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Abstract 

Derived from the Japanese original term “heijunka”, the concept of production levelling 
is a method which could be used for reducing the unevenness in the production which is 
mainly concentrated in reducing the waste in the production1.A number of multinational 
companies across the globe is adopting production levelling/ production smoothing so as 
to remove the excess waste. 
The main aim of the study was to explore and analyse how beneficial would it be if 
production levelling is used in the facility of an international large scale case company 
and would it provide significant impact on the overall production hours considering a 
holistic perspective. This study could also help in identifying the hidden wastage of the 
production hours which could be present in the whole production unit due to production 
volume fluctuations. This report is also aided with quantitative data and related analysis 
upon the same to expose the problems within the existing situations. 
 
The case study is also aimed at understanding and studying workstations in a deeper 
manner in order to understand how production facilities could be altered in order to 
attain a better balance within independent assembly lines. New proposal for layout 
redesign were proposed based upon the facility requirement substantiated with the help 
of comparative studies. 
The study conducted in the case company would include analysing the internal 
documents which could reflect upon the existing state of the case regarding the specified 
subjects and a proposal which is developed upon the analysis of the present state with 
the help of multiple tools which is related to line balancing and production analysis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Keywords: Lean Manufacturing, Line Balancing, production Levelling, Takt Setups, 
Ergonomic 



 
 

iv 
 

Table of Contents 
Chapter 1 – Introduction ............................................................................................ 1 

1.1 Background ................................................................................................................. 1 
1.2 Problem statement ..................................................................................................... 2 
1.3 Purpose and research Question ................................................................................... 2 
1.4 Delimitation ................................................................................................................ 3 
1.5 Thesis Outline ............................................................................................................. 3 

Chapter 2 – Theoretical framework ............................................................................ 5 
2.1 Lean Production .......................................................................................................... 5 
2.1.1 Wastes in production  ............................................................................................... 5 
2.2 Line Balancing ............................................................................................................. 7 
2.3 Production Levelling .................................................................................................... 8 
2.4 High variance Low volume ........................................................................................... 9 
2.5 Layout Planning .......................................................................................................... 9 

2.5.1 Facility layout planning ................................................................................................ 10 
2.5.2 Factors affecting layout planning ................................................................................ 10 

2.6 Mixed model assembly lines ...................................................................................... 11 
2.7 Takt Time .................................................................................................................. 12 
2.8 Ergonomics ............................................................................................................... 12 

Chapter 3 - Method and Implementation ..................................................................13 
3.1 Research process ....................................................................................................... 13 
3.2 Research Approach ................................................................................................... 13 

3.2.1 Methodological choice ................................................................................................ 14 
3.2.2 Case study .................................................................................................................... 14 

3.3 Data Collection .......................................................................................................... 14 
3.3.1 Literature Review ........................................................................................................ 15 
3.3.2 Document analysis ...................................................................................................... 16 
3.3.3 Focus Group ................................................................................................................. 18 
3.3.4 Interview ...................................................................................................................... 20 
3.3.5 Time study ................................................................................................................... 21 
3.3.6 Modelling ..................................................................................................................... 22 
3.3.7 Layout Redesign .......................................................................................................... 23 

3.4 Analysis of Data ........................................................................................................ 23 
3.5 Expected Validity and Reliability ................................................................................ 24 

3.5.1 Validity ......................................................................................................................... 24 
3.5.2 Reliability ..................................................................................................................... 24 

Chapter 4 – Empirical Findings and Analysis ..............................................................25 
4.1 Case Company........................................................................................................... 25 
4.2 General outline ......................................................................................................... 25 

4.2.1 Current Situation and findings (RQ 1) ......................................................................... 26 
4.2.2 Current Situation and findings for RQ 2 ...................................................................... 31 

4.3 Analysis .................................................................................................................... 33 
4.3.1 Analysis for RQ  1 ......................................................................................................... 33 
4.3.2 Analysis for RQ  2 ......................................................................................................... 40 
4.3.3 Swot analysis of the new layout .................................................................................. 45 

Chapter 5- Discussion ................................................................................................47 
5.1 Discussion of Method ................................................................................................ 47 
5.2 Discussion of Findings ............................................................................................... 48 



 
 

v 
 

5.2.1 Answering research question 1 (RQ 1) ........................................................................ 48 
5.2.2 Answering research questions 2 (RQ 2) ...................................................................... 51 

Chapter 6– Conclusions .............................................................................................53 

6.1 Conclusion ..........................................................................................................53 

6.2 Future research ...................................................................................................54 

References ................................................................................................................55 

Appendices ...............................................................................................................61 

Appendix 1 - Guide for Interview-  Manufacturing engineer, CA line (RQ 2) ...............61 

Appendix 2- Guide for Focus group-  CA line (RQ 2) ...................................................62 

Appendix 3 -  Guide for focus group – external work station (RQ1) ............................64 

Appendix 4 – Time study data (RQ 2).........................................................................65 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

vi 
 

 
List of Figures 
 
FIGURE 1:FLOW CHART LINE BALANCING (MORSHED & PALASH, ,2014) ............................................ 7 
FIGURE 2:LEVELLED AND UNLEVELLED PRODUCTION (OHNO, 1988). ................................................. 8 
FIGURE 3:LAYOUT PLANNING (JIANG AND NEE, 2013) .................................................................. 10 
FIGURE 4:ILLUSTRATION OF MIXED MODEL ASSEMBLY LINE (LI., GAO, & SUN. 2012) ......................... 11 
FIGURE 5:METHODOLOGICAL APPROACH (STECKLER ET AL, 1992) .................................................. 14 
FIGURE 6:FUNNELING THE PAPERS (SOURCE: THE AUTHORS) ......................................................... 15 
FIGURE 7:PRESENT LAYOUT OF ENGINE PRE ASSEMBLY WORK STATION .............................................. 31 
FIGURE 8:IMPROVED NEW LAYOUT ............................................................................................ 40 
FIGURE 9:TIME STUDY RESULT – VALUE ADDING AND NON-VALUE ADDING ACTIVITY ............................ 41 
FIGURE 10:ELEMENTS OF THE NON-VALUE ADDING ACTIVITY .......................................................... 42 
FIGURE 11:AFTER BALANCING SITUATION ................................................................................... 44 
 
List of Tables 
 
TABLE 1:RESEARCH TECHNIQUES USED FOR RESPECTIVE RESEARCH QUESTIONS ................................... 15 
TABLE 2:MEMBERS OF FOCUS GROUP AND THEIR RESPONSIBILITY AREA ............................................ 18 
TABLE 3:MEMBERS OF FOCUS GROUP AND THEIR RESPONSIBILITY AREA ............................................ 19 
TABLE 4:INTERVIEW RESPONDENT DETAILS .................................................................................. 21 
TABLE 5:TIME STUDY OBSERVATION SHEET TEMPLATE ................................................................... 22 
TABLE 6:FINDINGS SUMMARY TABLE FOR BCC LINE ...................................................................... 27 
TABLE 7:FINDINGS TABLE FOR SCC LINE ..................................................................................... 29 
TABLE 8:FINDINGS TABLE FOR CA LINE ....................................................................................... 30 
TABLE 9:MEASURED DISTANCE OF MOVEMENTS BY OPERATOR AT TAKT 5 .......................................... 32 
TABLE 10:ANALYSIS FOR BCC .................................................................................................. 35 
TABLE 11:ANALYSIS FOR SCC................................................................................................... 37 
TABLE 12:ANALYSIS FOR CA .................................................................................................... 39 
TABLE 13:TAKT AND NUMBER OF DAYS IN PERCENTAGE OF ITS OCCURRENCE, YEAR 2015..................... 42 
TABLE 14:CALCULATION OF SAVED DISTANCE AND TIME FOR TAKT ................................................... 43 
TABLE 15:TOTAL DISTANCE AND TIME SAVED BY NEW LAYOUT ........................................................ 43 
TABLE 16:SWOT ANALYSIS FOR NEW LAYOUT ............................................................................. 45 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

vii 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

         THIS PAGE IS INTENTIONALLY LEFT



 
 

1 
 

 
 

Chapter 1 – Introduction 

     
 
The topic of research is introduced in this chapter by the inclusion of a background, problem 
description and purpose of the study which narrow down to the aim and research questions. The 
chapter concludes by discussing about the scope, delimitation and the outline of the research. 
   

1.1 Background 

Competition in the business markets has become more and more intense and    
customization and product differentiation has become a prime concern for the 
manufacturing companies. Even though product customization has become a necessity 
for strategic competition, increased customisation has resulted in several operational 
challenges. (Tanrisever et al., 2011). Automobile manufacturing companies provide the 
customer with an option of selecting, the customers own set of components, i.e., 
products are made to order from the standardises components (Lampel & Mintzberg, 
1996). Due to this, manufacturing system should be highly flexible and adaptive to the 
system configuration in order to attain success by customization (Zipkin, 2001; Moser, 
2007). To handle the customized products in the same system, mixed model assembly 
lines are used, which has flexible operations, and are capable of handling the variety of 
products in the same system, as a result, the demand fluctuation is mitigated and 
investment costs are saved. (Wang et al., 2011). This have led to the research on assembly 
line balancing and sequencing of customized products in the same line, as an intermix 
set-up, which is called as mixed model assembly line balancing and sequencing (Uddin & 
Lastra, 2011).  
 
As a result of increased market demand for customized products, manufacturing 
companies operate based on strategy make to order (MTO), which allows firms to 
produce high variety of products in low volume. The common way today of improving the 
efficiency of a production system is by the implementation of lean production principles, 
which includes production levelling, takt time control and pull mechanism (Slomp et al.,  
2009). Production levelling reduces the variability in input of the production systems and 
it is an important element in achieving stable and constant flow of materials in the shop 
floor (Slomp et al., 2009). According to Pascal and Dennis (2007) the main concept behind 
production levelling is to attain a balance between the production volume and the mix in 
the product variants. Through attaining a balance between the two sides, the 
manufacturing companies would be able to enhance their efficiency by reducing the 
waste in terms of human or equipment resources and the overall unevenness (Liker, 
2004).   
 
 The initial stages of designing an assembly station focused on mass production of 
standardised products in a cost effective way. The recent trends in manufacturing showed 
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the shifting of assembly configuration to low volume assembly of products with mass 
customization.   (Uddin & Lastra, 2011). Assembly line are paced in a manner that, at the 
end of a takt all elements are moved to the next station simultaneously. Takt time is 
defined as the total time available for a work station to complete its assigned tasks and if 
the station with variants is identified, consequently the task processing times are also 
recognised (Battaïa et al., 2015). However, the research focuses on two topics, 
production levelling and line balancing which is a necessary for manufacturers that 
focuses on customization of their products. 

1.2 Problem statement 

Many international companies are dealing with the problem of low volume and high 
variance in production. Companies are trying to achieve equal or improved levels of 
performance by implementing lean practices in that environment (Bhattacharya et al., 
1997). The product variety which is associated with the customization in manufacturing 
plants is considered good, if it provides market advantages with minimum cost and at the 
same time it is bad if it does not offer any value to the customer (MacDuffie et al., 1996).  
 Production levelling is of importance for low volume high variance manufacturing firms, 
as it can be a competitive advantage. There exist research studies on customization as 
well as on production levelling based on low volume with mass customization. Some 
studies discuss some of the key concepts which has an impact on the overall performance 
(e.g. Uddin & Lastra, 2011; Pascal, 2007; Slomp et al., 2009). However, there exist only 
few research studies on low volume and high variance in an economical and productivity 
perspective. 
The thesis deals with how a production plant can manage customization, without 
disturbing the production of standard products in the same assembly lines. Other than 
the standard products, when the customized products come in to the line for production, 
it needs more assembly time than the standard product and hence, there will be an 
imbalance in the line. Another identified research gap was the importance of following 
the takt by the work stations in the assembly line and how the assembly line can be 
balanced. This research topic deals with the importance of following the takt time by each 
work stations in the assembly line and how a workstation can be balanced and reduce 
the time for that work station. 

1.3 Purpose and research Question 

From the problem statement the purpose of the research is to identify economic and 
productivity dimensions relating to the concept of production levelling in a low volume 
high variance manufacturing environment and also the concept of balancing a work 
station to reduce the time, in order to make it follow the takt of the assembly line. 
To fulfil the objective, two RQs have been developed:  
 
RQ1. What will be the effect of having an external assembly work station, which 
manages the customized components in a low volume high variance manufacturing 
environment? 
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The above mentioned research questions aims to understand, if it is feasible to have a 
standalone pre assembly station which can perform the operations for customized 
components, so that the overall time spend on the assembly line can be reduced. 
 

 
RQ2. How can a work station be balanced, to reduce the overall time and to be 
aligned with the takt of the assembly line? 
 
The second section of the thesis is aimed at analysing how a work station could be 
aligned so that in runs in the same phase of the main assembly line. The check points 
which will be handled through this research question is the ergonomically aspects of 
the worker, line levelling or balancing and the lean principles. This section of the 
research is vital in pointing to how should  the workstation  be arranged when it has 
to handle a low volume and high mix of products thereby not disturbing the balance 
of the line. 

