and control. 

Efficiency projects generally focus on standardization, which is a challenge and/or not optimal in 

such a manual process.   

The engines which are to be assembled arrive with a varying frequency as well as with varying 

input volume, see Figure 4.o: Input Variation. The input volume can vary up to 11 units from one day 

to another. The uneven flow of input into MK can at times cause a heavy backlog with an overfull 

buffer, bottle necks, down time and elevated stress levels of the employees, as results. It is during 

this circumstance, the issues caused by the challenges described in the following sub chapters 

becomes highly palpable. Other times the input can be extremely low with almost no work to do. 

This situation is also affecting the employees negatively and generate costly downtime.  

 

Figure 4.o: Input Variation   

4.2.2.2 Time Data Management Challenges 

The definition of Time Data Management in this context primarily refers to the absence of adequate 

time data throughout the process. Information management processes are currently not providing 

the information needed to plan and control the department in the most efficient manner. The 

operation in MK is a manual process which makes it is hard, but not impossible, to measure and 

control.  
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Accurate and valid time data is an issue for the operation of MK. Correct and enough information 

in the right time is a challenge. This is the case for input information as well as process information. 

Input information refers to the information required to plan and operate the activities in the most 

efficient manner. Process information refers to the information related to control of the assembly 

process within MK. 

The improvement potential for the studied disconnections related to this challenge is estimated to 

32%. 19% of the studied disconnections are related to individual dependency. See Appendix 14 for 

relative improvement potential assessment.  

Issues related to Time Data Management can be found on all three disconnection levels. Half of 

them are related to the process level and primarily information management and equipment. 

Information management refers to disconnections related to how information is collected, handled, 

and followed up. Equipment in this context refers to disconnections primarily related to information 

that currently is not collected and for which there is no system support. 

Continuous Improvement 

There is currently a challenge to suggest improvement activities for MK. This is due to the lack of 

valid data. It is hard to calculate ROI if there is no data to calculate the potential improvement 

potential. When improvements are suggested they must be based on rough estimates which is not 

in line with TQM and fact-based decision-making.  

Process Control Data 

For the process information within MK, only two data points are logged. The operator leaves the 

workstation to walk to the one computer within MK to scan the document following the engine and 

thereby start the assembly process in the system. During this activity the Engine Card is 

automatically printed. The information is only used to see the number of started and finished 

engines. It is not used to follow up progress or productivity on an individual or group level. 

However, assemble times can be generated by analyzing start and finish times. Because such data 

is not generated or used, there has been no reason to make sure it is correct. For example, if an 

engine is started late into the evening shift, and the operator is not able to finish it before the shift 

ends, the engine waits for the morning shift to finish it. In this case, the time between shifts is still 

going in the system, making the assembly time for the engines incorrect and not valid. The same 

goes for breaks and downtime. To make the data on assembly time more reliable, downtime must 

be logged separately from assembly time. The data does currently not offer tractability related to 

what tools where used for specific activities, or from what batch components derive. If defects 

from the production line or from assembly in MK are identified, those are logged.  

When analyzing the throughput time of 278 engines, the standard assembly time only match 4% 

(or less) of the cases. The standard time (+/- 10%) for straight engines is 4h and for V8 the standard 

time is 8h. The average throughput time according to the data is 12h for straight engines and 31h 

for V8.  
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Figure 4.p: Engine Assembly Flow 

 

 

Table 4.g: Average Throughput Time Data 

Average Assembly Time Value Unit Selection 

Straight engines 12 Hours 247 Units 

V8 engines 31 Hours 86 Units 

Process Planning Data 

The input information is partially dependent on accurate and reliable process data from MK. The 

required input information includes (but is not restricted to) how many engines, of which type, and 

at what time they will arrive to MK. The management of MK currently receives a daily excel sheet 

with quantity and engine types. This information is based on how many engines MK is estimated 

to process in one day. The information in this document is rarely reliable. The data on which the 

production planning is based on, are two different standard times. The straight engines are 

estimated to take 4h to process while the V8 engines are estimated to take 8h to process. These 

estimates are used for all engines independent of level of customization. Due to the wide variety 

of customization levels, these standard times are inaccurate most of the time. However, actual 

assembly time on average is currently not reliable. 

Work Disruption Handling 

There is no system support for reporting, logging, or keeping track on deviations in the engine 

cards. The assembly process is currently lacking a process and system for reporting, logging, and 

keeping track of disruptions during assembly work. If the assembly process is disrupted due to for 

example material shortage or interruption by someone, such time is not logged or tracked. This 

results in a potentially high level of waste which is “hidden” into the assembly time.  
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Supporting Documentation 

The Engine Card sometimes lacks important information. One example is the torque to which 

screws should be tightened. The operators identify inaccuracies in the documents and experience 

uncertainty about how those are handled. Currently there are discrepancies in the documentation 

which for different reasons have not been fixed. For these engines, the operator must remember the 

alterations by heart. This information is such the operators learn after some time which is one factor 

contributing to Individual Dependency.  

4.2.2.3 Individual Dependency Challenges 

The definition of individual dependency in this context is such where the process and/or equipment 

require long training. It is not the complexity of the tasks but the complexity of the process in 

performing the tasks that creates this challenge.  

The improvement potential for the studied disconnections related to this challenge is estimated to 

11%. 12% of the studied disconnections are related to individual dependency. See Appendix 14 for 

relative improvement potential assessment.  

Issues related to individual dependency can be found on all three disconnection levels. Most of the 

disconnections are related to the process level and primarily how information and competence is 

distributed and managed. Equipment is a factor affecting the individual dependency in the way that 

the tools and machines used in the process is not automated, monitored, or controlled. Handling 

the equipment therefore requires experience. Quality could be affected by this challenge. MK has 

a Quality Control Zone which every engine must pass though before proceeding to the next step in 

the manufacturing process. However, the assembly process does not have any quality control 

function which could detect deviations during, or as a result of activities during the process. 

Potential defects and deviations could be detected earlier in the process resulting in less waste.  

Extensive Training Period 

The complexity of the process and the varying frequency of engine types and fluctuations in 

volume, results in a prolonged training period. The varying frequency of engine types makes it 

hard to become familiar with the different ones in the amount of time that is necessary. During 

times when the demand is high, there is no time for training. 

The operator can have training on one type of engine, and in the amount of time that can pass before 

the next one of the same type returns, he or she may no longer remember the training. It is also 

hard to develop competence to assemble all types due to the wide range of different models and 

types. The training period is relatively long with the current process. There is currently 

documentation to support with the assembly activities, see 3.6.5. Documentation. The process for 

training is currently to walk alongside an experienced operator. Given the wide range of variations 

with which the engines can come, this can take quite some time.  

Vulnerable Competence Level 

The competence base of the department is vulnerable since developing competence requires major 

effort and time. All employees are not able to assemble all engine types. For some more complex 

engine types, there is only one person within the department who has enough competence to 

perform the tasks.  
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4.2.2.4 Limited area Challenges 

The definition of limited area in this context is how the limited area negatively affect the operation 

of MK. Increasing the area could improve the productivity and the work environment. The area is 

a limitation for this study and increasing it will therefore not be a suggested improvement activity. 

However, the disconnections caused by this challenge cannot be overlooked and its implications 

will be part of the study. The assembly area is tight in general. Operating multiple loaders/trucks 

simultaneously is a challenge. This cause waiting time for equipment and workforce.  

The improvement potential for the studied disconnections related to this challenge is estimated to 

20%. 15% of the studied disconnections are related to individual dependency. See Appendix 14 for 

relative improvement potential assessment.  

Issues related to the limited area can be found on all the disconnection levels. The organizational 

level with area as process level are overrepresented. The limited area assigned to MK affects all its 

activities, some more than others. The primary issue is how the area is a restricting factor in 

adjusting to changes in volume. The area is also a limiting factor in changing or improving the 

process since area is often needed for the potential solutions.  

Limiting Potential Improvements 

The wide variation of engine types requires a wide variety of tools and components which takes up 

a lot of room. Shelving systems containing high consumption material takes up a large part of the 

total floor area. MK is in need of additional equipment such as tools and potentially an additional 

loader. The floor area is currently a limiting factor in adding necessary equipment and tools. Adding 

large equipment is currently not a possibility.  

The down time caused by the bottle neck in the Q-Zone could be alleviated but all such solutions 

require more space, which is not possible now.  

Insufficient Buffer 

The buffer currently has 9 parking spots. When the volume peaks, those are not enough, and 

engines must be placed in a temporary buffer borrowed from another department. This cause 

additional transports and can increase the risk of damage to the engines.   

