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Abstract 

During the past decades, there have been an acceleration of customers’ needs of customized 
products. This have pressured many companies in offering customized products in order to 
reach customer satisfaction and keep growing and expanding their market share. Nowadays the 
competitive pressure between companies with the same product segment is increasing and the 
market requirements are changing rapidly. To handle this competition, many manufacturing 
companies are focusing on mass customized production. However, mass customization has 
been a topic of interest for many researchers. The focus has been in studying and understanding 
the complexity and the constrains that a company encounter when dealing with mass 
customized production in mostly the automotive industry.  

One of the constrains that have been less highlighted by researchers were the effects that mass 
customized production has on the output variation of production lines. Therefore, the purpose 
of this thesis is to investigate how to minimize output variations in mass customized production 
within assembly lines. To do that the researchers focused on studying the output variation in 
whitegoods industry instead of the automotive industry that captures most of the existing 
research. The study includes two main research questions. The first question was to identify the 
factors that affect the output variation in mass customized production. While the second 
question was to identify applicable solutions that can be used to stabilize the output.  

To ensure the reliability and validity of the research findings, the researchers used multiple case 
study combined with literature reviews. To answer the research questions several data 
collection techniques were used in the multiple case study conducted on two lines. Those data 
collection techniques were participating observations, document reviews, a semi-structured 
interview and many conversations with the affected persons. 

The findings from the case study for research question one showed consistency with the theories 
described in the theoretical background. This was evident because similar problems when it 
comes to output variations were defined in the theories. One problem was about the 
simplification of assembly line balancing problem that was evident in both case studies. This 
was an effect of the missing product family classification which created a high output variation 
because of the use of only one line balancing for all product variants. Another problem 
identified included functionality problems of machines because of performing wrong assembly 
or the use of the wrong component. There was as well the problem of missing or delayed 
components which was an effect of the lack of structure in the material picking and the 
deliveries performed for both lines. A combination of those factors created the experienced 
output variation on both lines.  

To deal with those problems and minimize the output variation, a solution approach was 
defined in the second research question. This approach was created together with the case 
company with the help of the theoretical background and it presents several steps to follow 
when attacking and resolving similar problems as presented above.  

The most important conclusion of this thesis is that, when dealing with output variation in mass 
customized production where people are performing the assembly, it is essential to provide the 
right conditions for them to ensure that they have the right knowledge base to perform the 
requested assembly.  

 

Keywords 

Output variation, mass customized production, Standardised work, line balancing, internal 
logistics, kitting, sequencing and scheduling material deliveries. 
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1 Introduction 

This chapter includes a brief introduction of the study context that is about the challenges that 
exist when having a mass customized production. Beside that the problem description, the 
purpose of the research, the research questions and the delimitations of the study are presented. 
At the end of this chapter a brief outline of the report is presented for better guidance to the 
reader. 

1.1 Background 

The customer satisfaction of having a product made specifically according to their required 
specifications increases the pressure on industrial companies. Companies within the same 
product segment need to offer a variation of products to satisfy the different customer 
requirements that exist in the market. Therefore, many companies have mass customized 
production where they produce a high variation of products within the same production area. 
Mass customized production has during the last decades been a topic of interest. That is because 
the companies that are able to manage it with the right strategy gains success and a market 
growth (Lander & Liker, 2007; Boysen et al, 2007; Stenartz, 2015).  

To deal with the competition and the rapidly changing market requirements, production 
companies could use different strategies for mass customized production. Some of the most 
implemented and known strategies are Gemba Kaizen and Lean manufacturing (Anthony et al., 
2010). These strategies have been the key to decreasing costs and increasing efficiency in 
successful companies such as Toyota, Volvo Trucks and Electrolux Group (Rajaram & Ronotis, 
2002). Lean manufacturing (LM) can be implemented in mass customized production systems 
to stabilize the output variation and increase efficiency (Lander & Liker 2007; Stenartz 2015) 

Companies working towards mass customized production face higher complexity in controlling 
the production in comparison to companies that only produces few standard products (Lander 
& Liker, 2007). In order to deal with the product variation and minimize production cost by not 
developing new production lines, different product families with similarities are then produced 
within the same production line. The production line will be then producing products that have 
different assembly times and components in different stations. This has a negative impact on 
the process output because the output of the line differs from a day to another and depends on 
the produced products and their lead time. Therefore, the process output variability problem is 
more visible in mass customized production lines in comparison to production lines that 
produces few standard products (Lander & Liker, 2007; Stenartz, 2015; Boysen et al, 2007).   

Some of the challenges that are encountered in mass customized production, include the 
balancing of a line that produces a high variety of products with different assembly time in 
different stations (Lander & Liker, 2007; Sternatz, 2015). That is because line balancing follows 
a specific tact time, which are defined by dividing a specific production time (one work day) 
with the desired number of products you want to produce.  By producing a variety of products, 
the assembly time in some of the stations differs between different products as mentioned 
before (Lander & Liker, 2007; Boysen et al, 2007; Sternatz, 2015). This makes it difficult to 
balance the line so that the tact time is not exceeded. Therefore, one specific line balance is 
almost impossible to use when producing a variety of product families on the same production 
line (Lander & Liker, 2007; Sternatz, 2015).  Besides that, the material supply for the line and 
material storage in the line becomes more complex and costly when producing several variants 
in the same line which also influences the output variability (Lander & Liker, 2007; Sternatz, 
2015). Those challenges are interrelated to each other and together they have a negative impact 
on the production output variation (Sternatz, 2015).  
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Having a mass customized production creates more difficulties for the operators when 
performing different assembly which as well affect the work knowledge that differentiates 
between the product variants. This increases the risk of default assembly, because it does not 
contain one standard assembly for all product variants. This will have an impact on the lead 
time to customer delivery in a negative way, and increases quality problems and the process 
output variation (Lander & Liker, 2007; Sternatz, 2015). The process output variation problem 
has been mainly focused on continuous processes, which produce large volumes of standardized 
products with a stable demand (Rajaram & Ronotis, 2002). Now with the increased mass 
customized production the output variation problem becomes more complex, involving several 
challenges to overcome before stabilizing the process output. Therefore, a part of the challenges 
covers the joint balancing and material supply problem that negatively affects the output 
variation in mass customized production (Lander & Liker, 2007; Sternatz, 2015). 

1.2 Problem Description  

The existing research within LM mainly captures mass customized production (Lander & Liker, 
2007). This means that the biggest focus has been on identifying the value activities through 
the entire chain from supplier to customer, and try to minimize all the non-value adding 
activities in the process. There is as well recent research focusing on solving the joint balancing 
and material supply problem in automotive industries (Sternatz, 2015; Boysen et al, 2007). But 
this research includes only the automotive industry where several other types of industries are 
excluded (Sternatz, 2015; Boysen et al, 2007). It is important to continue to study if the same 
challenges are encountered in other types of industries like in electronic industries, white goods 
industries as well other industries. That is because the automotive industries have different lead 
time and much more component to manage in comparison to white goods and electronic 
industries (Boysen et al, 2007; Stenartz, 2015).  

Previous research has mainly been based on either the simple or the general line balancing 
problem. Both problems decrease the complexity of the challenges that exist, which in theory is 
simplified. In practice, the balancing problems include much more factors that affect the 
balancing then simple and general line balancing problems. Those factors can be the re-
balancing problems of an already existing production line, the operator’s knowledge that 
differentiates from a product to another and external factors as production planning, 
anticipation of customer orders and the material delivering (Sternatz, 2015; Boysen et al, 2007). 
The assumptions that had been made in the existing research simplify the work when providing 
solutions in which in the end have failed when applying in a real-world scenario (Sternatz, 2015; 
Boysen et al, 2007).  

According to Sternatz, there still is a need to study the problems in practice and continue from 
there to develop the joint balancing and material supply problem to stabile the process output 
(Sternatz, 2015; Alvarez et al, 2007). This is because there still is a need to understand those 
problems in other types of industries, as electrical and white goods industries without any 
assumptions to create applicable solutions and to be able to generalize to all types of industries 
and not only in the automotive industry (Boysen et al, 2007; Sternatz, 2015). Therefore, this 
study will focus on analysing and solving the joint balancing and material supply problem in a 
company which has a customized mass production and works in white goods industry. Through 
that the research would result is solving the joint balancing and material supply problem that 
are most effective to solve together to increase efficiency and minimize the process output 
variation that exists in production (Boysen et al, 2007; Sternatz, 2015; Emde & Boyson, 2012; 
Gosh & Ganon, 1989; Hua & Johnson, 2010). By doing that, this research will have covered the 
existing gap in the research and provided an applicable solution in a real-world scenario 
(Sternatz, 2015; Boysen et al, 2007; Boysen et al, 2008).  
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1.3 Purpose and Research Questions 

The aim of this study is to investigate how to minimize output variations in mass customized 
production within assembly lines.  To reach the aim of the study two research questions were 
created.  

The first question relates to understanding real-world problems with process output variability 
in mass customized production without making any assumptions.  

RQ1: What problems can be identified that affect the process output variability when dealing 
with mass customized production? 

When the problems have been identified then the second research question is to find possible 
solutions to minimize the process output variability and achieve a stable output. 

RQ2: How can those problems be reduced to stabilise the process output?  

After answering both of those questions the aim of the study will have been reached and the 
research gap when it comes to creating solutions based on real-world problem with no 
assumption  

1.4 Delimitations 

This research will exclude the external milk run which means that all material delivery from 
suppliers to the company will be excluded in this research. The quality problems of products or 
components that exist in mass customized production are not included in this research because 
this issue contains many factors where the researchers does not have time to further study 
because of time limitations. 

1.5 Outline 

The thesis starts with an introductory chapter where readers will get an insight of the 
background and problem area that the authors have worked with. The aim of the research and 
two research questions are carried out in this chapter. In the second chapter, an overview of the 
study structure and the methods that have been used to increase the value of the empirical data 
will be presented. In the third chapter, the theoretical background is presented where different 
theories have been further explored. In the fourth chapter, the empirical findings from the 
literature study are covered including the interviews and the observations. The fifth chapter 
covers the analysis of the empirical findings in the fourth chapter. Then chapter six is the 
discussion chapter where the methods and the findings are discussed. The chapter ends with 
conclusions and suggestions for further study.   
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2 Theoretical Background 

In this chapter, the theoretical background will be presented. It starts with a short description 
of different principles of LM as standard work, JIT production and 3-M model and how they 
can affect the efficiency and effectiveness of the production process. The chapter continues with 
an explanation of mass-customization challenges, the joint balancing and material supply that 
can affect production lines’ output variation. Then ends with a description about the internal 
logistic with the focus on internal milk run of supplying components between 
warehouse/supermarket and production lines. 

To answer the research questions and provide a clear picture around the research area of the 
thesis several theories have been explained. The theoretical background starts with giving a 
picture about LM followed by explanation of mass customized production and which challenges 
it includes. Out from that an explanation of line balancing and internal logistic theories is 
presented. Those theories include explanation of line balancing, the challenges it includes and 
the theories around how to solve the line balancing problem. The same logic is presented as well 
for internal logistic theories. 

The connection between theories and the research questions are provided in Figure 1. 

 

Figure 1: Connection between theories and the research questions. 

2.1 Lean Manufacturing 

LM concept was created by Ohno and Shingo in Japan. The concept is widely known as Toyota 
Production System (Pavnaskar et al, 2003). Nowadays, the competition in industrial sector is 
high and the product market requirements change rapidly to adapt to customer’s high demands 
and expectations. For this reason, developing and implementing LM in manufacturing industry 
help to increase customer value and satisfaction, and provide growing opportunities for 
companies to stand against the competitive pressures and survive in the market (Ani et al,2014) 

The cost of minimizing Muri, Mura and Muda in the production process have been one of the 
most critical challenges, which usually result in a tremendous investment cost for the 
manufacturing plant (Ani et al,2014). A company that are implementing lean uses this kind of 
investments to reduce the wastes in production process by redesigning a production area where 
factors such as; space, time, cost, labour, ergonomic and quality are affected towards achieving 
better work conditions, better effectiveness and efficiency (Ani et al,2014; Pavnaskar et al, 
2003). Other factors that make LM to be one of the famous methods in industry section is LM 
orientates on customer demand, provide small batch sizes with a wider variety of products. It 
provides production plant a quality inspection “in-line” and gives fast responsibilities and 
solutions when problems occur in production lines. LM offers companies the ability to have fast 
response on market changes and contributes to shorter lead time towards the end customer 
(Ani et al,2014). 

RQ 1

•Mass customized 
production

•The joint balancing and 
material supply  

•Line balancing 
•Internal logistics 

RQ 2

•Line balancing 
•Kanban system
•Delivering and kitting 
system 
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Using LM system helps users to identify and minimize non-value adding activities in a workflow 
(Womack et al, 1990). A successful LM system contributes to a shorten lead time to the market, 
lower product cost while higher product quality. Beside that LM creates a better information 
flow and work performance and provide the ability of offering a wider product variety and a 
smooth and flexible work environment (Domingo et al, 2007; Pavnaskar et al, 2003; Marin-
Garcia & Bonavia, 2015). 

2.1.1 Standardized Work 

Standard work plays a big role in reducing variations in production. It is known as a tool for 
allocating operators with a specific time to perform a job to meet customer requirements. 
Gaining a standardized work performance has been and still is a common challenge in many 
manufacturing companies (Jackson, 2012). Operators in a production line are trained and 
expected to understand the assembly process and know how to perform their tasks. But it is not 
a guarantee that all operators will execute the task in the same way and in the same time. The 
execution time and the end quality can show different results depending on who performs the 
work. Because of this reason, clarifying and implementing a standard work in manufacturing 
industries is a necessity (Jackson, 2012).  

Standardized work is a part of LM and mainly focuses on investing in quality, providing the best 
work performance and reducing wastes in production process by transforming the process flow 
in a specified, structured and visualized way to ensure that operators can easily follow without 
any misunderstandings and obstacles. The system helps to control the working process, reduce 
reworks, increase ergonomics and quality in work performance, increase operation efficiency 
and effectiveness and therefore minimize variations in production lines (Jackson, 2012).  