1.4 Delimitation 

This research concentrated on the manufacturing companies which has low volume and 
high variance and it is difficult to generalise from the result. Mass production companies 
with less customized products are not included in the scope of thesis. The feasibility study 
of an external assembly line will be studied only from economical and productivity 
dimensions. To answer the research, question an automobile manufacturing company 
was selected as it has the opportunity of research on this topic. The company produces 
compaction machines, in low volumes, but the number of variants is high. Three lines 
were studied at the case company to answer RQ 1 and one assembly line was studied to 
answer RQ 2. 

1.5 Thesis Outline 

Chapter 2: Theoretical framework discusses about the subjects of literatures covered 
which are important for this research and also explains different concepts and already 
derived knowledge on the topics. Explanations of different concepts, such as, production 
levelling, line balancing, lean production, mixed model assembly lines etc. are written 
down. 
 
Chapter 3: This chapter explains the methodology used in this research and also elucidate 
the research design and research process. It also describes why a certain method is 
adopted and the techniques for data collection which helped in the completion of the 
research. 
 
Chapter 4: Finding and analysis focuses on analysing the data collected and make studies 
so that the output of the research can be attained. How the analysis and findings are done 
is also explained in this chapter. 
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Chapter 5: This chapter discuss about the findings what we obtained from chapter 4 and 
provides results for the research questions by integrating all sections of this research 
paper. 
 
Chapter 6: The last chapter is a conclusion of the research, which explains the basic ideas 
developed and recommendations for further research is also provided. 
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Chapter 2 – Theoretical framework 

     

This chapter includes the theoretical considerations required for the research topic.           
This chapter is intended to provide a base for the research, to relate with the findings                
and to understand the previous knowledge about the topic. 

      
  

2.1 Lean Production 

Lean production is an integrated socio-technical system which has a main purpose to 
eliminate the wastes by concurrently minimizing customers, suppliers and internal 
variability. Firms use lean production as a tool to manage variability in supply, processing 
time, and demands and also used to identify the underlying causes. Lean practices and 
tools minimizes the process time by describing work in the smallest details which enables 
line balancing and can have standard production quantities. TPM, TQM, six- sigma, just in 
time, pull system are some of the tools used in lean production (shah & ward, 2007).  

Work in progress (WIP) and unnecessary delay in flow time are two of the major forms of 
waste in production and it can be minimized by implementing best practice to production 
flow such as cycle time reduction, lot size reduction improve change over technique to 
reduce WIP and reengineering production process and bottleneck removal to reduce 
unnecessary delays in production (shah & ward, 2007). 

2.1.1 Wastes in production  

Waste in production or “Muda” in Japanese are any activity that adds no value to the final 
product or service that has been delivered (Pereira, 2009).  Waste identification and 
elimination is one of the prime method by which manufacturing companies increase their 
profit by cutting cost (Okpala, 2014). There are seven basic wastes which are a part of 
production are overproduction, over processing, transportation, inventory, movement, 
waiting and defects. For each of the waste there is a proven method for elimination or 
reduction, so as to improve the performance and overall quality (Okpala, 2014). 
 
Overproduction 
 
Among the seven wastes in production overproduction is considered as the worst of all, 
as it is described as the production of unordered products before it is actually needed by 
the customer. Overproduction can be expensive because it hinders the movement of raw 
materials, inventory and there by affecting productivity and efficiency and it may also 
lead to increase lead times (Okpala, 2014). 
 
Waiting 
 
Material waiting can be in many forms such as, raw materials, work in progress or finished 
goods and all of these do not add any value to the product. If the co dependant works are 
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not synchronized there will be an idle time which is called the waiting time. Waiting will 
be present in the cases if quipment, operators, machine, material or information delay 
occurs during the production .Waiting is considered as an unproductive time that is being 
paid for (Okpala, 2014). 
 
Transportation 
 
The needless movement of materials, finished goods, work in progress, and information 
from one place to another as it adds no value to the final product is known as 
transportation waste. Some of the major reasons for excessive transportation is bulky 
batch size, improper layouts, difficult material handling process or over production 
(Okpala, 2014). 
 
Excess inventory 
 
The quantity of components that needed to be used for the manufacturing of a product, 
consumables, work in progress or finished goods which are kept in the storage is known 
as inventory (Okpala, 2014). If the inventories are not directly changed into sales , it is a 
waste. Inventories can be reduced when machine down time is reduced (Apreutesei et 
al., 2010). 
 
Defects 
 
Defect is the most noticeable among all the wastes in production. Errors and mistakes 
will lead to defects, which is very expensive for the manufacturers, because it requires 
rework, thereby leading to wastage of time and resource as well as loss for the customers. 
Bad raw materials, inferior manufacturing operation as a result of faulty equipment and 
human errors are the major cause for defects (Okpala, 2014). They are called scrap and 
they does not add any value to the product (Apreutesei et al., 2010). 
 
 Motion 
 
The unnecessary movement of an operator or personals in a shop floor without adding 
any value to the final product is called as waste of movement. The unnecessary 
movement can be a result of poor organized layout, not so well trained work force, and 
bad process design (Okpala, 2014). Work station design and work design are one of the 
major cause for unnecessary motion. Even though the workers may look bussy they may 
not be following the appropriate work design (Apreutesei et al., 2010). 
 
 Processing waste 
 
Over processing does not add any value to the already finished product, which the 
customer is not willing to pay more. Over processing can be non-value added man 
processing or non-value added machine processing (Okpala, 2014). If the specification of 
a product are beyond the needs of a customer it is called over processing and it should 
be rectified at deign stage (Apreutesei et al., 2010). 
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2.2 Line Balancing 

Assembly line balancing is considered as a technique by which the tasks are distributed 
in different workstation, so that the goal which was predetermined is achieved (Kumar & 
Mahto, 2013). Line balancing is a method of levelling the workload across different work 
station, processes or value stream, in order to remove the bottle necks and excess 
capacity which is not required. If the line is not balanced constraints slows the process 
and it will lead to waiting in the downstream operations and more capacity will lead to a 
consequence of waiting and adsorption of fixed cost. Assembly line balancing is often 
referred to as a decision making process to assign tasks to workstation in a serial kind of 
production process. (Kumar & Mahto, 2013). Line balancing can be done by equalising 
the work done in each station and the job has to be divided into elements which aim to 
give an equal production rate. Line balancing works in two different conditions, 
precedence constraint, in which products cannot flow to other station if it doesn’t finish 
the task at that station and cycle time restriction that is, different cycle time at different 
work station (Hapaz, 2008). Figure 1 depicts a flow chart of line balancing and how it can 
be improved and standardise the work. 
 
 

                                          
Figure 1:Flow chart line balancing (Morshed & Palash, ,2014) 

 
 
Balancing assembly line is an important task for manufacturing firms as it leads to 
improved productivity and minimized cost in production. Many companies use different 
software to balance their lines and they are the most common tool  (Lapierre et al., 2006). 
The early stages of designing an assembly line focused only on cost efficient mass 
production which has only standardized products. But the trend in production now days 
are assembly line with customized products with low volume and customization. This lead 
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to the concept of sequencing for customised products in the same line which is 
characterised by the name mixed model assembly line balancing (Uddin & Lastra, 2011). 

2.3 Production Levelling 

Production levelling is used in manufacturing process to sequence different product 
variants, so that the ups and down in the product demand are smoothed throughout the 
planning period, to improve efficiency and enable reduction in cost (Marksberry et al., 
2010). According to the handbook of Maynard’s Industrial Engineering, production 
levelling is the process in which, product units are properly arranged, instead of 
manufacturing in a random order, to reduce the variation in parts consumption and work 
load of a workstation in mixed model assembly lines (Zandin, 2001). Figure 2 depicts the 
difference between unlevelled and levelled production corresponding to the production 
quantity and production days. 
There are several interpretations for production levelling, which are, defined as an 
approach to maximize efficiency (Xiaobo et al., 1996), make to stock (Swanson, 2008), 
reduce inventory (Coleman & Vaghefi, 1994), reduce over burden jobs (Kochan et al., 
1997), smooth work demand throughout the supply chain (Monden, 2011) and raise 
capacity (Yano & Rachamadugu, 1991). According to the Toyota concept of production 
levelling, the focus should be beyond the manufacturing system; i.e., organizational 
structure and inter dependencies between different departments have to be considered 
as it increases the benefits of its application and effectiveness as a way to stabilize the 
impact of demand fluctuation (Marksberry et al., 2010). This approach of Toyota has been 
widely considered as a foundation for pull system and flow which helped in the 
development of the concept just-in-time (JIT) (Liker, 2004). 
 

 
Figure 2:Levelled and unlevelled production (Ohno, 1988). 

 
 
The advantages of production levelling are (McKellen,2004), 

• To minimize the waste caused by the operators standing idle, machines being 
not utilized for some period of time and overuse for other period of time. 

• Helps to meet demand without holding large volumes of inventory. 
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• Makes the manufacturing process more responsive. 
• Reduce lead times. 
• Provide consistency and better visibility of schedule and patterns of the 

schedule. 

Management of production level becomes very challenging, during the diffusion of new 
product to the line, due to lack of historical data and forecast of the demand of new 
product is difficult. Efficient production planning is important to manufacturing system 
and it involves decision making regarding degree of expansion and reduction in 
production level depending on the change in demand. there for it is important for 
manufacturing system, to consider both production and marketing to obtain a reasonable 
service level in terms of demand satisfaction and delivery speed (Negahban et al., 2014).
      
      
       

2.4 High variance Low volume  

Many international companies are dealing with the problem of low volume and high 
variance in production. Companies are trying to achieve equal or improved levels of 
performance by implementing lean practices in that environment. 
 Some of the main characteristics of high variety low volume (HVLV) are 

• Product variety will be high so that, products can be customized at the same time 
as both individual product type and total volume remains similar. 

• Company will be having made to order policy with certain delivery dates and lead 
times. 

Manufacturing firms having HVLV compete in the market on the basis of product variety 
and uniqueness. So that there will be a high level of vertical integration to keep control 
of high product variety and uniqueness. 
One of the key problems associated with HVLV is manufacturing system turbulence. 
Turbulence is regarded as a result of uncertainty and variability in inputs which causes a 
disturbance in the manufacturing system. There are four types of turbulence causing 
factors, which are schedule, product mix, volume and design. Alternation in schedule for 
a period of time gets closer to delivery dates. In multiproduct, multi-model facilities face 
turbulence as the want to handle wide product variety. Volume is also associated with 
turbulence as the changes in volume may affect production. When considering design, 
the degree and frequency of product change in a particular time frame of customer lead 
time expectations (Bhattacharya et al., 1997).  
 
 
 

2.5 Layout Planning 

It is important for companies to manufacture goods which has high quality and meets the 
customer demand with their existing resources such as employee machine and other kind 
of facilities. Layout planning and improvement can be used as a tool to increase the 
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productivity of the companies. Proper plant layout can bring more efficiency to the whole 
manufacturing system (Watanapa et al., 2011). For this it is important to plan and place 
employee, machines, materials, equipment’s and other manufacturing supports which 
facilitates an effective layout. Since investment is required to make changes in the layout, 
the primary and most important step when considering plant layout improvement should 
be started by identifying the problems of the present layout in order to improve 
productivity by investing fewer amounts (Watanapa et al., 2011). 

2.5.1 Facility layout planning 
 
Facility layout planning is the design and allocation of machines or equipment’s in a shop 
floor and a well organised and designed layout can reduce up to 50% of the operating 
cost. The working procedure for a facility layout planning is presented in figure 3. To meet 
the rapid changing production demands companies are forced to reconfigure their layout 
of shop floor to improve the production.  Facility layout planning for the existing shop 
floor is represented by these characteristics, (1) critical constraints in the existing facility, 
(2) small operation such as removing or adding equipment’s, (3) criteria used are ad-hoc 
and are specific for particular tasks (Jiang & Nee, 2013). 
 

.  
Figure 3:Layout planning (Jiang and Nee, 2013) 

 

2.5.2 Factors affecting layout planning 
 
The final improved layout should consider all the factors affecting the plant, so as to get 
maximum benefits from the layout (Ailing, 2009).  Most layouts are designed for the initial 
condition what they had at the start and along the way they adapted to changes while 
the company grows. The layout of the shop floor will depend on the type of 
manufacturing activity as well as the different materials they work upon. The work order 
or sequence will also have an effect on plant layout and should take into account the 
product variety and the quantity to produce (Ailing, 2009). Material handling is another 
factor because, it is a non-value adding activity and it’s important to minimise it. 
Organising the labour and waiting time are yet another factor which has to be considered 
while creating a layout (Ailing, 2009). 
      
  



 
 

11 
 

2.6 Mixed model assembly lines 

The production or assembly line in which different products are assembled and can 
respond to anticipated variation in production demands, without many inventories is 
called as mixed model assembly lines (Fattahi et al., 2012). Figure 4 illustrates the basic 
concept of mixed model assembly lines.In this model various type of the same product 
are inter- mixed and the assembly process is done in the same line (Monden, 1983). This 
model is widely used in industries to be more flexible to the changing market demand. 
According to Bukcin and Jacob (2003), in a mixed model assembly line there should be a 
method for efficient design and redesign of the assembly system, since it has to deal with 
the changing demands. 
 