Inefficient Handling of Material 

Due to the lack of space, the Pop-ID pallets are placed in the truck way which is for loading and 

unloading empty pallets containing high consumption material into shelving systems. Placing the 

Pop-ID pallets there create a potential risk which is further described in sub chapter 4.2.2.6 

Challenges related to Risks. Apart from the risk perspective, handling the Pop-ID pallets this way 

affects the efficiency of the assembly process. The area in question is narrow with truck traffic. 

Pallets cannot be placed according to standard, which is with the short side facing the operator. 

The labels containing information of content and to what specific engine it belongs are therefore 

hidden. The operator must put on a vest when entering this area and then start looking for the right 

pallet before loading it on the truck and take it to the workstations. Since the pallets are stacked on 

the floor and not in a shelving system, it happens that the needed pallet is on the bottom forcing 

the operator to move around the pallets standing on top before taking their pallet to the workstation.  
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4.2.2.5 Equipment Challenges 

The definition of equipment in this context refers to all physical tools, loaders, trucks and so on 

that are used within MK. The challenge refers to; existing equipment negatively affecting the 

assembly process, and lack of equipment with potential to improve the work environment and/or 

productivity of the assembly process. Lack of equipment refers to the potential that other types of 

machines or equipment could improve the process. 

The improvement potential for the studied disconnections related to this challenge is estimated to 

21%. 19% of the studied disconnections are related to individual dependency. See Appendix 14 for 

relative improvement potential assessment.  

Issues related to equipment can be found on all three disconnection levels with the process and 

organization levels representing a majority of disconnections. X Organization is an affecting factor 

due to how the processes has been adjusted to accommodate the issues. The adjustments to issues 

related to equipment has caused the assembly processes to become less efficient and work 

environment in some ways not optimally ergonomic. 

Insufficient Access to Tools 

The wide variation of engines passing though MK also require a wide variety of tools. Many 

engines are customized for specific customers, specific conditions, and/or produced in low 

volumes. Some activities require custom made tools which are either designed and produced in 

house or ordered from suppliers. Such tools are not provided for each workstation, but strategically 

placed in the middle of the assembly area. The workstations towards the ends on each side of the 

area must walk almost twice as far (compared to the workstations located in the middle) to reach 

these tools. Some tools only exist in one copy. This means it could be taken and used by another 

operator which could generate waiting time. If the tool breaks, down time and waste is also created. 

The lead time for such tools are longer than for standard tools.  

The Q-Zone is lacking a specific assembly tool and must therefore assemble test adapters while the 

engine is still in the assembly stations. When an engine is finished in the workstation, the quality 

control engineer goes to the workstation to mount the adapters. This cause waiting time for the 

operator. Additionally, the work in the Q-Zone must stop and then be resumed causing risk for 

deviations.  

Insufficient Access to Loaders 

When the engine is handed over from the operator to the quality control engineer, the engine is 

unloaded from the loader onto an engine pallet. On the loader, the operator can turn the engine 360 

degrees. This way, all parts of the engine can be reached. The engine pallet has no such feature. If 

the Q-Zone is busy, the operator has no place to unload the engine. The loader is then occupied 

until the Q-Zone is available. When multiple engine finish in approximately the same time, a queue 

to the Q-Zone is formed. This can happen several times a day, causing bottle necks and down time 

for equipment as well as workforce.  

The Q-Zone can receive one engine at a time. During the pressure test which can takes 2-15 

minutes, no other controls are conducted. This creates waiting time for the quality control engineer.  
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4.2.2.6 Challenges related to Risks 

The definition of risks in this context are such posing a potential threat to employees and the quality 

of products and material. The severity of the risks has not been measured but identified as existing.  

Most of the identified risks are related to the limited area. The area assigned to some tasks is 

insufficient and pose a potential risk to the operator and the quality of the product. Two main risks 

have been found during this study.  

The improvement potential for the studied disconnections related to this challenge is estimated to 

8%. 7% of the studied disconnections are related to individual dependency. See Appendix 14 for 

relative improvement potential assessment.  

Issues related to risks can be found on all three disconnection levels. However, disconnections 

related to the organization level is overrepresented. The reason or this is that the identified risks 

are related to the limited area within which the DEEA operates. X Quality could be affected by this 

challenge. 

Limited Area in Q-Zone 

The first risk is the area for Q-Zone within which critical controls are performed. When the engine 

is handed over from the operator, to the quality control engineer the engine is unloaded from the 

loader onto a engine pallet. On the loader, the operator can turn the engine 360 degrees. This way, 

all parts of the engine can be reached without compromising ergonomics. The engine pallet has no 

such feature. The quality control engineer does not have enough room to perform the visual controls 

in an ergonomic way. Currently the quality control engineer must bend and twist his or her back 

and legs to reach all areas of the engine. Additionally, the Q-Zone is lacking a specific assembly 

tool and one activity pose a potential risk of pinching the hand of the engineer.  

Limited Area in Truck Way 

The second risk is the truck way where two critical activities are carried out. On one side, trucks 

load and unload pallets into shelving systems. 16 potential safety deviation was identified during 

the mapping and evaluation of the area. A proper risk evaluation must be conducted to determine 

the specific risks and their risk value. The pallets contain high consumption material used for 

assembly in MK. On the other side pallets called Pop-ID pallets, containing pre-packed material 

for each specific engine arriving to MK, are stored on the floor. Due to the lack of space, the pallets 

are placed with their long side out making it hard to find the right pallet when it is required for the 

assembly process. The truck way is not wide enough to safely accommodate both the logistics of 

loading and unloading the material into the shelves and storing the Pop-ID pallets. The truck way 

must be widened 110 cm. 

Issues related to risks can be found on all three disconnection levels. However, disconnections 

related to the organization level is overrepresented. The reason or this is that the identified risks 

are related to the limited area within which the MK operates. X Quality could be affected by this 

challenge. 
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4.2.3 Step 3: Improve the Process 

The current state has now been mapped, analyzed and evaluated. It is now clear what the 

inefficiencies are and what the major challenges are. This step aims to improve the process by 

systematically go through the activities outlined in chapter 4.1.1 Step 1: Map Current Situation 

As a first step it is important to create an understanding for the process. To understand the process, 

it must be outlined as a flow chart or process map to make it easy to visualize. This will become 

the main document and base for the evaluation. In addition to the process map it is beneficial to 

map several other parameters, se Figure 4.b: Work Process Step 1: Evaluation of Current Situation. As is the 

case with every mapping or evaluation method, it is important to only evaluate the parameters that 

are relevant and to do so as extensively as required to generate enough and in-depth knowledge of 

the area that is being studied.   

 

 

Figure 4.b: Work Process Step 1: Evaluation of Current Situation 

The work starts with the process. The main process is the focus and base of this framework. The 

first step is to outline the production process by creating a process map with every step of the 

process. Process mapping is conducted through a combination of observations, interviews, and 

workshops. A manual production process can have a lot of variation depending on what product of 

model is manufactured. Nonetheless, it is important to outline every step of the process even if 

some activities are not always executed. This mapping activity highlight process inefficiencies that 

are otherwise hidden in the process. The project group must sign off on the process map before 

proceeding to the next step. 
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Figure 4.c: Example of process map 

When the process has been mapped and consensus about its design has been reached, additional 

relevant parameters should be mapped. Production design, process management, and information 

management parameters are all important perspectives. Depending on the insight of the process, 

these parameters and sub-categories are relevant. It is crucial to determine the existing knowledge 

within the area and evaluate the need for further information for each of them.  

4.2.4 Step 2: Evaluate Current Situation 

When the process is outlined it is time to evaluate the current situation to identify opportunities for 

improvement. Below figure visualize the work process of step 2.  

 

 

Figure 4.d: Work Process Step 2: Evaluation of Current Situation 

 

The first step is to identify disconnections (inefficiencies). This is done through brainstorming and 

workshops. To enable a creative and innovative environment it was important that all ideas, no 

matter how small or big was lifted and discussed. A no-blame environment along with support 

from management was required. On this level, the cost of potential improvements was not a 

limitation.  
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The sessions had two major focus points: problems and potential. The first focus point was on 

current issues causing problems and waste in a short-term perspective as well as issues that could 

cause problems and waste in a long-term perspective. The second focus point was on activities with 

a potential to improve the process in a short-term as well as in a long-term perspective.  

The step called “Three-Level root cause” root cause model in Figure 4.e: Three Level Root Cause Model 

was developed as result of the requirements of this study. It was inspired by  who recommends 

identifying disconnects and determine whether the issue originates in the organizational level, 

process level, or on the job performer level. It was also influenced by the root cause analysis 

frequently used in improvement projects based on TQM or Lean.  

