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Sammanfattning 
Rapporten, som är en del av kursen ”MG202X Examensarbete”, har skrivits för institutionen 

Industriell Produktion på KTH under handledning av Antonio Maffei. Arbetet har inriktats på 

att utveckla ett monteringssystem hos Schneider Electrics produktionsanläggning i Nyköping. 

Författarna har delat upp rapporten mellan en litteraturstudie kring Lean produktion och 

monteringssystem, en analys av den aktuella situationen och en presentation av lösning. 

Litteraturstudien presenterar tre separata delar som bildar ramverket till vår analys. Den första 

delen är monteringssystem vilket beskriver olika typer av designalternativ samt vilka förluster 

som finns i ett monteringssystem. Vidare består den andra delen av Lean produktion där 

utvalda delar av filosofin har beskrivits. Den sista delen av studien behandlar utformandet av 

den enskilda arbetssituationen med hänsyn till ergonomi och komponentpresentation. 

Analysen av situationen hos Schneider Electric har gjorts under en tremånadersperiod 

inkluderat tidsanalyser, observationer och intervjuer. För att analysera dagens system krävdes 

en modell för uppskattning av monteringstider och arbetsbelastning. En djupgående förståelse 

av dagsläget var grunden för att skapa ett anpassat och accepterat monteringssystem. 

Arbetet resulterade i två förslag till monteringssystem. Det ena systemet bestod endast av en 

arbetsstation för enklare monteringsförfarande. Det andra systemet skall användas till mer 

komplexa produkter och har en högre kapacitet då den består av tre arbetsstationer. Då 

monteringssystemet består av tre skiljda arbetsstationer innebär detta att monteringsprocessen 

har delats vilket skedde genom att en avvägning mellan logisk delning och balansering. Båda 

systemen använde sig av ett kanbansystem för komponenttillförsel. 
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Abstract 
The report, which is a part of the course ”MG202X Examensarbete”, has been written for the 

institution Industrial Production at the Royal Institute of Technology (KTH) with guidance 

from Antonio Maffei. The work has been focused on creating an assembly system at a 

production facility for Schneider Electric in Nyköping. The Authors has divided the report 

into a literature review containing Lean production and assembly systems, an analysis of the 

initial state and a solution. 

The literature review presents three separate parts which creates the framework of our 

analysis. The first part regards assembly system and describes different types of design 

alternatives and which losses that can be found in an assembly system. Furthermore the 

second part contains Lean production where selected parts of the philosophy are described. 

The last part of the literature review treats the design of the workstation with regards to 

ergonomics and part presentation. 

The analysis at Schneider Electric has been conducted during a three month period and has 

included time studies, observations and interviews. To analyze the initial state a model for 

estimating assembly times and workload were needed. An in depth understanding of the 

initial state was the foundation to be able to create an adapted and accepted assembly system.  

The work resulted in two suggested assembly systems. One system contains only one 

workstation and was to be used for a simple assembly process. The second system is to be 

used for more complex products and has a higher capacity as it contains three workstations. 

As the assembly system contains three separate workstations it means that the assembly 

process has been divided which were done through a consideration between logical split and 

balancing of the system. Both systems used a continuous supply system for components. 
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1 Introduction 
This section presents a background to the problem including a problem description, aim and 

objectives. Further on the chosen methodology as well as limitations of the research are 

presented and discussed in this section.  

1.1 Background – Description of conditions around the project  
The background of this project, which is a part of the course “MG202X Master thesis”, is the 

closure of a production unit in Växjö. One part of the factory produced poles and posts with 

sockets which is called “prewired”, see Figure 1. Parts of this production have been moved to 

a production unit in Nyköping while some of the manufacturing has been transferred upstream 

in the supply chain to a supplier. The production in Nyköping has not been rearranged since 

the transfer, which therefore leaves room for improvement. 

 

Figure 1 - Examples of products within "pre-wired"[1] 

Different product families show high lead times both internally and externally which creates 

difficulties towards customers. This issue has been divided into two projects where one 

focuses on external lead time both through collaboration and inventory control. The other 

project focuses on the internal flow which is the project concerned by this academic paper. 

The factory in Nyköping is a part of Schneider Electric which also was the case for the 

production unit in Växjö. These factories were a part of Thorsman which affects the attitude 

of many of the employees within the factory. Schneider electric took over Thorsman in 2000 

and exercised a passive leadership for five years before the operations were adapted to the 

strategies within the Schneider Electric group.[2] 
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Schneider Electric has developed a production system called “Schneider production system” 

(SPS) which defines the philosophy of how production within the Schneider Electric group 

should come about to comply with the overall strategy. The production system originates 

from Lean philosophies which have been described with other words. SPS has been divided 

into three categories, people commitment, product-process engineering and management of 

industrial and logistic processes, which can be seen in Figure 2. People commitment refers to 

the necessity of involvement from everyone. Product-process engineering stresses the need 

for each process/product to be simple, reliable, flexible and elastic. The final category, 

management of industrial and logistic processes, focuses on the need to have a pull system 

and to quantify measurements in order to improve.[3] 

 

Figure 2 - The three categories of SPS[3] 

1.2 Problem description 

The objective with this master thesis is to design an efficient assembly line for the products 

produced at prewired department. The design must allow low quantities and high variation at 

the same time as it needs to be easily adjusted to fit demand. Improvements should have the 

shape of an assembly system, which in line with Lean principles, minimizes work in progress 

and creates a basis for high quality and quick feedback. 

Further, the work aims to analyze how balancing of the line and ease to use can be adjusted in 

order to create the best final result. The final result needs to consider ergonomic issues in the 

design of the workstation as well as constraints and possibilities created by the current design 

of the factory and supporting activities. 

An implementation procedure should start as a result from the analysis of the department. The 

initial results of the implementation can bring information of the reliability and fit of the 

chosen solution. 

The following questions will be investigated to solve the issue; 

 How can the production be divided into different workstations?  

 How should the process be balanced in order to create efficiency? 

 How should the workstation be design to minimize waste and meet ergonomic needs? 

 What was the result of implementation of the assembly system? 
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1.3 Methodology 
In order to present improvement suggestions that answer to the current situation; the context, 

operation and theory needs to be considered. The context stands for culture within the 

company, the attitude towards change, the demands from the management etc. The operation 

stands for the prerequisite within the company considering product designs, machines, the 

capacity requirements etc. Finally the theory stands for the current literature within Lean, 

manual assembly systems and line balancing together with ergonomic studies related to 

assembly. The methodology description has been simplified by describing the process as 

linear even if the actual process transpired in a more iterative approach. This simplification 

intends to give the reader a better understanding and overview of the project. 

1.3.1 Literature review 

The first step in the project was to conduct a broad literature review to identify which 

concepts and tools that are appropriate to use for the problem. The base of the literature 

review is the authors’ earlier knowledge from the education at KTH which gave references to 

main authors within different fields. Extra effort was put in the review considering assembly 

systems since knowledge from the education could not satisfy the need from the stated 

problem. The search for literature was conducted through library catalogues and the electronic 

resources from KTH.  

1.3.2 Data collection 

The second step of the project was to make an empirical study of the situation at the company. 

The study at the company included observations, time studies and interviews.  

Observations were made both through personal involvement in the observed processes and to 

observe as a passive bystander, but in both cases in the natural environment. The impact of 

our presence is recognized and had been taken in to consideration as the gathered data has 

been interpreted.  

Most of the interviewees have been operators where the interviews had an informal style in 

order to create a more comfortable environment. By creating a more open environment for the 

interviews, more sensitive information was gathered. In order to further secure an open 

environment, operators have been assured that the information gathered from their interviews 

will be anonymous as they are presented. Interviews that were conducted with management 

had a semi-structured form in order to create more efficient interview sessions which was also 

the case for other interest groups.  

When performing time studies, some parameters that affects the result has been identified and 

considered in order to acquire as reliable and accurate results as possible. Time studies have 

been used to measure the assembly time of different products and processes. The 

measurement is affected by the operator, time of day, previous experience of the product, 

quality of product or articles and the recording process. As discussed in 3.5.4.1 “Assembly 

time data” the measurement of each product can be used as synthesis and thereby complement 

the measurements of other products. For each product a number of measurements have been 

undertaken with different operators in order to minimize the effect of previous mentioned 
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parameters. The data provides clear trends and indications, so for the purpose of this analysis 

the amount of measurements can be seen as sufficient according to the authors. By using the 

quantitative data from time measurements and the qualitative data from interviews and 

observations to investigate similar phenomenon a triangulation method has been used. The 

advantage of such a method is that the biases from each of the different sources can be 

reduced and therefore create a more reliable result. 

1.3.3 Analyzing and concluding from the data 

When analyzing data, the approach was to quantify as many variables as possible in order to 

get an overview of the situation. Information regarding the products and the assembly process 

was however quantified successfully in terms of ergonomic problems and specific practical 

problems a more qualitative data analysis was needed. By using an approach with both 

quantitative and qualitative data we intend to balance between a good overview of the 

situation at the same time as we can get important in-depth knowledge of selected areas. By 

using the two different approaches the authors intend to achieve a triangulation in the analysis 

of the data. [4] 

To find solutions for the studied problem, the theoretical knowledge and information from the 

literature study was compared to the situation of the company in order to find tools which 

could help to create an efficient and effective assembly line. An expert on the specific 

production system within Schneider Electric has been a main source of information 

considering how the solution can be aligned with the praxis of the company as a whole. 

1.4 Limitations 
We have excluded posts and furniture units from our analysis and focused on poles. 

According to the management of the plant the prioritized and most common products can be 

found within the pole segment which justifies the choice of focusing on that segment. 

Automations in the assembly system will not be included in the analysis since it is out of the 

scope of our work. 

This thesis has no intention of analyzing the method of assembly itself and possibilities to 

improve the operations. Due to time constraints the evaluation of suggested solutions cannot 

be fully evaluated in terms of the partition of operations. 
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2 Assembly – basic jargon and definitions 
There are many ways to describe an assembly and even more terms that can be used for the 

same operations and articles. This first part will present some basic terms and definitions in 

order to be more specific throughout this thesis. 

2.1 Main activities in assembly 
According to Nof et al. [5] assembly is “the aggregation of all processes by which various 

parts and sub-assemblies are built together to form a complete, geometrically designed 

assembly or product (such as a machine or an electronic circuit) either by an individual, batch 

or continuous process”
1
 . Thus assembly includes two basic tasks; mating and joining parts [5]. 

Often more activities are included in the term assembly, such as marshaling, transportation 

and handling parts, and inspecting and testing the assembled product [6][7], see Figure 3.  