The two problems associated with the mixed model assembly lines are line balancing 
problem and work sequencing problem. Line balancing problem is the problem of 
assigning tasks to an ordered sequence of work station in a way that the performance is 
optimized and sequencing problem is the difficulty of determining the sequence of 
production activities (Özcan et al., 2010). Increase in product variety is a result of both 
market demand and sustainability demands which makes the concept of mixed model 
line more complex (Zeltzer et al., 2013). Mixed model assembly lines are mostly used in 
manufacturing of products which are mass customized as it can handle variety of 
products with the same system, as a result investment cost are saved and demand 
fluctuations are mitigated. With the increase in product variety, there will be negative 
impacts on performance, like productivity and quality (Wang et al., 2011). In mixed model 
assembly lines flexible workers and machinery lead to considerable reduction in setup 
cost and times, since different products can be jointly manufactured in an intermix 
sequence on the same line. To avoid excess capacity in line, the cycle time has to be 
determined, so that it is on an average above all the products on the line. (Boysen et al.,     
2007). 
 

 
Figure 4:Illustration of mixed model assembly line (Li., Gao, & Sun. 2012) 
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2.7 Takt Time 

German industries in the 1930, s introduced Takt and became a standard practice for lean 
production (Bertoncelj & Kavcic, 2012). Takt time is considered to be a primary element 
in world class manufacturing process (Wada, 1995). According to Czarnecki et al., (1997) 
takt time is the production tempo given by the product which is demanded by the 
customer, the time that a production plant has for producing each step of the production 
in each process workstation”. The calculation of takt time is done by dividing customers 
demand into available working time per shift. Break times are subtracted from the total 
production time in order to get the available time or operational time (Bertoncelj & 
Kavcic, 2012). 
                        Available production time (operational time) 
Takt Time =   
                                           Customer demand 
Takt is calculated in one day or one shift and the main concept of lean manufacturing is 
to arrange all the processes in production, so that there is a flow of products produced 
based on takt time (Fekete & Hulvej, 2013). Takt time must be constantly changed 
because of the variation in customer demands. Therefore, the production process must 
be agile and adaptable to make profit even though the demand by the customers 
fluctuates. It is important to synchronize takt time with each work station in the whole 
production process. A competitive advantage is generated by the companies by 
improving production activities and by reducing working time needed. An added value is 
generated within the takt time by increasing the number of elements in processes 
(Bertoncelj & Kavcic, 2012). It is important to design a production system with a 
consistent pace at which the customer demands to achieve a customer driven value 
stream (Bokhorst & Slomp, 2010).    
      
      
   

2.8 Ergonomics 

Ergonomics, productivity and quality are inter connected in a work place, because, if 
employees are comfortable with the work environment, the output what they give will 
be decent (Johnson ,1996). The concept of joint optimization in socio technical approach 
of ergonomics is based on cooperation between management and employees. There will 
be a common understanding between the employees and the management on the design 
of the production process. Several arguments have been made on the point of view that, 
ergonomic considerations should be integrated into the planning process. (Jensen, 2002)  
 
The interaction of human factors along with the application of lean manufacturing and its 
appropriate practice plays a key role in the success of the whole system. By integrating 
ergonomics and lean manufacturing process, it helps in identifying possible risk factors, 
production flow design on building stations and studying working methods, to reduce the 
risk for workers. Ergonomics can be considered as a tool that can be implanted into lean 
production to make it more successful (Garcia et al., 2014). The most commonly used 
ergonomic considerations are the company standards i.e.; working heights, weigh of 
objects handled and checklist to remind human limitations. (Laring et al., 2002). 
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Chapter 3 - Method and Implementation 

     
 
This chapter describes how the thesis study is conducted and the methodology adopted 
for answering the research questions. It starts with the research design adopted and 
followed by the research process and expected validity and reliability are also 
mentioned.  
     

3.1 Research process 

This thesis consists of primary and secondary research. The primary research is the data 
that have been collected by own and the secondary data are the data or information that 
has been already collected and analyzed by someone else. the combination of these two 
will result in positive research output. (Berndt et al., 2010) 
Literature review was the first step of the research process as it aids in identifying the 
research gap on this subject. The gap identified was transformed into research proposals. 
Methodologies and theoretical frame work was carried out based on the research 
proposals. Theoretical frame of reference was the collected articles, journals and books 
and are used to make analysis related to the theory. The methodology part describes how 
the research study is conducted and it also mentions the research techniques which has 
been adopted in answering the research questions. A case study was conducted to gather 
the empirical data. The empirical data was collected by the research techniques and it 
was linked with the theoretical part at the same time. This analysis lead to the conclusion 
of the thesis, which satisfy the aim and answer the research questions. Suggestions for 
further research are mentioned, which could be later considered as a research subject. 

3.2 Research Approach 

As already mentioned in chapter 1 the thesis study is concentrated around the concepts 
of high mix low volume and the idea of production levelling. Since there is a lack of 
literature support in these topics our study was initiated with collecting theoretical 
background. 
The research study opted an abductive approach for reaching the objective of the thesis 
work. It could be defined as a combination of deductive and inductive research approach 
(Patel & Davidson, 2003). The basic concept regarding the abductive research method is 
to find out a widely accepted concept which is well suited for the subject of interest and 
then to work upon the same for a detailed explanation which in turn is in alignment with 
the base of the study. In this research question the study was mainly concentrated upon 
finding means to optimize the production facilities which is based upon hypothesis which 
reflects a case of inductive approach and then the results were developed to gain a 
deeper understanding of the concepts which were subjected to the study. 
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3.2.1 Methodological choice 
 
The methodological choice included both qualitative and quantitative approach. The 
technique of literature review was opted by the authors to explore the subject of research 
and also to identify possible links between the patterns from the quantitative data. 
Mixing quantitative and qualitative methods (figure 5) can provide paramagnetic 
advantages when exploring research questions which are complex. The qualitative data 
provide a deep understanding about the subject of research and the quantitative data 
gathered can be compared and analysed with the qualitative data (Discroll et al., 2007). 
Interviews, focus group, document study, time study, avix and layout redesign are part of 
the empirical findings, which are the quantitative data. In this research, both quantitative 
and qualitative methods are used parallel.  
 
 
 
 
 
 
 

3.2.2 Case study 
 
 A case study approach was performed to collect the empirical data. Case study could be 
mentioned as an in depth study of an activity which could be even considered as a 
motivation for validating the findings from an analysis of a single or multiple cases 
(Flyvbjerg, 2001). Case study could be appropriate for addressing the research questions 
concerned with the application of innovation to improve (Rowley, 2002) which is in the 
base for this thesis study, so for answering the research questions which mainly aims at 
finding out means to improve the existing applications and also to developing certain 
areas of the already existing topics a case study design would be most appropriate. 
The case study was planned in a way that; it will answer both the research questions. The 
sections or production area was selected within the case company that will fit with 
providing the results for the research questions When a basic idea regarding the 
background were obtained a case study design was planned to be made since in our 
research question many terms relating to “how” should be dealt with and according to 
Yin (2003), case study could be the optimum strategy for the same. 

3.3 Data Collection  

Several research techniques were adopted in this study to reach the findings and 
conclusion. Case study at the company was done to collect the empirical data. The 
different research process for the respective research questions are explained in this 
section. The purpose of the research process is to have a deeper understanding of how 
the research techniques were done and selected, and what could be the possible 
outcomes. Table 1 gives a clear idea of which all techniques has been adopted in 
answering the respective research questions. The methodology is adopted to answer the 
two research questions and the below mentions different techniques adopted for 
respective research questions. 

Quantitative Qualitative  Result 

Figure 5:Methodological approach (Steckler et al, 1992) 
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Table 1:Research techniques used for respective research questions 

 

3.3.1 Literature Review 
 
Literature review played a vital role in laying the foundation of the research work as the 
whole context of the literature review mainly covers two sections which are defining the 
scope of the research area and how to develop and organize the data that helps in 
answering both the research questions. The main source of collecting the required 
documents which are needed for the research work was through online library database 
for Jönköping University. Secondary sources include google scholar and other external 
sources like Scopus. 
When the research questions where framed the next step was mainly concentrated in 
selecting the keywords necessary for developing a plan for defining the scope of the 
study. The scope of the study was also aligned with the interest and the facilities of the 
case company. Literature review was also considered a vital tool in substantiating and 
validating the data collection techniques and the analysis of the data which could 
strengthen the reliability of the outcome of the research process. 
The literatures used are books, journal articles, e-books and conference papers which was 
latter funneled (figure 6) down to get related papers to the topic of research using the 
search engine. 
 
 

Articles ,  journals , 
books ,e-books, 

conference paper

Abstract reading

Related references

 
                                     Figure 6:Funneling the papers (Source: The Authors) 

RQ Literature 
search 

Document 
analysis 

Focus 
group 

Interview Modelling Time 
study 

Layout 
redesign 

RQ       
1 

√ √ √ 
 

   

RQ 
2 

√ √ √ √ √ √ √ 
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RQ 1 
 
The key words of this research question were identified before the start of literature 
search, as it helps in narrowing down the concepts that this research question has to look 
upon. The key words used for literature search for this research question are, production 
levelling high variance low volume, line balancing, takt, mixed model assembly lines and 
pre assembly. Proper keywords assist in finding information related to the topic of study. 
It was important to know the previous knowledge and information that has been proved 
related to this topic as it can provide an insight into the research subject, for which a 
thorough literature study was done. For suitable identification of articles, the keywords 
are combined and searched in the data base. At the start, basic idea behind production 
levelling were extracted using the articles and later literatures regarding how it can be 
done is referred. After reading through the abstract and if it is found relevant to this 
research question, that article will be picked for reference. Since the study is based on 
assembly lines with high variance, literature search was conducted to identify the 
strengths and drawbacks associated with the mixed model assembly lines with low 
volume and high variance. Since the research was done in assembly plant of automobile, 
relevant articles or research papers were used as reference. 
The study of papers related to the subject of research provided with the knowledge of 
the already derived information on this topic. 

RQ 2 

The literature review in research process for RQ2 is performed almost in a similar way 
like the literature review for RQ1. There are some keywords which are commonly used 
for both research questions and the other keywords used are line balancing, layout 
planning, lean production, wastes in production, muda, ergonomics and work station 
redesign.  Previous research on these subjects were understood with the help of 
literature search. Combination of keywords were used to find articles which have more 
proximity to the subject of research. Scopus, google scholar and university online library 
Primo, was the main source for finding the literatures. Primary selection of the literatures 
was done by reading the abstracts and the later refining what is required.  The basic aim 
behind this research question is to reduce the cycle time in the work station, therefore 
articles related to work station redesign and layout planning were also referred. 
 

3.3.2 Document analysis 
 
When the scope of the research is defined analyzing the documents from the database 
of the case company aided us in getting a deeper insight into the background of the 
subject for each research question. A general idea regarding the strategy, policies and the 
core values of the company could be understood by analyzing documents from the 
company records (Williamson, 2002). Document analysis gave us understanding about 
the assembly process in different lines and also the market demands regarding the 
previous years. This demand flow helped us analyzing the seasonal fluctuation which help 
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us in forecasting the future needs. The document analysis helps in understanding the 
company’s performance objectives and this in turn gives an idea of the relation of 
different factors that might across during answering the research question. 
 
RQ 1 
 
The most imperative method for undertaking this research question is document analysis, 
as it is the prime pillar for finding the results. Orders of the line SCC, CA and BCC, for the 
year 2015 has been studied and analyzed to identify which particular products are 
consuming more time than the standard time. The standard routing time of products 
coming out from the SCC, CA and BCC line were identified and the products which 
comparatively larger routing time was recognized with the help of Microsoft excel and 
the study of that particular product is made. 
 
The products that has more routing time were studied, and, which process or the fixing 
of which unit in that product disturbed the whole production line was recognized. Based 
on this study on BCC and SCC line, the features of the products that can be moved to the 
stand alone pre- assembly has been decided. A document was prepared which has the 
list of moveable features from both SCC, CA and BCC and also the time consumed by the 
respective feature. This research study is done to identify whether the lines are balanced 
and reduce waste time, if these features are moved to the stand alone pre assembly. The 
availability of the line was another factor which has to be considered while doing the 
analysis. Therefore, after moving the features, the BCC, CA and SCC line should have an 
85 percent of availability. All the analysis of the orders of the lines SCC, CA and BCC was 
done using Microsoft excel. The documents of the order for the year 2015 was given by 
the manufacturing engineer responsible of both the assembly lines which was later 
refined and analyzed. 

RQ 2 

The main study for this research question was performed in the engine preassembly 
station for the CA line. Documents related to the different variants in engine are studied. 
Orders of the year 2015, for the engines in the CA line has been studied to understand 
the frequency at which each variant comes in the engine preassembly station in CA line. 
The layout of the work station and documents of the takt time at different takts has been 
analyzed for deeper understanding. 
 