In this study, 67 disconnects were identified during focus group sessions. The aim with the focus 

groups was to highlight everything that was considered an issue. The reason was to get a wide 

perspective on the current problems and see how they were connected. It was found that the root 

cause of the many of the disconnects originated in more than one level. Only grouping disconnects 

in relation to the three levels did not offer much understanding of the patterns of the disconnects 

rather than where the problem primarily lies. Therefore, a process category was added to group the 

disconnects into categories showing to which part of the process the issue is mostly related. The 

analysis generated an overview of the current situation which had just enough detail to understand 

the diversity of the situation and where the issues originates without showing an overwhelmingly 

amount of information.  

 

Figure 4.e: Three Level Root Cause Model 

 

When the disconnections were categorized and grouped into challenges, the next step consisted of 

evaluating each disconnection by weighting them. Each disconnection was given a number from 1 

(low) to 5 (high) to reflects its impact in regard to estimated improvement potential as well as 

implementation complexity. The average was then calculated, and each disconnection was placed 

in one of the boxes as exemplified in below figure. 
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Figure 4.f: Model for Disconnection Evaluation 

4.2.4.1 Summary 

The mapping and evaluation of the current situation results in a widespread and extensive 

overview. It also provides answers to which the major challenges are. Many smaller issues often 

have the same root cause. These challenges or root causes might need additional research. 

Additional data collection and mapping might be needed after this step before proceeding to the 

next step.  

Step 3: Improve the Process. The activities are based on the information generated during step 

2. This chapter presents the results from conducting this step.  

This chapter will give an overview of the future state, the primary potential improvement activities 

and their effect on the process. The effects of the improvement activities will be explained in 

relation to the current state in general and to the assembly process specifically. The aim has been 

to reduce negative effects generated by the current challenges. How and to what degree that is 

possible with the suggested activities will be described.  

4.2.4.2 Concept Proposal 

The concept proposal contains suggested process innovation activities and potential solutions that 

will increase efficiency and flexibility of the assembly process. It will primarily change the way 

information is distributed and to how and what data is collected.  

During the analysis of the inefficiencies and identification of the challenges it became clear that 

the process is lacking basic and valid time data. The lack of valid and correct data restricts the 

ability for accurate production planning and control while reducing the potential for continuous 

improvement. Evaluation and reliable assessment of different potential improvement activities 

were in many cases not possible due to the lack of data. Many activities presented in Appendix – 

Low Hanging Fruit are estimated to substantially improve the assembly process or the work 

environment. There was no way to reliably prove that was the case. For this reason, the perspective 

on the challenges somewhat shifted to a more long-term perspective on the efficiency concept. The 

aim was initially to simply increase the efficiency of the assembly process within MK. Taking a 
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step back and improve the conditions for improvements, in a short-term as well as in a long-term 

perspective.  

Matrix 4.a: Concept Proposal Matrix show how the challenges has been broken down into 

components and how they are affected by the potential improvements offered by the solutions. 

More about how the concept proposal will increase the efficiency and flexibility of the process by 

reducing the negative impact on challenges will be explained in 4.2.4.3 Estimated Effect on 

General State.   

4.2.4.2.1 Suggested Improvement Activities 

This section describes six recommended improvement activities. They are not quick fixes which 

will improve the efficiency instantly. They will however increase the efficiency of the assembly 

process and create an awareness to be used for continuous improvements.  

Predetermined Time System 

The central improvement activity is the implementation of a Time Data Management solution 

based on a Predetermined Time Systems. The utilization of a predetermined time system will 

generate assembly times which are valid and reasonable.   

The actual assembly time including disruptions will be logged and can be compared to the 

predetermined assembly times. The valid time data and deviation reports will enable manufacturing 

control and planning based on actual information instead of rough estimates. 

Disruption Handling 

Disruptions occurring during the assembly process will be logged. When starting to log disruptions 

it is important to see when and why and when they occur. Disruptions can be logged on an activity 

level which means on the different activities listed in the engine card. Disruptions can also be 

logged on an order level, which means they are reported once for an activity in the engine card. 

The recommendation is to start reporting disruptions on an activity level. This will provide more 

insight into what activities, material, tool, or part of the assembly process are most prone to 

disruptions and waste. The insights do have a price with more time spent on reporting than before. 

After some time when the reasons behind the disruptions has been handled, the level of reporting 

can be adjusted to a more general level. The level of detail can be determined by the organization.  

Information Just-In-Time 

JIT can be applied to information and knowledge in addition to tangible resources. The operators 

require information which should be supplied JIT. The operators will have the information they 

need to do their job at the time they need it, in the required scope, and it will be easily accessible.   

Screens with scanning functionalities will be installed in all five workstations and one additional 

screen will be strategically placed to ensure visibility from all workstations. The primary difference 

in the assembly process will be that operators will have the information they need, on their own 

screens located within their respective workstations.  
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Continuous Improvements Based on Fact-based Decision-Making 

Continuous improvement is an important part of the organizations core. Suggesting improvements 

is a hard task when there is little or no facts to prove the potential of the activity. There is currently 

at catch 22 situations within MK. There are reasons why actual data and facts are needed when 

making decisions about changes to an organization. There is little room for mistakes. A faulty 

decision will waste money and can negatively affect the individuals in the organization. Fact-based 

decision-making therefore works as a protection mechanism against unproductive decisions. In this 

case with little valid data, there are no facts to base decisions upon resulting in no decisions or 

decisions made without valid facts are being made.  

Fact-based decision-making in this context also refer to actively searching for appropriate 

information which then is collected and analysed using suitable tools and methods.  

Reduce Waste 

Non-Value adding activities currently represents 30-48% of the activities. Such activities can and 

should be reduced. MK currently suffers from waste being “hidden” within the assembly process. 

Reducing the non-value adding activities must start with researching what cause them and in what 

situations they most frequently occur. There is currently no way to efficiently and accurately make 

such conclusions. Tools and methods to log value-adding activities vs non-value adding activities 

must be implemented.  

Organizational Learning 

The people in the process must be supported in their daily efforts to improve their tasks and their 

performance. A no-blame environment along with a willingness and feeling of urgency to make 

things better where problems are opportunities for improvement is necessary to ensure that people 

can experiment and make mistakes as they learn. Visual systems and standards are important to 

highlight problems and promote a shared understanding of the current situation. It is important to 

capture knowledge and make sure individual learning results in organizational learning. 

4.2.4.2.2 Potential Solution 

The concept proposal has been developed by evaluating the current state, the identified disconnects, 

the identified potential improvement activities from the perspectives represented by the frame of 

references. Factors such as estimated improvement potential10 and implementation complexity 

affected the prioritization of the improvement activities. The disconnects and solutions were 

assessed by estimating the implementation complexity11 and are presented as low hanging fruits 

in Appendix – Low Hanging Fruit. The concept proposal is based on an evaluation of 64 

disconnects and 45 potential improvement activities.  

The selected solution is to implement a software and touch-screens managing the activities 

explained in chapter 4.2.4.2.1 Suggested Improvement Activities. In this report, that software is 

                                                         
10 Estimated improvement potential was evaluated for each identified disconnection and potential solution and given 

a value from 1-3 where a low value indicates a low estimated improvement potential.  
11 Implementation complexity was evaluated for each identified disconnection and potential solution and given a 

value from 1-3 where a low value indicates a low implementation complexity.   
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referred to as TDM IT. Functionalities, future functionalities and findings from previous research 

projects related to this software can be found in Appendix 19 Appendix – TDM Software.  

TDM IT is developed by people working in assembly and is designed to fit the needs of such 

activities. It is also designed to be managed by the operators themselves. They will structure the 

information in the, according to them, most efficient way. Updating and maintaining the system 

will be an additional work task to the employees of MK. Time and resources must be allocated for 

maintaining the system. 

The software will time activities in relation to the predetermined time data and any deviations 

reported with reason codes. The valid time data and deviation reports will enable manufacturing 

control and planning based on actual information instead of rough estimates. 

Figure 4.q: Implementation Of TDM IT show how the features of TDM IT can be translated into 

methods and tools enabling production planning and control based on actual data. The output will 

be increased efficiency and improved flexibility in terms of ability to adjust to changes in volume 

and products. The information generated from the system offers insights and knowledge which will 

provide a solid base for continuous improvement based on fact-based decisions.  

The Concept Proposal Matrix presents how the system will affect the impact of the information 

flow.  Figure 4.s: New Information Flow 

present and visualize the primary changes to the assembly process within MK.  
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Figure 4.q: Implementation Of TDM IT 

4.2.4.2.3 The Concept Proposal in Relation to Scania Production System (SPS) 

The concept proposal has been developed using values, principles, and priorities of Total Quality 

Management as guiding forces. ‘Customer first’ which is also the centre of TQM has been a 

permeating factor. This relates to both internal and external customers. Respect for individual has 

been integrated in the study in two dimensions. The study offered opportunities for employee 

engagement (which is another cornerstone of TQM) by involving the employees closest to the 

process in multiple focus groups and workshops. The implementation of the TDM solution is based 

on a well-established method accepted by the workforce and the manufacturing industry. One main 

purpose of the study was to increase the efficiency of the assembly process which includes 

elimination of waste.  