 

Figure 3 - The main process of assembly, adapted from Whitney [7] 

After the parts needed for assembly have been produced, they need to be marshaled in the 

right quantities and sequence [7], i.e. the logistical activities process planning and sequencing 

dispatching. There are several strategies for the logistical activities, whereas one distinction is 

“pull” and “push” strategies [7]. In a pull system, material is sent from one step to the next 

                                                 

1 Quotation is to be found on page 2. 
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only if the following production step has expressed a need for more material [8]. The contrary 

is a push system where the production steps do not take in consideration if the next step needs 

material or not [8]. For further information of pull and push strategies, see 3.4.4 “Just-In-

Time”. 

Transportation is an activity which includes internal transfer of parts or sub-assembly between 

stations and is therefore an extent of marshaling. [7]  

Handling (some authors call this activity presenting) is picking from, and in some cases adjust 

the part before joining it with other parts or sub-assemblies within the assembly cell [6]. An 

example of a handling activity is to place and remove parts from fixtures etc.  The part can be 

handled directly from transportation or can be oriented by a feeder and the activity can be 

performed by a human hand, tool or by a robot gripper. [7]  

Part mating is to correctly orientate the parts and to fit them together [6]. In some cases, 

mating and joining are done in the same activity, e.g. snap-fits [7]. Other mating types are peg 

in hole, hole on peg, multiple pegs in hole and stacking [5].  

Joining is fastening the parts and the activity is performed after the parts are mated [6]. 

Common joining tasks are fastening screws, press fits, snap fits, welding, adhesives, crimping 

and riveting [5][6][7].  

After the assembly is complete, an inspection often occurs where the operator determine if the 

assembly is correctly performed.  The difference between inspecting and testing is that 

inspecting is often done visually whereas testing is done on particular specifications with test 

equipment. [7] 

2.2 Definitions of physical components in the assembly 
There are several names and definitions of the components used in the assembly process 

[6][9]: 

 Base object: The component chosen to be the base of the assembly, on which individual 

components and sub-assemblies are assembled.  

 Components: The parts needed for the assembly, considered individually. Synonyms of 

component can be part, detail and article.   

 Sub-assembly: A base object with one or more components mated and/or other sub-

assemblies fixated.  

 Final assembly: Final stage of assembly where the assembly tasks results in a finished 

product.  

 Product: Base objects, components and sub-assemblies are assembled to a final state.  
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3 Assembly system – literature review 
The following section describes the assembly system including subjects such as ergonomics, 

architecture, system losses and production philosophy. 

3.1 Levels of the assembly system  
The term ‘assembly system’ has no unambiguous definition but it can be said to contain three 

different levels; assembly unit, assembly cell and groups of assembly cells [6].  

The assembly unit will perform a specific assembly operation, e.g. in automatic assembly, the 

assembly unit is a robot and in manual assembly the assembly unit is the operator [6]. The 

assembly unit will perform the activities handling, mating, joining and often inspecting and 

testing the assembly.  

The next level is an assembly cell which contains the assembly unit and all extra equipment 

needed to be able to perform the assembly tasks [6]. The extra equipment can for example be 

part feeders, tools, grippers and belt conveyers or other types of part transportation equipment 

[6].  In a single-station assembly configuration, the activities mating and joining parts on the 

base object are performed at a stationary location [5]. In this report, the term workstation will 

be used as a synonym for assembly cell.   

A group of assembly cells is a logical demarcated subsystem which clearly can be 

distinguished from the other cells. Groups of assembly cells typically produce sub-assemblies 

of the product. [5][6] 

3.2 Architecture of the assembly system 
The assembly system can also be classified according to the architecture of the system. The 

architecture refers to the layout of the assembly cells and the arrangement of part 

transportation between the cells.  There are several types of architectures such as serial flow, 

parallel flow, team assembly, fishbone flow, U-shaped line and cellular assembly line. [7] 

3.2.1 Serial flow 

Material flows from one workstation to the next in a linear manner, see Figure 4. Often the 

transportation between stations is done by a conveying system, either in a synchronous or 

asynchronous way [10]. The cycle time, i.e. the average time between the outputs of a process 

[11], for the entire system will be equal to the cycle time for the most time consuming station 

plus the transportation time between two stations [6]. For an effective system the workstation 

needs to be balanced, i.e. the cycle time for each workstation must be fairly equal.  
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Figure 4 - Schematic figure of a serial flow [9]2 

One major disadvantage of a serial flow is that a stop for one workstation will stop the entire 

system if no buffers between the stations are used. Another disadvantage is that the tasks 

performed at each station are often monotonous for operators and they will often be paced by 

the equipment. On the other hand, serial flow will make the material transportation simple 

since it will only be moving in one direction. [6] [7] 

3.2.2 Parallel flow 

In a parallel flow the same assembly task will be performed at several parallel workstations, 

see Figure 5. Parallel flow can be used when the cycle time for a single workstation is too 

long and by using parallel workstations the total output of the workstations will increase to an 

acceptable level. This type of architecture will make the material system more complex 

because all workstations in parallel will need the same components. The system will not be as 

vulnerable as a serial flow since parallel workstations are not dependent on each other. [6] 

 

Figure 5 - Schematic figure of a parallel flow [9]3 

3.2.3 Team assembly 

Team assembly is when a group of operators have responsibility over a large number of tasks, 

instead of the Tayloristic production philosophy where one operator should handle one or a 

few assembly task [12]. The team will divide and plan the work themselves. Team assembly 

put great demands on the product since it must allow assembly tasks to be performed at the 

same time by different operators. Benefits of team assembly are that it will reduce the 

monotony for operators and improve the quality of work [6] [7].  

                                                 

2 Picture is to be found on page 261. 
3 Picture is to be found on page 261. 
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3.2.4 Fishbone flow 

Fishbone line architecture consists of one main line, the spine, where the final assembly will 

be performed and several smaller lines, the bones, which produce sub-assemblies and deliver 

them to the final assembly line where they are needed, see Figure 6. The fishbone flow is 

most suitable for smaller modular products with sub-assemblies that need to be systematically 

tested before assembling them on the base object at the final line. [7] 

 

Figure 6 - Fishbone line architecture with the final assembly line as the spine and sub-assembly lines as connecting 

bones [9]4 

3.2.5 U-shaped line  

U-shaped line is a serial flow line shaped like the letter U where the start of the line is close to 

the exit, see Figure 7. Operators will work inside the U-line; this will reduce the distance 

between operators and the different stations and thereby facilitate teamwork and increase 

communication amongst operators. Since the operator can be responsible for several 

workstations, the monotony of work will most likely be reduced and the quality of work will 

be improved compared to a straight serial line. [13] 

 

Figure 7 - A U-shaped line, here the operators are working outside the line, but it is more common for the operators to 

work inside the line [9]5 

                                                 

4 Picture is to be found on page 275. 
5 Picture is to be found on page 275. 
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3.2.6 Cellular assembly line 

A cellular assembly line is designed for one operator to do several assembly tasks. The 

operator is working inside the cell, which should provide all equipment the operator needs to 

be able to do the assembly, see Figure 8. By performing several assembly tasks, operators will 

gain a more coherent knowledge about the process and thereby make it easier for the operator 

to diagnose problems.[7] 

 

Figure 8 - Example of a cellular assembly system, adapted from [4] 

There are many different possible configurations of cellular assembly lines, but they are 

normally designed to minimize material handling and to obtain an efficient continuous flow 

[14]. The line design is often used for its flexibility; if extra capacity is needed or a new 

product should be assembled at the line, an extra assembly cell can easily be added. 

According to Weber [14], a cellular assembly line is often unsuitable for low-volume, high-

mix production.  

3.3 Assembly system losses 
All assembly system will always have losses, i.e. time spent performing activities apart from 

assembling. The sizes of the losses are dependent on the type of assembly as well as 

architecture of the assembly system. According to [6] there are eight general types of system 

losses; balance losses, handle losses, system losses, variant losses, disturbances in the 

production flow, motivation losses, additional personnel cost and organizational losses.  

3.3.1 Balance losses 

The different workstations in an assembly line will always have different individual cycle 

times [6]. The balance loss of an assembly system can be defined as the sum of the 

workstations idle time, i.e. difference between the accumulated time to perform all operations 

assigned to the workstation and a given cycle time [15]. The extents of the losses are 

dependent on the number of workstations and the cycle time of the separate workstation; with 

short cycle time and many stations the balance losses will increase in the basic case [6][16]. 

Minimizing the balance losses in its basic form is trying to arrange the assembly tasks in such 

a way that [15]:  
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(1) The sum of all tasks performed at each workstation do not exceed the given cycle time. 

(2) All tasks are allotted to a workstation so that tasks can be performed in a sequence without 

violating dependencies between assembly tasks. 

(3) The sum of idle time should be minimized. 

A common tool for visualizing and arranging assembly operations to workstations is the 

“precedence diagram”. The first step in creating a precedence diagram is to list every 

assembly task and clock the required time to perform the tasks. Next, precedence relationships 

of the assembly tasks are identified. A precedence relationship is a constraint between two 

tasks. [15] 

For example see Table 1. Task A do not depend on any operations, but to perform task B, task 

A needs to be done. This creates a precedence relationship between task B and A. The tasks 

and their precedence relationships can thereafter be visualized in a precedence graph, where 

the assembly tasks are represented by a circle and the precedence relationships are represented 

by connecting arrows, see Figure 9. In the precedence graph the performance time for each 

task is also presented. 

Task Performance Time (s) Precedence Relationship 

A 10 - 

B 5 A 

C 15 A 

D 3 C 

E 7 B, D 

Table 1 - Illustrative example of how to create a precedence diagram 

 

Figure 9 - Example of a precedence graph 

After identifying assembly tasks and their precedence relationships, the tasks can be assigned 

to workstations. Often there are several combinations of tasks for each workstation which 

satisfies statement (1) and (2) discussed above. To satisfy statement three, to minimize idle 

time, programming is often needed. [15] 
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3.3.2 Handling losses 

As discussed earlier, activity handling is a part of the assembly process. This activity does not 

increase the value of the product and should therefore be minimized. Like balance losses, 

shorter cycle time for each station will increase handling losses [6]. Handling losses can be 

reduced by designing the workstation to minimize movement of the assembly unit through 

placing all needed components close to the workstation in a correct order [17].  