During the latter part of the research, documents of work order and sequencing of work 
at that particular work station is studied to perform the balancing. This is done to 
understand how the sequencing can be rearranged so that, there is better balance of 
work between different stations within the work station at different takts. To have a deep 
understanding of the bottleneck at engine pre assembly, documents of the stoppages in 
the CA line for the year 2015 is analyzed.    
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3.3.3 Focus Group 
 
A focus group interview involves several individuals who confer about a particular topic 
under the direction of a moderator who is responsible for the promotion of interaction 
and makes sure that the discussion is not deviating from the subject of interest. The 
moderator is the prime person ensuring the smoothness of the discussion. A moderator 
should process qualities like group dynamics and interview skills. Even though focus 
group produces quantitative data, they are always carried out with the primary purpose 
of collecting qualitative data (Stewart and Shamdasani, 2014). 
Focus group can be used at any point of time of the research program, but they are most 
efficient to be used in exploratory research when little is known about the topic of 
interest. Focus group facilitates the interpretation of quantitative result and adds depth 
to the data collected from structured survey. Some of the advantages of using focus group 
are, obtaining background information about the topic of interest, generating research 
hypothesis, simulating new ideas and concepts, understanding the scope for a problem 
in new program and interpreting formerly obtained quantitative result (Stewart and 
Shamdasani, 2014 ). 
 
RQ 1 
 
 The main aim of the focus group was to identify problems associated with moving 
features to stand alone pre assembly and come in an agreement for, which features has 
to be moved. Since there were three main assembly lines, the manufacturing engineers 
for the products coming out from those three lines were a part of the group, as, they have 
deeper knowledge in all the operations related to their respective assembly lines.Table 2 
shows the members of the focus group and their responsibilities in the company. The 
production leader was one of the other member of the focus group as he has more 
experience in production related activities in that company. The maintenance engineer 
also has been included as he can provide feedback on the feasibility of moving certain 
features to the standalone pre assembly. The production manager provided with his 
insights into the topic of research and suggested ways to develop valid data. Questions 
were asked to all the members of the focus group regarding their opinions and 
perceptions on the concept of standalone pre assembly station. 
 
                            Table 2:Members of focus group and their responsibility area 

FOCUS GROUP 
Position Responsible Time 

 
90 minutes 

Manufacturing Engineer Flow Team CA 

Manufacturing Engineer Flow Team BCC 

Team Leader Manufacturing 
Engineering 

Production plant 

Engineering Projects Maintenance 

Production Manager Production plant 
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The most vital information received during the focus group has been taken note of and 
elaborated later. The use of focus group guide assisted in conducting the meeting. Some 
of the key points to be discussed during the focus group has already been prepared before 
and the authors made sure that all the points are discussed within the group. The 
required outcomes have been achieved and information about, which all features can be 
moved and also the difficulty that has to be faced, in doing so has been discussed. 

RQ 2 

The agenda of this focus group was to understand the problem faced by the engine pre 
assembly work station of the CA line at higher takts and also to bring out suggestions 
from the members of the focus group by combined brainstorming. This was done with 
the help of a focus group guide which has, the topics to be included and covered during 
the focus group. The members of the focus group were selected based on their 
knowledge of the particular work station and experience. Table 3 shows the members of 
the focus group and their responsibilities in the company  
 
 
 
 
 
                   Table 3:Members of focus group and their responsibility area 

FOCUS GROUP 
Position Responsible Time 

 
90 minutes 

Manufacturing Engineer Flow Team CA 

Andon Flow Team CA 

Team Leader Manufacturing 
Engineering 

Production plant 

Engineering Projects Maintenance 

Production Manager Production plant 

employee Engine pre assembly 

 
 
Manufacturing engineer for the CA line was included since he has more knowledge about 
the data and work procedures and work orders for the engine pre assembly station. 
Andon of the CA line and employee of the engine pre assembly work station has been a 
part of the focus group as they can bring out what they have experienced in the line 
during higher takt and also the ergonomic issues. The production manager and 
production leader provided were included as they have a holistic knowledge about the 
plant and will be able to answer, about the effect of the bottleneck at this station on the 
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entire production plant and delayed delivery of the products to customers, which leads 
to waste. Maintenance engineer was another member of the focus group as he could be 
able to comment on the feasibility of changes and the investment cost. All the 
information generated during the focus group has been noted down and the focus group 
guide has been checked at last, to know whether all the topics are included. 
 
 

3.3.4 Interview 
 
Interview in the simplest form could be a multifaceted method which can be used as a 
data collection method in a wide range of situation and this method also gives an idea of 
what people are thinking and imagining, and gives information about the observation, 
experience and values of the people who are subjected to the same (Bohgard,et al., 
2009).The nature of the data collected through interview will be more of a qualitative 
nature than  quantitative however it mainly depends upon the structure and type of the 
interview. Interview is divided into three categories which are unstructured, semi 
structure and structured and the application of the same is depended upon the context 
(Bohgard, et al., 2009). 
 
Structured interview is carried out where the interviewer has a specific set of questions 
and the interviewee can select the answer based upon his personal views. The outcome 
of this type of interview will be quantitative in nature and the results so obtained could 
be easily analysed and categorised (Bohgard, et al., 2009).  
 
Semi structured interview is a mixed type of structured and unstructured interview where 
the interviewer will have a specific structure of the areas to be covered for the discussion. 
The interviewer should have a good knowledge of the topic so as to divert or concentrate 
the area of interest in different sections of the subject to adhere with the goal of the 
interview (Bohgard, et al., 2009).  
 
Interview was performed only for RQ2. 
The interview was carried out with only the manufacturing engineer of the CA line as he 
has more data and knowledge about that work station and would be able to provide 
inputs into the research. Before the interview the agenda of it has been informed to the 
respondent. An interview guide was prepared beforehand which has all the set of 
questions, and the questions were framed in such a way that the respondents can provide 
detailed answer. One of the author was taking notes and the other was asking questions 
to the respondent. If the answer of one question from the respondent, answers some 
other question in the interview guide, that question will be skipped to eliminate 
repetitiveness. Table 4 shows the agenda and the role of interviewee. 
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                                           Table 4:Interview respondent details 

3.3.5 Time study 
 
The primary aims of time study are to increase productivity, lower unit cost and improve 
product reliability thereby producing more quality goods for more customers (Hashim, 
2008).  Time study analyses the work done by an operator in an effort to identify the best 
possible or efficient way in completing the operation (Chandra, 2013). 
The different steps carried out in time study may be varied, depending on the type of 
operation being studied. Barnes (1980) describes the eight basic steps in conducting time 
study which are as follows (Hashim, 2008). 

•  Selection of the task and thereby recording information about the operator and 
operation being analyzed. 

• Splitting the operations into elements and make a complete description of the 
method. 

• Using a stop watch observe and record the time taken by the operator. 
• Determine the number of cycles that need to be observed in order to arrive at an 

accurate average time. 
• The operator’s performance has to be rated. 
• Required number of cycle of time study taken. 
• Determine the allowance for operation. 
• Calculate standard time for the operation. 

RQ 2 

Time study was conducted to understand the nonvalue adding activity and value adding 
activity at that engine pre assembly work station of CA line. Before conducting the time 
study, the employee was informed about the goal of conducting this study and made 
clear that the authors are not measuring the pace of the employee. Three time studies 
were performed for the same type of engine and the non-value and value adding activity 
were compared to identify the wastes. Another aim was to recognise the sequence of 
operation what the employee accomplishes. Three time studies was performed with the 
same operator in order to get valid data.The template used for fetching the values of time 
study has been shown in table 5. A stopwatch and a chart with the various operations at 
that workstation which also has space to mention, if that particular operation is value 
adding or not was used.  Time measurement was only started after the whole process 
settled down. 

INTERVIEW 

AGENDA ROLE TIME 

Bottleneck at engine pre 
assembly, ca line 

Manufacturing 
engineer, CA line 

40 min 
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Table 5:Time study observation sheet template 

 

3.3.6 Modelling  
 
To visualize the layout for RQ2, a system called AviX was used. Avix is a production 
software which underlays the concept of lean production which has been solely 
developed to support engineering and other manufacturing related works. This software 
aids a production facility to analyse the operations in a detailed manner and to optimize 
and balance production lines.The main usage of Avix are time and method studies, 
optimizing design for assembly, measurement of productivity and efficiency and also line 
balancing (Avix, 2013).The application of the avix software in this research work is to aid 
the author in developing a balanced work sequence for answering research question 
2.When defining a new work layout for a work station the use of Avix provides a stage to 
stage work description which also reflects on how the overall work is divided across the 
different sections of the station. 
This software was only used for answering RQ2. Avix-balance is a software in production 
which is used to balance the assembly lines. In this research question the engine pre-
assembly work station is spited and sequenced into three separate work stations. In Avix, 
each work station is added and also each operation with the time consumed by each 
respectively are also included.  After inputting all the data, the workstations are balanced 
according to the sequence of operations. 
 
The workstation is balanced to have better flow in processes during higher takt. At higher 
takt three people are working at the workstations of the engine pre assembly and all the 
workstations should fall within the takt to prevent the waste, waiting, for the CA line. 
 
      
      
   

Time study observation sheet 

Department CA line Section 

Section head  Operator 

Analyst Authors Date 

Operation Engine pre-assembly 

Work element 
number 

Description of 
work 

Total time Value adding 
time 

Non value 
adding time 
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3.3.7 Layout Redesign 
 
Layout redesign was only considered for answering RQ 2. After identification of the 
wastes and with the focus of including three work stations within the engine pre assembly 
station, brainstorming is done to figure out the bet layout which can be used at different 
takts. Measurement of the shop floor, rack and equipment’s were taken to draw the 
layout. Layouts were considered based on three criteria 

• Reduce motion of operator 
• Ergonomics 
• Reduce overall time to fall within takt of the line 
• Material handling 

 
Sequenced operation was the backbone when considering the layout changes. Several 
layouts were drawn and the one with less number of drawback has been adopted. 

3.4 Analysis of Data 

Mixing quantitative and qualitative method for a research is a vibrant option for 
increasing the scope and improving the analytic part of the studies. Results from the 
qualitative and quantitative techniques are linked by treating each sets of data with the 
techniques used for that data, i.e., qualitative techniques are used to analyse qualitative 
data and quantitative techniques are used to analyse quantitative data. The result from 
qualitative and quantitative analysis can be combined, but each data set remains 
analytically separate from one another (Sandelowski, 2000). 
For the RQ1, the analysis started by sorting and funnelling the collected data gained from 
the research techniques. The data was transformed into tables, pie charts and graphs. 
The analysis and conclusion was later supported with the help of literatures. 
The data gathered for the RQ2 are refined and was transformed into a single data. From 
different time studies the output is collected. Redesign of the layout was decided, based 
on the finding from time study, focus group, interview, observation and by the studying 
every operation at the engine pre assembly station. The data regarding the dimensions 
of the layout are transformed into tables.  Finally, analysis and conclusion is presented 
with the support of literatures by the authors. 
 
Triangulation 
Triangulation can be defined as the combination of two or more sources, methodologies, 
theoretical perspectives or analytical methods (Kimchi et al., 1991). In this research 
interviews and focus group has been conducted to confirm the data collected. The output 
from the interviews and focus group has later related to document analysis for 
confirmation. 
Methodological triangulation is a method by combining qualitative and quantitative 
approaches in a single case study (Lincoln & Guba, 2000). This thesis has adopted 
methodological triangulation. This has the potential to identify unique differences or new 
findings that may have remained undiscovered by the use of only one method 
(Thurmond, 2001).     
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3.5 Expected Validity and Reliability 

3.5.1 Validity 
 
Validity explains about the accuracy of the results and findings of the study relative to the 
research objective. Validity is often considered in two dimension, namely internal validity 
and external validity. The inevitability of the results is reflected with the help of internal 
validity which says that the variable which is being chosen is not affected by any other 
factors (Williamson, 2002).  
Internal validity of the research work could be improved by strengthening the sources of 
the data collection which is the process of triangulation (Mathison, 1988).  
Triangulation is a combination of using two or more different methods of data collection 
to strengthen the findings (Denzin, 1970). There are mainly two different kinds of 
triangulation methods namely method triangulation and source triangulation. Method 
triangulation means to use different kinds of data collection methods to check the 
consistency of the findings and to verify the overall data as from its source. Sources 
triangulation is basically used to double check the given information which is received 
from different people and also from different times (Williamson, 2002). 
The data collected from the various sources are cross checked and thus the data will 
ensure good validity. 
 
The external validity factor explains how the outcome of the study could be applicable to 
other cases as well (Williamson, 2002). From this case study the results so obtained are 
summarized so that the outcome could be generalizable and will give the reader an 
opportunity to relate to other cases. 
 

3.5.2 Reliability 
 
Reliability could be coined as the degree to which an assessment tool produces stable 
and consistent results for the study conducted (Cozby, 2001). So we could also say that 
the reliability indicates the active involvement of the author in describing about the 
subject being studied upon. For stating that a research work is highly reliable one must 
ensure that the data collection method should be highly acceptable and standardized. 
Achieving a higher reliability of the data, the authors tried to use different standard data 
collection techniques which has been mentioned in the previous section for ensuring the 
quality of the data which is to be set as the base for the research study. 
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Chapter 4 – Empirical Findings and Analysis 

     
 
This chapter represents the empirical findings and analysis for both research questions. The 
current situation is described first and late the analysis is presented, and finally concluded by 
SWOT analysis for second research question. 
     