When creating a standard work in a manufacturing company, the following questions should 
be handled to get a better understanding; what is the task that needs to be performed? Which 
are the significant process steps? How long time will it take to execute the work? How many 
work in progress needs to be available for each work station? And are there any available work 
documents in this production line/station? Having a clear understanding of those questions 
help operators to avoid wastes and frustration while performing the work and ensure that their 
efforts are going in the correct direction. Figure 2 shows some important areas that need to be 
studied and analysed when creating a standard work. 

 

Figure 2: Some factors that help to identify a standardised assembly line (Jackson, 2012; 
Ortiz, 2016; Hopp et al, 1990; Satoglu & Sahin, 2013; Ortiz, 2006) 

To achieve a goal of having a better standard work, a company needs to understand their current 
process in the production line through analysing and categorizing their assembly process e.g. 
main assembly and pre-assembly. Identifying and studying the current documentations that 
exist in the line. Creating agreements between operators, line leader and process engineer in 
the line to ensure that the task will be introduced well and performed in a proper way to reach 
the best result. Creating/updating needed documentations for facilitating and visualizing the 
work that should be performed, where as well providing correct training to the people (Jackson, 
2012).   
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A standard work is created for the use of proper tools, machines and assembly operations where 
its purpose is to support the operators work and in the end, achieve a common standard time 
for different activities in the process for all workers. The job’s tasks, the methods and the 
sequenced assembly process are well defined, documented and presented to always support 
operators and spread knowledge of the performed standard work (Jackson, 2012; Ortiz, 2016). 

Another important topic when reaching a standard work in a workplace is to ensure that 
operators understand the difference between external work and internal work. External works 
refer to the activities that happens in parallel at a work station but some of those activities do 
not require full attention from operators. Different from external work, internal work requires 
100% of operator’s focus to fulfil the work (Ortiz, 2016). Understanding and discerning the 
difference make it easier for operators to schedule and standardize their work steps. therefore, 
this provides the opportunity of performing value adding work activities and minimizing non-
value adding and unnecessary activities that cost both time and money without adding any 
value to the product/service. (Ortiz, 2016). 

2.1.2 Just – In –Time (JIT) 

Just – in – time production (JIT) is known as a minimizing waste guiding system in many 
manufacturing companies. The system was created in 1970s in Japan by Taiichi Ohno with the 
primarily focus in reducing time flow in a production. JIT is even known as a pull system that 
aims to minimize buffers, inventories in stock, idled products and unnecessary delays. The 
system controls the manufacturing process strictly and make sure that the products and its’ 
correct quantities only are manufactured when a signal is sent that are informing to start the 
production (Hopp et al, 1990; Satoglu & Sahin, 2013).  

Using JIT system helps companies to lower their inventory, reduce wastes from obsolescence, 
minimize inventory cost, increase production quality, reduce time to the market and increase 
customer satisfactions (Hopp et al, 1990) 

2.1.3 3M-Model 

Ohno (1988) realized that the three “M-model”; Muri, Mura and Muda are integrated with each 
other and if companies only put their efforts on Muda, new problems will occur in long term. 
By focusing on reducing Muri and Mura wastes, Muda wastes will reduce automatically (Smith, 
2014; Panview, 2016; Melton, 2005). An example of minimizing Muri where simultaneously 
Muda will be reduced in a workstation, is by eliminating movements such as bending down to 
pick a component or lift his/her hand high to reach a component. In this situation, an ergo-
nomic workplace is created with less ergonomic loads, which mean eliminate Muri waste, there-
fore lead to a reduction of movements, one of the seven Muda (Smith, 2014; Panview, 2016; 
Melton, 2005). 

Muri means wastes that cause an overburden in a production process such as; over-burdening 
of operators and job equipment, putting operators in a work process where they haven’t been 
trained in, poorly production line layout, blurred specifications, lack of adapted tools and poor 
communications (Leanmanufacturingtools,2016; Smith, 2014). 

Mura means “wastes of unevenness” and refers to “variations” in work process, in a production 
plan. A “waste of unevenness” can lead to variation of quality in products, product cost and 
delivery time, and create Muda wastes (Smith, 2014). 

Ohno (1988) refers to Muda as the seven deadly wastes which result to non-values adding and 
unnecessary activities for customers. The Muda wastes consist of (Ohno, 1988; Okpala, 2014; 
Ortiz, 2006): 

Overproduction is known as the most danger waste in the seven wastes. Overproduction oc-
curs when customer demand is low but companies have high inventory and long storages peri-
ods. 
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Waiting refers to the unnecessary waits that operators or machines idling and do not create 
any value adding for the product. It refers even products’ waiting time which result high work 
in process (WIP). 

Unnecessary movements refer to when operators or equipment execute non-value adding 
movements such as walking distance and ergonomic loads to perform an assembly process. 

Over-process takes place when operators execute more activities for a product than what cus-
tomer willing to pay for. 

Inventory refers to components or products that are not processed. The higher inventory a 
company has the higher risk for new problems and inefficiency in operation occur. 

Transportation wastes can take place when there is unnecessary transport due to a poor lay-
out 

Defects/Errors refer to inspecting/correcting products and it affects directly the production 
cost. 

Muri, Mura and Muda are integrated with each other and the most effective of using the 3M-
model is by start working first with Muri, then second continue with Mura and in the end, take 
away the remaining waste by working with Muda (Ohno, 1988; Okpala, 2014; Ortiz, 2006). 

2.2 Lean in Mass Customized Production 

Competitiveness in a market that are progressively leaning towards a higher consumption of 
customized products, pushes many companies into developing a mass customized production 
thinking in their factories. Mass customized production is about creating the possibilities for a 
customer to be able to choose between different options both when it comes to functionality 
and the outer finish or the outer shape as for example the colour of a product. This kind of 
product are usually made to order or assembled to order. Therefore, a mass customized 
production includes a higher process complexity, a higher variety of product and an increased 
process output variations then mass production of standard products. The mass production of 
standard products includes lower process complexity, only one single product and a more stable 
process output (Lander & Liker, 2007; Boysen et al, 2007; Sternatz, 2015).   

Mass customized production is flexible in terms of providing different types of product that 
covers different markets segment needs. This in terms creates a higher pressure on reaching 
the optimal level of providing customized products and be cost efficient in the same time and 
as well not lose quality and delivery towards the customers (Lander & Liker, 2007; Boysen et 
al, 2007; Sternatz, 2015). A mass customized production is a production system that differs in 
several technical and environmental conditions from the mass production of standard 
products. Those conditions are the demand variability, cycle time, product variety, production 
time, operators work knowledge, process complexity and the internal material supplying and 
storage on both the production line and supermarket (Lander & Liker, 2007). Those conditions 
create a higher complexity when implementing LM in a mass customized production 
environment. This means that there are more factors to take into consideration when 
implementing LM (Lander & Liker, 2007).   

The demand variability is a key factor that affects all the other conditions. That is because 
different product families are produced to deal with the demand that have different cycle time, 
different assembly processes and different operator’s assembly work knowledge. Beside that 
the demand variability creates more storage of components on production lines and 
supermarket to deal with the variety and deliver to the customer in appointed time (Lander & 
Liker, 2007; Sternatz, 2015).  

Implementing LM in a mass customized production company creates several challenges 
because of the conditions mentioned earlier. To begin with the standardization challenge that 
includes balancing standards, work instruction standards on the production lines, the material 
handling and storage in supermarket and on the line (Lander & Liker, 2007; Boysen et al, 2007). 
Another challenge is the variation of tact time because of the variable demand. This challenge 
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has a great impact on the balancing and material supply of the line and can lead to poor 
utilization and efficiency lost (Lander & Liker, 2007; Boysen et al, 2007; Sternatz, 2015). 

2.2.1 Product Families´ Platforms 

A product family can be defined as a group of products that are very similar when it comes to 
their assembly processes, modular components and their appearance. Usually in a product 
family platform you have several products that have similar functions and components which 
lead to almost no differentiation between their assembly processes and cycle time. The only 
thing that differs is the exterior colour or shape (Jiao et al, 2007). The colour and shape usually 
have no impacts on the performed assembly because it is still the same part that are being 
assemble the only difference is the colour and shape. Therefore, a product family are mostly 
defined by the products main functionality differences that can lead to a different assembly of 
a product (Jiao et al, 2007).  

Modularity is a key component when having several product families produced on the same 
production line. This has become important because of the product and production flexibility 
that are required from different companies to satisfy their customer needs (Jiao et al, 2007). 
This does not mean that an increased modularization will increases flexibility, but in fact a 
balance between how many variances of products can be offered without increasing the cost of 
modules storage and handling is what increases flexibility. Usually most of the modules in 
different product families are standard modules that are assembled to all products. Only by 
assembling one or more different modules you will have a different product that is included in 
another products family (Jiao et al, 2007). 

2.3 The Joint Balancing and Material Supply Problem 

The assembly line Balancing problem (ALBP) and material supply problem (MSP) are two 
problems that are interrelated to each other. By solving them successively a company can expect 
a productivity gain through reduced movements at the assembly lines, reduced space and 
through a better planning that minimizes the output variation in the production lines (Sternatz, 
2015). 

The ALBP and MSP problems are interrelated to each other because without a balancing that 
provides which assembly operations that should be performed in which station it is impossible 
to define which material should be delivered to which stations (Sternatz, 2015). Out from that 
defining the optimal balancing of the line is difficult because it depends on if there is enough 
space to store the needed material to complete the assembly operations. Therefore, it is 
important to define a balance between delivering direct material or indirect material to the line 
(Boysen et al, 2007; Sternatz, 2015). The direct materials are components delivered directly 
from a supplier to the production line. This option does not cost much but consumes space on 
the production line to store all the needed component. An indirect material delivery is variants 
of components that are picked following the sequence of the production plan and placed on a 
specific shelf on a mixed model trolley in the same sequence as the production plan (Boysen et 
al, 2007; Sternatz, 2015; Emde & Boysen, 2012b). This option creates higher material handling 
and material picking cost but on the other hand this option saves space on the production line. 
Another important factor is that by supplying indirect material you decrease the risk of 
assembling the wrong components variant in the product which will lead to an unfunctional 
machine in the end (Boysen et al, 2007; Sternatz, 2015). 

2.3.1 Line Balancing 

An assembly line usually contains several work stations, operators and a material handling 
system.  The workstations are either placed on a conveyer band or they can be pre-assembly 
stations that are place beside the conveyer band (the main machine assembly band) 
(Eswaramoorthia et al, 2012). To achieve good efficiency, the assembly line design requires that 
the operators have an equal workload assembly operation that should take a certain assembly 
time which are called the cycle time. The cycle time of each performed assembly should not 
exceed the takt time. This is important because the takt time depends on the customer demand 
and is calculated by dividing available production time with the customer demand. For 
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example, the customer demand is 40 machines each day and a normal working day consist of 
eight working hours (480 min) excluding all the breaks and lunch time. The takt time here will 
480/40= 12 min. This means that each 12 min one machine are finalized and moving out from 
the assembly line. Therefore, when the cycle time exceeds the Takt time the assembly line will 
not be able to fulfil the customer demand (Eswaramoorthia et al, 2012: Sternatz, 2015). 

When balancing the line, the takt time is a key factor that plays a big role in which operator will 
do what assembly operations. Another important factor is the sequence of the assembly 
operations. This factor defines which assembly operation should be performed before the other 
one and which assembly operations are independent and can be performed any time. Having 
built the understanding of those two factors provides a base to create a smooth line balancing 
(Eswaramoorthia et al, 2012: Sternatz, 2015; Boysen et al, 2009a.; Sternatz, 2015) 

Balancing Challenges  

The simple assembly line balancing problem (SALBP) are the start point for all assembly line 
balancing problems (ALBP). The SALBP mainly focuses on the core problem of ALBP which is 
assigning different tasks to different stations to minimize the idle time as much as possible with 
only the focus on cycle time restriction and the assembly operations precedence constrains 
(Boysen et al, 2007; Becker & Scholl, 2006; Sternatz, 2015). This problem is a simplified real-
life problem and can be distinguish in four types: SALBP-1, SALBP-2, SALBP-E and SALBP-F. 
SALBP-1 captures that minimising the total idle time are equal to minimizing the number of 
assembly stations for a given cycle time. SALBP-2 describes that if you have a given stations 
number you can only by minimizing the cycle time achieve a minimum idle time.  SALBP-E is 
known as if both cycle time and number of stations can be changed then the quality of the 
balance are determined by the line efficiency. By maximizing the line efficiency, you would have 
as well minimized the idle time. Then the last type is SALBP-F which introduces the problem of 
defining a feasible balancing for a given cycle time and number of stations (Boysen et al, 2007; 
Boysen et al, 2008; Becker & Scholl, 2006).   

Solving a ALBP in real-life based on the SALBP are mostly not applicable because of the limiting 
assumptions that have been made when defining the ALBP (Boysen et al, 2007; Sternatz, 2014). 
Those assumptions were that the line is a serial mass-production line that produces only one 
product with a fixed tact time where only one predetermined processing of task exist. The only 
considered assignment restriction are the precedence restrictions of the tasks and that a task 
cannot be divided between two stations (Boysen et al, 2007; Boysen et al, 2008; Sternatz, 2014). 
To generalize the ALBP a re-construction of those assumptions was conducted. This re-
construction presented the assumptions of a line flow that are unidirectional and produces 
more than one product under a variating tact time depending on a planned quantity that meets 
the customer demands. The line had as well a given set of processing alternatives and the task 
sequence where still a subject to precedence restriction (Boysen et al, 2007; Becker & Scholl, 
2006). Out from those assumptions a general assembly line balancing Problem (GALBP) where 
introduced to cover several SALBP (Boysen et al, 2007; Sternatz, 2014). 