3.3.3 System losses 

System losses refer to losses created by humans who naturally do not perform a task with 

constant speed, cycle after cycle and will have dips as a consequence of fatigue.  System 

losses will have the effect that cycle time for workstations will change, and thereby increase 

total idle time even for well-balanced lines. One way to reduce effects of system losses is to 

create buffers between workstations. [6][7] 

Whitney [7] defines a buffer as “an empty space where partially completed assemblies can 

wait after leaving a station before entering the next one”
6
.  By building buffers, upstream 

workstations can continue working although downstream workstations are blocked until the 

buffer is full.  In the same way, buffers make it possible for downstream workstations to go on 

with assembly if an upstream workstation is blocked, until the buffers are empty. But buffers 

will also tie up money and space on the shop floor, which makes the size of buffers a tradeoff 

of minimizing system losses on one hand, and on the other hand tying up money and space. 

[7] 

Buffers will be further discussed from a Lean perspective, see 3.4.1 “Seven plus one plus one 

wastes”. 

3.3.4 Variant losses 

If several models are produced in the same assembly system, in a so called mixed model 

system, variant losses will occur due to set-up times and different assembly cycle times for 

variant models. A traditional view has been to minimize variant losses by producing product 

variants in large batches. This approach has several disadvantages, such as long lead time and 

inflexible systems. [6] 

Advantages of small batches and quick changeover times will be further discussed under 3.4 

“Lean production”. 

3.3.5 Disturbances in the production flow 

An assembly system is affected by material flow. If there are disturbances, for instance late 

delivered components or faults in the equipment, the entire system can be blocked [6]. To 

prevent late delivered components, the production needs a well-developed internal and 

external material handling system, which will be discussed under 3.5.3.3 “Kitting or 

continuous supply”. A method for preventing unplanned equipment breakdown is Total 

Productive Maintenance (TPM) [11]. By involving everyone in maintenance and creating a 

                                                 

6 Quotation is to be found on page 440.  
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feeling of ownership of their machines, equipment failures will be minimized and at the same 

time higher skills of operators will be developed [11].  

3.3.6 Motivation losses 

Motivation of operators will highly affect productivity and quality of the assembly system 

[17]. There are several theories which try to explain how human’s motivation and satisfaction 

will be affected by the surrounding environment. According to Eriksson-Zetterquist et al. [12] 

motivation theories can be divided into either content oriented or process oriented.  

Content oriented motivation theories seeks to find basic human needs and by fulfilling these 

basic needs, motivation will increase [12]. Most of the theories were developed during the 

1950’s, 1960’s and 1970’s. Example of content orientated theories are Maslow’s hierarchy of 

needs [18], McGregor’s theory Y and theory X [19] and Herzberg’s dual structure theory [20]. 

[12] 

Process oriented theories seek to find how motivation occurs. These theories were mostly 

developed during 1960’s, 1970’s and 1980’s with McClelland’s achievements theory [21], 

Vroom’s expectancy theory [22] and Adam’s equity theory [23] as most influential theories. 

[12] 

Critics of motivation theories opine that models mentioned above do not provide practical 

guidance for actively increasing motivation of employees [12]. Mårtensson [24] therefore 

formulated six requirements on work organizations to create a motivational and ergonomic 

work environment, see Table 2. 
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Requirements              Criteria 

Versatile job content The individual should plan, perform and monitor his job, 

which will become a well-defined part of the process 

Responsibility and participation Individual/group responsible for the whole task 

Monitoring of one’s one work 

Participating in the design process 

Information processing Planning of one’s work 

Cognitive activity in new situation e.g. problem solving  

Decision making 

Influence on the physical work 

performance  

Operator’s working pace controlled by process only 

temporary 

Operator chooses working method 

Work permits physical mobility within the department as 

well as variety in physical motions 

Possibility to leave work place for a short while 

Contact and co-operators  Verbal and visual contact with at least one person 

Contact with colleagues in other “process steps” 

Co-operation in a team 

Competence development To the individual acceptable skill level 

Competence of the individual is being used in more qualified 

tasks 

Continuous training  

Table 2 - Requirements and criteria of work organization for a motivational environment [24]7 

To be able to fulfill these requirements, the operators should perform the tasks; planning, sub-

assembly, final assembly, testing and packaging. Operators should be involved in planning to 

satisfy the requirement of versatile job content. Planning activities will increase understanding 

between work and supply chain. By shifting between sub-assembly and final assembly, 

operator movements will be less monotonous and at the same time understanding of the 

connection of all parts of the product will increase. This will meet the requirement “influence 

on the physical work performance”. Operators should be responsible for inspecting and 

testing their own work, since this will give direct feedback on their own work. Lastly, 

Mårtensson [24] recommends that operators also should be involved in packaging. This will 

further increase the understanding of the connection between operators work and 

surroundings. [6][24] 

 

                                                 

7 Quotation is to be found on page 19. 
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3.3.7 Additional personnel costs 

Assembly departments are often afflicted with absence due to illness and high staff turnover. 

To cope with this, organizations need to have a buffer of employees which will increase 

salary costs. Due to high staff turnover, new employees will have to be trained which will 

take time from the assembly work. These are examples of additional personnel costs. [6]  

3.3.8 Organizational losses  

According to [6], organizational losses are the number of administrative employees in 

organization. These are not directly involved in value added activities and should therefore be 

minimized. [6] 

3.4 Lean production 
To get an overall view of Lean production it is normally presented as a house, see Figure 10. 

Each part of the house consists of different tools, methods and concepts which can create 

confusion regarding what Lean is. The metaphor of a house means that the whole system can 

only be strong if it starts with a strong foundation which has strong pillars to support the roof.  

 

Figure 10 - Representation of Toyota production system [8] 

For the purposes of this research extra emphasis will be put on waste reduction, continuous 

improvement, Just-in-Time, standardized processes, visual management and value stream 

mapping.  
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3.4.1 Seven plus one plus one wastes 

Waste is all activities that does not add value to a product or service [25]. The importance of 

identifying and eliminating waste can be emphasized by a quotation from Taiichi Ohno, one 

of the founders of Lean. “The most important objective of the Toyota system has been to 

increase production efficiency by consistently and thoroughly eliminating waste. This concept 

and the equally important respect for humanity […] are the foundation of the Toyota 

production system” [26]. 

In total nine different kinds of wastes has been identified. Ohno identified seven of those; 

over production, wait, transport, overwork, inventory, movement and defects [26]. In addition 

to these wastes Womack and Jones [25] acknowledged delivery of a product or service that 

does not meet the expectation of the customer. Finally unused creativity was added by Liker 

[8] as the ninth and final waste. Over production is to produce components or products that 

are not ordered or needed at the moment. Ohno [26] meant that over production was the worst 

waste of all since it creates other types of wastes such as movement, stock and transport. Wait 

is a waste where operators cannot produce due to machine malfunction, lack of material, full 

buffer downstream etc. Transport is a waste in all cases except where it means that the 

product is distributed to a location that is appreciated by the customer. A usual example of 

transport waste is transport between production processes or back and forth to inventory. Over 

processing is a waste where more resources are used for a part of the product or service, not 

expected or appreciated by the customer. One example is to have too small tolerances for 

certain surfaces or to use a needlessly expensive material. Inventory or stock within the 

process is a waste since it creates obsolescence, transport- and stock cost and increased lead 

times. Stock is only a waste if the stock level is higher than needed but only a very low stock 

level can be labeled as effective. In addition to these problems stock also delays identification 

of problems within production. Movement means extra movement within the process which 

can be to stretch for a tool or to have common components further away in comparison to 

uncommon components. Defects are a waste that creates costs for rework, control and 

discards. [26] To deliver a product or service that does not meet the customer expectation 

differentiates from defects since defects compares to the specification and not customer 

expectation [25]. Unused creativity means, according to Liker [8], that the company misses 

improvement possibilities. 

3.4.2 Standardized work procedures 

In order to have continuous improvements within a business, standardized working 

procedures are needed [8]. It is important that operators create or take part in creating these 

procedures in order to create a balance between the standardized procedures and possibilities 

to improve them [26].  

“5S” is a tool to create a prerequisite for standardized working procedures. 5S stands for sort, 

straighten, shine, standardize and sustain. Sort is to only have what is needed at the 

workstation. Straighten is to identify and mark a position for each tool and component. Shine 

means to have the workstation clean. Standardize is to control the first three S:s by policies 

and rules. In order to create long-term effects it is important to sustain changes with habits 

and recurring controls. [8] 
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3.4.3 Continuous improvement 

Continuous improvement is both a way of working and a philosophy within Lean which 

imply that all current procedures and processes constantly are improved [27]. In Japanese 

continuous improvement is called “Kaizen” which comes from the two words; “Kai” to 

change and “zen” which means good. Put together it means “to change to the better”. The 

philosophy presumes that all process within an organization or business is possible to improve 

even if only minor details can be adjusted. No improvement activity should be left 

unconsidered [28]. 

The philosophy of continuous improvement aims to employ a will to improve in all 

employees within the organization. Everyone should pull towards the same direction and 

realize that they can contribute to improvements no matter size of the improvement. In the 

long term it should create a better result for the business [11]. The philosophy greatly differs 

from traditional way of making improvements in the western world where improvements 

usually are made through big and drastic structural changes, see Figure 11 [27]. The 

philosophy does not put any restraints of making such big and drastic changes since it 

recognizes that businesses and organization at different times needs to make such decision to 

manage a situation. 

 

Figure 11 – Comparison of continuous improvement and tradition improvements [27] 

Advantages of continuous improvement are that everyone within an organization constantly is 

trying to identify possibilities for improvement which creates a team spirit in which the 

organization pulls collectively towards the same goal [27].  Small improvements are often 

easy to implement and does not need any particular resources which makes it a cost effective 

way of working. It also enables quick results since there is no need for a long decision making 

process. In comparison the traditional way of working with improvements involve a new 

production facility, a new IT-system etc. uses a lot of resources and can be both cost and time 

consuming [28]. Furthermore continuous improvement can focus on details within the 

business which is not possible for bigger structural changes. Big improvements need to 

consider and focus on strategic issues regardless of details [11]. 

Continuous 
improvement 

Traditional 
improvement 
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3.4.4 Just-In-Time  

Just-in-time is a generic term for Lean principles aiming at pacing the production after 

demand, not capacity of the system [8]. Just-in-time means that necessary parts for assembly 

are delivered to the line when they are needed in demanded quantity [26]. When a just-in-time 

strategy is well executed wastes; inventory, overproduction and wait can be eliminated [26]. 

Among the principles of the just-in-time strategy, pull system and one-piece flow are the most 

widely adopted [8].   

3.4.4.1 Pull system 

As stated above, in a pull system material is sent from one step to the next only if the 

following production step has expressed a need for material [8]. The most common way to 

create a pull system is by using kanban. Kanban is a demand signal, which indicates that a 

workstation needs material and information is sent backwards in the value chain [29]. The 

signal can for example be a card, an electronic signal or an empty container [29].  According 

to Ohno [26] kanban signals can be divided into three categories; pickup information, transfer 

information and production information. Thus, nothing should be picked, transferred or 

produced without receiving a kanban signal. Feld [29] concluded that aspects of managing a 

kanban system can be summarized by the following rules
8
: 

 A kanban demand signal is the authorization to begin work. 