4.1 Case Company 

Dynapac-Atlas copco is a Swedish multinational engineering subsidiary company 
founded in 1934, and is a world leader for manufacturing mobile compactors for road 
surfaces, whose headquarters is in Karlskrona, Sweden and has 474 employees. The 
company was formed by the name AB Vibro betong and later on 1973 named as Dynapac 
and then it was taken over by Atlas Copco on 2007. Atlas copco has four major corporate 
functions, which are compressor technique, industrial technique, mining and rock 
excavation technique and finally construction technique. Among this atlas copco-
Dynapac comes under the road construction technique. 31% of their customers are from 
Europe, 28% from Asia, 22% from North America and the rest from South America and 
Africa. Half of its revenue comes from Europe and It has sales in over 115 countries. It 
has manufacturing sites in Germany, Sweden, India, China, Brazil and Texas. The 
machines are marketed and sold worldwide. Sales support, production, marketing and 
product development for the range are concentrated in Dynapac, Karlskrona.  

The production site at Karlskrona is established on 1960 in 27000sqm floor space and 
emphases on sustainable production. The company has ISO9001, ISO14001 and 
OHSAS18001 certified. The thesis is conducted at Dynapac, Karlskrona and the study is 
subjected to the production line of compaction and it has six major variants which are 
small asphalt rollers, large asphalt rollers, soil compactors, pneumatic and static rollers 
and tamping compactor. The three major products and assembly line at the company 
are, SCC, BCC and CA. the lead time for customers are two weeks for SCC and four 
weeks for BCC and CA. SCC have a capacity of ten machines per day on one shift. 
Dynapac focuses on lean production and they follow “Milk run” (material pickup from 
super market) with flexibility and short reaction time, Kanban and supplier with decent 
buffer stock. 

4.2 General outline 

The study is based on the three assembly lines of Atlas Copco Dynapac namely SCC, BCC 
and CA. For the first research question which analyses the feasibility of having a 
standalone station which aids the overall production facility, all the three assembly lines 
were subjected to the study. The operations which could be moved to the stand alone 
stations were analysed with the inputs from the focus groups. Then from the document 
analysis the variations in the routing time when the overall work is divided across the 

https://en.wikipedia.org/wiki/Road_roller
https://en.wikipedia.org/wiki/Road
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stand alone workstations gives the base for the feasibility check of the standalone work 
station. 

The second research question which studies about finding means to align the takt of 
workstation with the overall takt of the line was conducted by analysing the case at the 
engine pre-assembly of the CA line which fails to run in the same takt at higher takt. The 
output from the time study was set as a bench mark for getting a better understanding 
of the same. 

4.2.1 Current Situation and findings (RQ 1) 
 
RQ1. What will be the effect of having an external assembly work station, which 
manages the customized components in a low volume high variance manufacturing 
environment? 

A general guided tour was conducted by the supervisor in charge for explaining the 
general working practices at Atlas Copco Dynapac and also in briefing about all the 
assembly lines. For analysing the present case, a thorough observation was done during 
multiple shop floor visits to all the production lines. The input from the company database 
was used for understanding the production volumes for all the lines in the year 2015.From 
the production volumes and the hours spent on each machines, graphs were plotted to 
have a better understanding of the present situation. 

The readings from the data base for the year 2015 was used to plot the curve and the 
results for each line was summarized in the findings table for each assembly line 
respectively. The capacity line which is depicted in all the graphs is a calculated value for 
each line respectively which gives an idea of the assembly hour which could meet 90% of 
the orders in the line as per requirement. The concept of fixing a capacity limit is to make 
a relative study of the overall loss in the assembly lines when the standalone workstations 
are introduced. The capacity line could be also a hint towards the approximate hour that 
needs to be set for each line while balancing to avoid assembly hour loss due to varying 
assembly hours for each product.   
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Current situation study for BCC assembly line: 

 

                      Graph 1: present situation BCC  

Here in graph 1, the x axis which is represented as “Time” relates to the assembly hours 
taken by each product and the y axis marked as “No of machines” presents the number 
of products/machines assembled in the BCC line. So from the graph it is clear that there 
is a wide fluctuation in the assembly hours for the line. Very less number of machines are 
assembled in the ends points of the plot which defines the machines which take minimum 
assembly hours and maximum assembly hours respectively.                 

                                                 Table 6:Findings summary table for BCC line 

assembly time range(h) 
min to max hours  

25 

average time relative to max 
assembly time 

72 % 

standard deviation 5.4 

Takt/Capacity (90%) (h) 61.733 

total hours on line (h) 11,121 

balancing loss/overcapacity 
(h) 

2,084 

hours missed (h) 71 
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Table 6 explains the summary of the findings from the analysis of the data for BCC line 
which is obtained from the company database and analysed in excel sheets. Here from 
the table 6 we can understand that the average assembly hours for the line is 72% of the 
maximum assembly time in the line recorded for 2015. In the case of BCC line from the 
graph 1, it is evident that the work load is not evenly distributed which is understood by 
the high standard deviation. So the line has to assemble machines with a range of 27 
hours from minimum to maximum assembly hour. The peak curve in the graph 1, hints 
that the most of the machine is concentrated in the initial area as defined from the graph. 
Here the capacity line in the curve hints the amount of hours that the line needs to have 
for meeting 90% of the overall orders that they receive on BCC. From examining the 
graph, it is really evident that the capacity for the line and the peak curve are not close. 
This in turn gives an inference that the line is losing too much working hours due to load 
fluctuation. The balancing loss which is mentioned in table 6 is the total hours that will 
be missed by the assembly line when a product which requires less assembly time than 
the capacity which will be fixed as the takt of the line. The amount of hours which is 
missed means that an additional of 71 hours is missed when the capacity is set to be 90% 
of the highest assembly hour product.  A high value on the standard deviation tells us that 
there is a wide range of machine that run out of track with the average assembly time of 
the line. 

Current situation study for SCC assembly line: 
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                                                     Graph 2: present situation SCC 

 

Graph number 2 represents the data for the number of machines/products assembled in 
the SCC line vs their respective time for the assembly. The x axis of graph Y represents 
the assembly hour taken by the products assembled in the line for the year 2015 which 
is marked as “Time” while the y axis in the plot describes the number of machines which 
are assembled for the respective assembly time mentioned in the x axis. 

 

                                                      Table 7:Findings table for SCC line 

assembly time range(h) 
min to max hours 

10.13 

average time relative to max 
assembly time  

82.45% 

standard deviation 2.512 

Takt/capacity (90%) (h) 29.43 

total hours on line (h) 24,392 

balancing loss/overcapacity (h) 2,081 

hours missed (h) 162 

      

Table 7 provides a summary of the analysis of the data for the SCC assembly line done 
with excel sheet and study of graph 2. The SCC line has machines which uses assembly 
hours within a range of 10 hours on the main line. Here the peak curve in graph Y is on 
the middle section of the plotted curve as from graph 2 which depicts that most of the 
machines in the SCC assembly line falls in this category for completing the assembly 
process. When the SCC line sets a capacity for 90% of the overall order, the peak curve is 
close to the capacity line unlike in BCC but still the overall loss in time for the production 
when setting this capacity is high since there is large quantity of the machines which takes 
lesser time for completing the assembly in the line. When observing the value for the 
hours missed in table 7, it could be understood that there is a very low figure for the 
assembly hours that couldn’t be handled due to setting the capacity/takt for the line. 
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Current situation study for CA assembly line: 

 

                                Graph 3: present situation CA 

Graph 3 is derived from the analysis of the data from the company database for studying 
the present case of the CA assembly line which was done by using excel sheet study. The 
x axis of graph 3 represents the time for the assembly of the machines in the CA line and 
the y axis presents the data for the number of machines which were assembled in the 
time period with the respective time on the x axis. 
 
 
                                                     Table 8:Findings table for CA line 

assembly time range(h) 
min to max hours 

12.16 

average time relative to 
max assembly time 

89% 

stand deviation 2.72 

Capacity/takt (90%) (h) 64.25 

total hours on line (h) 37,912 

Balancing loss/overcapacity 
(h) 

2,443 

Hours missed (h) 69.88 
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Table 8 is a summary of the analysed data for the production volumes for the year 2015 
along with the study of the graph. For the study of the CA line, the upcoming project of 
UREA systems is added along with the current volumes so that it will be possible to know 
how this facility could disturb the stability of the existing line. Present day, the line must 
deal with machines within a range of 12 hours on the main line which could be 
understood from the readings in table 8. Here in the CA line, even though the total 
number of machines is high the standard deviation is relatively lower since the peak curve 
is having a higher area under the curve. The capacity mark for fulfilling 90% of the order 
is found in the later stage of the peak curve. The extension of the curve in graph 3 which 
represents the machines which uses the assembly time to be more than 65 hours is the 
main factor for having the high loss in the working hours in the line. When considering 
the loss in setting up the capacity at the CA line, the initial values in the plots which is the 
machines which utilizes less than 60 hours for the assembly could be the main reason for 
its high figure. 

4.2.2 Current Situation and findings for RQ 2 
 

The current situation at the engine pre assembly station is described with the help of 
figure. The figure which shows the description of each element of the layout is presented 
in the appendix. 

 

                           Figure 7: Present layout of engine pre assembly work station        
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The flow of process in the engine pre assembly station is from the engine ramp to the 
mounting operation and finally the electrical and hydraulic operation as presented in 
figure 7. The problem of following the takt time by this station is only experienced during 
the higher takt.  During the takt of 6, one operator is working with the mounting 
operation, two operators are working with the electrical and hydraulic operation and one 
operator in the pump assembly. As presented in the layout after mounting of the engine 
on the frame which has rollers, is moved to the electrical and hydraulic operation station 
by the operator. The racks are mentioned by numbers and wagons are also mentioned in 
the figure. Color codes are set for the racks based on the respective colors for respective 
operation. 

After time study and observation several drawbacks of the layout were identified. Lack of 
linear flow, bad space utilization, excessive movements, improper structure and 
ergonomic issues were identified with the present layout. The knowledge about these 
issues were identified using time study, measurement of shop floor and observation. 

In the present layout the work station is divided into two small work stations within it i.e., 
mounting as one and electrical and hydraulic as other. At the higher takt four people will 
be working in the assembly station. One operator each at the pump assembly and two 
operators at the electrical and hydraulic station. As two operators are working 
simultaneously at the final station, one operator; either the one who is doing the 
electrical or the other operator who is doing the hydraulic operation has to wait at several 
instances. This is mainly due to the complexity of operations in the final station. Several 
hydraulic hoses and electric cables are fixed at this particular station. 

Another demerit of this layout is the excessive movement that the operator has to make 
during certain operations. During the hydraulic and electrical operations, the operators 
has to walk 7 meters to fetch the hoses and electric cables which are placed outside the 
work station. The number of times per assembly of an engine each operator walk to the 
wagons are measure and time has also been taken from the time study. Additional to this 
there is also an element of risk as the operator has to cross the fork lift path to reach the 
wagons. Some of the racks are not properly arranged to reduce the motion of operator. 

 

                            Table 9:Measured distance of movements by operator at takt 5 

Operation Distance 
(m) 

Movements D for I engine 
assembly(m) 

takt Percentage Days total 
D/Day(m) 

H0- 
Hydraulic 
wagon 

14.20 5 71.00 5 16.666 37 355 

HO-rack 1 4.14 4 16.56 5 16.666 37 82.80 
EO -rack 7 2.42 10 24.20 5 16.666 37 121 
EO-rack 2 3.38 3 10.14 5 16.666 37 50.70 
EO-
Accessories 
wagon 

4.06 8 32.48 5 16.666 37 162.40 
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MO- 
Accessories 
wagon 

4.88 5 24.40 5 16.666 37 122.00 

MO-
Hydraulic 
wagon 

12.14 1 12.14 5 16.666 37 60.70 

Defining table elements -  HO-Hydraulic operation      EO- Electric operation         

Mo-Mounting operation    D- Distance 

Table 9 depicts the measured distance of operator at the takt of 5 and the calculations 
shows the total distance between each operation and respective racks or wagon. The 
percentage occurrence of different takts for the year 2015, has been provided by the 
manufacturing engineer and the calculations are based on that values. The different takts 
and the respective distance covered by the operator will be shown in the analysis section. 

Some of the other drawbacks associated with this layout is poor ergonomic consideration. 
At the present state the flow of process is in a L-shape. The operator has to turn and move 
the engine, which is on the frame with roller at several instances. This is a waste of time 
and the operator is also having ergonomic issues at the same time. The lowest level of 
the rack 1, 2, and 3 are below the shop floor level, so the operator has to bend down at 
inappropriate positions. 

Therefore, from the studies, observations and brainstorming from the pre assembly 
station, the need for change in layout design has been decided. 