Out from the GALBP an extension of several SALBP were developed. Those models were time 
and space ALBP (TSALBP), the assignment restricted ALBP (ARALBP) and the mixed-model 
sequencing ALBP (MMSALBP) (Sternatz, 2015). TSALBP were about attacking the problem of 
space demand at assembly stations in relation to the needed space for material trolley. The 
ARALBP were an extension of TSALBP and defined the multiple assignment restriction 
problem between assembly operations. The MMSALBP was a further extension towards 
material supply aspects where if there is a known line balancing and material quantity of the 
trolley, you can smoothen the shift of trolley on the line. This are only achieved by following a 
specific assembly sequence that can help in optimizing the material trolley transportation and 
minimize trolley space on the production line (Sternatz, 2015). In table 1 a summarization of 
the ALBP are provided. 

Another problem that are usually less discussed but have a great impact on balancing efficiency, 
cycle time and the number of station on the line are the assembly line re-balancing problem. 
This problem are the most common problems and can lead to a high configurations cost to 
improve the ALB of a line (Sternatz, 2014). This arises mainly when there is a product update 
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or an introduction of a new product that are going to be assembled on the line (Sternatz, 2014). 
The re-balancing problem occur as well when there is a shift in customer order and there is a 
need to adapt the line output so that it is in accordance with customers’ orders. 

Table 1: A summarization of the ALBP: s and their descriptions. 

 

Balancing Solutions 

The ALBP have always been a topic of interest especially in the automotive industry when it 
comes to researcher. Therefore, several theoretical solutions have been provided to solve mostly 
the GALBP in automotive industry. The most applicable and successful solutions for solving the 
GALBP of a mixed-model assembly line have been the sequence planning of forecasted orders, 
the joint precedence graph (Boysen et al, 2007) and the enhanced multi-Hoffmann Heuristic 
model provided by Sternatz (2014).  

Having a mixed model line where several product families are produced on the same line with 
different cycle time in some stations, creates difficulties when it comes to balancing the line 
(Boysen et al, 2008). Therefore, the sequence planning of forecasted customer orders 
(production levelling) is essential for better control of the product variations and the output 
variation of the line. This means that similar products from same product family are sequenced 
after each other to have a smoother transition to another balancing that covers another product 
family (Ohno, 1988). The forecasted customer orders are usually an anticipation of customer 
order which are based on the analysis of placed orders during the last year to lower the 
inaccuracies of the forecast (Boysen et al, 2008; Boysen et al, 2007). One of the constrains here 
is that the inaccuracies of the forecast leads to higher finished goods storage because of the 
orders are only based on anticipations and not on real customer orders. Here many companies 
try to keep a close relationship with the customer to deal with inaccuracies through a better 
preparation for future customer orders (Boysen et al, 2008).  
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Out from the sequence planning of the production orders it is essential to work as well on 
reducing the cycle time between different product families at different stations and achieve a 
similar cycle time in all stations for all product families. That is important because the transition 
from producing one product family to another will become smoother through a reduced number 
of balancing standards. To do that different methods with different approaches are being used. 
Poka yoke method is one approach where through a reconfiguration of the components design 
you create a fail proof assembly and insure quality. In the same time, you reduce assembly time 
variation between product families which as well reduces the cycle time in the end (Boysen et 
al, 2008; Boysen et al, 2007). Another approach is to reduce all kinds of movements and 
transportations (seven wastes) at the assembly stations in order to achieve a faster and 
smoother assembly through minimizing the non-value adding activities (Lander & Liker, 2007). 

When dealing with a high product variety, using the enhanced multi-Hoffmann Heuristic model 
helps the assignment restrictions for each station. After defining that it is beneficial to continue 
by creating the joint precedence graph for the different assembly stations (Stenartz, 2014; 
Boysen et al, 2007). In the enhanced multi-Hoffman Heuristic, the assignment restriction can 
be defined in three different ways. Those are process-related, resource-related and station-
related. For process-related assignment restriction several tasks are assigned to one station by 
merging them to one big task. If two tasks are not compatible because they are not related to 
each other and are placed far from each other in the product, then they cannot be assigned to 
the same station (Stenartz, 2014). For resource-related assignment restriction task are assigned 
depending on which resources are needed to perform the assembly. Those resources can be 
tools, components and feasibility of needed space for the components. For the station-related 
assignment restriction some task can only be performed at a certain section not earlier or later 
in the assembly line (Stenartz, 2014).  Usually when defining and assigning tasks to different 
stations a combined analysis of all three types of assignment restrictions are performed. This is 
essential for increasing the effectiveness and efficiency by minimizing idle time for the different 
stations which interns minimize the output variations of the assembly line (Stenartz, 2014). 

After having defined the assignment restriction for each station for all product variants, the 
joint precedence graph helps in understanding the complexity of the flow between different 
stations when different products variation is produced. This provides an overall understanding 
of which stations are common stations and must be proceed by performing the assembly of a 
certain station, where as well some stations are used only for other product families (Boysen et 
al, 2007; Boysen et al, 2008). There are two different generation of joint precedence graph, 
those are model-based and option-based. The model-based precedence graph requires for each 
model a graph that contains specifically the model tasks and their process time (cycle time). 
Later those graphs are combined into one overall joint precedence graph that provides the big 
picture of the common stations with an average joint task time and where some variants jump 
over stations and go to other stations before going back to the common stations (Boysen et al, 
2007; Boysen et al, 2008). The option-based precedence graph differs from model-based 
through estimating the percentages of possible options that will be produced and through that 
determine the expected average task time for common stations, instead of estimating the 
forecast for all different product models (Boysen et al, 2007; Boysen et al, 2008).   

When having a high variation of products, it is difficult to create balancing for each product 
variant. Therefore, only a several balancing options are developed to support some product 
variant that covers most of the yearly production (Boysen et al, 2008; Boysen et al, 2007). 
Through this around 95 % of the yearly production are assembled after their specific balancing. 
The rest 5% are usually not so frequent and can be ordered two or three times per month. Those 
variants can be problematic for the operators that assemble the products because of they are 
not as frequent as the usual variants. This creates a knowledge gap in the assembly which can 
lead to wrong assembly. By creating work instructions (WI) for different assembly depending 
on variants, the operator can follow the WI in case of forgetting the assembly steps. This 
minimize functional problems that can occur with wrong assembly when testing the machine 
(Boysen et al, 2008; Boysen et al, 2007; Lander & Liker, 2007). 



Theoretical background 

12 

2.4 Internal Logistic  

According to Coimbra (2013) a successful pull production flow relates to improvements of 
Production flow, Internal logistic and External logistic. In logistic system (figure 3 below), the 
production flow, the material flow and the information flow that permits the material flow are 
integrated with each other and have a direct effect on the output efficiency of a production line 
(Coimbra, 2013; Chopra & Meindl, 2013; Harrison & Van Hoek, 2008). Therefore, to improve 
and create a successful pull system, those factors should be in focus (Coimbra, 2013).  

 

Figure 3: Relationship between integrated factors in internal logistics (Chopra & Meindl, 
2013; Coimbra, 2013). 

Internal logistics is known as an internal supply chain (Jonsson, 2008). It involves all logistics 
activities within an organisation and the needed information flow to activate and connect 
activities such as internal deliveries of raw material from warehouse to working stations, 
material handling, storage and packing in warehouse. Suppliers and customers are some 
external factors that can affect the internal logistics conditions and resources but do not have 
the authority to control this system.  

Three targets that explain why an organised and improved internal logistic flow can increase 
the efficiency of a production line Coimbra (2013):  

• The system schedules and deliveries necessary components in time  

• The system ensures that information flow will be collected from upstream too down-
stream 

• The system ensures that the delivery of products to the end customer will be “in- 
time”. 

One important factor that affects production line output variation is the internal milk-run 
system, which is known as a circulated supply network of material input and output by regularly 
deliver raw materials or finished products between assembly stations and the warehouse 
(Kovács, 2011). The internal milk-run performance when it comes to efficiency and 
effectiveness is related to the components size, required quantity and the needed time for an 
operator to pick up orders and deliver the right order to the right station in the right time. 
Therefore, the effectiveness and efficiency depends even on the warehouse layout, the 
production layout, components allocation, and the strategy that are used for picking up and 
handling the components (Kovács, 2011; Le-Duc & De Koster, 2005). 
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2.4.1 Production Flow   

In the production flow, the production layout/re-layout, the line design/redesign, and the setup 
of standard work, there are some factors that plays a big role in achieving flexibility and 
efficiency in a working process and for creating a one-piece flow production (Coimbra, 2013). 
The main idea of creating one-piece flow is to transform a production process that produces 
many product variants with large batches into a more flexible one that produces many product 
variants with small batches and furthermore eliminate unnecessary wastes e.g. material, rework 
and labour (Coimbra, 2013; Hameri, 2011). 

By using one-piece flow production, a manufacturing company creates a pull production 
system. Furthermore, it helps the company to easier identify and reduce 3M-wastes because 
when the buffers are reduced, the problems that lies behind the buffers are revealed and 
attacked by the 3M-model. The system helps in creating a standard takt time for each product 
family and sets up different equal cycle time for assembly stations depending on which product 
family is in the assembly process. The flow of production helps in creating the visual line layout 
and helps in providing the proper tools and machines in each working station to support the 
assembly process. It provides a visualized controlling system to ensure that the products are 
manufactured in the demanded quality and required quantities. It reduces the amount of work 
in process (WIP), scraps and delivery time (Coimbra, 2013; Hameri, 2011). 

Without a proper line design and layout, companies may face many common problems such as; 
unclear current production line situations, cannot reach the expected output, non-value adding 
activities in work process like unnecessary movements of operators and material 
transportation, quality issues in process, and exceed the lead time. Therefore, when 
implementing a production flow, there are some important topics that should be taken into 
considerations like; minimizing the product handling, buy right quantities of components, 
maximize the utilization of resources that relates to the production line such as: space, labour, 
machine, equipment, material, and time. 

2.4.2 Material Flow  

A common problem in many manufacturing companies when it comes to supply material to 
production lines is limitation of the storage space in work stations, which consequently leads to 
that the existing quantities of items in the work stations do not cover the daily required products 
to be assembled (Domigo et al., 2007). Therefore, Shah & Ward (2003) study has showed that 
the material supplying flow system affects directly the production condition and the different 
factors in work stations such as work-in-process (WIP) and assembly cycle time. The best solu-
tion for this problem is to create a flexible routing where the information of material handling 
should be linked to the material flow and are depending on the need of refilling the line. 

In LM, a Kanban system is the first tool used for replacing the existing material flow to achieve 
a better one by creating flexibility and guaranteeing that the delivery of material is in 
accordance to the pull system. When designing/improving the material flow (internal milk-run) 
in the production, there is some aspects that needs to be taken into considerations. Those are: 

• Understanding the current material flow system and the speed of assembly in the 
production line.   

• To work towards lowering the work in process (WIP) in each work station as much as 
possible. 

• The use of Standardised size and number of trolleys and Kanban boxes needed for each 
component and each work station.  

• Identification of the space capacity for located storage shelf and trolley at each work 
station. 

• Identification of the frequency and stop points of the internal milk-run (pick up empty 
boxes/trolleys or deliver components) to and from production line to warehouse. 

The result of working with those aspects mentioned earlier is a smooth and flexible material 
flow. The material flow becomes more controlled and adapted to the need of the line taking 
away inventory losses (Domigo et al., 2007; Shah & Ward, 2003). 
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2.4.3 Information Flow  

With a specific and structured information flow in logistics from early development, the right 
information will transfer to the right person in the right place in the right time. This contributes 
to some significant changes in the production system because important decisions will be made 
in a good time, there will be less time needed to seek the links between available information 
and responsible persons. Therefore, this decreases stress, delivery delays and costs related to 
not being able to react in the right time and avoid production stops or shortage of material 
(Sandkuhl et al, 2011). 

2.4.4 Kanban system 

In order to make material delivery in a production more flexible and minimize idle time and 
increase the efficiency of human and machines, a Kanban system is implemented. The system 
provides visible information which helps in controlling inventory and reducing inventory place 
and cost in production lines (Lager Junior & Godinho Filho, 2010). 

“Kan” means “visual” while “Ban” means “card” in Japanese. A Kanban system uses cards for 
indicating visual information, scheduling and creating a communication flow between produc-
tion and warehouse (Petterson, 2011). The system is a part of Toyota Production System (TPS) 
and its main concept is to deliver “just-in-time” goods from warehouse to production line, ex-
ternal suppliers and customers (Dennis, 2007). It controls the suitable time and the quantity of 
components in a production line. Therefore, having a Kanban system minimizes risks of over-
production, reduces logistics costs, decreases high inventory stock levels and provides a more 
flexible workflow (Berkley, 1993; Lager Junior & Godinho Filho, 2010; Rhaman et al, 2013; 
Schonberger, 1983). 

A Kanban system can be divided in two main classifications; the dual-card kanban and the sin-
gle-card kanban.  The dual-card kanban consists of two main types; production kanban which 
sends information of product type and product quantity that needs to be produced in preceding 
processes. In other word, this kind of kanban can be called “in-process Kanban”.  The second 
type is transportation kanban (withdrawal kanban) which refers to material supply signals that 
contains information about when to move materials and their quantity from a proceeding pro-
cess (Akturk & Erhun, 1999; Lager Junior & Godinho Filho, 2010; Schonberger, 1983). 

In the comparison with single-card kanban, dual-card kanban system contributes to a stricter 
control and standardisation of manufacturing system. Dual-card kanban system is difficult to 
apply than single-card because it uses both production kanban between stations and transpor-
tation kanban for material handling for those working stations (Lager Junior & Godinho Filho, 
2010; Schonberger, 1983; Akturk & Erhun, 1999). 

The single-card kanban system uses only transportation kanban for moving material according 
to its daily schedule. The single card kanban is a combination of a push system for production 
and a pull system for suppling components from the preceding stage to another stage in the 
process. It informs the proceeding stage when to start to produce new components and the 
needed quantities, which makes it easier for applying because the demanded quantity and the 
supply time for different materials are scheduled and are under control (Akturk & Erhun, 1999; 
Berkley, 1993). When applying Kanban in a workplace, a company need to ensure that their 
employees will follow some rules in order to achieve a successful and effective Kanban system 
(Porter, 2011): 

• Only producing and deliver components that have a Kanban. 