 No job is to be released without demand from customer. 

 Kanban controls the amount of work in process allowed in flow. 

 The number of kanbans will control the manufacturing lead-time through queue 

management. 

 Do not pass known defects on. 

 Utilize first-in/first-out (FIFO) material flow. 

3.4.4.2 One piece flow 

To be able to create a just-in-time system which delivers no more than ordered quantity, batch 

sizes must be small, in ideal cases a one piece flow. One piece flow will have advantages such 

as; builds in quality, creates flexibility and reduces costs of inventory. [8] 

When using one piece flow, it will be easier for operators to inspect assembly before sending 

the product to the next station. If a defect assembly slips through and is noticed at the next 

step, feedback will be quick and the waste rework will be minimized, since only one product 

needs to be reworked. [8]  

One piece flow will create flexibility compared to large batches, since large batches will tie 

up workstations. With small batches, producers can respond quickly to changes in demand 

and throughput time will drastically be reduced. [8] 

                                                 

8 Quotation is to be found on page 54. 
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3.4.5 Visual management 

Visual management means that just a quick look at a process is enough to decide what needs 

to be done or where resources are needed. One example of a visual signal is a kanban card 

which quickly can inform a process to start or the need for material to a workstation [8]. 

Another example of a visual signal is the takt time which can be displayed for everyone to 

know where they should be in their process. Takt time is available production time divided by 

customer demand [30]. 

3.4.6 Value stream mapping 

Value stream mapping (VSM) is used to identify how value is added to the product and 

visualize all activities that take place during the process. A VSM can be made with different 

focus and limitation. It can map a value stream at a specific department, at a factory or a 

whole supply chain from end customer to raw material supplier. To create a VSM there are 

four general steps according to Figure 12. [31] 

 

Figure 12 - General steps for VSM [31] 

3.4.6.1 Identify product family 

Product families are identified through creating and analyzing a product-production matrix. A 

product-production matrix consists of products on one axis and all production steps or 

machines on the other axis. This matrix can be used to see which products that use the same 

production steps and therefore can be regarded as the same product family. Each product 

family should be described with number of articles needed, quantity and frequency of which 

customers order the product.[31] 

3.4.6.2 Map current situation 

The current situation for a product family is mapped through an observation of a whole value 

stream of which the mapping has in focus. For a mapping, which has a factory as focus, 

observations start at the dispatch and then follow the value stream back to where goods are 

received at the beginning of the value stream [30]. As observations are done the current 

situation should be sketched with pre-defined symbols, which are presented in Figure 13. 

Identify product 
family 

Map current 
situation 

Map future state 

Create a action plan 
for implementation 
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Figure 13 – Symbols used at a VSM [32] 

When the whole value stream is defined and sketched, data collections for different processes 

commence. It is important that data is not collected from data systems or other sources where 

standard production times are stored. Information should be gathered from primary sources 

such as chronological studies of processes. All stocks within the process shall also be counted 

including material at machines. Waste and uptime shall be gathered through historical data in 

order to get accurate information. In order to get sufficient quantity of data the template, 

which can be seen in Figure 14, is a valid support. [31] 

 

Figure 14 - Template for data collection in a VSM [32] 
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3.4.6.3 Map future state 

The future state is created in two steps which can be seen in Figure 15; first by creating a 

continuous pulling flow and then by equalizing production to improve the system more. To 

create a pulling flow four steps are needed to be taken. The first step is to identify takt time, 

which is the time each process must be able to produce one product in order to meet demand. 

The takt time is calculated by dividing available production time per unit time with demand 

per unit time. Unit time can be defined as for example one day.  

After the takt time has been identified a decision has to be taken regarding if production 

should be made to customer order or stock whereas customers can get direct delivery. In some 

cases it can be wise to have a stock for standard articles while other customer-specific 

products can be produced on customer orders.  

The third step in creating a pulling flow is to evaluate where a continuous flow is applicable. 

A continuous flow can be created where cycle time for each process is close to takt time. If 

some operation within the process has a cycle time much lower than takt time it means that it 

can be used for other value streams or that it will not be used to the full capacity. When a 

continuous flow is evaluated it is important to consider transferring operations from a station 

with long cycle times to one with shorter cycle time. There can be restriction that prevents 

these transfers in specific cases.  

The last step in creating a pulling flow identifies where a supermarket buffer or stock is 

needed and also balances the size of these buffers. Supermarket is a type of kanban system 

which is suitable for creating a pulling flow. Between all processes where it is not possible to 

have a continuous flow, a supermarket buffer should be placed. It should also be considered to 

have this type of system as a commodity stock. [31] 

 

Figure 15 - Activity tree which describes how the future state is created [30] 

Future state 

1. Pulling flow 

Tact time 
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The second part of creating the future state is to equalize production in flow. To equalize 

production means that products should be produces in the smallest possible batch sizes. In 

ideal cases the same product should not be succeedingly produced. The first step to create an 

equalized production is to identify a pacemaker process. A pacemaker process is the process 

that controls flow and from which production is planned. After the pacemaker process there 

shall be no supermarket buffers. Either should the pacemaker process be in the end of the 

value stream or at a point where every downstream process is organized as a continuous flow. 

When the pacemaker process has been identified, production is planned in this process and it 

will be the same plan for every other process in the value stream. It is important to have a 

correct mix of products since that is what decides if demand is met and if it is demand that 

controls production. A general rule is that every product should be produced every day in the 

process. By creating a good product mix it secures the prerequisite for shortening lead times 

even more. To succeed with a good product mix a small batch size is needed. What mainly 

limits batch size is set up time for the process. This indicates that it is important to try to 

decrease the set up times as much as possible to find well-adjusted batch sizes.[31] 

3.4.6.4 Create action plan for implementation 

At this state an analysis has been made for a product family where the current state has been 

identified and the future state has been created. The last step of the analysis is to construct an 

action plan for how the future state should be realized. The most important aspect in 

constructing an action plan is to do the change step by step and not all at once. It is also 

important to start with a quick and easy first step in order to create results which bring a will 

and momentum to do all other changes [30]. One way of splitting the changes is to find a loop 

in the value stream. A loop in the value stream is for example the pacemaker process and 

connected buffer systems or a pull system for upstream processes compared to the pacemaker 

process. For each loop in the value stream an action plan should be constructed including 

measurable target for each action. Aside from splitting the implementation of a loop into 

different measurable parts it is important to have an accurate time plan for when changes 

should be done in order to successfully plan changes in following loops. After implementation 

has been made internally actions needs to be considered regarding deliveries from supplier 

and to customers in order to achieve the future state. For each loop and part of the 

implementation it is important to identify responsible individuals and affected functions.[31] 

3.5 Designing the assembly system and single workstation  
When designing a workstation, there are many considerations which need to be taken. All 

parts need to be presented, tools need to be provided, assemblies need to be transported in and 

out of the workstation and all information needed to perform assembly needs to be available. 

The assembly unit must be able to reach everything, perform all assembly operations within 

the takt time and do it in a comfortable and safe manner without doing unnecessary 

movements. [7] 

3.5.1 Size of the workstation  

The minimum size of the workstation will be limited by dimensions of products assembled 

there. The designer can decide how much longer, wider and deeper the workstation should be 

and determine an appropriate height of the workstation. These decisions will affect 
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ergonomics and movements within the assembly cell. A general rule is to try to minimize 

station size, since it will [33]: 

 Minimize waste of transportation and handling 

 Increase communication and teamwork between operators 

 Minimize unnecessary equipment and thereby embrace 5S  

 Make space for other workstations and production units 

However, it is important not to reduce accessibility when minimizing the workstation [7]. 

3.5.2 Ergonomics and safety 

According to Anil Kumar and Suresh [17] ergonomics (also known as human engineering) 

have two objectives: 

 “To enhance the efficiency and effectiveness with which the activities (work) is carried 

out so as to increase the convenience of use, reduced errors and increase in productivity.”
9
 

 “To enhance certain desirable human values including safety reduced stress and fatigue 

and improved quality of life.”
10

 

In this thesis, the term ergonomics will refer to the second objective, i.e. ergonomics is to 

design and optimize for human use and to prevent monotony and injuries. Thus, as a 

consequence of better ergonomic quality will increase [34].  

3.5.2.1 Standing or sitting assembly position 

According to Baudin [33], the Lean approach requires a standing position when performing 

assembly operations. A sitting position will constrain most of the body motionless for several 

hours [33]. Operators neck will most likely face down which could cause neck injuries, see 

Figure 16 [33]. From an ergonomic point of view, it would be optimal to alternate between 

sitting and standing, but this would make the workstation design more complex [33][17]. 

 

Figure 16 - Sitting assembly position, note the how the operators neck are positioned [33]11 

                                                 

9 Quotation is to be found on page 103 
10 Ibid.  
11 Picture is to be found on page 136. 
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Baudin [33] argues that there are several more disadvantages of a sitting assembly position. If 

an operator needs to move between workstations, the time for movement will increase since 

operators need to stand up, move and sit down. Operators will also have to move around the 

chair. Lastly, Baudin [33] argues that sitting reduces visibility and therefore increases 

balancing losses in the system, since it is easier to help each other when a workstation is 

finished with the operations before other workstations. [33] 

3.5.2.2 Height and working distances  

From an ergonomic point of view, all assembly operation should be performed from hip to 

shoulder height. Because humans have different length, workstations need to be adjustable to 

be able to suit every operator. However, adjustable tables create a problem since in most cases 

workstations need to be uniform for an easy material flow. Another solution is to use 

adjustable fixtures where height can be controlled by the operator. [33] 

Sanders and McCormick [35] presented recommended working distances for operators 

without jeopardizing injuries, see Figure 17. In an optimal workstation design, all parts should 

be presented within maximum distance. In practice, this can be difficult to comply with, 

however designer of workstations should always strive for optimal layout. [35]  

 

Figure 17 - Recommended work distances for the operator [35] 

For upward reaching movements, the distance should not exceed 685 mm from normal 

working height for men and 635 mm for women. The numbers are only guidelines and based 

on British population. [36] 

3.5.2.3 Ergonomic guidelines for the arrangement of workplaces 

A list of ergonomic aspects to consider can be much larger than the topics mentioned above 

and needs to be adjusted for special circumstances of a specific workstation layout. Therefore, 

only a general list of principles and guidelines can be stated [36], but it can be used as 
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summary of criteria for evaluation of a workstation design proposal. The list is a quotation 

form Di Martino and Nigel’s publication [36]
12

: 

 The worker should be able to maintain an upright and forward-facing posture during work.  