4.2.4.2.4 Concept Proposal Matrix 

An implementation of TDM IT is estimated to significantly improve the Challenges, Time Data 

Management, and Individual Dependency. Matrix 4.a present the challenges in relation to the 

features. General challenges contain multiple issues and are therefore presented as a group of 

challenges. A more detailed version including all analysed issues related to each challenge can be 

found in Appendix - Concept Proposal Matrix. Issues related to Challenges is estimated to have 

the overall best improvement. Time Data Management followed by Individual Dependency are the 

individual challenges estimated to have the best impact in relation to the research questions.  
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Matrix 4.a: Concept Proposal Matrix 

4.2.4.3 Estimated Effect on General State 

This section will explain how the general state will be affected by the changes which will be a 

result of the suggested improvement activities. The explanations will, if relevant, provide a short-

term and a long-term perspective.  

4.2.4.3.1 MK – Production Process 

The main processes of MK which is engine assembly and customization, will not be changed. 

However, they will be somewhat affected by the changed and added supporting processes. The 
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primary change will be to information and time data management activities. Process and method 

changes to information management and time data management comes a result of the 

implementation of TDM IT. Assembly and quality control activities will remain unchanged.  

4.2.4.3.2 Production Design  

The production design of MK which are currently using a jumbled flow will not be altered. The 

concept proposal is rather focused on activities to reduce waste, increase efficiency, and 

incorporate methods and tools to increase flexibility to cope with variation.  

The TDM IT software will result in a significantly improved insight into the assembly process of 

MK. The new knowledge which together with the core values, principles, and priorities of SPS will 

unavoidably lead to continuous improvements. In a long-term perspective, such knowledge and the 

utilization of balancing and takt features of TDM IT could potentially lead to changes in the 

production design.  

4.2.4.3.3 Process Management  

The suggested improvement activities will have a positive impact on all studied issues related to 

process management in a long-term perspective. In a transition period, the implementation will 

generate additional work.  

Work environment 

The work environment according to the survey presented in Table 4.d: Work Environment 

Assessment is scored 3 on a scale from 1-5. The overall work environment is estimated to improve 

after implementation of TDM IT. In a short-term perspective the implementation of TDM IT will 

lead to additional strains on the employees of MK. This should however only be a temporary effect 

during the transition period. The improvement will be visible only after the implementation is 

completed in full, sufficient training has been completed, and adequate skill level of the new 

supporting methods and tools has been reached.  

The variation in flow has been identified as one reason which is negatively affecting the work 

environment. The employees experience a change in motivation and frustration due to the 

sometimes-dramatic change in volume. The number of engines arriving to MK is at times higher 

than what the employees can manage and at times so low there is almost nothing to do.   

By using predetermined time systems based on performance-neutral time studies such as MTM-

SAM accurate assembly times can be identified for each engine type. This affects the work 

environment in four ways: 

- Performance-neutral time studies generates accurate assembly times based on the time 

required for an average skilled operator, working at a normal pace, to perform a specified 

task using a prescribed method, allowing for personal needs, fatigue, and delay. 

- Even workload 

- Stress and negative effects related to variation in volume can be reduced  

- Clear expectations. Every employee will know what is expected and what performance 

level is required.  
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Waste 

The suggested improvement activities are estimated to have a high impact on waste within MK. 

All identified challenges and issues generate waste in some form. Much of the identified waste 

could be eliminated with proper information management. Waste marked yellow in Figure 4.r: 

Relationship Diagram – Waste Categories & Disconnections in The Assembly Process Of MK is 

estimated to be reduced.  

 

Figure 4.r: Relationship Diagram – Waste Categories & Disconnections in The Assembly Process Of MK12  

                                                         
12 Note: Suggested improvement activities will have a primary effect on waste marked yellow. 
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Workforce Efficiency 

The studies Workforce Efficiency show a level of Non-Value adding activities which is higher than 

the reference values of both manual assembly as manufacturing in general. The study only defined 

activities as Value Adding, Supporting, or Non-Value Adding. Whether the Value Adding and 

supporting activities are in fact so in full, cannot be determined without using a predetermined time 

system such as MTM-SAM.  

It has also been found that there is a significant difference in output (28-50% increase) depending 

on if the input volume is considered normal or unusually high. Exactly what this depends on can 

be identified using predetermined time system which is part of the implementation of TDM IT. 

Having access to accurate time data will can help tell which pace is sustainable and employees will 

know what is expected of them regardless of volume. MK management will also gain knowledge 

on what the actual capacity is and can then control the assembly process thereafter.  

Information Management 

The suggested improvement activities are primarily affecting how information is collected and 

managed. The display which will be available on each workstation will merge the information 

currently provided in the three primary documents which are required and are supporting the 

assembly process in MK. The operators will have the information they need, without having to 

leave the workstation or stop the assembly process.  

The Engine Card is currently the most central document in the assembly process within MK. It is 

printed automatically when the assembly process is manually started at the computer. The engine 

card works as a checklist during the manual assembly process. The operator checks each activity 

with a personal stamp. The activities in engine card is organized and should be conducted in order. 

However, the operator often identifies more efficient orders and conduct the activities in the order 

he/she finds better. Often multiple activities are done before checking them off with the stamp. The 

engine card will constitute the core of the information in the TDM IT software. The screen will 

display the activities which are currently in the engine card as an activity list. Each activity must 

be competed in full before next activity can be started in the system. If the operator thinks there is 

a better order in which do conduct the assembly process, a feedback function will be available 

where the operator can report such potential improvements.  

Not having to print supporting documents such as Element Sheets and Position Standards 

eliminates some types of waste. Waste due to movement, waiting, over processing, and risks of 

missed activities related to stop and start of the assembly process will be eliminated.  
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 Figure 4.s: New Information Flow 

The supporting documentation such as Element Sheets and Position Standards will still have the 

same content. They will however be available straight in the computer display where they are 

merged into the list of activities which could require such information. This eliminate the need for 

the operator to leave the workstation, walk to the computer at the far end of the department, search 

for it, print it, and walk back to the workstation to resume the assembly process.  

4.2.4.4 Estimated Effect on Challenges 

This section will explain how the changes resulting from of the suggested improvement activities 

will be affecting the identified challenges. The explanations will, if relevant, provide a short-term 

and a long-term perspective.  

4.2.4.4.1 General challenges 

The general challenges primarily refer to variation and flexibility. The process requirements of the 
products make it impossible to eliminate variation completely. The activities suggested in this study 

will not reduce product or material variation. The data generated from the system can be used to 

reduce variation in volume and to even out the flow. This is a long-term solution which in this case 

means it can take quite some time before results are visible. It is however results that will reduce 

both waste and improve the work environment in a way that is sustainable.   

The other challenge of low flexibility to adjust changing will be improved in several ways. 

Flexibility management is mainly about managing variation in different ways. Connecting tools to 
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the system and the activities will manage the variation in material and engine types. The operator 

will not have to know everything by heart and keep critical activities in mind.  

4.2.4.4.2 Time Data Management 

Challenges related to time data management refer issues of planning, controlling, and managing 

the assembly process. It impedes continuous improvement and it generate uncertainty. Issues such 

as the lack of data and information needed for process control and process planning will be solved 

almost entirely. The lack of a disruption handling process will also be solved completely. There 

will be system support as well as a process for follow-up and reduce disruptions.  

The issues with inaccuracies in the documentation will never be eliminated completely. However, 

the suggested improvement activities do offer methods for creating a communication channel 

where such errors can be reported in an instant without having to fill out forms and being unsure 

of the outcome.  

4.2.4.4.3 Individual dependency 

Challenges related to individual dependency primarily refer to how the variation in engine types 

and volume affect the time it takes to train the operators and how vulnerable the department is due 

to this fact. Providing information JIT should reduce the training period. What currently makes the 

department dependent on the competence of specific individuals, should be mitigated. The 

information will be provided in such a way that someone unfamiliar with the type of work tasks, 

should be able to perform them without major issues. 

4.2.4.4.4 Limited area, Equipment, & Risks 

The suggested improvement activities are not estimated to have any significant effect on the 

specifically identified disconnects related to the challenges limited area, equipment, or challenges 

related to risks. However, data and new knowledge generated from the new methods and tools 

could be used to simulate further improvement activities to evaluate potential activities to solve or 

mitigate the issues related to the specific issues related to the challenges as well as those areas I a 

general perspective.   