4.3 Analysis  

4.3.1 Analysis for RQ  1  
The findings from the study conducted on all the three lines clearly depicts the image that 
the assembly lines have to deal with a wide range of machine in terms of assembly hours 
in the main facility itself. This directly hints that there is a large loss of resources in terms 
of working hours due to this fluctuation.  

So the main aim with the research question is to analyse the feasibility of the standalone 
workstations based upon the production hours which in turn trigger to the economic 
aspect. The effect of the workstations on the main lines will be studied and the loss in 
each line when a capacity is fixed will be analysed which shows how better the assembly 
lines will be levelled and how much assembly hours should be allocated on the two 
standalone workstations namely pre assembly station and post assembly station. 

This is directly linked with the concept of production levelling which says that when a 
manufacturing/production facility has to deal with many ups and downs in the production 
due to high number of variants, a proper system for arranging/sequencing the products 
should be followed so as to attain a smooth line (Zandin, 2001).The main advantage of 
the implementing this concept in the facility which is subjected to the case study is that 
the overall efficiency could be improved and there will be a considerable impact on the 
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cost reduction due to proper grouping of the assembly operations in all the lines 
(Marksberry et al., 2010). 

For arranging the products and for studying the possibility of having a standalone work 
station which could be either a pre assembly station or post assembly station, the outputs 
obtained from the document analysis, focus group and interviews were used. 

The data obtained from the studies pointed out that certain operation/works in the 
assembly operation which are presently handled in the main assembly line could be 
moved to an external station which could handle the assembly of these modules and also 
the assembly of the modules to the products. 

Analysis for BCC line 

The features and units in the BCC line described in chapter 4, where analysed, whether, 
they could be moved to the pre-or post-assembly. The features in the BBC line, described 
in chapter 4, were analysed whether they could be moved to the stand-alone assembly 
station. The analysis of the features was done by considering the sequence in the 
assembly of the module to the product thereby selecting the pre-or the post assembly by 
also considering the facility needed for the assembly of the module/feature. From the 
study and the focus group meeting it was found out that the assembly of combi unit, edge 
cutter and chip spreader could be moved from the main assembly line to a pre-assembly 
workstation. Certain other minor modules/features such as fire extinguisher, driving 
lights, asphalt temperature meter, rear view mirror, edge press, slow sign and certain 
other special modules for specific products/machines were studied and found to be 
feasible to be assigned to the post assembly station through the output from the focus 
group.   The routing time for all these operations were studied and an analysis was done 
on how the overall working hours on the main assembly line will be altered. The amount 
of hours which needs to be spent on the pre assembly and the post assembly was also 
analysed. From the analysis a plot of the future state was drawn to obtain an overall view 
of the line. 
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Graph 4: analysis of BCC line when selected operations moved to standalone 

workstation 

Graph 4 explains how the production volumes for the BCC assembly line would have 
altered if the selected modules/features were moved to standalone work stations. The x 
axis of the graph 4 displays the assembly hours for the products in the main line when 
the selected assembly operations are moved to the stand alone workstations and the y 
axis of the curve indicates the number of machines which are subjected to the analysis.                  

                                                           Table 10:Analysis for BCC 

assembly time range(h) 
min to max hours 

14 

average time relative to max 
assembly time 

84.5% 

Standard deviation  3.06 

capacity/takt (90%) (h) 54.3 

total hours on line (h) 10,441 

total hours on pre/post station (h) 680 

balancing loss/over capacity (h) 1,176 

hours missed (h) 52 
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Table 10 was developed from the analysis of the assembly hours of the machines when 
the selected operations were moved to the stand alone workstation using excel sheets 
and also through inferring the graph 4. 

When comparing the analysis table 10 for BCC and the findings table 6 of the same, there 
are certain variations in the values which hint a positive effect of using this pre and post 
assembly station. The standard deviation of the line has now been decreased from 5.5 in 
table 6 to 3 in table 10 which shows that there is less fluctuation in the main line when 
the special units are assembled in separate stations. If the company sets a capacity limit 
for meeting 90% of the orders, then the loss due to the limit was 2,176 in the existing 
case and when the stand alone stations are allocated the loss due to fluctuation from the 
capacity is 1,176 which says that the loss has been reduced by approximately 1,000 hours. 
When comparing the graphs1 and graph4, it is also very evident that the tail end of the 
curve which depicts the number of machines which takes higher assembly hours has also 
been decreased to a relatively higher extend which highlights the advantage of this pre 
and post assembly stations. 

 

Analysis for SCC line 

When studying about the SCC line, as in the BCC line the first step was to understand the 
possibility of moving any features from the main line to the stand alone workstations. It 
was evident from the initial state itself that the SCC line does not have any features which 
could be moved the post assembly station due to the alignment and the positioning of 
the SCC line in the facility and also due to the fact that the modules are assembled onto 
the machine in a different manner unlike the BCC machines.  

For the features which could be moved to the pre assembly station from the SCC line, 
combi unit and the single arm unit was proposed from the focus group meeting. Upon 
detailed analysis it was found that including the single arm in the pre assembly causes a 
huge loss in the overall assembly hours when the facility is supposed to run at a stable 
work force which could be the capacity of the line. 
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Graph 5: analysis of SCC line when selected operations moved to standalone workstation 
Graph 5 describes about the production volumes of the assembly line SCC when certain 
features are being assembled in the standalone workstations and how will the benchmark 
values like the standard deviation and capacity could fluctuate when compared with the 
graph 2. The x axis of the curve displays the information of the assembly hours required 
for the operation in line after the line is levelled with the help of the standalone 
workstations and the y axis represents the number of machines for the respective 
assembly hours. 

                                                       Table 11:Analysis for SCC 

assembly time range(h) 
min to max hours 

7.83 

average time relative to max 
assembly time 

87.5% 

standard deviation  2.18 

Capacity/takt (90%) (h) 29.35 

total hours on line (h) 24,118 

total hours on pre/post station (h) 274 

balancing loss/over capacity (h) 2,135 

hours missed (h) 14.64 
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Table 11 is generated by using the values from the analysis of the SCC line when the 
standalone workstations are introduced to the line and also from the graph 5 which 
highlights the impact of the standalone workstations on the line. When comparing the 
tables for the finding 7 and the analysis table 11 of the SCC line the overall average time 
of the machines have reduced by almost 1 hour and the fluctuation in the line is also 
reduced from 2.5 to 2.18 which says that a much stable work force could be used for the 
assembly operation in the main line. When comparing the figures for the loss in setting 
the capacity for the line the proposed change brings more loss into the line from 2,081 to 
2,135.This could be actually pointed out as a negative impact but the value is relatively 
lower when considering in a holistic perspective. When the single arm was included in 
the pre assembly the loss when setting up the capacity was higher, hence excluded. 

 

Analysis for CA line 

As already mentioned in the findings section of this chapter, the proposal is to include 
the upcoming UREA system in the stand alone pre assembly workstation so as to reduce 
the overall range of the assembly hours for the machines in the main line and thereby to 
ensure the stability of the line is maintained through this inclusion. 

 

 
Graph 6: analysis of SCC line when selected operations moved to standalone 

workstation 

Graph 6 is providing the production volume for the CA line when the additional feature 
of the UREA systems is being assembled in the standalone pre assembly so as not to 
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disturb the existing the stability of the main assembly line. The x axis gives the assembly 
hours of the machines after the change and the y axis points the number of machines 
relative to the assembly hours. 

 

                                                             Table 12:Analysis for CA 

assembly time range(h) 
min to max hours 

12.16 

average time relative to max 
assembly time 

88.12% 

Standard deviation  2.348 

Capacity/takt (90%) (h) 63.08 

total hours on line (h) 37,545 

total hours on pre/post station (h) 367 

balancing loss/overcapacity (h) 2,086 

hours we miss (h) 78.59 

 

Table 12 was generated with the help of the data obtained from the database analysis 
and through close analysis of the graph 6.  

 



 
 

40 
 

4.3.2 Analysis for RQ  2        
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                                                   Figure 8:Improved new layout 

The chapter starts by presenting the new layout (figure 8) and explains how it is better 
than the previous layout and it also shows how it solves the demerits of the previous 
layout. The sequencing of the operation and balancing of the work stations within the 
engine pre assembly station has been done to reach the output of this research. Finally, 
a SWOT analysis for the new layout is presented. The inputs from the observations focus 
group, interview time study, data analysis and brainstorming are the pillars in developing 
this layout. Among the changes the three main changes with the new layout are, splitting 
the last work station into two i.e., hydraulic station and electrical station, merging of rack 
5 and 6, and the most importantly making the work stations linear (in straight line). This 
layout provides better utilization of the shop floor, reduced movement for the operators 
and a better ergonomic consideration. The layout is drawn as per the dimensions 
measured from the shop floor. Four different layouts were suggested and the best layout 
has been selected with the help of focus group. 

From the input from the focus group, space constrain inside the engine pre assembly 
station has been understood. Several layout changes were performed to solve this issue 
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and it in turn has solved other issues with the previous layout. The development of a 
suitable layout for a work station, is made with some technique, in which many 
parameters like, relationships between different work stations and problems of proximity 
are considered (De Carlo et al., 2013). 

The electrical and hydraulic operations work station which was combined in the previous 
layouts has been spitted to generate more space for the operators performing the 
respective operations. The L-shaped flow has been changed into a linear flow as well. This 
is done to reduce the time for movement of the engine from one work station to another 
and also to prevent the need for twisting and turning of the engine by the 
operator(ergonomics). By integrating ergonomics and lean manufacturing process, it 
helps in identifying possible risk factors, production flow design on building stations and 
studying working methods, to reduce the risk for workers (Garc et al., 2014). The width 
of the engine pre assembly station has been increased by 50 cm. Another change made 
with the new layout is the merging of the rack 5 and rack 6 and making it together a wider 
rack as shown in the figure. This will lead to better space availability in the center of the 
engine pre assembly station. This free space is utilized by placing one hydraulic and two 
electrical wagon inside. Now based on the positions of racks and wagons the three work 
station based on the flow are, mounting, hydraulic and electrical. By turning the angle of 
rack 7, better space is developed for the operator performing the electrical operation. An 
800*800mm space has been used from the nearby work station in order to place the 
buffer. By making these changes the layout will be optimal to use at different takts. The 
position of facilities in the work station have a significant impact on manufacturing cost, 
work in process and lead times and productivity (Drira et al., 2007). 

After the three time studies the non-value and the value adding activity at the engine pre 
assembly station was recorded. Time study was also considered as a kind of observation 
of the processes in that work station. 

 

Figure 9:Time study result – value adding and non-value adding activity 
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The above pie chart (figure 9) shows the percentage of value adding and non-value adding 
activity at the engine pre assembly workstation. Figure 10 shows the elements involved 
in the non-value adding activity. It is clear that some of the non-value adding activity is 
because of the excessive movements of the operator and the others are due to the 
supporting activity the operator performs. The performed time studies are present in the 
appendix of the report. 

 

Figure 10:Elements of the non-value adding activity 

The results from the time study identified the waste and also showed the necessity of 
reducing it. With the development of the new layout the movement of the operator is 
reduced and it in turn increase the profit for the company. As the movement is reduced 
the time is also saved. Calculations are performed to identify the profit and saved time 
with the new layout by comparing with the previous layout. 

The percentage of occurrence of different takt for the year 2015 has been analyzed. 
Based on the orders from the year 2015, the number of days, assembly performed in 
different takts are mentioned in percentage in table 13. 

              

              Table 13:Takt and number of days in percentage of its occurrence, year 2015 

TAKT (No of products/day) No of days (Percentage) 
1 11.458 
2 40.062 
3 11.55 
4 17.187 
5 16.666 
6 3.125 
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The table 14 shows the calculation of the time and distance saved by using the new 
layout, based on the values obtained from the year 2015. The operations mentioned in 
green is for the new layout and the red is for the previous layout.  The table 14 describes 
only the case of takt 5. With the inputs from the table the calculation for the movements 
of the operator and the time taken for it for the year 2015 has been calculated. 

                                            

                                     Table 14:Calculation of saved distance and time for takt 

                            

                      

                       

                                Table 15:Total distance and time saved by new layout 

 

TAKT No  of Days 
(Percentage) 

Saved distance/year(m) Time saved 
/year(min) 

1 11.458 1527.2 57.4 
2 40.062 10679.7 401.1 
3 11.55 4618.5 173.5 
4 17.187 9163.4 344.2 
5 16.666 11107.1 417.2 
6 3.125 2499.2 93.9   

39595.1 1487.1 
 

Distance (m) Movements Distance Dfor 1 engine assembly(m) Takt Percentage Days totald/day saved distance/yearTime saved/year(min)
HO-Hydraulic wagon 5 4.54 22.70 5 16.66 37 113.50 9055.9 340.10
HO-Hydraulic wagon 5 14.20 71.00 5 16.66 37 355.00

HO-rack 1 4 5.00 20.00 5 16.66 37 100.00 -645 -24
HO-rack 1 4 4.14 16.56 5 16.66 37 82.80

EO-rack7 10 1.82 18.20 5 16.66 37 91.00 1125.00 42.3
EO-rack 7 10 2.42 24.20 5 16.66 37 121.00

EO-rack 2 3 7.26 21.78 5 16.66 37 108.90 -2182 -82
EO-rack2 3 3.38 10.14 5 16.66 37 50.70

EO-accessories wagon 8 1.18 15.04 5 16.66 37 75.20 3269.90 112.80
EO-accessories wagon 8 4.06 32.48 5 16.66 37 162.40

MO-accessories wagon 5 5.44 27.20 5 16.66 37 136.00 -525 -20
MO-accessories wagon 5 4.88 24.40 5 16.66 37 122.00

MO-Hydrauilic wagon 1 6.76 6.76 5 16.66 37 33.80 1008.70 37.90
MO-Hydrailic wagon 1 12.14 12.14 5 16.66 37 60.70

11107.10 417.20
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Table 15 explains the total time and distance that could be saved, by considering the 
orders for the year 2015 Table describes, what would have been the time and distance 
saved by movements of the operator, by taking data from the year 2015. For example, at 
the takt of 1 (one machine per day) ,11.458 percent of the total working days for the year 
2015 has been considered, and then the saved distance and saved time has been 
calculated. 