 Where vision is a requirement for the task, the necessary work points needs to be 

adequately visible with the head and trunk upright or with just the head slightly forward. 

 All work activities should permit the worker to adapt to several different, but equally 

healthy and safe, postures without reducing capability to do the work. 

 Work should be arranged so that it may be done, at the worker’s choice, in either a seated 

or standing position. When seated, the worker should be able to use the backrest of the 

chair at will, without necessitating a change of movements. 

 The weight of the body, when standing should be carried equally on both feet, and foot 

pedals designed accordingly.  

 Work activities should be performed with the joints at about the midpoint of their range 

movement. This applies particularly to the head, trunk and upper limbs. 

 Where muscular force has to be exerted, it should be by the largest appropriate muscle 

groups available and in the direction co-linear with the limbs concerned. 

 Work should not be performed consistently at or above the heart: even the occasional 

performance where force is exerted above heart level should be avoided. Where light 

manual work must be performed above heart level, rest for the upper arms is a 

requirement. 

 Where a force has to be exerted repeatedly, it should be possible to exert it with either of 

the arms, or either of the legs, without adjustment of the equipment. 

 Rest pauses should allow for all loads experienced at work, including environmental and 

information loads, and the time interval between successive rest periods.  

3.5.3 Part presentation and material transportation  

One important factor when designing workstations is to provide material in an effective way, 

since it will affect both productivity and quality [33]. In an ideal case, all parts needed for 

assembly should be presented to the assembly unit unpacked, in an arm’s reach (see 3.5.2.2 

“Height and working distances”), correctly orientated, intact and clean [33][7]. There are 

several presentation methods; selection of the most suitable method depends on size, shape, 

weight and the system being used [7]. 

3.5.3.1 Removing packing materials 

Most of the parts used in assembly are protected by some sort of packing material. This 

packaging material must be removed before using the part. From a Lean perspective, this 

operation should not be performed by the assembly unit, since the activity is not value adding. 

The need for packing material should be investigated, if possible use material that will ease 

unpacking. For brittle or sensitive parts this can be a challenge, but can be solved in two ways 

[33]: 

                                                 

12 Quotation is to be found on page 58. 
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 Transport the parts in special containers designed to protect parts. 

 Limit exposure time of parts, e.g. unpack just before presenting the part. This operation 

should not be performed by the assembler but a material handler role.  

3.5.3.2 Locate the material as close as possible to the assembler 

A frequently used material storage is “point-of-use storage”, which should be close to the 

station and thereby reduce the distance between material and workstation. However, these 

point-of-use storages are often located several meters away from the workstation, which will 

probably have the effect that operators will pick several parts each time. Thus, the operator 

will either keep parts in one hand and assemble with the free hand or place parts in their 

pocket. This will slow down assembly operations as well as counteract the 5S work. [33] 

The aforementioned problems can be solved by having material within arm’s reach of the 

operator. According to Baudin [33], one method which can be used to enable this is gravity 

flow racks, see Figure 18. Other solutions are to transport parts along with the fixture or using 

moving parts tray. [33] 

 

Figure 18 - Front of a gravity flow rack containing cartons [37]13 

Gravity flow rack consists of a shelf system used for storing material in cartons, bins or tote 

pans. Containers are placed on rollers or racks which are slightly sloping so that containers 

will roll down by gravity. Containers are loaded at the back and thereafter slide down to the 

front where picking occurs. Flow rack can be equipped with a rack for empty container 

returning, i.e. loaded from the front and slides down to the back. One major advantage of 

gravity flow racks is that the first-in-first out principle will be guaranteed. [37] 

                                                 

13 Picture is to be found on page 16. 
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3.5.3.3 Kitting or continuous supply 

There are two general types of feeding principles; kitting or continuous supply (also called 

“line stocking”) [38]. Bozer and McGinns [39] define kitting as “a specific collection of 

components and/or sub-assemblies that together (i.e. in the same container) support one or 

more assembly operations for a given product or ‘shop order”
14

. Continuous supply is when 

assembly components are stored in separate containers, i.e. one container for one component 

[38][39].   

Some of the potential benefits of kitting compared to continuous supply are; less space 

requirement for the part presentation, improved part quality, increased flexibility, shorter 

learning times, better understanding of the assembly work and less time  spent of picking 

parts for operators [38]. Major disadvantages of kitting are that kits need to be prepared in 

advance and that kitting preparation may require an extra area not linked to storage or 

assembly area [38]. In addition to this, kitting strategy is often poorly performed with all 

components put together in one container and often prepared weeks in advance of using 

components for assembly [33]. To cope with the disadvantages Baudin [33] suggested that to 

be successful, a kit must be: 

 Containing all components need for a single product in one kit. 

 Prepared just before assembly. 

 Containing only unpacked components. 

 Put onto a structured pallet with allocated space for every component, see Figure 19. 

 

Figure 19 - A structured pallet used for kitting [33]15 

Advantages of continuous supply strategy are that it requires less handling in total (handling 

time in storage and at assembly line) and it will be easier for operators to manage defect parts 

since operators only need to replace defect components. [33] 

Baudin [33] concludes that a reasonable strategy is to combine feeding strategies; use 

continuous supply for all common parts and for as many components that fit on shelves 

behind the workstation and for remaining components, a kitting strategy should be used.  

                                                 

14 Quotation is to be found on page 3. 
15 Picture is to be found on page 186. 
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3.5.4 Data needed for designing assembly workstations 

To be able to take necessary decisions for assembly system design, data is required. Required 

capacity of assembly line must be established. Further on, all assembly times for all products 

assembled at the line must be measured or estimated.  

3.5.4.1 Assembly time data 

To be able to design workstations, designers must have reliable data on time to perform 

assembly. There are several methods for collecting assembly time data, for example [33][40]: 

 Official times used for Material Requirement Planning database (MRP): Official 

times used for MRP systems are easy to get hold on but are often unreliable. 

 Operator interviews: Times are gathered from forms filled out by operators, which often 

generate unreliable data. 

 Stopwatch studies: Stopwatch studies are the oldest type of work study, where work is 

broken down to short elements and time for performing each element are recorded. 

Stopwatch studies also include that observers evaluate the performance by using some sort 

of performance rating scale. By combining times and performance rating, a basic time for 

each element can be calculated.  

 Estimation techniques: Estimations techniques are used when it is not possible or too 

expensive to measure in other ways, or required accuracy is not high. There are several 

methods for structuring estimation techniques, e.g. “comparative estimating” where jobs 

are compared to “benchmark” times for known work. 

 Synthesis: Synthesis is not a time measurement technique, but a method for calculating 

times to perform activities.  During measurement phase, observers notice that the same 

types of elements are performed throughout a range of work. By assigning time for these 

common elements, a time for any job containing combination of these elements can be 

calculated, called synthesis. 

 Predetermined standard times: Assembly operations are broken down to elements of 

motion which are assigned a time. Time for performing each element is assumed to be 

dependent on a parameter, for example time for an operator to reach a component is 

dependent on distance from assembly position to component. The method demands a large 

number of studies. 

3.5.4.2 Capacity data 

When designing assembly systems, required capacity needs to be determined, i.e. required 

quantity produced per time interval. Required capacity will determine minimum operating 

speed for workstations. Required quantity is normally based on marketing surveys, sales of 

similar products and economic conditions.[7] 
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3.5.5 Visualizing the design 

There are several ways of visualizing the planned design of the assembly system. According 

to Baudin [33] the purpose of visualizing assembly design are twofold; it helps analyzing 

workstation design as well as functioning as a base for communicating ideas.  Some of the 

most common methods facility blueprints, flow diagram, three dimensional drawings are 

reviewed below. Other methods in addition to these are Value Stream Mapping, which is 

described under the headline 3.4.6 “Value stream mapping”, and Precedence graph, which is 

described under the headline 3.3.1 “Balance losses”. 

3.5.5.1 Facility blue prints 

A facility blueprint is often used to visualize available space in a factory. This is an easy way 

to see if proposed workstation design with all necessary equipment meets space requirements. 

Baudin [33] concluded that it is a great way to graphically represent assembly systems since it 

clearly shows existing space, focus on process and do not show to much unnecessary 

information. It can also be understood by everyone with basic map reading skills and is easy 

to create; the only things needed are shape and size of the equipment and a blank factory 

blueprint, see Figure 20. 

 

Figure 20 - Example of how a factory blueprint can be used for designing an assembly system [33]16 

However, to primarily use a facility blueprint when designing workstations will have the 

consequence that the assembly system layout will be adjusted after space, not assembler’s 

movements or material flow.  Thus, designers should first create best possible assembly 

system design and then try fitting it in the factory. This approach can imply that other 

equipment in the factory may have to move, the challenge is to find a balance between a 

single assembly system layout and factory layout in total. [33] 

                                                 

16 Picture is to be found on page 63. 
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3.5.5.2 Flow charts 

Fryman [41] defines a flowchart as a “graphical representation of the specific steps, or 

activities, of a process”
17

. There are several types of flowchart with different symbols, but all 

have the same goal; to describe a process in a structured way. When using flow charts to 

graphically show an assembly system, material flow between stations are visualized by an 

arrow, storage have an inverted triangle as a symbol and activities are represented by a square. 

[41] 

3.5.5.3 Three-dimensional drawings 

Three-dimensional drawing is a common method used for visualizing assembly system layout 

in Japan, mostly because of communication aspects, since operators usually appreciate and 

understand them. Involvement of operators will probably further improve the design of 

workstations and hopefully remove any reluctance of change. Disadvantages of three-

dimensional drawings are that it is difficult to show exact dimensions, time consuming and 

difficult to create. [33] 

 

                                                 

17 Quotation is to be found on page 168. 
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3.6 Mind map of the literature review 
Figure 21 summarizes the topics of the literature review. The arrows visualize topics included in the analysis and result sections.  

 

 

 

Assembly system design – 

Case study of a mixed model 

production 

Figure 21 – Mind map of the literature review 
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4 Initial state of the assembly system 
This chapter will describe more deeply the initial state of the situation at the department. This 

will be done through a description of different products that are affected by the study, the 

layout of the factory as a whole with specific regards to the situation of the department and 

supporting processes. Afterward the assembly process in the initial state will be described 

both through an overview and with more details. Finally initial workstation design will be 

described. 