4.2.4.5 Implementation 

Implementing the suggested improvement activities will become a project which will require 

resources and support. This section briefly explains what the requirements are to implement the 

suggested solution.  

One or two system ambassadors must be appointed. The system ambassadors will also administer 

the software. Such administration includes user admin, local support and testing, keep updated on 

new features, and report issues to the TDM IT supplier.  

Implementing TDM IT takes time and requires a good understanding of how the system works and 

how to best use it. To ensure successful implementation with parallel training of users it is 

recommended to have access to a TDM IT consults during the first six months of the 

implementation. 
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4.2.5 Step 4: Learn from The Process 

To ensure knowledge was captured, the findings from the evaluation process was presented to 

middle and higher management of the organization. In addition, discussions about results and 

methods was held during weekly cross functional meetings.  

This step is meant to continue resulting in new iterations of application of this framework 

generating even more insight and knowledge that can be used to improve the process and ensure 

the organizations long-term success.  
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5 Discussion 

This chapter discuss the findings of the study in relation to the most relevant knowledge within the 

area.  

The purpose of this study was to create an understanding of the dynamics of a manual 

manufacturing process in an environment that is constantly changing. The variation of models, 

frequency, and volume is a major challenge causing inefficiencies. The trend shows that the 

variation in models is only increasing as customers’ demands more advanced and customized 

products. The variation in frequency is entirely dependent on customer demands. Therefore, it is 

outside the control of the organization to try to limit these types of variation. When it comes to 

variation in volume, there is a definite potential for improvement where the flow of engines arriving 

to the studied manufacturing process can be more even. The reasons for variation in volume lies in 

earlier stages of the planning process but was deemed too big of a project to try to take on during 

this study. That leaves the studied process with the only option to find ways to improve the process 

while maintaining its current flexibility in adjusting to the variation.   

As the studied manufacturing process is complex to its nature and more so due to the environment 

in which it operates it is impossible to find a solution that solves all or even most of the 

inefficiencies. Many (45) different potential solutions was identified to improve the process. They 

all were different in regard to implementation complexity and potential improvement level. Some 

were easy fixes and those were implemented during the project. Effects of improvement activities 

became visible during the study. However, the study has been focused on the group of 

disconnections (inefficiencies) that has the most potential for improvement and the solution that 

has the highest estimated improve potential.  

Process Management characterizes the organization as a “system of interlinked processes” (Benner 

& Tushman, 2003) which builds on the TQM programs. Process management is vital to keep high 

quality and to stay efficient. This is however somewhat of a hindering factor for innovation and 

thereby long-term success. That is why this concept includes different objectives. On the one hand, 

organizations must find a balance between exploration and exploitation, but at the very same time 

have efficient process management and control.  

The findings show that a highly manual manufacturing process with a lot of variation is hard to 

standardize. Standardization is effective to a certain extent and can be counterproductive if it 

restricts the process making it less dynamic and flexible. Before the process evaluation started, 

many inefficiencies were already known. These inefficiencies are common in production and are 

usually improved by traditional process improvement methods presented by Lean Management 

and TQM. The flexibility requirement of the process has been a limiting factor for traditional 

process improvement and the studied process has previously been excluded from other 

improvement projects due to its manual character. The process has in other words not been 

ambidextrous in the aspect of process innovation to balance efficiency and flexibility. This has 

resulted in a lack of insight in the process and accurate and valid time data is oftentimes missing.  

Valid time data is a crucial factor for efficient resource utilization in a manufacturing process 

(Hedman & Almström, 2017). It directly influences planning, and it controls quality. Planning and 

control are the most critical factors in improving the performance of manufacturing processes 
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(Wacker & Sheu, 2006). A reason for operational inefficiencies is production planning and control 

based on inaccurate input data (Saenz de Ugarte, et al., 2009). Ivert (2012) emphases the 

importance of accurate and consistent high-quality data for planning activities as well as 

optimization projects.  

For the same reasons as traditional process improvement methods has not been able to solve the 

inefficiencies, the same methods for analysing the process has not been able to generate a 

comprehensive overview of the process, its challenges, and potential for improvement. A new 

framework for evaluating a manual and complex production process was developed as a result of 

this. In TQM, fact-based decision-making is part of its core (Bergman & Klefsjö, 2012). An 

identified problem and its implications must be defined and understood. Potential solutions should 

be analyzed in a full scope to ensure the highest possible benefit while being aware of any possible 

negative consequences. The framework meets the requirements of TQM and is compatible with 

Scania’s own production system.  

Standardization is the most common solution to increase the efficiency of a manufacturing process. 

However, when the process requires flexibility in adjusting to constant and unpredictable changes, 

standardization can only do so much. Improving the efficiency of such a process requires 

innovation. Innovation is the utilization of new knowledge to offer a new product or service 

fulfilling a customer need or want (Afuah, 2003). It is driven by the ability to see connections, to 

spot opportunities and to take advantage of them (Tidd, et al., 2005). It is a new way of doing things 

which can be applied to both technologies and processes with the goal to achieve a competitive 

advantage (Porter, 1990).  

This project has mainly been focused on process innovation to understand and improve the studied 

process. By using the knowledge and competence already within the organization together with 

new knowledge brought by relevant literature, new ways of evaluating the process along with new 

ways of managing information has been developed. The process innovation activities in the future 

state are meant to change the way information is collected and distributed. Valid and accurate data 

and information generated as a result of the suggested activities will create opportunities for further 

improvements in the studied process as well as the processes before and after. The data can be used 

to pinpoint precise problem areas and can be used to reduce waste and the variation in volume and 

frequency over time. 
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6 Conclusion 

This thesis sets out to answer one research question. This chapter concludes the report and 

answers the research question. The implications of the study are being discussed on a theoretical 

as well as on a practical level.   

The aim of this study was to identify and evaluate the potential of increasing the efficiency without 

reducing the flexibility in a manual manufacturing process. Because current literature and research 

does not have practical and concrete application of ambidexterity on an operational level, this study 

aims to fill that gap. Ambidexterity is often studied and applied on a strategic or organizational 

level. It primarily involves how to organize the firm to enable innovation using contextual or 

structural ambidexterity. It also involves improving the organizations ability to be aligned with 

current demands while at the same time be adaptive to adjust to changes. Ultimately, this is meant 

to make the company stay competitive in a short-term as well as in a long-term perspective and is 

meant to implemented on a higher organizational level. The gap mentioned above refers to practical 

application of such strategies on an operational level.  

This way of operationalizing the ambidexterity concept is meant to improve the ability to 

simultaneously focus on efficiency and flexibility. Improving and balancing these contradictory 

areas will permeate the organization and ultimately affect the ambidexterity on the higher levels.  

Increasing efficiency while maintaining flexibility is by principle not exactly compatible. 

Organizations with customers demanding highly customized products turn to manual 

manufacturing to stay flexible and managing the variation. A manual manufacturing process is 

usually not very efficient due to the almost non-existent potential for standardization. Traditional 

process improvement literature suggests standardization and reduction of variation as go-to 

solutions for increasing efficiency. Such variation-decreasing activities reduce the flexibility of the 

process. Organizations and processes where such activities are not optimal solutions or even an 

option, are left with few options to improve the efficiency while still maintaining its dynamic 

capabilities.  

The research question is of explorative character and from the perspective of high variation and 

manual tasks, asks “how” efficiency can be increased without reducing its flexibility. Determining 

how to achieve increased efficiency and maintained flexibility require an understanding of the 

context and what the current state and challenges are. 

The studied process operates in a complex environment with high variation of models, material, 

tools, and volume. The variation affects the assembly process in multiple ways, causing other 

challenges which in turn results in inefficiencies and waste.  

As the purpose of the study is to create an understanding of how to balance flexibility and efficiency 

of a manual production process a need for extensive information emerged. Current methods for 

analyzing manufacturing processes proved inadequate as the process in this study is characterized 

by variation in every way possible. Due to the high level of variation in the studied process, it 

became evident inefficiencies existed in an equally varying way. To meet the needs for an extensive 

understanding of such a process the new framework for evaluating manual production processes 

was developed. The new framework accommodates mapping, analysis, and improvement of 

complex processes. It uses the organizations most valuable asset as the main source of information: 
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its employees. The framework for evaluating manual production processes is designed with 

inspiration from Lean, TQM, and PPA.  

Many activities have been identified during this study which could potentially improve the 

efficiency and the work environment of the studied process. Evaluating such activities is a hard 

task when there is a critical lack of valid and accurate time data. Suggesting activities without valid 

data to prove that effects will be actualized, will be made on assumptions and estimates rather than 

facts. Therefore, the suggested improvement activities are focused on generating valid data and 

information on which to build a powerful foundation of information of continuous improvement 

which will be efficient in the short-term and in the long-term.  