• Producing/ delivering only requested quantities to prevent the risks of having overproduc-
tion, wastes of inventory and creating unnecessary place coverage in working stations. 

• Defective components must be rejected. Absolute prohibited to send downstream to the 
next stage. 

• Only sending information that show on Kanban. 

Those basic rules support companies to create a better information flow between assembly lines 
and warehouse and as well to lower the inventory levels in the assembly process. 
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2.4.5 Picking/delivering system and kitting system  

Picking/delivering system and the kitting system are based on two different material delivery 
policies that are defined by identifying the available place that exist on the assembly line. By 
achieving a combination of those systems, a space reduction and a simpler material handling 
are achieved on the assembly line (Sternatz, 2015). 

Picking/delivering system 

The cost of using labour, equipment and location for order picking reach around 65% of the 
total operating cost in manufacturing companies (Coyle et al, 2013). By this reason, many im-
provements have created and implemented for reducing those costs. 

There are two types of order picking/delivering systems. The first one is “picker–to–part” 
system which means warehouse personal goes to the picking location and collect necessary 
components for just one order. The system includes e.g. bin shelves, boxes in different sizes for 
storage components and using picking vehicles, trains or forklifts. The most advantage of this 
system is its lower initial costs but in the same time this system decreases the operators’ tasks 
performance because they must pay full attention while driving the delivery train (Coyle et al, 
2013; De Koster et al, 2007). 

The second system is “part–to–picker”, which means delivering of items to picker by automated 
machines and using retrieval system. This system is more expensive than “picker–to–part” 
system because it uses robots and automated machines for transporting components to the 
pickers but the advantages of using this system is that the system provides faster picking time, 
pick up a bigger number of components by time than manual order picking. It provides 
inventory control, decreases human errors, increases ergonomics and increases tasks 
performance efficiency because the pickers can execute another job while waiting for the 
delivery of components (Coyle et al, 2013; De Koster et al, 2007).  

One common challenge in production that causes of the picking process is that if the time for 
picking and suppling items takes too long, it will increase unnecessary waits for operators and 
affects the productivity and the assembly line output. To reduce time of picking and delivering, 
companies need to analyse their current situation and from that chose the adapted picking 
system. Components should be stored in boxes and marks with name and the quantity of the 
product, name of the working station, and name of its supplier for visual handling. Different 
components that are picked and supplied regularly to assembly line can store closely to each 
other to reduce the transportation time. Besides, transportation distance can reduce by 
redesign production layout (storage zone), redesign shelves’ sizes, component boxes and 
remodify trolleys depend on the quantity of components (Le-Duc, & De Koster, 2005; Dekker 
et al, 2004; Brynzér & Johansson, 1995; Coyle et al, 2013).  

Kitting System 

A mixed-model production or a mass customized production refers to a production where many 
variants of product models are manufactured in the same assembly line (Jainury et al, 2014; 
Wan, et al., 2015). High customer demands of different product variants require a high variation 
of components in the assembly line, which means the line needs a feeding system. To increase 
the effectiveness in production flow and make the material flow smoother and reduce the 
problem of lack of spaces and assembling the wrong component, kitting system is one of the 
best choices. 

Coimbra, 2013 defines “A kit is a special container organized to store the different parts used 
to make one product”.  

A kitting system can be understood as a group of variants of raw materials that are packed 
together according to the assembly requirements and then it is supplied to the line in the right 
time for supporting the assembly process (Wan, et al., 2015; Coimbra, 2013; Brynzer & 
Johansson, 1995). 
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The advantages of using kitting system is that if the system is well designed, structured and 
implemented it will contribute to a reduction of wastes, create a flexible working process of 
handling materials, changing product models and providing visual control between assembly 
stations and increasing the efficiency of the assembly process. But in the same time, the kitting 
system entails to some drawbacks as; it causes a non-value adding time for preparing and 
storing concern components into a set. It requires places in working stations for locating the 
set, and sometimes it can happen that some components in a grouping kit may not achieve the 
request quality.  

For balancing those mentioned advantages and drawbacks above, companies have to make sure 
that the system will be implemented after a good plan. The preparing and supplying of the 
component kit should be done in a production where there are high product volumes but low 
product varieties (Antonio & Pacifico, 2011; Hanson & Medbo, 2012). 
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3 Method and Implementation 

In this chapter, a research design process is presented where the reader will get an overview of 
the work that has been done in order to collect information and be able to answer the research 
questions. The methods and data collection techniques that have been used are further 
explained. A description of the data analysis, the validity and reliability of the research is as well 
presented. 

3.1 Research Study Process 

The thesis work started first in the middle of July 2015 with a pre-study of documents review 
that was offered from the case company to get a wider overview about their problems with the 
output variation. Then a combination between the pre-study and a literature review were made 
to formulate two research questions that aims to finding solutions for minimizing output 
variations within this research field.  

Those formulated research questions were: RQ1: What problems can be identified that affect 
the process output variability when dealing with mass customized production? and RQ2: how 
can those problems be reduced to stabilise the process output? 

In order to answer these research questions a literature study was carried out in parallel with a 
multiple case study. The aim of this study was to investigate how to minimize output variations 
in mass customized production within assembly lines. 

There were different data collection techniques that were used when collected data in the case 
company, such as observations, document study and interviews. According to Williamson 
(2002) it is appropriate to use several data sources in a case study. The use of those data 
collection techniques was as well essential for the research because of the chosen research 
design. This enabled the data triangulation in the research which strengthens the validity of the 
findings (Williamson, 2002; Yin, 2014). Figure 4 below shows the entire process of this study. 

After conducting the literature review and the case study, the data collected from these two 
methods were analysed. 

 

Figure 4: Research process overview 
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3.2 Research Methods 

The main research methods used in this study are presented here.   

3.2.1 Literature Study 

The researchers had chosen literature review as the first method to use when starting the 
research process. The focus was on finding relevant books and scientific articles that have been 
peer-reviewed to build an understanding background of the existing theories in the thesis area. 
This method was very important because it provided the knowledge of the area and supported 
the researchers to formulate the research questions.  

Before starting the search, a list of keywords and search terms below was created to find 
relevant contents to the research.  

• Mass customization challenges, customized production, high variety in production, 
production variability, customization challenges. 

• Process output variation, output variability, Mura, Mura in production, output 
variability within customized production. 

The sources of the literature review were mainly conducted through using the database Primo, 
Scopus and Google Scholar. When the search was conducted, the focus was on accessing only 
scientific articles between 2000 and 2016. To not exclude articles published before 200o that 
might contain useful information, the researchers did as well a search for articles that were 
published from 1980 to 2016.  

When the search was conducted, the keywords were used in the advanced search as titles, 
keywords and in abstracts. Beside that the snowballing technique was used, which means 
through the bibliography of the article other relevant articles were found. This helped both in 
creating a fundamental base of the theoretical background and contributed to more keyword. 
The following new keywords and terms that were used in the search are from the key article and 
the other relevant articles. 

• Balancing challenges, material supply challenges, mass customization balancing 
problems, balancing and material supply problems. 

• Logistic constrains in customized production, material supply challenges, internal 
logistic, standardise work, lean manufacturing. 

After conducting the last search with the keywords above the researchers had the theories 
needed to create the theoretical background for the research. 

3.2.2 Case Study 

A case study is about studying a real-life phenomenon in its natural setting and it can be carried 
out in form of a depth study of different activities for collecting reliable and valid findings. A 
case study can be performed as a single or multiple cases (Williamson, 2002; Yin, 2014). In this 
research, the authors had chosen to work with a multiple case study in a white-goods company 
during a period of three months (January to March 2016). There were two reasons behind this 
choice. The first one was because the case company is a white goods company and the 
researchers wanted to extend the research to other industries then the automotive industry. The 
second reason was that both researcher had had done an internship of three months (July to 
September 2015) in two different assembly lines in the case company. Therefore, the multiple 
case study was performed in those two production lines because of the insight that the 
researchers gained during the internship. Those two production lines are called in this research 
as line A and line B. 
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The aim of using this multiple case study was that the findings from the cases will provide a 
wider knowledge for the researchers to understand what problems affect the output variation 
and which applicable solutions could be used to minimize those output variations. This helps 
in both answering RQ1&2. This as well provided the possibility of comparing between the 
findings from both lines. 

3.3 Data Collection 

The data collection techniques are presented here explaining the procedure used and the 
preparation done in order to collect accurate data for the study. 

3.3.1 Observations  

Several participating observations have been conducted during a period of four months. The 
participating observations aimed to give an understanding of the nature settings of both 
production lines, the assembly processes, and the material handling and delivering to the lines 
(Williamson, 2002).  

The first observation was about study the performed assembly in two production lines; line A 
and line B. The second observation was focused on the integrated effects of internal logistics to 
the production.  

In the first participating observations, the researchers studied the assembly steps, visualization 
in the working stations, product quality and the production output for three months on both 
production lines. The collected data were compiled in a table and concerned the number of 
operators, the planned production, products variants and NRFT. This table were updated each 
day with the information above in order to see the deviations between on day and another. 
During this time, the researchers got opportunities to see what problems usually occurred in 
the line and based on that, a frequency list of problems was clarified which supported 
researchers to answered RQ1. When making observation in the working stations, the 
researchers even recorded videos when operators were performing their job in each working 
station. By studying those videos, the researchers could identify non- value adding- and value 
adding activities of operators. Different wastes and root causes that affect productivity were 
identified. Based on those time study measurements, the researchers could answer RQ1. 

The second participating observation was to study the internal milk-run of deliver raw material 
from warehouse to assembly stations for one month. This observation was focusing to identify 
the frequency of internal material supplying and pick-up between warehouse and the case 
assembly lines. The researchers followed and observed two warehouse operators who had 
responsible for delivering components from the warehouse to the production line day by day 
for one month.  

The collected data were the time that needed for the warehouse operators to pick up material 
from warehouse and the train delivery routes when delivering components to the production 
line. The different stop-points for the train were recorded and as well the time for each train 
delivery. This observation was important because by studying the delivery routes and the 
delivery time, the researcher could find a related problem between internal material delivery 
and several stops in production line. This observation helped to answer RQ1 and supported to 
find new solutions for RQ2.  

3.3.2  Conversation During Participating Observations 

The conversations and meeting were carried out with the process engineers, the line supervisor, 
and the line operators. The conversations treated current problems in the lines or some 
thoughts and ideas of making new improvements. Because of that reason, no list of questions 
was created. The aim of those conversations was to increase the authors’ knowledge about the 
assembled products in both lines and currents problems that both line was facing. Besides that, 
it is important to understand more about the existing line balancing and the material delivery 
to the lines. Those conversations were as well used towards understanding for example why did 
the lines stop, what was the problem and when and where did it occur. 
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The concerned people who had been involved in those conversations were process engineer 
supervisor, process engineers, line leader and operators from both case assembly lines. An 
outline of the conversation area is presented in table 2. 

Table 2: The conversation area 

Roles  Focus Line A Line B 

Process engineer  
Supervisor  

- Output variation  
- Current balancing 
- Problem challenged factors 
- Material delivery 

X X 

Process engineer 
- Output variation. 
- Problem challenged factors 
- Current balancing 

 X 

Line supervisor 
- Output variation Problem 

challenged factors 
- Current balancing 

X  

Line leader 
- Problem challenged factors 
- Assembly process 

X X 

Line operators - Assembly technical X X 

 

3.3.3 Document review 

Three different documents in the case company’s database between period of 2015 and in the 
beginning of 2016 had been reviewed to get a deeper knowledge about the research scope, the 
output variation in the production lines and to compare with the data from the participating 
observations in order to later compile the data and present the final findings for RQ1&2, see 
table 3. 

Table 3: Document review of the monthly data that the researchers received from the case 
company. 

 Support Jul 2015 Aug 2015 Sept 2015 Jan 2016 Feb 2016 

NRFT RQ1 X X    

Output variations of 
case assembly lines 

 

RQ1&2 
 

X 
 

X 
 

 
 

 
 

 

Current balancing  RQ2 X X X X X 

The first documents were NRFT (Not Right First Time) and present problems with the products 
quality that had occurred in the production lines. This data was important to be able to 
categorize the problems that have occurred in the production line. It helps as well in defining 
the frequency of similar problems in the production lines.  

The second document review was the efficiency documents for both Line A and Line B. Those 
documents contained information that helps in obtaining the efficiency of the production lines. 
The information was the actual output for each day, the planed output, the number of operator 
that were present in the line and the total work hours for each day. This was relevant for the 
study because it gave an understanding of the variation that exists in the line from day to day. 

The third conducted document review was the existing balancing of both production lines. This 
was important to review because when the researcher conducted the observation many different 
variants were produced in the same day without changing the balancing, even if the preformed 
work and assembly time differed in some stations. Therefore, it was essential to understand the 
line balancing that exist in each line to see if the balancing had an impact on the process output 
variability that are visible in both lines. 



Method and Implementation 

21 

3.3.4 Interviews  

There are different types of interviews such as structured, semi-structured and unstructured 
interviews. In this study only one type had been used when collecting the qualitative data in the 
case study. It is called semi-structured interviews and are the most commonly used data 
collection technique in case studies (Williamson, 2002).  The semi-structured interview was 
chosen to make sure that the collected data is useful and not excluding any important 
information. Therefore, the interview was more open and several follow-up questions were 
asked depending on the answers the researchers received.  

Semi-Structured Interview 

One semi-structured interview was conducted with the supply chain manager from the case 
company on 14th of July 2016 via Skype in one hour.  

An interview guide was used (appendix 1) included questions that were related to problems of 
material delivery to the production and different solutions for the current internal milk run 
system. The supply chain manager answered the questions based on his own knowledge, 
experiences and personal perspectives. Therefore, depended on the answers the authors carried 
out a deeper and further discussion about the topic with the interviewee. The interview 
contributed to relevant data when it came to logistics problems and possible solutions. This 
supported the researchers to answer RQ1 & 2. 