4.1 The products of Prewired 
Within prewired department three main categories of products are produced; posts, poles and 

furniture units. As declared earlier posts and furniture units are excluded from this study and 

will therefore not be described as the different kinds of products are gone through. Poles can 

be divided into two groups of products, Optiline and F80. Optiline is a new range of products 

introduced little over a year ago and is supposed to take over as the old line F80 is phased out 

[42]. Both Optiline and F80 can be delivered prewired with standard setting of sockets and 

with specific design. Both types of products are also offered empty which indicate that 

sockets and cables will be installed by the customer. Empty products are offered in standard 

lengths and designs as well as in customer specific. The division of different products can be 

seen in Figure 22. 

 

Figure 22 - Description of different kinds of poles 

The proportion of standard products, when looking at prewired products for both F80 and 

Optiline, is 42 % which is displayed in Figure 23. Since customized products are a big 

proportion of sales it is important for the department to have a flexible process. The 

proportion of customized empty poles is not similar to the proportion for prewired products 
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since it is less than ten percent of the products which is customized. This difference comes 

from the flexibility offered since different sockets are installed by the customer. 

 

Figure 23 - Proportion of prewired standard and specific products 

4.2 Department layout 
Figure 24 shows the layout of the department including warehouse which is used for other 

parts of the factory as well. The figure also shows flow of material for prewired department 

within the factory. Material is received in the warehouse (1) where articles for each order are 

picked. When all material for an order is available it is transported (2) into the factory. From 

the interim storage (3) orders are picked to different assembly stations. When a whole order is 

assembled it is transferred to testing in the bottom right corner (4). After testing, the material 

goes to packing (5) and thereafter to dispatch in the warehouse (6). The personnel in the 

warehouse are responsible for transportation to and from the warehouse whereas the 

department workers transport the product within the department. The assembly area consists 

of ten tables that are more or less fully dedicated to assembly of poles. Testing and packaging 

area is used for all different kinds of products. 

 

Figure 24 - Layout of prewired department including warehouse 

4.2.1 Value stream mapping 

To give an overview of the process a value stream mapping is presented in Figure 25. A full 

analysis of the value stream will not be made since the focus of the study is the assembly 

process itself which is only a part of the whole process. In the example earlier cutting was not 

a part of the process. This extra operation is used for a limited number of standard products. 

Standard 
42% Customized 

58% 
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As seen the main work in progress is prior to the assembly operation but there are significant 

amounts of products in progress even after the assembly. Cycle times in the mapping are an 

average time for each operation calculated for prewired products.  

 

Figure 25 - Value stream mapping of poles 

4.3 The assembly process 
Initially assembly was done in parallel operations where each workstation was working on 

different orders. This procedure meant that only one operator at a time was working on each 

order which gave it a clear division of responsibility. If some pre-assembly was needed it was 

done, for the whole order, before any base profile, see 5.1 “Product classification”, was taken 

to the workstation. Operations that were pre-assembly were preparation of power cables and 

sockets, preparation of data cables and sockets. After pre-assembly were finished one product 

at a time were assembled. When all products in an order have gone through final assembly, 

they were tested. All operations in the assembly process were made at the same workstation. 

Figure 26 shows a simplified description of the assembly process, in case of empty products 

there were no pre-assembly time and the time for assembly on the base profile was shorter 

than the same time for prewired products.  

 

Figure 26 - Simplified description of assembly process 
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4.3.1 Preparation of power cables 

Preparation of power cables include attachment of an end cap and assembly of plug. In most 

cases the end cap is attached to all three wires on the power cable. To attach the end cap three 

different operations was needed; cut and strip the wire and fasten the end cap. The plug is 

assembled in cases where customers need a plug which is different from Swedish standard or 

a non-standard length of cable. The process of assembling the plug is described in Figure 27 

and consists of eight operations. 

 

Figure 27 - Process of assembling the plug 

4.3.2 Preparation of data cables 

The data cables were prepared if a specific length was required and only on one of two kinds 

of cables. The operation to prepare a data cable was complex since one cable consists of many 

small wires that need to be correctly assembled. The procedure to connect wires puts high 

demands on fine motor ability. 

4.3.3 Preparation of power sockets 

The preparation of power sockets consist of connecting sets of power sockets to each other, 

therefore such operation is needed when more than one set of sockets should be connected to 

a power cable. Different types of products had different types of sockets which were affecting 

the procedure to prepare power sockets. Some of the sockets were designed to be connected 

through clips which minimized preparation time while others were connected to each other by 

wires that were screwed into the power sockets. Other operations that were needed to prepare 

power sockets were to open plastic bags, cut wires etc. 

4.3.4 Preparation of data sockets 

In all cases where the product consists of data sockets some preparation was needed. The 

preparation process is done through five operations which are described in Figure 28. It is 

possible to attach between one and four data cables to one data socket. The markers that are 

stuck to the cables are a numbering. This means that if the product consists of two data 

sockets with in total four cables the cables were marked 1-4.  

 

Figure 28 - Process of preparing data sockets 
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4.3.5 Final assembly 

The final assembly encompasses all operations that was made after the base object were taken 

to the workstation. In final assembly, sub-assemblies and components were mounted on the 

base profile. The final assembly also included threading of cables for some kind of products. 

During the final assembly a visual inspection of the product was made. For some products a 

reorientation of the base profile was needed. For empty products this operation is the only 

operation in the whole assembly process. 

4.3.6 Testing 

Testing was a separate operation in the assembly process and was the last step. All products in 

an order were tested at the same time. Connectivity was tested to secure a safe and correct 

assembly. 

4.4 Workstation design 
All ten workstations that were used for the assembly of poles had the same design and the 

same type of equipment and similar components were available. The station consisted of a 

table and a shelf containing components for the assembly according to Figure 29. The table 

was three meters wide which is slightly longer than most products. For ergonomic purposes 

the height of the table was adjustable. 

 

Figure 29 - Workstation at initial state (courtesy of Schneider Electric) 

Each assembler had an own set of tools in a portable tool cart that were placed beside the 

workstation at the beginning of each shift. Tools needed for specific assembly was put 

directly at the table. Components that were available at the workstation were small 

components mainly used for fastening operations such as screws and straps. These 

components were refilled by operators through a kanban system, shared by the whole 

department. Components at the workstation were not completely standardized and therefore 

differed somewhat from station to station. There was also a shelf beside the workstation that 

contained components for some types of power sockets, visible in Figure 30. These 

components were the same at every station and were refilled through a kanban system at the 

workstation. The kanban system was working with boxes as signals for demand. Personnel 

from the warehouse were circulating through the factory on a designated route with short 
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intervals to pick up aroused demand. Within the warehouse the boxes were filled from bigger 

containers before they were returned to the station. 

 

Figure 30 - Shelf containing additional components (courtesy of Schneider Electric) 

Most components were supplied to the workstation specifically for each order. These 

components were delivered either in specific wagon for the base object or through large trays 

consisting of multiple types of components according to Figure 31, i.e. a kitting strategy was 

used. 

 

Figure 31 - Order specific components (courtesy of Schneider Electric) 
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5 Data collection 
In this section we will present data needed for our analysis of the assembly process. Firstly, 

product families will be defined. Thereafter data needed for calculating the workload, i.e. 

average time used for assembling different products each day, is presented.  Finally, 

components of the products are identified.  

5.1 Product classification 
As mentioned above, products produced in Prewired are F80 and Optiline. The products can 

be either standard or customized and can be ordered empty or prewired. In terms of assembly 

process, this classification is not sufficient. According to our observations, we can make one 

clear distinction between the assembly process of prewired and empty poles. Prewired poles 

are more complex and often require preparation of sub-assemblies before assembling them to 

the base profile, whereas for empty poles all components are directly assembled to the base 

profile.   

For prewired products, assembly processes is largely affected by the type of base profile. 

Within the base profile types there are different variants, but these variants do not affect 

assembly process appreciably. From now on, base profiles will be defined as product families, 

and thus not distinguish between F80 and Optiline. The base profile comes in five general 

types;  

 one-sided  

 two-sided  

 one-box 

 two-boxes  

 four-boxes 

5.1.1 One-sided base profile 

From an assembly process perspective, one-sided poles are the simplest base profile since 

components and sub-assemblies are assembled from three directions and therefore there is no 

need to reorient the profile.  The profile is long and there is a lot of space for power and data 

cables.  An example of a one-sided profile is viewed in Figure 32.  

 

Figure 32 - Example of a one-sided base profile, adapted from [1] 
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5.1.2 Two-sided base profile 

The two-sided base profile is similar to the one-sided but, as the name implies, has two sides. 

The direction of the assembly increases to four and therefore requires at least one 

reorientation. An example of a two-sided profile is viewed in Figure 33.  

 

Figure 33 - Example of a two-sided base profile, adapted from [1] 

5.1.3 One-box base profile  

Like the one-sided base profile, there are three assembly directions for one-box base profile, 

but the assembly process is more complex since space is narrower and it requires that cables 

are threaded through a pipe connected to the box, see Figure 34. 

 

Figure 34 - Example of a one-box profile with a connecting pipe, adapted from [1] 
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5.1.4 Two-box base profile 

The two-box base profile is assembled from three directions. This profile type requires cables 

to be threaded through a pipe, see Figure 35. Since there are more space for sockets, assembly 

time and complexity of two-box profile is often greater than one-box profile.  

 

Figure 35 - Example of a two-box base profile with a connecting pipe and two areas for sockets, adapted from [1] 

5.1.5 Four-box base profile 

From an assembly perspective, four-box base profile is the most complex one. Assembly is 

done from four directions and a reorientation is therefore needed. The space for sockets are 

twice as large as for two-box profile which ever so often further increases assembly time, see 

Figure 36. 

 

Figure 36 - Example of a two-box base profile with a connecting pipe and four areas available for sockets, adapted 

from [1] 

5.2 Differences in assembly time 
From our observations some characteristics were identified within the product families, which 

affected assembly time. These were discussed with six operators and with the product line 

manager, who confirmed our observations. Some of these characteristics are applicable for all 
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product families, while others were specific for one type of product family. The identified 

characteristics which affects the assembly tasks and thereby the assembly time are: 

(1) Type of top: tension-mounted, wall-mounted or free-standing 

(2) Number of power sockets and connection type 

(3) Number of data sockets 

(4) Threading and uncoiling cables 

(5) Special type of power and data cable 

(6) Type of pipe 

Apart from these characteristics, there are other features which can vary from order to order, 

but these affect assembly time very little or not at all. Examples of these kinds of 

characteristics are length, color, surface treatment of the pole etc., which will not furthered be 

discussed.   

5.2.1 Top type: tension-mounted, wall-mounted or free-standing 

Customers can choose between three fastening alternatives; tension-mounted, wall-mounted 

or free-standing, see Figure 37. For all alternatives, a frame is assembled on top of the pole 

with four screws. The frame design is not the same, but assembly tasks are the same. Below 

specific assembly tasks for the three fastening methods will be shortly described.  