6.1 Practical Implications 

The practical implications of the study show that increasing efficiency and maintaining flexibility 

requires implementation of specific activities developed from the theoretical level of analysis and 

customized to the context. The most critical component is insight and knowledge about the process. 

Generating and supplying information opens more opportunities for employee engagement. It 

enables fact-based decision-making. This requires activities ensuring such data is collected and 

analyzed to generate useful information on which to base further activities. Important in increasing 

efficiency is reducing waste. Manual production processes often suffer from more waste than 

production using continuous flow. Continuous flow does not accommodate much flexibility and 

makes such a production design inefficient. Waste can and should be dramatically reduced. Much 

of the waste is currently “hidden” but will with valid time and disruption data be visible and thereby 

possible to eliminate. Flexibility and the ability to adjust to changes can be managed and improved 

by providing information JIT and by promoting processes for organizational learning.  

The new framework developed as a result of this study provide practical implications. The 

framework is complex enough to cover all critical parts of a manual and/or complex manufacturing 

process with a high level of variation. It is also simple enough making it possible to apply by the 

individuals in the process without having to hire expensive management consultants. The 

framework is also scalable and parts that might be deemed unnecessary can be excluded from the 

analysis process.  

The application of the framework on a manual manufacturing process with a high level of variation, 

which is part of the analysis of this study, show the applicability and potential for generating a 

sufficient knowledge base on which to base efficiency improvements and ambidexterity activities.  

6.2 Theoretical Implications 

The solution to the research questions lies, on a theoretical level, on balancing efficiency and 

flexibility. In practice it also means balancing standardization and differentiation. Efficiency and 

flexibility are in many ways each other’s opposites. Focusing on improving efficiency is often 

easily done in a stable and predictable environment and generally lead to short-term success. To 

reach sustainable long-term success, ambidexterity must be implemented into process and 

information management. Focus must simultaneous be on improving flexibility while at the same 

time improving the efficiency of the process. Being ambidextrous in this context also means the 

organization must focus on incremental innovation of the current process while at the same time 

aim for more radical improvements.  
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The new framework for evaluating manual manufacturing process fills a gap in the current 

literature within the research field of the ambidexterity concept. It operationalizes the otherwise 

somewhat abstract ambidexterity approach. It provides methods for analyze and evaluate processes 

and factors that must be understood in order to make strategic decisions leading to competitiveness 

now and in the future.   
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7 Limitations and Suggestions for Future 

Research 

This chapter initially describes the limitations of the study after which, the need for further research 

in relation to manual manufacturing processes and variation, is described.   

This study has used one process within one organization as the case in which to conduct the 

research. Using only one process can be considered to lower the validity of the findings. However, 

benchmarking activities together with extensive literature studies has contributed to the indication 

of the validity of the findings. To instead conducting the same research process on multiple cases 

would increase the validity. The reasons for the selection can be motivated partly by the limitations 

in time for this study, and partly by the need for in-dept knowledge of the process and its challenges. 

When conducting research on an operational level as is the case with the manual manufacturing 

process in this study, the analysis must be done to exhaust all relevant information and data. Many 

activities were conducted to triangulate the data to generate a perspective where multiple sources 

were used to confirm the same thing or to identify information gaps in the process. While the 

argument for lower validity are valid concerns, it is also a strength to study one process in as much 

detail as has been done during this study. The next step in developing the knowledge is to apply 

the framework on other similar processes.  

During the initial research study, it became clear there was a major gap in the literature on exactly 

how to improve efficiency and flexibility simulations. Many studies and authors claim that it is 

possible to balance efficiency and flexibility and say, “there are ways to do that”. However, during 

the literature studies no concrete methods, or even close to it, were found. The existing research on 

ambidexterity in this context is on a more abstract level which makes it impossible for organizations 

to apply the knowledge. The studied process is an example of this where an organization that has 

gone very far in improving and streamlining its processes to be as efficient as possible chooses to 

exclude the manual processes from improvement projects due to the fact that there is not enough 

knowledge about how to improve it without limiting the flexibility. The equivalent production 

process at the benchmark organization has the same setup and same challenges. Research on 

concrete application of the already existing knowledge in the area is needed.   

One could argue a solution could be to try to reduce the variation in models in order to enable more 

standardization. Looking at the customer demands and listening to their needs, proves this to be a 

less then successful solution. Instead the customers keep requiring an increased level of 

customization. To keep these customers, it is important to meet their demands for customization 

and high quality while also ensuring process efficiency. Considering this, it would also be 

beneficial to study manufacturing tools and equipment better suited for diverse manufacturing.  

This study presents a new framework for analysing and evaluating a complex manual production 

process in an environment with a high level of variation. It has been successful in analysing the 

process in this study but has potential to be relevant for other processes that does not fit into the 

traditional process improvement methods. Because the new framework has only been applied to 

one process, it should be tested on other processes with similar characteristics. By doing so it could 

be further developed and improved where after it could be of more general use.  
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9 Appendix – Work Sampling Summary & 

Categorization 

Category Activity 

Non Value Adding Fetch tools 

 Fetch component 

 Break 

 Conversation 

 Stop 

 Troubleshoot 

Supporting Motor card 

 Phone call 

 Meeting 

 Engine transport 

 Reset 

 Training 

 Administration 

 Check list 

Value Adding Manual assembly 

 Scanning in/out 

 Preparation 

Value Adding/Supporting Cleaning 

 Pressure test 

 

Categories Number of occurrences % 

Non Value Adding 629 37% 

Break 11 1% 

Conversation 99 6% 

Fetch component 211 12% 

Fetch tool 6 0% 

Stop 302 18% 

Supporting 322 19% 

Documentation 80 5% 

Cleaning 1 0% 

Engine transport 122 7% 

Phone call 5 0% 

Training 140 8% 
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Value Adding 749 44% 

Manual assembly 686 40% 

Preparation 37 2% 

Grand Total 1700   
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10 Appendix – Survey and Answers for 

Production Engineering Assessment 

 

Topic Question Number of 

"yes" 

answers 

% 

Strategy – 

goals 

1. Can the management present a clear production strategy, based on 

qualifying and order winning criteria? 

2 50% 

  2. Is the strategy converted into measurable goals for production?  2 50% 

  3. Are the goals measured regularly and are these measures available 

to the shop-floor personnel? 

4 100% 

  4. Is the fulfilment of the goals connected to any kind of reward? 2 50% 

Methods 5. Is a standardized work method used and is it documented?  2 50% 

  6. Is the standardized work method changed if the workers find a 

better method? 

3 75% 

  7. Do operators serve several machines?  0 0% 

Maintenance 8. Is down time measured and are causes for stoppages documented?  1 25% 

  9. Is down time measured by an automatic system? 0 0% 

  10. Are small stoppages monitored and actions taken to eliminate 

them?   

1 25% 

  11. Is preventive maintenance used? 4 100% 

  12. Is condition-based maintenance used? 1 25% 

Competence 13. Is there anyone responsible for and competent to measure manual 

work?  

2 50% 

  14. Has the first line manager knowledge about the work to lead 

improvement actions? 

0 0% 

  15. Is there a competence development plan? 2 50% 

Cleanliness 

and order 

16. Have all material, tools etc. fixed positions and is everything in 

place when not used? 

4 100% 

  17. Is there enough space around the workplace to move all material 

as planned? 

0 0% 

  18. Are the floor and other surfaces free fromwaste material, scrap 

products, etc.?  

1 25% 

Material 

handling 

19. Are the load carriers (pallets, etc.) adapted to the components? 3 75% 

  20. Does the batch size correspond to the delivery pace?  1 25% 

  21. Is the same load carrier used for a component as far as possible? 3 75% 

  22. Is material stored close to the point of use?  1 25% 

  23. Is the shop independent of trucks, cranes etc. to move the 

material? 

0 0% 

Changeover 24. Are changeover times measured?   0 0% 

  25. Is there a continuous effort to reduce changeover time in the 

bottleneck? 

2 50% 

  26. Are tools, fixture etc. stored close to where they used? 3 75% 
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Continuous 

improvements 

27. Is the continuous improvement work carried out systematically, 

and is it documented and visualized? 

3 75% 

  28. Are the workers engaged in the improvement work? 4 100% 

  29. Has the management a realistic idea about the productivity 

potential? 

3 75% 

  30. Is knowledge from previous development projects used 

systematically? 

3 75% 

Calculations  31. Are investment calculations revised?  4 100% 

  32. Are product calculations revised? 2 50% 

Planning 33. Is the ideal cycle time known and is it based on facts?  2 50% 

  34. Are real operation times reported to the planning system?  1 25% 

  35. Are the operation times in the planning system updated based on 

the real operation times? 