The unnecessary movement can be a result of poor organized layout, not so well trained 
work force, and bad process design (Okpala, 2014). From this analysis, it is evident that, 
the new layout will reduce the movements of the operator and saves time. 

 Balancing and Sequencing 

The operations at each work station has been studied and sequenced in a manner that 
there will be better flow of process. There are three work stations within the engine pre 
assembly station, as per the new layout. The process flow is from mounting station, 
hydraulic station and finally electrical station. The operations at each work station are 
arranged in a manner that, its respective tools, raw materials, racks and equipment are 
placed nearby. One of the other factor considered during sequencing is the feasibility of 
performing the operations as per the sequence. 

Balancing of the operations within the engine pre assembly station is completed using 
the software avix (balance). The main agenda for balancing is to make operation time for 
the three workstations balanced and thereby reducing the overall time consumed by the 
engine pre assembly station during higher takts. See figure 11 for the pictorial 
representation of balancing. 

Before balancing at takt time 60 min 

 Time :80 min 

      Time: 60 mi                                delay 20min 

  to main line 

 

work station 1                                                          Work station 2 

                                                Figure 11: Before balancing situation 

After balancing at takt time 60 min 

 

 Time : 60 min                           Time : 58 min                      Time : 57min                                                       

  No delay 

 

work station 1                   work station 2                         work station 3                                                                                                                                 

                                              

Mountig 

Hydraulic Electrical Mounting 

Figure 11:After balancing situation 
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4.3.3 Swot analysis of the new layout 
Table 16:SWOT analysis for new layout 

A swot analysis(table 16)  helps in identifying the strengths, weakness, opportunities and 
threats of the new layout. Swot analysis is one of the strategic planning tool which is used 
in a project to evaluate the strengths, weakness, opportunities and threats involved (Hay 
& Castilla, 2006). 

                                     Table 16 : swot analysis for the new layout 

                                           

 
 
   
   
   
   
   
   
   
    

SWOT ANALYSIS 

STRENGTH WEAKNESS 

• Can be followed in different 
takt 

• Ergonomical 
• Reduce overall time 
• Better space utilization 
• Proximity to tools 

• Constrain at buffer location 
• Not possible if takt goes over 6 

 
 
 

OPPURTUNITIES THREATS 

 
• New variants can be included 

in the engine pre assembly 
• Can add tracks for the engine 

to be moved from one station 
to another 

 
• Buffer close to the main 

assembly line 
• Space constrain when the large 

dimension engine come for pre 
assembly 
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Chapter 5- Discussion 

     
 
This section describes the results obtained from the two research questions. Firstly, discussion of 
the methods adopted has been discussed which is followed by the discussion o0f findings 
    
 
The purpose of this thesis is to understand the concept of production levelling, in a low 
volume high variance manufacturing environment and also the concept of balancing a 
work station to reduce the time, in order to make it follow the takt of the assembly line. 
Two research questions were formulated to understand these concepts 
 
RQ1. What will be the feasibility of an external assembly work station, which manages 
the customized components in a low volume high variance manufacturing environment, 
having predefined takt? 
 
RQ2. How can a work station be balanced, to reduce the overall time and to be aligned 
with the takt of the assembly line? 
 
This chapter is divided into two sections, which are, discussion of methods where the 
methods adopted to answer the research question are described and the other section is 
discussion of findings. 

5.1 Discussion of Method  

A case study was conducted in a mobile compactors manufacturing company to collect 
the data for the two research questions. A case study investigates a contemporary 
phenomenon in its normal setting, where the boundaries between phenomenon and 
context are not evident (Yin, 1994). Literature study and the bottleneck at the company 
was the prime source for developing the purpose of research questions. The empirical 
findings were achieved through different data collection techniques. The methods and 
techniques adopted for answering the research questions were appropriate and helped 
in fulfilling the aim. Interview, focus group, time study, observation and data analysis 
helped in providing the inputs for the research. The literature review strategy provided 
with the previous derived knowledge on these research topics. Both qualitative and 
quantitative data was collected and their relation with each other has been understood. 
The qualitative data which is the literature review is connected to the quantitative data 
achieved during time study. 
Since different data collection methods were used, a problem of occurrence of diverse 
data for different methods was feared. But after the data collection and analysis, it has 
been seen that all data are interconnected and are related to the literature review. Since 
the case study was conducted in its natural setting and contact with the employees at the 
company by interview and focus group simplified the overall process and was able to 
check the validity of the data collected 
Data analysis was the major technique adopted for answering the RQ 1. All the data was 
provided by the employees of the company who are related to the area of study, at the 
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case company. The basic concept behind the research question was understood with the 
help of literature review. The study was conducted based on the data from the year 2015, 
which is regarding the orders for CA, BCC and SCC. Analysis and study of the data has 
helped in answering this research question. Focus group assisted in assessing the validity 
of the data and analysis. The main aim of the focus group was to identify problems 
associated with moving features to an external assembly station and come in an 
agreement for, which features has to be moved. 
For the RQ 2, time study and observation identified the bottleneck at the work station in 
the case company. A focus group was done to understand all the possible problems which 
occurs at that particular work station. The members of the focus group has been 
explained in chapter 3. The interview and the focus group provided data which are 
related. Layout redesign has been done to eliminate the bottlenecks and four different 
layouts were designed and the best one has been selected with the help of focus group. 
Later line balancing was done with the help of Avix software, within the work station. 
Literature review and document analysis supported the different techniques. 
The detailed description of the method ensures reliability of the research. The drawback 
associated with this research is difficulty to generalize, as the study is conducted in only 
one case company. Since the triangulation is used internal validity of this research is high, 
as different techniques are adopted to collect data for each research questions. Internal 
validity of the research work could be improved by strengthening the sources of the data 
collection which is the process of triangulation (Mathison, 1988). 

5.2 Discussion of Findings 

5.2.1 Answering research question 1 (RQ 1)    
As mentioned in chapter 1 the feasibility of the external workstation is mainly based upon 
the loss in working hours due to fluctuation in the assembly hours required for different 
products assembled in the line. So for obtaining a positive result with introducing the 
standalone workstations, the workstations should be able to handle some of the 
assembly operations done by the main line which are actually not in alignment with the 
assembly hours defined by the peak curves for all the assembly lines in the present state. 
When the standalone workstations are introduced, the plot area for the curve which are 
not defined by the peak curve are reduced which will help in decreasing the standard 
deviation of the lines. 

 
Graph 7: relative study considering impact of standalone workstations on BCC line 
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Here in the graph 7 a relative study of the production volume fluctuations is done so as 
to clearly visualize the impact of the standalone workstations on the main line. The curve 
marked as “before” draws the production volume when the whole assembly is handled 
by the main line and the curve marked “after” denotes the production volume in the line 
when certain selected operations are handled by the standalone workstations. The x axis 
of the graph presents the time required for the assembly operation and the y axis states 
the number of machines for the related time for assembly.   
 
When considering the BCC line, the standard deviation for the line in the present case 
was 5.4, with a loss of 2,084 hours due to assembly hour fluctuation when the assembly 
line is estimated to have a capacity of producing 90% of the overall products. If the line is 
aided with a pre assembly and post assembly station the standard deviation of the line 
will be reduced to 3 and the loss when setting up the capacity is 1,176 hours. These figures 
tell us that the highly fluctuating line has been more trimmed and a good share of the 
plot area is under the peak curve.  

 
Graph 8: relative study considering impact of standalone workstations on SCC line 

 
With the time for the assembly of the machines on the x axis and number of machines on 
the y axis the graph 8 gives a relative study of the production curves when the whole 
operation was undertaken by the main assembly line which is marked as “before” and 
when some of the operations are handled by the standalone workstations which is stated 
as “after” curve. 
Through the study of the assembly hours and the assembly sequence of different modules 
it was understood that the SCC line could only use the help of a pre assembly station. 
When the assembly of one module is moved to a pre assembly the standard deviation of 
the line shifts from 2.5 to 2.18. The impact of this line is evident when we compare the 
total assembly which was initially 39,551 hours and now decreased to 26,238 hours, 
however the loss in assembly hours when a capacity of 90% assembly of the products is 
fixed tends to be higher than the initial values. 
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Graph 9: relative study considering impact of standalone workstations on CA line 

Graph 9 was developed so as to conduct a comparative study of the assembly line 
fluctuations when the UREA systems are added to the CA line and when the same 
provision is made to be assembled in a standalone workstation. The x axis of the curve 
shows the time required for the assembly operations and the y axis displays the figures 
for the number of machines which takes the corresponding assembly time. 

In the CA line, the standalone pre assembly station could handle all the upcoming UREA 
systems so that the line is not further disturbed. Similar to the SCC line it was found that 
no assembly operations could be moved to the post assembly station. This causes the line 
to maintain a standard deviation of 2.34 from having a deviation of 2.72. With the 
introduction of pre assembly work station, 367 hours of CA line, 274 hours of SCC line and 
390 hours of BCC line are moved to that external work station. Post assembly was only 
feasible for BCC and 290 hours are moved to the post assembly station. Through the 
introduction of the standalone workstation to the CA line the loss due to setting a takt 
for the line which is mentioned in the table 8 and table 12 as “balancing loss”, is 
minimized as compared to the case when the UREA systems is included in the main 
assembly line. 

The figures which is used to plot the above curves shows a much stable assembly line by 
only considering a pre assembly station since the CA assembly line has only provision to 
move the UREA systems from the line to the pre assembly station due to the sequence in 
which the module should be assembled to the machine which was obtained from the 
focus group. The stability of the line could be actually understood from the relating the 
standard deviation from 2.7 to 2.3. The loss in the line when setting up a capacity limit is 
also significant as the value falls from 2,442.948 hours to 2,086 hours. The overall 
difference in the total working hours on the CA is having a big margin which could add on 
to the feasibility of having this standalone work stations. 
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5.2.2 Answering research questions 2 (RQ 2) 
The analysis of data collected from the case company showed the need for change in the 
engine pre assembly work station. After conducting the time studies wastes has been 
identified and categorized. The primary aims of time study is to increase productivity, 
lower unit cost and improve product reliability by identifying the non-value adding 
activities and thereby producing more quality goods for more customers (Hashim, 2008). 
Motion was the primary waste identified at the work station which is, the unnecessary 
movement of an operator or personals in a shop floor without adding any value to the 
final product. The main reason for the excessive motion is poorly designed layout (Okpala, 
2014). From the inputs from the focus group and time studies four different layouts has 
been proposed and the one which has less demerits has been selected by taking into 
consideration of movement and ergonomics of the operator. 
In the next stage of this research, in order to follow the takt of the main line, this work 
station has to be balanced. For this the engine pre assembly work station is divided into 
three different work station and line balancing is performed by which the tasks are 
distributed in different workstation (Kumar & Mahto, 2013). Solution has obtained, since 
the balancing is done and all work stations within the engine pre assembly station takes 
time, less than the takt time for the main line.5.2.2 Answering research questions 2 (RQ 
2) 
The analysis of data collected from the case company showed the need for change in the 
engine pre assembly work station. After conducting the time studies wastes has been 
identified and categorized. The primary aims of time study is to increase productivity, 
lower unit cost and improve product reliability by identifying the non-value adding 
activities and thereby producing more quality goods for more customers (Hashim, 2008). 
Motion was the primary waste identified at the work station which is, the unnecessary 
movement of an operator or personals in a shop floor without adding any value to the 
final product. The main reason for the excessive motion is poorly designed layout (Okpala, 
2014). From the inputs from the focus group and time studies four different layouts has 
been proposed and the one which has less demerits has been selected by taking into 
consideration of movement and ergonomics of the operator. 
In the next stage of this research, in order to follow the takt of the main line, this work 
station has to be balanced. For this the engine pre assembly work station is divided into 
three different work station and line balancing is performed by which the tasks are 
distributed in different workstation (Kumar & Mahto, 2013). Solution has obtained, since 
the balancing is done and all work stations within the engine pre assembly station takes 
time, less than the takt time for the main line.   
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Chapter 6– Conclusions 

       
 
In this chapter conclusions are presented for the research and followed by the future  
researches related to this concept. 