For tension-mounted poles a component called ceiling fixing is pushed in to place in the 

frame after the frame has been fastened. There are several ceiling fixing components, but the 

type of component does not affect assembly time.  

Figure 37 - The pole to the left is free-standing and the pole to the right is tension-mounted 
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For free-standing poles, a flexible tube is attached on the base profile after all cables are 

threaded through the tube. The time for cable threading operations is excluded here and will 

be discussed under 5.2.4 “Threading of cables”. 

The wall-mounted poles can only be ordered for one-sided poles, since the back of the pole is 

fastened to the wall. A wall-mounted pole requires that operators drill holes in the base profile 

to enable the profile to be fastened to a wall. Table 3 presents time for specific assembly tasks 

for the different fastening methods.  

Assembly operation Average time (s) 

Assembly operations for a tension-mounted pole 90 

Assembly operations for a free-standing pole 62 

Assembly operations for a wall-mounted pole 517 

Table 3 - Time for assembly operations specific for the fastening methods 

5.2.2 Number power sockets and connection type 

Power sockets can be connected to a sub-assembly before attaching the sub-assembly on the 

base profile. Time for connecting power sockets is dependent on number of power sockets. 

Assembly time will also be dependent on type of connection used. If power sockets are in 

direct contact with each other, a quick connector can be used. If customers require space 

between power-sockets, operators have to connect the sockets by cables. In Figure 38 

different types of connections is viewed. Times for connecting two power sockets are 

presented in Table 4. 

 

Figure 38 - Quick connector and cable connection for two sockets 

Assembly operation Average time (s) 

Connect power sockets with quick connection 51 

Connect power sockets with wiring connection 264 

Table 4 - Times for connecting two power sockets 

5.2.3 Number of data sockets 

Data sockets can be prepared as a sub-assembly as well. Two data cables are connected to a 

socket which thereafter can be assembled on the base profile. Assembly time will be affected 

by the number of data cables specified by the customer, average assembly time for sub-

assembly is presented in Table 5. 

Assembly operation Average time (s) 

Assembling data socket 89 

Table 5 - Time for assembling two data cables to a data socket 
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5.2.4 Threading of cables 

As mentioned above, all cables needs to be threaded through a flexible tube for free-standing 

poles, see Figure 39. This operation will also be needed for some types of boxes, but that will 

be further discussed below, under the headline 5.2.7 “Type of pipe”.  

 

Figure 39 - A power cable which has been threaded through a flexible tube 

The time for threading operations will be affected by number of data and power cables. Table 

6 presents time for threading one cable through the flexible tube. 

Assembly operation Average time (s) 

Threading cable 27 

Table 6 - Time for threading one cable through a flexible tube 

5.2.5 Uncoiling the cables 

Power and data cables are delivered winded up from the supplier, and operators therefore 

needs to uncoil the cable.  In Figure 40 a winded data cable can be found. As presented in 

Table 7, time for performing this operation is slightly different for power and data cables.  

 

Figure 40 - Cable winded up as it was from the supplier 

Assembly operation Average time (s) 

Uncoil data cable 42 

Uncoil power cable 31 

Table 7 - Times for uncoiling the data cable respectively the power cable 
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5.2.6 Special type of power and data cable 

Power cables are available in three types of standard lengths; three, six or ten meters. For data 

cables standard length is ten meters. If customers ordered different length of cables or other 

types of plugs, operators had to cut the right length of cable from a roll and thereafter 

assemble the plug on the cable. These operations were very time consuming, which is 

presented in Table 8. Total assembly time for special lengths or plugs for a pole were often 

much longer than the time presented in Table 8, since one pole often contains multiple cables.  

Assembly operation Average time (s) 

Assemble plug on power cable 480 

Assemble plug on data cable 900 

Table 8 - Times for assembling a plug on one power and one data cable 

5.2.7 Type of pipe 

For product families one-box, two-box and four-box a pipe is attached to the box. This pipe 

has different design depending on if it is a F80 or an Optiline. Optiline pipe is one component, 

which implies that all cables needs to be threaded through the pipe. For F80 boxes, the pipe is 

divided into two parts with half pipe shape. This means that no threading operation is needed, 

after the all the cables are places in the bottom part, the top part is pushed into place on top of 

the bottom part. The affects on assembly time can be seen in Table 9. 

Assembly operation Average time (s) 

Optiline: Threading one cable 33 

F80: Closing pipe 30 

Table 9 - Times for assembling the different pipes 

5.3 Data needed for calculating the workload 
To calculate workload or capacity need for assembly, the volumes and assembly times for 

different products are needed. Since assembly time for different articles were not available 

accurately in data systems, specification regarding type of product were needed instead. In 

addition to this information there was also a need to have some chronological studies of the 

assembly process. 

5.3.1 Volumes 

The volumes of each product family were identified by using historical data of production. 

Through data systems of the production site, production statistics for standard products of the 

last 18 months were gathered. For customized products volume were identified by using 

orders of the last six months as an average for type of orders. In total the information 

considered 30 different standard products and 317 orders for customized products. By using 

this data a monthly average consumption for each product family were identified as seen in 

Table 10.  
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Product family Monthly consumption 

One-sided pole 300 

Two-sided pole 70 

One-box pole 70 

Two-box pole 80 

Four-box pole 40 

Empty pole 1430 

Table 10 - Monthly consumption by product family 

The sources of data are reliable and for standard products the data could be accurately used to 

create a forecast for the future consumption. The average consumption of customized 

products is less accurate since less data is used for the prevision and it is also likely that the 

demand of customized products has higher variance in volume and mix. 

5.3.2 Product specifications 

Product specifications that were needed to be able to estimate time needed for assembly are 

characteristics presented in 5.2 “Differences in assembly time”. These characteristics were; 

 Type of top: tension-mounted, wall-mounted or free-standing 

 Number of power sockets and connection type 

 Number of data sockets 

 Threading and uncoiling cables 

 Special type of power and data cable 

 Type of pipe 

All information concerning these characteristics is available in drawings together with article 

lists of the products. That data was gathered using the same selection as was used in 5.3.1 

“Volumes”, which was the last 18 months of standard orders and last six months of 

customized products. In order to have data compiled in a way for ease of analysis a matrix 

was constructed as seen in Table 11.  

Article nr. 9420068 9316069 9316065 

Order nr. 125130 125303 125592 

Quantity 1 1 1 

Number of sides/boxes 1 1 1 

Number of power sockets 3 3 2 

Socket type Special Normal Normal 

Number of cables 2 1 1 

Number of data sockets 4 6 0 

Pole/Box Box Box Box 

Box type F80 OL OL 

Tube(1)/Ceiling(2)/Wall(3) 1 1 1 

Cable type Specific Normal Normal 

Table 11 - An extract of the data compilation for product specification 
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5.3.3 Chronological studies 

Information presented in 5.3.2 “Product specifications” and 5.2 “Differences in assembly time” 

is not sufficient for calculating the load. In addition chronological studies of the assembly 

process for all different product families are needed. These studies were undertaken during a 

long period of time where different operators were timed at different times during the day. 

The assembly process was divided into operations as seen in the precedence diagram of 

“Appendix 1 – Precedence diagram”. By doing the split into operations it was possible to 

identify approximately what effect operators had on assembly time and take that into 

consideration when analyzing the data. The final result of the chronological studies were an 

assembly time for a specific product for each of the five different product families and one 

separate assembly time for an empty pole, as seen in Table 12. The products which were used 

as benchmark products was one of the most consumed products and can therefore give 

representative information for the whole product family. 

Product family Assembly time (min) 

One-sided pole 20 

Two-sided pole 39 

One-box pole 20 

Two-box pole 28 

Four-box pole 59 

Empty pole 5 

Table 12- Estimated assembly time by product family 

5.4 Data needed for designing the workstations 
In order to design proper workstations, information concerning which components are most 

common was needed. In order to supply components to designated workstations in a proper 

manner we needed information considering whom could supply components and through 

which system. As data collection had shown there is a great difference in processes comparing 

prewired products and empty products and therefore the analysis of workstations were divided 

into these two different categories. The collection of data for both categories was made using 

the same method but in parallel since different components was affected. 

5.4.1 Components used for the products 

In order to identify the most common components for each category we identified the most 

common products that stood for 80 % of the consumption during the last half year.  For all 

these products, articles needed for assembly were identified including quantity for each 

product. Data collected through this method gave information both considering total quantity 

used for each component in the process and also share of products in which the component 

were used. Table 13 is an extraction of the matrix from the data collection. Quantity is 

calculated by multiplying monthly consumption with number of articles in the product and 

then summing it up through all products. For example the quantity of article 0076071 is 

calculated through 128*1+103*1+52*1+50*1+44*1… For empty products we identified 80 

different components for 33 different products and for prewired products we identified 194 

components for 70 different products. 
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    Product 20052239 20052241 20052245 20052243 20052229 

Monthly consumption 128 103 52 50 44 

Article Share Quantity 

     0076071 100% 1179 1 1 1 1 1 

0057497 100% 7363 8 8 8 8 8 

0556081 67% 1530 2 2 2 2 1 

0057453 58% 2879 4 4 4 4 2 

0586465 55% 1421 2 2 2 2 1 

0586490 52% 1299 2 2 2 2 1 

0075285 30% 432 1 1 0 1 1 

0520015 27% 388 1 1 0 1 0 
Table 13 - Extraction of data regarding consumption of components 

This method has a weakness since a big order of a product containing a number of one single 

component have an effect on which components that finally will be placed on the line. To 

minimize the risk, quantity was compared with share of orders but there still remained a 

weakness in the analysis that can be fixed through observation of consumption over time as 

the line is introduced.  

5.4.2 Supply of components 

In order to have a line that can focus on assembly of products and not gathering components it 

is important to identify a system in which all components is supplied to the process in an 

efficient manner and also to have it available as close to the assembly operation in which the 

component should be used. The need was therefore to find a supply system that delivered 

components to a specific position and to be supplied fast enough to avoid shortages at the line. 

Data needed for this analysis was size of each component and a selection of trays. By placing 

each components in different types of boxes information were gathered considering how 

much space was needed at the station and also how fast each component would be consumed. 

Information gathered contained both information regarding maximum consumption speed and 

average speed.  Table 14 is an elaboration of the matrix of all articles and data considering 

box types. The matrix gives information of box size, shortest time in which one box is 

consumed, the average number of boxes that is consumed and information of delivered 

container. A suitable container is a container that can be used at the workstation directly 

supplied from the supplier without more handling. 