1 25% 

  36. Is the production planned according to pull principle when 

possible?  

1 25% 

  37. Are lead times measured in order to reduce them? 0 0% 

Quality 38. Is there a standardised quality system in use (e.g. ISO 9001)?  4 100% 

  39. Is the single operator responsible for the quality of his own work? 3 75% 

  40. Are there systematic methods used to eliminate the occurrence of 

errors? 

3 75% 
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11 Appendix – Assessment Criteria for Work 

Environment 

 

Assessment Criteria Scale   

Workload ergonomics 1 Very poor environment 

2 Poor environment 

3 Acceptable environment 

4 Good environment 

5 Very good environment 

Workload ergonomics 1 Very poor environment 

2 Poor environment 

3 Acceptable environment 

4 Good environment 

5 Very good environment 

Phychosocial work environment 

1 

There are major shortcomings in the psychosocial work 

environment and thus large improvement potential in this 

area. 

2 

There are major shortcomings in the psychosocial work 

environment and great potential for improvement in this 

area. 

3 

There are some shortcomings in the psychosocial work 

environment. There is a relatively small improvement 

potential in this area. 

4 
There are few shortcomings in the psychosocial work 

environment and little improvement potential in this area. 

5 

There are basically no shortcomings in the psychosocial 

work environment and thus a very small improvement 

potential in this area. 
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12 Appendix – DEEA-MK Flow 
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13 Appendix - Documents Used for Assembly 

in MK 

 

Principle Description 

Engine Card The engine card is a work order and a supporting document used by the 

operator during the assembly process. It is automatically printed when the 

operator logs the start of the process in the system. This document is used as a 

check list where the operator uses his/her individual stamp to check each 

activity.  

Element 

Sheet 

The element sheet is a supporting document which the operator can print if 

necessary. It contains information about what, how, and why different 

activities should be performed. This document should be created for every 

activity performed within the plant.  

Position 

Standard 

The position standard is a supporting document which the operator can print 

if necessary. It contains information about all assembly activities which are 

normally performed on each engine type. The position standard lists 

everything that is necessary, including safety regulations, to keep in mind 

when working on that specific engine type.  

 

The Engine Card contains the following information: 

- Engine ID (Pop-ID) + bar code 

- Serial number + bar code 

- Engine type + bar code 

- Order number 

- Customer ID 

- List of all customization activities including 

• Component description 

• Component number 

• Component address 

• Quantity 

• Short description of activity – Inconsistent 

• Torque – Inconsistent 
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14 Appendix – Relative Improvement Potential 

Time Data Management 

Process Category Relative Improvement Potential Related Disconnections 

Assembly 1% 0% 

Equipment 3% 3% 

Information management 6% 4% 

Master sequence 2% 1% 

Material handling 7% 4% 

Organization 4% 4% 

Planning 9% 3% 

Total 32% 19% 

Note: Relative improvement potential is based on the total estimated improvement potential 

Individual Dependency 

Process Category Relative Improvement Potential Related Disconnections 

Area 1% 1% 

Assembly 1% 0% 

Equipment 4% 4% 

Information management 4% 3% 

Logistics 1% 1% 

Master sequence 1% 1% 

Material handling 1% 1% 

Organization 3% 3% 

Quality 1% 1% 

Total 17% 14% 

Note: Relative improvement potential is based on the total estimated improvement potential 

Limited area 

Process Category Relative Improvement Potential Related Disconnections 

Area 7% 5% 

Assembly 1% 1% 

Equipment 3% 3% 

Ergonomy 0% 1% 

Logistics 2% 1% 
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Master sequence 1% 1% 

Material handling 4% 2% 

Organization 2% 2% 

Total 20% 15% 

Note: Relative improvement potential is based on the total estimated improvement potential 

Equipment 

Process Category Relative Improvement Potential Related Disconnections 

Area 3% 2% 

Assembly 2% 1% 

Equipment 8% 8% 

Ergonomy 0% 1% 

Logistics 1% 0% 

Material handling 1% 1% 

Organization 6% 5% 

Total 21% 19% 

Note: Relative improvement potential is based on the total estimated improvement potential 

Improvement Potential - Risks 

Process Category 
Relative Improvement 

Potential 
Related Disconnections 

Area 3% 2% 

Equipment 3% 3% 

Ergonomy 0% 1% 

Organization 1% 1% 

Total 8% 7% 

Note: Relative improvement potential is based on the total estimated improvement potential 
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15 Appendix - Disconnections 
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16 Appendix – Low Hanging Fruit 
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17 Appendix - Concept Proposal Matrix 

 

Solutions

Challenges

Waste 11%

Work Environment 6%

Workforce Efficiency 9%

Production Contr. & Mngmt 10%

Quality 7%

Inventory 1%

Complex Assembly 2%

Variation 3%

Flexibility 5%

Continuous Improvement 10%

Process Planning Data 8%

Process Control Data 10%

Supporting Documentation 3%

Work Disruption Handling 2%

Externsive Training Period 7%

Vulnerable Competence Level 7%

Limiting Pot. Improvements 0%

Insufficient Buffer 0%

Inefficient Handling of Material 0%

Limited Area in Q-Zone 0%

Limited Area in Truck Way 0%

Insufficient Access to Tools 0%

Insufficient Access to Loaders 0%

7% 11% 8% 10% 5% 7% 7% 7% 5% 3% 4% 3% 5% 5% 7% 7%

1 4 1 3 5 1 1 2 1 1 1 1 3 1 1 3

3 1 1 2 1 1 1 1 1 1 1 1 2 1 1 2

Strong Correlation

Medium Correlation

Weak Correlation 54.07 77.61 51.08 70.43 42.05 48.07 47.07 49.07 35.55 19.03 34.04 24.03 43.05 30.55 48.07 54.07
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18 Appendix - Interview Schedule  

Name Title Activity 
First 

contact 

Fredrik Niemelä Team Lead MK Interview 2018-04-27 

Bryan Nordgren Production technician Interview 2018-04-24 

Eric Sjöstedt Product Engineer Interview 2018-04-25 

David Rydberg 
Project Manager Logictics 

Department 
Interview 2018-04-25 

Michael Afrem 
Project Manager Logictics 

Department 
Interview 2018-06-07 

Stefan 

Hermansson 
Production planner Interview 2018-06-07 

Karl Wiklund Product Engineer Interview 2018-04-27 

Company A CEO Benchmark interview 2018-06-13 

Martin Roots Department Manager MK Interview 2018-06-15 

Company B Production Manager Benchmark interview 2018-08-08 

Maria Peterson 
Head of Process Engineering Final 

Assembly 
Weekly meetings 2018-03-01 

Jonny 

Weidenblad 
IT Interview 2018-07-10 

Operator 1 Operator MK Observation,  interview, survey 2018-04-27 

Operator 2 Operator MK Observation,  interview, survey 2018-04-27 

Operator 3 Operator MK Observation,  interview, survey 2018-04-27 

Operator 4 Operator MK Observation,  interview, survey 2018-04-27 

Operator 5 Operator MK Observation,  interview, survey 2018-04-27 

MK Group   Observation, Focus Group 2018-06-25 
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19 Appendix – TDM Software 

TDM IT Functionalities 

The underlying idea of the project resulting in TDM IT was to combine preparation of time data, 

with IT support for improvement work, disruption tracking, and planning system aiming at reduce 

the deviation between the planned assembly time and the time it actually took (Almström, 2018). 

The utilization of Predetermined Time Systems such as MTM-SAM, which TDM IT is based on, 

generates assembly times reflect the time it should take, not how long it is estimated nor how long 

it took.  

The design and functionalities of the TDM IT system is based on the general attributes ‘correctness 

of time data’ and review of correctness of data’. Planned order time corresponds to the sum of the 

target cycle times of each work station that the product passes through (Hedman & Almström, 

2017). It can communicate with the company’s own enterprise resource planning (ERP) systems.  

Table 19.a: Main Features of TDM IT 

Feature Description 

Tool 

integration 

TDM IT has its own gateway to be connected with the tools on a workstation 

and to digital instructions ensuring that all operations are carried out. It 

communicates with tools, machines and pick-to-light equipment. 

Dynamic 

work 

instructions 

Dynamic work instructions are created automatically from the preparation 

process. 

Interference 

reporting 

When the operator exceeds station time a deviation report is automatically 

generated. All the operator must do is to choose the disturbance category that 

caused the additional time. The information is then presented to the 

technician in graph format. 

Material All items, tools, documents etc. required for completing the construction 

parts can be added to the system. This provides full control of instructions 

and process/construction changes. 

Preparation Variant guided activities ensure that the most complex preparation is 

provided in the easiest possible way. 