       

6.1 Conclusion 

The aim of the study was to understand how the concept of production levelling could 
affect the overall production in terms of production hours and also to analyse effective 
ways of altering workstation layouts to run in alignment with takt of the assembly line. 
For fulfilling the aim two research questions were formulated and answered.  
When considering the case of the feasibility study of the standalone workstations based 
upon the concept of production levelling, upon detailed examination of the outputs from 
multiple sources it could be concluded that through introducing standalone workstation 
the high fluctuations in the assembly lines could be reduced and the overall loss due to 
the balancing of the lines which were analysed with the help of capacity limit in the 
assembly lines is brought down significantly. The decision regarding whether standalone 
pre/post assembly workstation to be introduced in the facility should be taken 
considering the overall assembly hours which could be moved to the new inclusions. The 
feasibility check should be done by also considering the equipment/facility assistance as 
required for the selected assembly operations which might cover the factors relating to 
the layout of the pre assembly and the post assembly stations, positioning of the 
workstation such that the all three assembly lines is benefited as when required.  
The redesign of the workstation was done in order to make the pre assembly workstation 
to run in alignment with the assembly line even at higher takt. A layout was actually 
proposed which was considered to be feasible and effective in terms of the assembly 
hours required for the operation. The drawbacks of the existing layout were studied with 
the help of dividing the overall assembly operations into three stages and analysing each 
assembly operation with multiple time studies. When a developing a layout it was 
ensured that the effects of the bottlenecks were declined. SWAT analysis was conducted 
in order to relate the practical benefits of the layouts with the theoretical concept 
underlying the same. During the course of developing the layout, it was ensured that the 
proposal could be ergonomically supportive and the positioning of the equipment/tools 
were done accordingly. 
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6.2 Future research  

 
As this research case study was conducted considering only the production aspects, a 
feasibility analysis should be further carried out by considering the economic dimensions 
with the investment and ROI of the project.  
Considering the study related to the workstation a risk analysis needs to be conducted to 
ensure that the production environment meets all the safety standards as per Swedish 
work laws before the implementation. 
The study based upon classifying the assembly operations and introducing the concept of 
production levelling to reduce the fluctuations in the assembly lines was conducted on a 
single case study and therefore to improve the external validity similar case study could 
be conducted on a different facility. 
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Appendices 

Appendix 1 - Guide for Interview-  Manufacturing engineer, 
CA line (RQ 2) 

 
Introduction 

• Welcomed and thanked the interviewee 
• Role for each member 
• Agenda of the interview 
• Topics to be covered explained 
• Confidentiality 
• Time for the interview 
• Ask if there is anything not clear 

 
 
 

1 Name of the company Atlas Copco-Dynapac 

2 Sector - company function Manufacturing mobile Compactors 

3 Responsibility of participants Manufacturing engineer , CA 

4 Time required 40 min 

 

 
   

1 What all are your duties regarding the CA line?  

2 How often does the CA line run in higher takts?  

3 Will the minimisation of waste from the engine pre 
assembly station benefits the CA line? 

 

4 What was the difficulties faced during higher takt?  
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5 Can the manning be adjusted ? can workers from other 
work station assist this task during higher takt? 

 

6 Have there been any ergonomic issues mentioned by the 
operator before? 

 

7 What do you think are the possible drawbacks at engine 
pre assembly work station in the present scenario? 

 

8 Have there been any previous study conducted in the 
engine pre assembly work station? 

 

9 Has there been any lean tools used in the company?  

10 Are there any recommendations you would like to 
provide in conducting this study? 

 

12   

 
 

Appendix 2- Guide for Focus group-  CA line (RQ 2) 

 
Introduction 

• Welcomed and thanked the interviewee 
• Role for each member 
• Agenda of the interview 
• Topics to be covered explained 
• Confidentiality 
• Time for the interview 
• Ask if there is anything not clear 

GENERAL INFORMATION  
1 Name of the company Atlas Copco-Dynapac 

2 Sector - company function Manufacturing mobile Compactors 

3 Responsibility of participants CA Line 

4 Time required 60 min 

5 Number of participants 6 
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1 What are the main problems faced at the work station during 
higher takts? 

 

2 Is there any specific work , within the work station , the main 
reason for the increased lead time? 

 

3 Do you think the number of operators at the engine pre 
assembly station during higher takts are enough? 

 

4 What are all the ergonomic issues faced by the operator at the 
engine pre assembly work station? 

 

5 Do you think the racks , tools and machines are correctly placed 
based on the operating sequence? 

 

6 Do you think the bottlenecks are similar for all variants of 
engine as the size is different from one another? 

 

7 What is your opinion on increasing the floor space of the engine 
pre assembly work station? 

 

8 How do u consider the movement of engine from one place to 
another in the work station? 

 

9 How do you relate to the ergonomic perspective of your 
production system? 

• easy 
• Work posture problems 
• Heavy Engines (difficult) 
• Difficult to turn? 

 

 

10 Do you have any inputs in reducing the lead time for this work 
station? 

 

11   
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Appendix 3 -  Guide for focus group – external work 
station (RQ1) 

 

 

1 Name of the company Atlas Copco-Dynapac 

2 Sector - company function Manufacturing mobile Compactors 

3 Responsibility of participants CA , SCC , BCC line main employees 

4 Time required 60 min 

5 Number of participants 7 

 

 

1 What do you think are the main reasons behind the concept of 
a standalone work station which provides support for the three 
main assembly lines? 

 

2 What do you think are the main benefits by the introduction of 
a standalone work station? 

 

3 Which all features from each line can be moved to the stand 
alone assembly station? 

 

4 What is the feasibility of moving the mentioned features?  

5 Which lines is going to benefit more by doing so?  

6 Which line has the most customize orders?  

7 Do you think there is a need for including three assembly lines 
for this task? 

 

8 Have you thought about a post assembly work station?  
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9 What do you think about  the shop floor space for this setup 
and the return of investment? 

 

10 How does this change affect the other areas of the shop floor?  

11 What will be the effect of standalone work station on the 
manning for the three lines? 

 

 

Appendix 4 – Time study data (RQ 2) 

sl 
no 

work 
element 

start 
time 
hh.m

m 

stop 
time 
hh:m

m 

Ti
m

e 
in

 m
in

 

Ti
m

e 
in

 se
c 

Value 
adding 
Time( 
sec) 

Non 
value 

adding 
time(se

c) 

Tim 
on 

fast
ener 
coll
ect(
sec) 

Securing 
tags 

Tim on 
hydraulic 

hoses 
collect(se

c) 

        

 

un
its

 

tim
e(

se
c)

  

1 unmasking 
the engine 

14:36 14:4
1 

5 30
0 

48 252 10 
   

2 removing oil 
filter 

14:41 14:4
4 

3 18
0 

36 144 8 
   

3 removing 
caps 

14:44 14:4
6 

2 12
0 

21 99 49 
   

4 mounting 
water hoses 

14:46 14:4
9 

3 18
0 

35 145 14 
   

5 attaching 
mounting 
chain 

14:49 14:5
3 

4 24
0 

29 211 
    

6 removing 
carrier 

14:53 14:5
4 

1 60 10 50 
    

7 removing 
frames 

14:54 14:5
8 

4 24
0 

12 228 
    

8 applying 
lubricant 

14:58 15:0
0 

2 12
0 

12 108 
    

9 fixing  
mounting 
frame 

15:00 15:0
5 

5 30
0 

48 252 75 
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10 mounting 
the engine 
on frame 

15:05 15:0
9 

4 24
0 

40 200 
    

11 unchaining 
the lifts 

15:09 15:1
3 

4 24
0 

10 230 
    

12 Drain oil 15:13 15:1
8 

5 30
0 

40 260 14 
   

13 fix drain 
nozzle 
assembly 

15:18 15:2
2 

4 24
0 

10 230 
    

14 Attach drain 
nozzle 

15:22 15:2
7 

5 30
0 

20 280 8 
  

25 

15 Continue 
attaching 
the water 
hoses (for  
CAB) 

15:27 15:3
1 

4 24
0 

22 218 
    

16 Fixing 
brackets 

15:31 15:3
7 

6 36
0 

35 325 9 
   

17 attaching oil 
filter 

15:37 15:4
2 

5 30
0 

12 288 
    

18 fixing oil 
filter hoses 

15:42 15:4
8 

6 36
0 

35 325 27 
   

19 mounting 
AC 
compressor 

15:48 15:5
5 

7 42
0 

25 395 26 
   

 
End of the 
work shift 

   
0 

 
0 

    

20 mounting 
the steering 
pump on 
engine 

06:35 06:4
0 

5 30
0 

20 280 26 
   

21 fixing the 
hydraulic 
block 

06:40 06:4
4 

4 24
0 

23 217 
    

22 mounting 
engine 
electric 
cables 

06:44 06:4
8 

4 24
0 

40 200 
    

23 securing the 
electric 
cables  

06:48 06:5
2 

4 24
0 

25 215 
 

5 20 
 

24 Fixing the 
wiring cable 
on steering 
pump 

06:52 06:5
7 

5 30
0 

10 290 
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25 Fixing 
electric 
cables on 
start motor 

06:57 07:0
5 

7 42
0 

38 382 
 

1 6 
 

26 Continue 
securing the 
electric 
cable 

07:05 07:0
9 

4 24
0 

25 215 
 

21 50
9 

 

27 Continue 
fixing the 
electric 
cables on 
start motor 

07:09 07:1
2 

3 18
0 

46 134 
    

28 Continue 
securing the 
electric 
cable 

07:12 07:1
6 

4 24
0 

49 191 5 
   

29 Fixing the 
exhaust pipe 
on the turbo 

07:16 07:2
0 

4 24
0 

34 206 
    

30 Mounting 
the coupling 
on the 
engine 
frame 

07:20 07:2
5 

5 30
0 

27 273 
    

31 Lifting and 
fixing the 
pump 
assembly on 
engine 

07:25 07:3
3 

8 48
0 

83 397 86 
   

32 Mounting 
the adapter 
on the 
engine 
frame 

07:33 07:3
4 

1 60 10 50 
    

33 Fixing the 
electric 
hoses on 
pump 
assembly 

07:34 07:4
0 

6 36
0 

32 328 
 

14 20
1 

 

34 Fixing the 
hydraulic 
hoses 

07:40 07:5
9 

19 11
40 

145 995 10 
  

133 

35 Securing the 
hydraulic 
hoses 

07:59 08:0
2 

3 18
0 

26 154 
 

1 10 
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36 Mounting 
ventilation 
hoses 

08:02 08:0
3 

1 60 18 42 
    

37 Mounting 
fuel hoses 

08:03 08:0
8 

5 30
0 

20 280 
    

 
WASTE 08:08 08:1

0 

   
0 

    

38 Filling 
engine oil 

08:10 08:1
4 

4 24
0 

240 0 
    

39 Securing the 
engine for 
transport 

08:14 08:1
6 

2 12
0 

20 100 
    

     
10
62
0 

total=1
431 
sec 

total=9
189 sec 

367 42 74
6 

158 

 

 

 
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      



 
 

69 
 

      
      


	Chapter 1 – Introduction
	1.1 Background
	1.2 Problem statement
	1.3 Purpose and research Question
	1.4 Delimitation
	1.5 Thesis Outline

	Chapter 2 – Theoretical framework
	2.1 Lean Production
	2.1.1 Wastes in production
	2.2 Line Balancing
	2.3 Production Levelling
	2.4 High variance Low volume
	2.5 Layout Planning
	2.5.1 Facility layout planning
	2.5.2 Factors affecting layout planning

	2.6 Mixed model assembly lines
	2.7 Takt Time
	2.8 Ergonomics

	Chapter 3 - Method and Implementation
	3.1 Research process
	3.2 Research Approach
	3.2.1 Methodological choice
	3.2.2 Case study

	3.3 Data Collection
	3.3.1 Literature Review
	3.3.2 Document analysis
	3.3.3 Focus Group
	3.3.4 Interview
	3.3.5 Time study
	3.3.6 Modelling
	3.3.7 Layout Redesign

	3.4 Analysis of Data
	3.5 Expected Validity and Reliability
	3.5.1 Validity
	3.5.2 Reliability


	Chapter 4 – Empirical Findings and Analysis
	4.1 Case Company
	4.2 General outline
	4.2.1 Current Situation and findings (RQ 1)
	4.2.2 Current Situation and findings for RQ 2

	4.3 Analysis
	4.3.1 Analysis for RQ  1
	4.3.2 Analysis for RQ  2
	4.3.3 Swot analysis of the new layout


	Chapter 5- Discussion
	5.1 Discussion of Method
	5.2 Discussion of Findings
	5.2.1 Answering research question 1 (RQ 1)
	5.2.2 Answering research questions 2 (RQ 2)


	Chapter 6– Conclusions
	6.1 Conclusion
	6.2 Future research
	References
	Appendices
	Appendix 1 - Guide for Interview-  Manufacturing engineer, CA line (RQ 2)
	Appendix 2- Guide for Focus group-  CA line (RQ 2)
	Appendix 3 -  Guide for focus group – external work station (RQ1)
	Appendix 4 – Time study data (RQ 2)