3.3.5 Time and Motion Study 

During the participating observations in both case assembly lines, the authors had collected 
assembly process time and movements of the operator in each working station. A time study 
collection sheet (appendix 2) had been created and used to support the study. The researchers 
used this sheet to capture every task and working element in each working station and recorded 
the measured time for the operators to perform his/her tasks. 

The aim of doing time and motion study was to create a base information list of different value 
adding and non-value adding activities that happened in the production line and from that 
finding solution for e.g. eliminate different wastes, improve the line productivity, increase 
efficiency and effectiveness and lower production cost and lead time (Ortiz, 2006).  

The time and motion study was helpful because the collected information was used for 
identifying different wastes, understanding the differentiation of standard work between 
operators both when it comes to standard time and the standard procedures of the assembly 
activities. This supported the researchers as well in the re-balancing of the lines and helped in 
answering RQ1 &2. 

3.3.6 Data Analysis  

The collected data were analysed and summarized. Firstly, the data from the literature review 
were analysed to build the theoretical background. These data were divided in two categories 
as mentioned in the background. The first category was the existing problems in mass 
customized production. The second category is the existing solutions for minimizing the output 
variation through solving the joint balancing and material supply problems. Both categories 
from literature review were later triangulated with the data from the two studies conducted on 
both lines. 

The first study was about observing and analysing the flow in the assembly lines, the assembly 
processes and the lines’ output variation. The second study was about the identification of the 
frequency of internal material supplying and pick-up between warehouse and the production 
lines. The analysis of collected data were from all observations, conversations, Semi-structured 
interview and document reviews. The data from observations conducted on the production lines 
and the internal material supplying for the lines contained data from some conversations 
during the participating observations. This was important because there was a need of 
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understanding what was happening in the lines during the conducted observations to prevent 
losses of data because of the language barrier that the researcher faced.  

The collected data from the observations was analysed and summarized in different problem 
areas. The summarization showed which problem areas had mostly occurred in both lines. This 
data was compared later with the summarisation of the document review analysis that showed 
similar problems as the one encountered during the observations. Out from this the problems 
that were most frequent on both line was defined and only by gaining a deeper understanding 
of the problem root causes the researcher would be able to analyse the applicability of different 
solutions. Therefore, the data from several conversations and the semi-structured interview 
were essential to fill in the gaps and get the entire picture of the problems. The notes from the 
conversations were already structured and categorized directly during the observations which 
simplified the summarization of the data.  Later, the data from all the conversations, the 
observations, the document review, the semi-structure interview and the literature review were 
triangulated to understand which are the most frequent problems and the root causes of the 
problems.   

The second study was about analysing the applicability of solutions that can stabilize the 
process output variation. For that the collected data from several conversations and the semi-
structured interview were analysed and categorized in balancing solutions and material supply 
solution that the case company finds applicable in their case. The data from the literature search 
and the interview were triangulated to see if there were any connection between the theoretical 
solutions and the real-world solution suggestions that were given by the case company. 

3.4 Reliability and validity of the study 

Yin, 2014 states a decision reach a higher quality if reliability and validity aspects are carried 
out and is handled before any reflection start and decision is made. A reliability value of a 
research study depends on which techniques that have been used and how they have been 
executed to collected the needed information.  

In this research, the authors have chosen to use multiple data collection techniques in order to 
reach a high validity as possible (Williamson, 2002). All the collected data were stored, 
translated and categorised under each technique. Through the description of how the 
researchers collected, analysed and triangulated the data, makes it possible that same research 
can be conducted in similar situations. By doing like that, the researchers will ensure reliability 
of the research and make it possible for other to follow the same process and achieve similar 
results (Williamson, 2002). The participators in the conversations and the semi-structure 
interview were the actual people that worked in both case studies (Yin, 2014). The authors used 
even triangulation method, which requires more than two techniques when collecting, 
analysing and comparing the data from the same target group to ensure the reliability and 
internal validity of the research (Williamson, 2002; Eisenhardt, 1989; Yin, 2014). 
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4  Empirical Findings & Analysis 

The empirical data was collected in a multiple case study where two production lines were 
studied, Lina A and Line B. The chapter starts first with a short introduction about the case 
company and the two production lines where the research was executed.  Then the empirical 
findings of both lines and the analysis are presented separately for each research question.  

4.1 Case Company Description 

The case studies for this thesis were performed at the youngest manufacturing plant of 
Electrolux Professional. The plant is placed in Thailand and has existed for around eleven years 
and was built to replace the plant in Denmark (Scandasia, 2008).  Electrolux group is a Swedish 
multinational home and professional appliances manufacturer and is one of the biggest 
companies in the world. In 2014, Electrolux group had a turnover of around 112 billion SEK and 
5% of this turnover were from Electrolux Professional companies (Electrolux Group, 2015; 
Electrolux Professional, 2015).  

Electrolux professional is part of Electrolux group and differs from Electrolux home appliances 
products. Electrolux professional focuses only on developing and providing professional 
laundry system and food service system products for professional users (Electrolux 
Professional, 2015). There are seven Electrolux Professional manufacturing plants in the world. 
Their customers are mainly the professional sector, not the home appliance customers. For 
example, for laundry system, the customers are hospitals, hotels, institutions, in-house laundry, 
self-service laundries and Hygiene and Care. For food system, the customers are hospitals, 
hotels and restaurants chains (Electrolux Professional, 2015). 

The case company (Electrolux professional Thailand) has around 200 employees. They have 
seven different assembly lines in the plant and produces products for both laundry system and 
food service system. For laundry products, there are three assembly lines that assemble drier 
machines and two assembly lines for washer machines. For food service system, there is a 
dishwasher line and a freezer and refrigerator line. The case study included two lines where in 
this thesis were called Line A and Line B. Lina A is one of the washer machine lines and Line B 
is one of the drier machine lines. 

Case 1: Lina A 

This line produces small washing machines with a total of 148 different variants (PNC: s) of the 
same product model. The line had ten main assembly stations that were connected to each other 
by conveyors and fifteen pre-assembly stations. There were ten operators, one line leader, one 
line supervisor who were working and taking responsibility for the line. In a normal working 
day of nine hours, the output expectation from the line was to manufacture twenty-eight 
machines.  

Case 2: Line B 

This line produces two main dryer variants which is small and big dryers of the same type. In 
this study only small dryers had been included because of several factors such as time pressure, 
a lower product variety and production units in big dryers then the small dryers. The small 
dryers are a double drum dryer machine that are either electrical driven or gas driven depending 
on the customer. The line includes totally 131 different variances of products where 86 variances 
are small dryers.   The line had totally 24 stations where 13 of them are pre-assembly stations 
and the rest are main machine assembly stations. The machines are assembled on the conveyer 
and after finalizing the work it is transferred to another station through the conveyor.  The line 
has 15 operators, one line leader and a process engineer. The expected output of the line 
depends on the customer demands if it is high or stable. Therefore, the output varies between 
15 machines up to 20 machines/working day.  
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Two studies were carried out on both assembly lines. The first study was conducted on the line’s 
production flow, the assembly process and the output variation of the production lines. The 
second study was analysing the internal material supply between warehouse and the working 
stations in the lines. 

4.2 Process Output Variation Problems 

Both production lines that were involved in this research showed a very fluctuating production 
output. This was an effect of several factors such as the customer demand variability that the 
production line had from a day to another. The deviation of cycle time between different 
product variant. Then the different NRFT problems that occurred in both Line A and Line B. 
The NRFT are divided in different codes as explained in table 4.  

Table 4: NRFT codes and their description. 

NRFT 
Code Description 

12 Missing component from Warehouse at the working station 

13 Missing component from Drum line at the working station 

14 Missing component from Paint shop line at the working station 

15 Missing component from Punching, Laser and Bending machine 

16 Missing component from Foaming 

20 Assembly is not good quality 

21 Assembly is not good quality due to equipment failure or machinery breakdown 

22 The problem with the function of the machine 

23 The defect of the painted part 

24 The parts are broken or damage 

25 The component is not good quality 

 

To have a better understanding of the output variation and their underlying causes in both Line 
A and B, a two weeks’ summarization of the participating observations conducted during 2015 
are presented in Table 5 and 6. The researcher found those two weeks representative because 
of data similarities that had been observed in the received NRFT document for Line A and B 
which is presented later in table 7 and 8.    

 Table 5: A two weeks’ summarization of the conducted observations on Line A. 

 

Out from the table it was visible that even with the same number of operators the output of the 
line is still variating a lot. For example, on 21-july they have produced only 3 machines of 30 
planned and the day after they produced 50 machines out of 30 planned. This was because on 
21-July there was missing component from paint shop (NRFT code 14) which affected the 
production output even in there was only three product variants that were produced on the line. 
The day after they could produce 50 machines because they had built 90% of the machine on 
the day before and placed it on pending to finalize the assembly on 22-july.  

13-Jul 14-Jul 15-Jul 16-Jul 17-Jul 20-Jul 21-Jul 22-Jul 23-Jul 24-Jul

Mon Tue Wed Thu Fri Mon Tue Wed Thu Fri

Num. Of operator 11 12 11 11 11 11 11 11 11 10

planed production 26 26 26 26 24 30 30 30 30 28

Actual production 25 31 25 25 20 23 3 50 25 26

Product variation 5 3 3 3 4 6 3 4 4 3

NRFT (12):4 Mch. 0 0 0 0 0 (14):1 Mch. 0 (25):2 Mch. 0

Date

Line A
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The researchers defined how many product variants were produced daily in Line A and as most 
it was six variants and as least three variants as presented in the table. When observing the cycle 
time and the performed operations at the assembly stations it was visible that some stations 
had a complete different assembly operation which had as well a different cycle time of the 
performed operations. Depending on produced variant the cycle time differed between two to 
three minutes on some assembly stations.  

When it comes to NRFT problems that had occurred on Line A, those concerned mostly code 
12 (missing components from warehouse) and code 25 (bad component quality). Those NRFT 
problems created stop time on the line where they had to wait sometimes for missing 
components between 15-20 minutes. For components with bad quality it variated depending 
on which component had bad quality and if it was detected directly at the assembly station or 
at the testing station. The worst observed situation was when it was detected in testing station 
and rework had to be performed. This created a stop time of 10-15 min of rework that were 
performed on the line in most of the cases. 

The same observations where conducted on Line B as shown in table 6. Here as well the output 
variation was evident from a day to another even if the same numbers of operators were present. 
The different here in comparison to Line A is that there is more NRFT problems on Line B than 
Line A.  Code 12 (missing components from warehouse) and code 25 (bad component quality) 
occurs almost every day on Line B. The stop time for those codes were similar to Line A stop 
time as mentioned above. Then there are the less frequent codes which is code 23 (defect of 
painted parts), code 22 (problem with the function of the machine) and code 14 (missing 
component from paint shop). Code 23 did not affect the stop time because when a paint defect 
was detected the part were placed aside and another one was assembled. But code 22 hade 
similar stop time as code 25. Code 14 had a high variation of stop time where some machines 
had to be placed aside an entire day waiting for the painted part. In the best situation, the Stop 
time had been 10 min. 

Stacker line produced as most five product variants during a day and as least two variants as 
presented in the table. Depending on which variants were produced the cycle time differed 
between three to seven minutes on some assembly stations.  

Table 6: A two weeks’ summarization of the conducted observations on Stacker. 

 

NRFT document review  

A summarization of the NRFT documents showed that code 12, 14, 22 and 25 are the most 
frequent NRFT problems that occurs in both production lines as presented in table 7 and 8. 
Table 7 presents the NRFT categorization of July and August 2015 for Line A and table 8 
presents the same data during the same period for Line B.  

 

 

 

 

13-Jul 14-Jul 15-Jul 16-Jul 17-Jul 20-Jul 21-Jul 22-Jul 23-Jul 24-Jul

Mon Tue Wed Thu Fri Mon Tue Wed Thu Fri

Num. Of operator 14 14 14 14 14 13 13 13 13 13

planed production 17 9 13 5 5 16 16 15 7 5

Actual production 13 8 6 14 12 13 12 7 9 8

Product variation 4 3 4 2 4 4 4 5 2 3

NRFT (12):2 Mch. 

(22):1 Mch. 

(25):2 Mch.

(12):2 Mch. 

(21):1 Mch. 

(25):5 Mch.

(12):1 Mch. 

(14):7 Mch. 

(20):1 Mch. 

(23):1 Mch. 

(25):2 Mch.

0 (12):4 Mch. 

(14):3 Mch. 

(23):3 Mch. 

(25):1 Mch. 

(12):3 Mch. 

(14):2 Mch. 

(23):2 Mch.

(12):1 Mch. 

(20):1 Mch. 

(25):2 Mch.

(22):1 Mch. 0 0

Line B 

Date
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Table 7: A two months’ summarization of the most frequent NRFT problems in Line A 

Table 8: A two months’ summarization of the most frequent NRFT problems in Line B. 

Both tables present the share in percentage of the total amount of NRFT each code had on both 
lines. With the help of this and the observations data presented earlier the researchers could 
prioritize which NRFT codes to focus on minimizing and which codes to exclude. The blue 
marked data in the tables are the relevant data for this study.  By attacking only code 12, 14 and 
22 in Line A it would cover 85% of the problems in July and 54% of the problems in August. 
When it comes to Line B it would cover 59% of the problems in July and 71% of the problems 
in August. The NRFT codes 20, 21 and 23 were excluded in this study because of their low 
frequency and code 25 (bad component quality) was excluded because of the delimitations of 
the study. 