Balance Insight into the complexity of balancing mixed production flows. Potential 

reduction or removal of bottlenecks, technical limitations, and an overview of 

how methods affects time. 

Change 

orders 

A change-order tool enables more control of changes to the production. 

Insight into how changes will affect the production before they are 

implemented. All changes related to product and process can be 

communicated. 

Time and 

method 

improvement 

Performance-neutral time studies with MTM on which to base continuous 

improvements on. 
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Real-Time 

monitoring 

An information display presents production information updated in real-time. 

Any disturbances, what orders are currently made, and how many operators 

are actively assembling is presented. 

Traceability  Who did what on which product, what time and where.   

Change 

torque and 

count screws 

Automatically change the torque and keep track of the number of screws 

tighten on each activity 

Web-based 

access 

Access to all information from anywhere.  

Quality Key activity notifications. Warning pop-up for critical activities.  

 

Dynamic work instructions based on MTM-SAM analysis. The instructions are presented in the 

order they should be executed, and the level of control can be customized. The system supports 

scalable control where each activity must be conducted and signed off by the operator scanning 

their ID card. If the activity is not signed of, the operator cannot proceed to the next activity. This 

functionality provides quality assurance and transparency in who did what and when. The 

instructions can contain activity lists, bill of materials, and pictures. Any information needed by 

the operator. The screen interface is designed by operators working in manual assembly. Personal 

settings allow the operator to change and save font size and size of functions to their individual 

account. Work station access can be restricted, and settings can be adapted to beginners. 

 

 

Figure 19.a: Functionalities of TDM IT. Based on (Hedman & Almström, 2017) 

The system has a follow-up function where data is automatically recorded when the operator logs 

in at the workstation. Duration of activities are recorded at each workstation. The level of detail is 
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up to the organization. The system can measure each activity on a detailed level, or it can measure 

work pack costing of several activities.  

Deviation reports are the central methods for disturbance handling and manufacturing control. If 

the actual order executions time of an activity exceeds the target cycle time, a deviation report is 

automatically generated on the screen. The operator must select one of the predefined causes for 

the deviation of time. Comments can be added by the operator if further explanation of the cause 

is needed. The predefined causes can be customized to each organization but generally consist of: 

- Performance loss 

- Material shortage 

- Waiting 

- Start-up loss 

- Interruption 

- Equipment breakdown 

- Adjustment 

The deviation reports offer insight required to control and improve the process. The information 

can be studied on different levels such as product, order, workstation, and operator (Hedman & 

Almström, 2017). It generates information on which potential improvements related to work 

content, product design, training, and tools, can be identified.  

TDM IT Future Functionalities 

TDM IT is constantly under development and follow the technological development of the 

manufacturing industry. All new features are being implemented by default in the system, so a fully 

paying customer continually gets new tools to improve their processes. 

Table 19.b: Future Features of TDM IT 

Feature Description 

Real-Time 

production 

stFlytta till 

atus 

Real-time status of the process can be seen on the screen. Orders yet to start, 

backlogs, queues, if and where there is interference, completed order without 

interference.  

Auto 

balancing 

flows 

Flows that automatically update the Takt and balance according to change 

orders and market demands. This will enable a flexible manufacturing 

process and shop floor where the system calculates the optimal number of 

stations and station borders. Any interference occurring early in the 

production process will be smoothed out in the remaining stations to shorten 

the interference time.  

Takt System A work schedule can be connected to the operator screens. Takt will be 

measured and the system will tell operators when to take to take a break or 

go to a meeting. Takt start is based on the clock. If an operator is not there 

when he/she should be, it is an interference and will be categorized as a loss.  
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TDM IT Research Projects 

Collaborative robots have many functionalities and application areas. For example, a cobot can lift 

and tighten screws and can in the long run be more cost efficient than a lift tool. Collaborative 

robots are currently analysed from a TDM perspective to evaluate the potential and the limitations 

of such technology. The aim the to create a tool which can indicate where in the production flow 

could make the manufacturing process more efficient.  

Another project is that of vison-technology. Vision cameras are already used for features such as 

pick-to-light but there are more application areas which until now has been slowed down because 

the technology behind the vision cameras has not been ready. Recent development has made new 

features possible. The aim is to read text values as input into order logs, save pictures from 

assembly activities, and analyse correct assembly in multiple steps with one camera. An integration 

of such technology with TDM IT will increase the potential of quality assurance and traceability.  
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20 Appendix – Implementation Process of 

TDM IT 

Activities Month 1-6 

This section briefly mentions the primary activities which will be the primary focus during the first 

months of the implementation..  

- Education of ambassadors and users in the system and the basic theoretical knowledge 

required to understand the concept and purpose of the system. The education includes: 

Standardized Work, Balance, Work Instructions, Continuous Improvement, Time Data 

Management, and Change Order Management.  

- Standardization of the new or altered processes. 

- Customization of TDM IT according to the company's order structure in an optimal 

manner 

- Creation of work instructions and analyzing procedures 

- Start working on continuous improvements based on the initial data generated. 

- Integration of hardware and software 

Input Data 

The system requires some input data. Much of it already exist and must only be imported into the 

system. Required input data is: 

- Work instruction and/or method description 

o Photos (not mandatory) 

-  

- Time studies (predetermined time system such as MTM-SAM 

- Material (not mandatory) 

- Orders (placed on the order page or imported)  

System Requirements 

- Internet connection with a browser that supports HTML5 (all but internet explorer).  

- Touch screens for the workstations. To connect tools using a gateway, an all-in-one PC 

with a Windows operating system a is recommended.  

Software Maintenance & Input Data 

The input data in terms of work instructions and photos will be maintained by the operators 

themselves. This can be done during already scheduled improvement time or during down time. 

Time studies should be conducted by the production technicians. Orders can be automatically 

imported when generated in the currently used enterprise resource planning software.  

Data Management 

The primary raw data generated from the TDM IT system are disruption reports and actual 

assembly time on activity and order level. This information can be used for countless analyses on 
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which to base changes and improvements. It is important to not only log and collect information. 

It is crucial that the data being collected is used. 

Disruption handling should be done on a local level in a frequency decided by the organization. 

Recommended is daily or weekly depending on the number of deviations and the reasons for them. 

Working on reducing disruptions should be done by the operators themselves (as group activities) 

Time studies and follow-up on such should be done on by the technician to ensure the assembly 

times in the system are accurate with reality. Deviation trends should be analysed, and potential 

solutions recommended by the technician.     

Activities 

1. Select a limited section of the factory to start with. For example, a few stations / machines or 

one assembly line  

2. Educate the staff on the section in the system and the theory. 

3. Ensure the work in the selected area is 100% standardized from overall activity sequence down 

to the method level. If this is not the case, do item 4 - 11. Otherwise, jump to point 12. 

4. Identify section activities. All manual work should be linked to variant-controlled activities. 

The activities must be of such a size that you can balance the flows in a satisfactory manner. 

5. Put the overall sequence on the activities. This is best done in groups of operators and 

technicians. 

6. When the sequence of activities is standardized, the method for each activity is standardized. 

The method description should be so detailed that if it is followed, the methods should not be 

able to vary (e.g. method sliding) 

7. Time activities with clock or a predetermined time system 

8. Indicate the distribution time and potential performance factors on the section to get the correct 

time 

9. Take pictures of the active sites. The activity image should represent the finished result, but the 

analysis / instruction row will show the process step by step. 

10. Ensure that the instructions are good enough by letting someone who is new to the task, 

perform the task. (note where the instruction is insufficient and add information until it works) 

11. Ensure that the times and methods are followed through audits of the work (technician, 

supervisor or other installer observes an operator and notes deviations). The audits should be 

frequent at the beginning. After a while, you can make revisions more rarely but never quit 

completely. 

12. Identify quality-critical moments in the process. These points should be marked as critical in 

the instruction, and in case they go, the process will be flawed with tool integration. 

13. Deploy other key activities according to the company's wishes (ergonomics, security, quality, 

etc.) and link instruction lines to these. Make sure that operators understand them. 

14. Empty the database of any malfunction test data on the department 

15. If they do not already have a default, set one for interference categories and reporting. 
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16. Start working according to the instructions. Technician / TDM IT consult collects in-depth 

feedback in the first instance and corrects any errors immediately. 

17. From the start, work with the disruptions reported in the system to demonstrate the 

importance of continuous improvement. (otherwise there is a risk of creating a culture where 

"there is no idea to report") 

18. Create a process of continuous improvement and disruption elimination and make all changes 

by means of change orders in the system. 

19. When the system is up and running and everyone sees both the system and the improvement 

work as an efficient and important part of their regular tasks, repeat the above list of the next 

department. 
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