 

Line A  

July (2015) NRFT  NRFT (%) 

14 
Missing component from Paint shop line at the working sta-
tion 

5 38% 

12 Missing component from Warehouse at the working station 4 31% 

25 The component is not good quality 2 15% 

22 The problem with the function of the machine 2 15% 

  Total 13 100% 

August (2015) NRFT  NRFT (%) 

22 The problem with the function of the machine 29 45% 

25 The component is not good quality 27 42% 

12 Missing component from Warehouse at the working station 6 9% 

20 Assembly is not good quality 3 5% 

  Total 65 100% 

Line B 

July (2015) NRFT  NRFT (%) 

12 Missing component from Warehouse at the working station 35 39% 

25 The component is not good quality 24 27% 

14 Missing component from Paint shop line at the working station 14 16% 

23 The defect of the painted part 6 7% 

22 The problem with the function of the machine 4 4% 

20 Assembly is not good quality 4 4% 

21 
Assembly is not good quality due to equipment failure or ma-
chinery breakdown 

2 2% 

  Total 89 100% 

August (2015) NRFT  NRFT (%) 

22 The problem with the function of the machine 98 45% 

25 The component is not good quality 49 22% 

12 Missing component from Warehouse at the working station 40 18% 

14 Missing component from Paint shop line at the working station 17 8% 

23 The defect of the painted part 7 3% 

20 Assembly is not good quality 4 2% 

21 
Assembly is not good quality due to equipment failure or ma-
chinery breakdown 

4 2% 

  Total 219 100% 
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Other Lines Observations Affecting the Output Variation 

Out from the conversations and discussions conducted during the participating observations 
other factors were identified wish had a negative impact on the output variation. Those factors 
are presented below: 

• Both production lines were missing some of the standard documents that should exist 
in the line as work instructions (assembly instructions) for different product variants 
assembled on the same station. 

• There were no defined product families in the production line. No standard cycle time 
for the different assembly that were performed at some stations.  

• The operators were following only one line balancing that are related to the most 
common product variant produced on the line. No other balancing exists for the other 
variants. There was as well no visible line balancing at the stations to understand what 
assembly operations each operator should perform.  

• There was a lack of proper jigs to support the assembly performance which made the 
operators work difficult and time consuming.  

• There was a lack of standard ergonomic conditions as height adjustable tables and some 
shelves in the working stations are not designed to promote operator ergonomics when 
performing assembly.  

• There was a lack in operator’s knowledge because the operators were trained on 
working in specific working stations and can only execute the assembly process in those 
working stations. There was no operator rotation between the stations. 

• The causes of bad components quality differed and were classified in three problem 
areas. Those were bad quality due to supplier quality, transportation damages from 
supplier to the company or bad material handling and delivering from warehouse to 
the production line. Those quality problems were sometimes detected by the operators 
while controlling the component before assembling.  

• Function issues were normally detected during testing station when the machine is 
tested for its safety and functions. The function issues problems were either the wrong 
cable connection or the use of wrong component because of similarities of component 
between the different variants. 

• Bad quality of assembly occurred because the operators were placed to work in a 
working station where they haven’t been trained before and don’t have the knowledge 
and skills to perform the job by themselves. Another reason was as well that the 
operator’s emotion/behavior affected his/her job even if it was a skilled operator that 
were performing the assembly and was not paying enough attention to fulfil the task.  

• Misunderstanding between warehouse personals and the operators in the line which 
led to missing component problems on the line and delays in the assembly.  

After conducting the observations on both lines, it was evident that missing components from 
warehouse had an impact on the line output. Therefore, observations of the warehouse 
operators work and the line material deliveries done by trains were conducted.  

Material Picking and Delivering Problems Affecting the Output Variation 

The observations showed that the delivery signal depended on empty kanban box or trolley on 
the line when the delivery train deliver material to the line. There was one delivery train for 
Line B that delivers material between six to eight times per day. For Line A, there was another 
delivery train that delivers material seven to ten times each day. The delivery train did not follow 
a specific route and there was no schedule for the train deliveries to the line. The deliveries were 
not structured and differed in size in a way such as number of trolley or Kanban boxes delivered 
each time.   
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Most trolleys were built only for storing one component for one product variant. This meant 
that the warehouse operators had to pick several times two different trolleys delivering the same 
component but with some small changes to the same station. Because of lack of space on the 
line one of the trolley had to be placed several meters from the line and the line operator had to 
change the trolley back and forth depending on the produced product variant. This problem 
occurred on both lines and created unnecessary movement (Muda) for the operators in several 
stations.  

When it comes to the operators that were picking the components at warehouse they did not 
always put the right amount of component in the trolley or kanban box. They do not follow any 
picking sequence because all the picking depends on the returned empty boxes and trolleys. 

There are still many unnecessary movements of picking operators, the material is misplaced in 
the warehouse area, lack of scheduling of delivery train and no defined delivery routes. This are 
the reasons behind the unnecessary stop time for picking operator because they are searching 
for the misplaced material or waiting for the forklift. All this affects the operators on the line 
that are waiting for material. 

Another observed aspect when it comes to the information flow between the lines and the 
warehouse operators was, that the operators from warehouse were not aware about how much 
components were running in the assembly line, how many products were produced in the line 
each day. They did not know the tact time of each line. To better understand the gaps of the 
internal material flow, a description of the main points gathered from the semi-structured 
interview with the supply chain manager are presented. Those points present what the Case 
company were working towards achieving and improving: 

• Use pull Kanban boxes and pull Kanban for external/internal trolleys to make sure that 
the material is supplied in time and when they are needed. 

• Combine pull system with Kanban system between working stations, production lines 
and suppliers. 

• Each production line should have their own internal milk-run for delivering and 
refilling materials. 

• Design/redesign storages for trolleys and locate them near the production lines to 
minimize unnecessary waiting time and for distances recovery. 

• Set standard rules to identify Kanban boxes e.g. sizes and quantities of components and 
make sure that the right component is delivery in the right Kanban box with the right 
amount. 

• Set up a visual management system to promote and simplify the work in the warehouse 
area. 

What were required from each operator was that they should know what they were doing, which 
were their tasks and responsibilities and what were the expectations from them.   

The Balancing Problems 

After reviewing the line balancing for both production lines, it was visible that several assembly 

operations at different stations that concerns the different product variant on the line did not 

exist in the balancing document. There was no cycle time of the performed assembly and there 

was no calculation of the total lead time (time from product assembly start to a finished 

product) for the different product variants. There was only one line balancing and one lead time 

calculation for the most common product variant produced on the line for Line A. The same 

thing was detected as well for Line B. Diagram 2 below shows the balancing which were used 

for all the product families that existed in Line A. The diagram right section presents with 

different colours the different stations that are involved in the balancing. The numbers present 

the number of operators. The stations are then divided between the operators as presented in 

the staples, trying not to reach the tact time (red line). All diagrams of the same characters are 

following the same logic. 
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Diagram 1: Current balancing for line A 

This balancing was created for the work of 10 operators and were expected to give an output of 

28 pcs/day with a tact time of 17,5 minutes. Each colour in the diagram refers to an assembly 

station. According to the diagram, the balancing efficiency is only 90.5% because it shows an 

unequal job time between operators in the line. Some operators had been assigned more 

stations (columns that exceeded the red line) while others have less (columns under the red 

line).  

For Line B diagram 2 presents the balancing that were created for 16 operators and were 

expected to give an output of 19 pcs/day with the tact time 25,8 minutes. The diagram shows 

process one in blue, the second process in red and the third process in purple. In each process 

one or no station are assigned to an operator. The stations are defined in the right section of the 

Diagram.  The balancing efficiency is only 79 % because of the unevenness that are clearly visible 

in diagram 2. When the observations where conducted there was 15 operators on the line which 

showed that the operators where balancing themselfes by helping on different task to even up 

the workload. The same balancing where used to all different product variants even if the cycle 

time varies between different product variants. 

Diagram 2: Current balancing for line B 
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4.2.1 Analysis of Output Variation Problems 

It is evident that the empirical data points out several problems that have a great impact on the 
process output variation. Starting with the ALBP the case company had been using only one 
line balancing that are applied on all product variance. This were related to the SALBP where 
the assumption of only one product were produced on the line were made (Boysen et al, 2008; 
Boysen et al, 2007; Stenartz, 2015). The case company produces customized products and 
therefore by using the assumptions of a SALBP created process output variations because of the 
use of a less appropriate approach. The main reason behind this were the attempt to reduce 
complexity and confusion between the assembly operators that only knew few assembly stations 
(Lander & Liker, 2007). This had as well a great impact on operators’ flexibility and assembly 
knowledge which created several problems when it comes to machine functionality because of 
assembling the wrong components or performing a default assembly (Lander & Liker, 2007; 
Boysen et al, 2008; Stenartz, 2015). The lack of flexibility and assembly knowledge was affected 
by the lack of standardization of the work instruction that aims to support and simplify for new 
and unexperienced operators when assembling different product variants (Lander & Liker, 
2007). 

Both case studies had problems with missing components which were mainly because of lack 
of information flow and an unorganized material flow between warehouse and line operators 
(Sandkuhl et al, 2011; Shah & Ward, 2003). This challenge was related to the problem of not 
being able to store all the needed components or material in the line because of space limitation 
(Shah & Ward, 2003). This had a negative impact on the process output because of the material 
deliveries delay. This was the results of no structured way of working and no picking system 
that supports the operators by efficiently finding the right material storage place and avoid 
picking an identical component as the requested one which only differentiates in function 
(Domigo et al., 2007; Shah & Ward, 2003). By picking and delivering the wrong component to 
the line created the risk of functionality failure of the machine in the testing if it was not detected 
during the assembly by the operators (Lander & Liker, 2007; Stenartz, 2015). This created 
waiting time because of either doing rework on the line when detected in testing or waiting time 
to receive the right component if you detect before performing the assembly. This was one of 
the seven wastes introduced in LM and lead to quality issues and machine functionality issues 
which as well affects simultaneously the process output variations (Mura) (Smith, 2014).  

4.3 Solution Applicability    

Going through the different literature that presents different approaches to solve the ALBP  and 

the material supply problem in order to achive a more stable process output, gave the researcher 

the opportunity of creating a combined approach when dealing with the problems identified 

when answering RQ1. With the support from the case company the researchers were able to 

define an applicable solution approach to reduce the output variation. The approach contains 

several steps and starts with:  

• Understanding the main differences and similarities between the different product 

variants that exist in the production line, after that defining the different product 

families (Jiao et al, 2007). 

• Creating standard work documents for each product family to support the operators in 

the assembly activities for each station (Jackson, 2012). This will lower the risk of 

default assembly due to lack of knowledge when it comes to less frequent product 

families (Boysen et al, 2007: Boysen et al, 2008; Jackson, 2012). 

• Defining the product families that have a 90 % share of the production orders from 

previous production year (Boysen et al, 2007). Then creating suitable line balancing for 

those product families (Boysen et al, 2008).  

• Changing the layout to support the new balancing and simplify the material feeding of 

the line (Le-Duc, & De Koster, 2005; Dekker et al, 2004; Brynzér & Johansson, 1995) 
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• Creating a smooth production plan that supports the line balancing, by schedueling the 

production orders through producing the products that are in the same product family 

after each other (Boysen et al, 2008; Stenartz, 2015). 

• Choosing the right material picking/delivery (direct material delivery or indirect 

material delivery). Creating a sequenced and scheduled material delivery that are based 

on the production plan and the tact time which simultaneously supports the line 

balancing (Coimbra, 2013; Stenartz, 2015).  

When implementing this approach, the researcher followed the same steps on both case studies. 

This was important to define if the approach were applicable in a real-life scenario. 

Solution Approach Applicability in Line A  

The researchers started with a classification of the 148 product variants that exist on Line A in 

order to define the different product families. This resulted in eleven product families as 

presented in table 8. After that the work instructions for the different product families were 

developed and placed at each station in order to support the operators that were performing 

the assembly. Then the production orders of 2015 were analysed and categorised based on the 

product families as presented in table 10 and diagram 3. Out from that it was visible that 

product family 4 and 3 were the most frequent produced products and they had 86 % of the 

yearly production share. 

Table 9: Yearly production share for each family on Line A. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Diagram 3: Yearly production share for each family on Line A. 

Family Production (Products/year) % yearly production 

F 4 4093 65,13% 

F 3 1312 20,88% 

F 7 288 4,58% 

F 5 285 4,54% 

F 1 117 1,86% 

F 6 111 1,77% 

F 10 70 1,11% 

F 9 5 0,08% 

F 2 3 0,05% 

F 8 0 0% 

F 11 0 0% 

Total 6284 100,00% 
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After defining that product family 4 and 3 were produced most frequently on the line, two new 

line balancing for family 4 and 3 were created. Diagram 4 shows the new balancing for family 4 

where the tact time was 16,33 min when having ten operators working on the assembly and one 

line leader that were supporting. The output here was 30 products/day and the balancing 

efficiency was 97%.   

Diagram 4:  Balancing for family 4 at line A  

Diagram 5 below shows the balancing for family 3 where the tact time was 16,90 min when 

having 10 operators working on the assembly and one line leader that are supporting. The 

output here was 29 products/day and the balancing efficiency was 94.2%. 

Diagram 5:  Balancing for family 3 at line A 
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After creating the balancing of family 4 and 3 some modifications were made with the line 
layout in sex stations in the line. This was done to support the new balancing of the line, to 
reduce waste connected to movements and transportations and as well to simplify the material 
feeding to the different stations. 

Solution Approach Applicability in Line B 

The same process was applied in line B compared to the process applied in line A, when 

defining the product families and developing the work instructions for those families. The 

only differences here were that only the small dryers were included in the study. The small 

dryers had 84 different product variants that were categorized in 13 product families as 

presented in table 10. Out from 2015 production the researchers could define the yearly 

production share for each product family as provided in table 10 and diagram 6.  Out from 

diagram 6 it was visible that for small dryers in line B, product family 3, 4 and 9 were the one 

that holds 93,84% of the production share of 2015 and therefore three different balancing 

were created to support those three product families. 

Table 10: Yearly production share for each family for Line B small dryers. 

 

 

 

Diagram 6: Yearly production share for each family for Line B Small Dryers. 
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Family Production (Products/year) %/yearly production 

F3 880 36,62% 

F4 784 32,63% 

F9 591 24,59% 

F7 48 2,00% 

F2 38 1,58% 

F1 18 0,75% 

F10 15 0,62% 

F6 14 0,58% 

F5 10 0,42% 

F8 2 0,08% 

F13 2 0,08% 

F12 1 0,04% 

F11 0 0,00% 

Total 2403 100,00% 



Empirical Findings & Analysis 

34 

The first balancing was created for product family 3 as presented in diagram 7. For this family, 
the balancing efficiency was 95% and they could produce 20 products during a workday of ten 
hours instead of 17 products during a workday plus three hours of overtime. The tact time was 
24,50 min when having 15 operators performing the assembly and one line leader supporting. 
As presented in the diagram each operator (From A-O) were assigned one or more work stations 
(different colours as defined on the right in the diagram) without exceeding the tact time. 

Diagram 7: Balancing for Family 3. 

The second balancing was for family 4 as presented in diagram 8. Here the balancing efficiency 
was 96,7% and they could produce 20 products when having a tact time of 24,50 min with 15 
operators that were performing the assembly. 

Diagram 8: Balancing for family 4. 
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The third balancing was for Family 9 as presented in diagram 9 and the balancing efficiency 
here was 92% and they could produce 20 products during the same tact time as family 3 and 4 
for small dryers and with the same number of operators.  

Diagram 9: Balancing for family 9. 

After creating the balancing of family 3, 4 and 9 some modifications were made with the layout 
of five stations in the line. This was needed in order to create more passages between stations 
to reduce the movements due to the balancing created. As mentioned earlier this simplified as 
well the material feeding for the different stations. 

Sequencing and Scheduling the Material Delivery for Both Lines 

The solutions presented here were about creating a smoother production plan and sequencing 
and scheduling the material deliveries. When it comes to creating a smoother production plan 
it was needed for both lines because when producing different product families, the operators 
must follow different line balancing. With a smoother production plan, there will be less 
transitions between the different balancing because of better sequence of the forecasted orders. 
This will simplify for operators and as well reduce Muda wastes because of the reduction of 
unnecessary movements that follows with the balancing transitions (Ohno, 1988; Lander & 
Liker, 2007; Boysen et al, 2008).  

In connection to the production plan of production lines, internal logistic is the network that 
connects both assembly stations but most crucially ensures the material deliveries needed in 
the line. Without the material deliveries needed to perform the assembly no products could be 
produced. The internal logistic includes many factors such as information, transportation, 
material storage, packaging, inventory and so on (Chopra & Meindl, 2013; Coimbra, 2013). To 
ensure the material deliveries to both lines within the right time, the right quantity, the correct 
components and in the same time keep the handling cost as minimum, the researchers created 
several steps for the case company to follow.  

Those steps were: 

• Defining the components at each station that can be delivered as one kit. This is done 
with the help of grouping components that are a sub-assembly as one kit (Coimbra, 
2013) 

• Defining the needed quantity of kits that can be delivered to the station in one route. 
This is done based on the relation between the tact time and the time needed to pick 
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the components in the kit (Le-Duc, & De Koster, 2005; Dekker et al, 2004; Brynzér & 
Johansson, 1995) 

• Designing trolleys for all stations that contain the needed quantity of the kit that should 
be delivered to the line in each delivery (Le-Duc, & De Koster, 2005; Dekker et al, 2004; 
Brynzér & Johansson, 1995). 

• Defining the total amount of deliveries that have to be performed each day and the 
different routes to follow and which trolleys and Kanban boxes that have to be delivered 
in each route (Akturk & Erhun, 1999; Berkley, 1993).  

• Start creating the material delivery schedule for the total amount of deliveries that 
should be performed for each route (Akturk & Erhun, 1999; Berkley, 1993). This is 
decided through summarizing the time to pick for a route and deliver the material, and 
then summarizing the total tact time of the number of products that can be assembled 
though the material delivered in this route (Sternatz, 2015). The picking and delivering 
time should be below the total tact time in order to deliver the material just in time 
when the other trolleys and kanban boxes are empty in the line. This is performed in 
the same way for all the routes (Sternatz, 2015). In the end, a standard time are created 
to pick and deliver each route and the schedule is put in place following a sequence that 
are adapted to the need of both lines in each station and the balancing of both lines 
(Sternatz, 2015). 

By following the process pointed out above the case company can achieve a more controlled 
process with less variation when it comes to material picking and delivering to both lines. This 
creates a standard work as well for warehouse operators and give them more control of their 
work activities with less stress to deal with unexpected deliveries to both lines (Boysen et al, 
2007; Sternatz, 2015). 

4.3.1 Analysis of the Solution Approach Applicability 

The solutions defined in RQ2 were provided in order to attack each challenge that have been 
defined in RQ1. The solution approach was a combination of different solutions. The approach 
started with creating the product families. This was mainly done by grouping products with the 
same functionality into one product family (Jiao et al, 2007). This helped in understanding the 
main product families that were produced on both lines. By understanding the main product 
families created two possibilities. The first possibility was identifying which standard work 
documents were missing in both lines. The second possibility was identifying the production 
share of previous year for each product family.  

The second step in the solution approach was creating the missing standard work documents 
for each product family. The standard work documents described each assembly activity 
performed to support and guide the operators and as well to make sure that all operators work 
according to the same standard with no exception (Jackson, 2012). The standard work 
documents were mostly needed for less frequent product families where there is a lack of 
assembly knowledge due to less frequent assembly (Boysen et al, 2007: Boysen et al, 2008; 
Jackson, 2012). 

The third step was defining the product families that have a 90 % share of previous year 
production orders. The main importance of this step was the possibility of defining which 
product families have the biggest production share and according to that create different 
balancing for the different product families with biggest share. The main idea here was to 
identify where the balancing solution will create the biggest impact in minimizing the output 
variation (Boysen et al, 2007). The line balancing for those product families were created by 
taking into consideration the assignment restriction for each station using the enhanced multi-
Hoffmann heuristic model including the restriction of tact time (Stenartz, 2014). The challenge 
of assignment restrictions was process-, resource- and station-related (Stenartz, 2014). The 
combination of those three created difficulties in dividing the assembly activities between 
stations. This was important to achieve in order to lower the cycle time and not exceed the tact 
time. Together with the use of model-based joint precedence graph the researchers gained 
understanding of the final joint flow of the different product families (Boysen et al, 2008).  
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The forth step was changing the layout of some stations to support the new balancing and 
simplify the material feeding of the line (Le-Duc, & De Koster, 2005; Dekker et al, 2004; 
Brynzér & Johansson, 1995). 

The fifth step was about creating a smooth production plan that supports the line balancing, by 
scheduling the production orders through producing the products that are in the same product 
family after each other. This was important in order to achieve a smoother transition from on 
line balancing to another when having the same tact time and to reduce variations (Mura) 
(Boysen et al, 2008; Stenartz, 2015). Having a smoother production plan was important in 
order to simplify the sequence picking of components that should be delivered to the line (Coyle 
et al, 2013). The sequenced picking was a part of the sixth step. 

The sixth step was about choosing the right material picking/delivery. Which meant defining 
which components can be delivered in sequenced kits and how many kits could be delivered in 
trolleys to both lines. The trolley should contain an amount of shelf where each shelf should be 
numbered sequentially starting with number one and continuing. Then each shelf should store 
one kit following the production order sequence in relation to trolley shelf number. This is 
important to identify because when the trolley is placed on the line the operator follow the 
number sequence of the shelfs and through that he/she will be following the same sequence of 
the production plan (Coimbra, 2013; Le-Duc, & De Koster, 2005; Dekker et al, 2004; Brynzér 
& Johansson, 1995).  The case company were using a “Picker-to-part” system which meant that 
they should be flexible in changing their work process and adapting to the new one without 
increasing the costs (Coyle et al, 2013).  

After that a sequenced and scheduled material delivery with a defined amount of deliveries and 
routes are created which is based on the production plan and the tact time of both lines (Akturk 
& Erhun, 1999; Berkley, 1993). This simultaneously supports the line balancing of different 
product families (Coimbra, 2013; Stenartz, 2015). This solution helps in reducing storage, 
creating more space in stations and simplifying the operator’s assembly by minimizing the risk 
of assembling the wrong component. The combination of kitting system, sequencing system 
and material delivery scheduling will provide the needed material to finalize the assembly of 
different product families and minimize the output variation in the same time (Lander & Liker, 
2007; Boysen et al, 2008; Stenartz, 2014). 
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5 Discussion and Conclusions 

In this chapter, the method will be discussed regarding how well it has helped the researchers 
in fulfilling the research aim. Secondly, the empirical findings and analysis are discussed with 
connection to the theoretical background. Finally, the chapter presents the conclusions and 
suggestions of further research areas. 

5.1 Discussion of Method 

In order to reach the aim which was to investigate how to minimize output variations in mass 
customized production within assembly lines, the researchers used mainly multiple case study 
and literature reviews. Besides that, the used data collection techniques were participating 
observations, several conversations during the observations, document reviews, semi-
structured interview, and time and motion study. 

The literature review gave the researcher an insight of the existing research areas that mostly 
captures the constrains of mass customized production in the automotive industry. The 
research discovered as well that there were no direct scientific articles that focus on how mass 
customized production affects the output variation of production lines. This was problematic 
for the researches and lead to an expansion of different search terms which resulted in more 
time spent in finding relevant articles. With the help of the different search terms the 
researchers found articles that capture mostly the joint line balancing and the material supply 
problems when dealing with mass customized production. Those problems have been a topic of 
interest for many researchers especially in the automotive industry. To simplify and save time 
the researchers used the snowballing technique, to discover relevant articles that exist within 
the main articles’ reference list. Beside that the researchers had a hard time when finding 
scientific articles that captures similar researches in other industries than the automotive 
industry.  

The multiple case study was used in this thesis because it is the most proper method to use if 
you want to study a real-life phenomenon (Yin, 2014). This helped the researchers to investigate 
the research field in depth by providing a chance to see, be involved and experience the actual 
problems that a white goods company were experiencing. By being in the lines and practicing 
for three months supported the researchers in clarifying the different cause of the output 
variations occurring in both studies. The method helped the researchers in collecting needed 
data to answer the research questions and provided the possibility of creating applicable 
solution approach that the company are planning to implement. The researchers got the 
commitment from the case company to show and implement some solution to minimize the 
output variations in both case lines. Unfortunately, due to that the thesis work was executed in 
a period of six months, the researchers did not have the possibility to implement the solution 
suggestion of a sequenced and scheduled material pick and delivery for both lines. The 
researchers did not have the possibility to follow up the improvements implemented and 
confirm the success of minimizing the output variations.  

The choice of using different data collection techniques in the multiple case study gave an 
opportunity to conduct more relevant data. The participating observations and conversations 
provided opportunities for the researchers to be more involved in the problems challenges of 
each assembly line and worked with concerned persons from assembly lines and warehouse. 
The researchers choose to conduct the participating observations before the document review 
in order to have fresh eyes with no preferences while observing and documenting the data. In 
this way, the researchers avoid the risk of forming the observations according to the compiled 
statistics from the document reviews. This helped in increasing the reliability and the validity 
of the findings from the participating observations. 

The document review from case company gave an overview of problems for one year back, 
which supported the researchers to understand and have a basic knowledge about the assembly 
lines and their problem challenges. Having the document reviews helped in the conformation 
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of the findings from the participating observations. This increased the validity of the data 
provided in the findings (Yin, 2014; Williamson, 2002).  

The use of time and motion study to analyse movements of operators at their working station 
gave many advantages for the researchers such as understand the value adding and non-value 
adding work activities and defining the time of each activity. This helped in understanding the 
time and motion differences between the different product variants. Without defining those 
differences, it would have been difficult to create different balancing that support different 
assembly. This helped the researchers to go deeper in details to identify balancing problems 
which was one of the causes affecting the output variations in both lines. When working with 
time and motion study the researchers were analysing videos that were taken during the 
participating observations. An important factor here was to take care of the speed of the 
operator that are performing the assembly. Different operators have different speed and 
sometimes with the presences of a video camera, there is a chance of speeding the assembly 
work even more. Therefore, the speed factor was as well included when creating the balancing 
to make sure that the cycle time would not exceed the tact time in a normal speed.  

The semi-structured interview helped in confirming the findings about the internal logistic 
problems and gave the confirmation of the applicability of a sequenced and scheduled material 
pick and delivery for both lines. This was important because the researches wanted to make 
sure that the provided approach can be applied in reality and to see if there was a need of finding 
another solution approach that was better for the case company. 

The choice of using the data collection techniques mentioned above created the opportunity of 
data triangulation (Williamson, 2002).  The data triangulation provided the confirmation of the 
observed challenges from the participating observations through the possibility of comparison 
with the document reviews, the semi-structured interview and the literature review. This helps 
in strengthening the reliability and validity of the study (Williamson, 2002).  

However, there were a disadvantage that the researchers faced and had to deal with which could 
have a negative impact on the thesis findings when it comes to reliability and validity. The 
disadvantage was the language barrier between the researchers and the affected people i.e. 
operator in the assembly lines and in warehouse. The language barrier could lead to missing 
out on important information or misinterpreting information during conversations with the 
concerned people. Therefore, participating observations was essential and helped in 
minimizing this risk because the researchers were fully involved and present all the time in both 
lines. Beside that each time the researchers were having a conversation with the concerned 
people, a person that could speak a bit English was present to support in translation back and 
forth.  The questions were repeated as well at different occasions with the presence of different 
people that could speak a bit English to confirm their understanding and the given answers. 

The advantage that the researchers had in this thesis was the opportunity of being present each 
day the entire day for a total of six month in the case company. Without this opportunity, it 
would have been very difficult to collect all the data needed to present the findings for both 
research questions. 

5.2 Discussion of Findings 

This section presents a discussion of how the findings meats the aim of the study which was to 
investigate how to minimize output variations in mass customized production within assembly 
lines.  The discussion of RQ1 (see below) are presented under the heading “process output 
variation problems”. The discussion of RQ2 (see below) are presented under the heading 
solution applicability. Then the limitations of the thesis are further discussed. 

RQ1: What problems can be identified that affect the process output variability when dealing 
with mass customized production? 

RQ2: How can those problems be reduced to stabilise the process output?  
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5.2.1 Process Output Variation Problems 

The global competitiveness between manufacturing companies with common products have 
been increasing fast during the last decades. This have put a lot of pressures on companies to 
focus on flexibility due to the rapid changes and, to continuously develop and improve their 
production process in order to fulfil customers’ satisfaction and increase their market share 
(Lander & Liker, 2007; Boysen et al, 2007). Consequently, mass customized production has 
been one way to increase market share and meet the customer requirements and be competitive 
in the market. But when dealing with mas customized production increases the complexity in 
production and creates several challenges that a company need to deal with (Lander & Liker, 
2007). Most of the existing research have been performed in the automotive industry and 
describes several challenges and several solutions when dealing with mass customized 
production and its effect on the output variation. This thesis created the possibility of 
comparing and identifying if white goods industry could face similar challenges as the 
automotive industry. This was possible due to that the case company was a white goods 
company.  

Both the literature study and the case studies’ findings shows similarities in the identified 
challenges. Starting with the assumptions made when it comes to ALBP both industries shows 
similarities in their assumptions. The only differences here were that the different ALBP defined 
in the theories shows more complexity in the assumptions made in comparison to the 
assumption of SALBP that the case company had. This difference occurred due to that the 
automotive industry faces higher complexity when dealing with mass customized production in 
comparison to white goods industry. 

The case company had only one line balancing that were common for all products produced on 
the line and this was an effect of the assumption of a SALBP. This was one reason that created 
output variations on both lines. The main reason behind this assumption were the attempt to 
reduce complexity and confusion between the assembly operators that only knew few assembly 
stations (Lander & Liker, 2007). This fact revealed other problems that had a great impact on 
the output variation. One of the problems concerned the lack of assembly knowledge between 
operators which interns created several problems when it comes to machine functionality 
because of assembling the wrong components or performing a default assembly (Lander & 
Liker, 2007; Boysen et al, 2008; Stenartz, 2015). This was quiet evident in the NRFT defined 
both from the participating observations and the document reviews. This created many stops 
with different duration and delayed the line which in terms created high output variations. 

The findings revealed a lack of flexibility and assembly knowledge due to the lack of 
standardization when it comes to work instructions. Both lines had work instructions but they 
covered only one or two different assembly which were not that helpful in case of a new operator 
assembling a less frequent product. This impacted as well the NRFT due to machine 
functionality problems and created variation in the assembly time (Lander & Liker, 2007). By 
not having a standard telling what you should do, how to do it and why it is done, the operator 
knowledge will be limited with less understanding of the importance of some key activities. This 
increases the possibility of performing the wrong assembly. This problem is common in all 
manual assembly where human error is something that cannot be avoided only minimized by 
creating the right conditions for the assembly operators. Another problem that impacted the 
machine functionality problem were connected to the picking and delivering the wrong 
components to both lines. All the functionality problems that were detected in testing ended up 
in delays due to rework at the testing station. If it was detected earlier there was waiting time 
to receive the right component and finish the assembly (Smith, 2014). 
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Another problem concerning both lines in the case company were the problems of missing 
components. This were mainly because of a poor information flow and an unorganized material 
flow between warehouse and line operators (Sandkuhl et al, 2011; Shah & Ward, 2003). The 
operators had no information of the production plan and no idea about which products were 
produced in the line. This was visible all the time and the researchers could see the stress that 
the operators were facing to meet the needs of the lines. A combination of all these factors 
impacted the output variations negatively due to the delays in the material deliveries to both 
lines. This was the results of no structured way of working and no picking system that supports 
the operators by efficiently finding the right material storage place and avoid picking an 
identical component as the requested one that only differentiates in function (Domigo et al., 
2007; Shah & Ward, 2003).  

Through the discussion of the findings and analysis that have been provided here it is evident 
that the researchers have been able to answerer RQ1. The provided answer from RQ1 were very 
important in order to be able to provide the answer of RQ2. 

5.2.2 Solution Applicability 

The solutions defined in RQ2 were provided in order to attack each challenge that have been 
defined in RQ1. Similar solutions have been already defined in different scientific articles 
concerning the automotive industry and in RQ2 the researchers tried to define the applicability 
of the existing solutions in white goods company. The solution approach presented in the 
findings was a combination of different solutions. The approach of grouping products with the 
same functionality into one product family was the start point of defining the missing standard 
work documents in both lines (Jiao et al, 2007; Jackson, 2012). This was important in order to 
deal with lack of assembly knowledge problem that was discussed earlier. Through creating the 
standard document, the operators have always a standard to go back to and check in case of 
knowledge doubt when it comes to the assembly (Jackson, 2012). This will consequently lower 
the output variations coming from functionality problems due to wrong assembly.   

Defining the product families helped in identifying the biggest production share of the different 
product families. Based on that the balancing for the different product families with the biggest 
share was provided as presented in the findings (Boysen et al, 2007). This was essential in order 
to deal with the problem of one line balancing which created output variation because the cycle 
time of several product families were exceeding the tact time. The operators were balancing 
themselves and there was no balancing standard covering the different product families. The 
output variation was occurring everyday even with less NRFT Problems and this was the effect 
of the line balancing. When creating the line balancing of both lines for those product families 
were created by taking into consideration the assignment restriction for each station using the 
enhanced multi-Hoffmann heuristic model including the restriction of tact time (Stenartz, 
2014). Together with the use of model-based joint precedence graph the researchers gained 
understanding of the final joint flow of the different product families (Boysen et al, 2008). Both 
of those solutions are developed and studied in the automotive industry and it was as well 
evident that the old balancing that the case company had was as well based on the same 
methods. This simplified for the researchers because of the same logic was used when building 
the line and creating the old balancing. After that some modification when it comes to line 
layout were made to support the new balancing and reduce the non-value adding.  

Because of time constrains there was no implementation of the suggested solutions when it 
comes to creating both a smooth production plan and a sequenced picking and material 
delivering schedule for both lines. But the solutions provided in the findings were created 
together with the case company and confirmed when it comes to applicability. Therefore, the 
researchers find it possible to present them in order to build an entire picture of both the 
problems and their solutions and the impact they have on the output variation in mass 
customized production. 
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By creating both a smooth production plan and a sequenced picking and material delivering 
schedule, the problem concerning the storage areas beside both lines and the storage space that 
the lines have would be minimized (Boysen et al, 2008; Stenartz, 2015). This means that there 
will be more free space on both the lines and in the storage areas. Having a smoother production 
plan simplifies the sequenced picking kits of components that should be delivered to the line on 
trolleys and supports the line balancing (Coyle et al, 2013). To ensure the success of this process 
it is essential that each shelf should store one kit following the production order sequence in 
relation to shelf numbers on the trolley. This was important to identify because when the trolley 
is placed on the line the operator follow the number sequence of the shelfs and through that 
he/she will be following the same sequence of the production plan (Coimbra, 2013; Le-Duc, & 
De Koster, 2005; Dekker et al, 2004; Brynzér & Johansson, 1995). This solution helps in 
simplifying the operator’s assembly by minimizing the risk of assembling the wrong component 
because the kit is already prepared with all the components. 

The combination of kitting system, sequencing system and material delivery scheduling will 
provide the needed material to finalize the assembly of different product families and minimize 
the output variation due to missing component on the lines which was the effect of delayed 
deliveries (Lander & Liker, 2007; Boysen et al, 2008; Stenartz, 2014). 

In summary, the authors believe that the empirical findings from both case studies and 
literature review are reliable and valid because the authors have worked several months to 
identify different problems affecting the output variation in mass customized production which 
was confirmed with the literature. When it comes to RQ2 the solution approach applicability 
was motivated and confirmed both by the case company and the existing literature. Through 
that the authors argue that the answer of RQ2 were provided in this thesis. Therefore, the 
authors believe that the aim of this study have been achieved. 

5.2.3 Limitations of The Thesis  

This thesis work was performed in a white goods company and the data collections were done 
in two assembly lines and in the warehouse of the case company. The authors expect that the 
value of the thesis work is strong, but could be better if the two cases were performed in two 
different industry categories then having both cases in the same company. But due to time 
constrains this possibility was excluded. Another limitation that the thesis had due to the time 
constraints and the thesis scope, was the quality problems. This problem appeared quiet often 
and concerned several factors that could not be included in this study. However, the authors 
argue that the reliability and validity of this thesis is high because the data collection techniques 
and the findings can be used to support other research in analysing the output variation in a 
different industry that have mass customized production.  

Because of time limitations, the authors have not been able to follow up the improvements 
results of the implemented solutions which is a disadvantage because it could contribute in 
defining other hidden problems and ideas of further studies. 

5.3 Conclusions and Further Study 

The output variation in mass customized production are something that cannot be minimized 
by implementing solutions based on assumption. That is so because the assumptions will 
exclude the complexity that exist in reality which will end up in a less successful implementation 
of solutions or unfeasible solutions in reality. This has been confirmed both by the literature 
and by the findings of RQ1.   

When it comes to the first research question “What problems can be identified that affect the 
process output variability when dealing with mass customized production?”, the case studies 
and literature review confirms that the balancing problem, the material pick and delivery 
problem and the standardization problem are the main causes of other problems appearing due 
to insufficient existing solutions that only creates other problems instead of minimizing them. 
RQ1 confirms the similarities of the problems that exist in both the automotive industry and 
the white goods industry. 
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When it comes to the second question, “How can those problems be reduced to stabilise the 
process output?”, some suggested solutions were with the help of the literature review and the 
case company. Those solutions have been applicable in the case company which gives the 
conclusion of when dealing with similar problems such as the one presented in RQ1 the use of 
the solutions provided in RQ2 should minimize those problems and minimize the output 
variation.  

In all production process that includes people performing manual assembly operations it is 
essential to provide the right conditions for them in order to perform their work. Only by 
improving Processes and conditions leads to more simplicity for the operator, less movements, 
better ergonomics, less confusion (when it comes to doing the right assembly), less defects and 
functionality problems and rework. It is important to never forget the importance of standard 
in this case.  

Future research 

Because of limited time, not all the suggested solutions had been implemented in the case 
studies. It would be interesting to implement the solutions provided when it comes to creating 
both a smooth production plan and a sequenced picking and material delivering schedule. 
Another point is that the authors did not have the time to follow up as well on the implemented 
solution. A suggestion for future research could concern both of those points. 

During the data collection to find the problems that occurred in the production line affecting 
the output variations, the authors have found that component deliveries from external suppliers 
with bad quality impacted the output variation in both lines. This factor was not studied any 
further in this thesis because of the time constraints and the scope of the thesis that the authors 
have already decided. Beside that external factors such as suppliers and external transportation 
plays a big role in production companies. They can speed up or slowdown the production 
process because the company is depending on the supplier to produce the raw materials. It 
could be interesting to have a future research studying those two factors and their impact on 
the output variation of the lines. 

Another future research that could be interesting are the language and culture barriers which 
could affect the process in both a negative and a positive way. For example, when a company 
are located in a foreign country, it is very important that the employees and the manager have 
an understanding and knowledge about the country’s culture and language to improve the 
communication and avoid mistakes and human errors in the production lines. The employee 
should always be put in focus because when the employees are happy at their work, they will 
work efficiently and effectively which contribute to an effective assembly process with lower 
costs. 
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8.1 Appendix 1: Interview Questions 

Internal Milk-run Interview Questions 

General information 

1. Do you have daily trolley deliveries from all suppliers? 

2. Can you describe the Internal Milk run process and the different operations it 
contains in today’s Internal Milk run? 

3. Is the existing process efficient enough to be able to provide Just in time delivery of 
components to the line? 

4. Do you think that it is important to interrelate the balancing challenges with the 
scheduling and material supply problems?  

Existing problems in the internal milk run 

1. Which are the different challenges of the internal milk run for W555? 

2. Which are the different challenges of the internal milk run for Stacker? 

3. What are the challenges that you have now when it comes to the trolley storage areas 
you have for W555? 

4. What are the challenges that you have now when it comes to the trolley storage areas 
you have for stacker? 

5. What are the challenges you have when it comes to the component storage in W555 
Production line? 

6. What are the challenges you have when it comes to the component storage in Stacker 
Production line? 

7. What different challenges are you facing now when scheduling the milk run train for 
suppling material to W555? 

8. What different challenges are you facing now when scheduling the milk run train for 
suppling material to Stacker? 

9. What are the existing problems you are facing now in the existing kanban system? 

10. How would you describe the information flow between the production lines and the 
warehouse? What challenges exist in today’s information flow? 

11. Are the warehouse operators aware of the variations produced in the production line? 

12. Are the warehouse operators aware of the production plan? 

Feasibility of future internal milk run solutions 

1. Is the supermarket concept something that can be farther developed at the 
warehouse? 

2. Do you think that scheduling of the material supply train is feasible to do for W555 
and Stacker?  

3. What are the most important aspects to take into consideration when developing, 
planning and scheduling the material delivery? 

Definition of Kitting: Process in which individually separate but related items are 
grouped, packaged, and supplied together as one unit. For example, in ordering a 
PC online, a customer may select memory, drives, peripherals, and software from several 

http://www.businessdictionary.com/definition/process.html
http://www.businessdictionary.com/definition/item.html
http://www.businessdictionary.com/definition/unit.html
http://www.businessdictionary.com/definition/online.html
http://www.businessdictionary.com/definition/customer.html
http://www.businessdictionary.com/definition/SELECT.html
http://www.businessdictionary.com/definition/memory.html
http://www.businessdictionary.com/definition/drive.html
http://www.businessdictionary.com/definition/software.html
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alternatives. The supplier then creates a customized kit that is assembled and shipped as 
one unit. 

4. Is kitting a possible solution for products that have a very low production 
volume like one machine per day or week? 

5. Is it feasible to develop flexible trolleys that components for different product families 
fits in and to deliver to the line components for different PNC: s in same trolley 
depending on the production plan? For example, we produce 20 machines today, for 
2 different product families, Let’s say 10 machines of each family. Instead of using 2 
different component trolleys we can use one that contains the combination needed for 
both families.   

6. What different suggestions for improvement are you already working on in today’s 
internal milk run? 

7. Do you have any further suggestion that might be something you want to implement 
in the future?  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.businessdictionary.com/definition/supplier.html
http://www.businessdictionary.com/definition/create.html
http://www.businessdictionary.com/definition/kit.html
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8.2 Appendix 2: Time Study Collection Sheet 

 

 