Article 

Box width 

(cm) 

Maximum consumption 

rate (h) 

Monthly consumption 

of boxes 

Delivered in a 

suitable container? 

0586526 11 1.5 12 No 

0586412 15 3.3 6 No 

0520006 22 4 5 No 

0520021 22 3.2 16 No 

0586981 11 3.3 3 No 

0586499 15 8 6 No 

Table 14 - Data for components at workstations 
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From the initial state, three different types of supply systems were presented that could be 

used without modification at the new line. The first one was to supply each component 

individually for each order, i.e. a type of kitting strategy. The second system was supplying 

the component to the department as a whole and then it was gathered by the operators to the 

specific workstations, i.e. a type of continuous supply. Finally one supply system was to 

provide components through a kanban system to each workstation, i.e. another type of 

continuous supply. 

5.4.3 The assembly process 

To complement the information considering which components which are needed for different 

product families, dependence between different assembly operations were needed. This 

information gives possibilities to identify patterns between different categories of product 

considering how division of operations within the assembly process can be made. The first 

step to get information was to observe current steps in the assembly process. By closely 

observing the assembly process it was possible to split the process into small operations. By 

analyzing which operations were dependent on each other, precedence diagrams were 

constructed. Figure 41 shows a simplified picture of the assembly process for a one-sided pole 

and how the whole process can be divided into bigger categories of operations. The categories 

of preparation of power sockets, preparation of power and data cables, threading of cables, 

assembly of sockets and assembly of top and bottom on profile are mutual for all product 

families within the prewired area. 

 

Figure 41 - Simplification of assembly process for one-sided pole 
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Dependent on which product family is assembled, there are different operations within the 

categories of operations. For example threading of cables is only made for a one-sided pole 

when it has a free-standing fastening method but for a one-box base pole, threading is always 

done within the new product design (Optiline). Within different product families there are 

differences from product to product within operation categories. Power cable preparation is 

affected by type of cable and number of power cables in the product. Type of cable both takes 

into account length of power cable and type of plug. A comparison can here be made to 5.2 

“Differences in assembly time” where it is possible to see that the differences in assembly 

time can be allocated to different operation categories. For a detailed view of the operations 

for products from each of the product families see “Appendix 1 – Precedence diagram”.  
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6 Results 
From the data retrieved, analysis can be parted into four different categorizes. The first result 

from data gathering is an estimated workload for identified product categories. It is followed 

by an analysis which focus on the process of assembly and how it can be divided both in 

terms of dependability and in order to create a well balanced flow. The third analysis concerns 

design of workstations in terms of both process and positioning of workstations compared to 

overall layout and each other. Finally, the assembly system will be evaluated. 

6.1 The estimated workload for different product categories 
For calculating workload and identifying differences between products both assembly and 

discussion must be divided between empty poles and prewired poles.  

6.1.1 The workload of empty products 

Empty products have an easy assembly process with small differences in terms of process and 

assembly time from product to product. By stating this, less information and analysis was 

needed in order to calculate total workload for the product category. Through data collection 

described in 5.3 “Data needed for calculating the workload” an average workload per month 

were calculated by multiplying volume per month with assembly time. As seen in Table 15 

average workload of empty products is 5,5 hours per day. It should be pointed out that this is 

the workload when calculating only with assembly time and not surrounding activities such as 

picking of components and handling of defects.  

Average 

consumption  

Average 

assembly time  

Workload 

(h/day) 

Irregularity Efficiency Capacity need 

(h/day) 

1425 units/month 5 min 5,5 1,2 1,2 7,8 

Table 15- Data for calculating the load of empty products 

Not included in the calculation is the set-up time which is disregarded since it will differ 

much from the new station compared to the earlier workstation design. To include a safety 

margin when calculating the workload a constant were added for irregularity in orders and 

efficiency. The constant for irregularity in orders is meant to set a capacity level in order to 

not only cope with average demand but also to manage the extra demand which occurs with 

rise and fall of order quantity during different periods. The efficiency constant is calculated by 

stating that sought efficiency rate is 85 % [43].  The capacity needed for empty products ends 

up at 7,8 hours per day which indicates the need for one dedicated workstation. 

6.1.2 The estimation of assembly time 

To calculate workload for prewired products an estimation of assembly time for each product 

family were needed. As seen in 5.3 “Data needed for calculating the workload” data needed 

are specification of the products and estimated effect on assembly time. In total twelve 

different operations were identified to have an effect on total assembly time. These were; 
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 Preparation of cable 

 Pre-assembly of top 

 Pre-assembly of power sockets 

 Pre-assembly of data sockets 

 Threading of cables 

 Winding cables 

 Assembly of top 

 Connect cable and socket 

 Press data sockets on base object 

 Press power sockets on base object 

 Press fronts on power sockets 

 Assembly of box 

The last operation, assembly of box, is only applicable for product families, one-box, two-box 

and four-box. All other operational differences are the same for all product families. The 

estimation of assembly time was calculated by using a benchmark product within the product 

family and comparing specifications with other articles to that product. Each product family 

had one benchmark product as presented in 5.3.3 "Chronological studies”. The following 

section describes how different operations are calculated and assembly times can be found in 

“Appendix 2 – Assembly time”. In summary, a combination of estimation technique and 

synthesis were used.  

6.1.2.1  Preparation of cable 

In Table 16 it is described how difference in preparation time depending on which type of 

cable is calculated. See 4.3.1 “Preparation of power cables” for more information on the 

assembly operation itself. 

Cable type Equation 

Special power cable (0) [preparation time for special power cable] – [preparation time for 

benchmark] 

Normal cable (1) [preparation time for normal power cable] – [preparation time for 

benchmark] 

Special data cable (2) [preparation time for special data cable] – [preparation time for 

benchmark] 

Table 16 - Calculation for preparing cable 

6.1.2.2  Pre-assembly of top 

In Table 17 it is described how difference in pre-assembly time depending on which type of 

top is calculated. See 5.2.1 “Top type: tension-mounted, wall-mounted or free-standing” for 

more information on the assembly operation itself. 

Top type Equation 

Ceiling fastener (0) [pre-assembly time for ceiling fastener] – [pre-assembly time for benchmark] 

Free standing (1) [pre-assembly time for free standing] – [pre-assembly time for benchmark] 

Wall fastener (2) [pre-assembly time for wall fastener] – [pre-assembly time for benchmark] 

Table 17 - Calculation for pre-assembly of top  
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6.1.2.3  Pre-assembly of power sockets 

In Table 18 it is described how difference in pre-assembly time depending on which type of 

power socket is calculated. See 5.2.2 “Number power sockets and connection type” for more 

information on the assembly operation itself. 

Socket type Equation 

Normal (1)  ([number of sockets] – [number of power cables]) * [assembly time for normal 

socket] – [assembly time for benchmark] 

Special (0) ([number of sockets] – [number of cables]) * [assembly time for special socket] – 

[assembly time for benchmark] 

Table 18 - Calculation for pre-assembly of power sockets 

6.1.2.4  Pre-assembly of data sockets 

In Table 19 it is described how difference in pre-assembly time depending on number of data 

socket is calculated. See 4.3.4 “Preparation of data sockets” for more information on the 

assembly operation itself. 

Data sockets Equation 

Number of data 

sockets 

([number of data sockets] – [number of data sockets for benchmark]) * [assembly 

time for data sockets] / 2 

Table 19 - Calculation for pre-assembly of data sockets 

6.1.2.5  Threading of cables 

In Table 20 it is described how difference in threading time depending on number of cables is 

calculated. See 5.2.4 “Threading of cables” for more information on the assembly operation 

itself. 

Cables Equation 

Number of data 

and power 

cables 

([number of power cables] + [number of data cables] – [number of power cables 

for benchmark] – [number of data cables for benchmark]) * [assembly time for 

threading a cable] 

Table 20 - Calculation for threading cables 

6.1.2.6  Winding of cables 

In Table 21 it is described how difference in winding time depending on the number of cables 

is calculated. See 5.2.5 “Uncoiling the cables” for more information on the assembly 

operation itself. 

Cables Equation 

Number of data 

and power 

cables 

([number of power cables – number of cables for benchmark] * [time for uncoil 

and wind a power cable] + ([number of data cables] – [number of data cables for 

benchmark]) / 2 * [time for uncoiling and winding data cables] 

Table 21- Calculation for winding cables 
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6.1.2.7  Assembly of top 

In Table 22 it is described how difference in assembly time depending on which type of top is 

calculated. See 5.2.1 “Top type: tension-mounted, wall-mounted or free-standing” for more 

information on the assembly operation itself. 

Top type Equation 

Ceiling fastener (0) [assembly time for ceiling fastener] – [assembly time for benchmark] 

Free standing (1) [assembly time for free standing] – [assembly time for benchmark] 

Wall fastener (2) [assembly time for wall fastener] – [assembly time for benchmark] 

No top type (3) [assembly time for no fastener] – [assembly time for benchmark] 

Table 22 - Calculation for assembly of top 

6.1.2.8  Connect power cable and power socket 

In Table 23 it is described how difference in connection time depending on which type and 

number of connections is calculated. See 5.2.2 “Number power sockets and connection type” 

for more information on the assembly operation itself. 

Socket type Equation 

Normal (0)  [assembly time for connecting power socket] * ([number of power cables] – [number 

of power cables for benchmark]) 

Special (1) [assembly time for connecting specific socket] *[number of power cables] - [number 

of cables for benchmark] * [assembly time for connecting benchmark socket]) 

Table 23 - Calculation for connecting power cable and power socket 

6.1.2.9  Press data sockets on base profile 

In Table 24 it is described how difference in assembly time depending on number of data 

sockets is calculated. See 5.2.3 “Number of data sockets” for more information on the 

assembly operation itself. 

Data sockets Equation 

Number of 

data sockets 

([number of data sockets] – [number of data sockets for benchmark]) /2 * [assembly 

time for data socket] 

Table 24 - Calculation for pressing data sockets on base profile 

6.1.2.10 Press power sockets on base profile 

In Table 25 it is described how difference in assembly time depending on number of power 

sockets is calculated. See 5.2.2 “Number power sockets and connection type” for more 

information on the assembly operation itself. 

Power sockets Equation 

Number of power 

sockets 

([number of power sockets] – [number of power sockets for benchmark]) * 

[assembly time for pushing power socket on base object] 

Table 25 - Calculation for pressing power sockets on base profile 
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6.1.2.11  Press fronts on power sockets 

In Table 26 it is described how difference in assembly time depending on the number of 

power sockets is calculated. See 5.2.2 “Number power sockets and connection type” for more 

information on the assembly operation itself. 

Power sockets Equation 

Number of power 

sockets 

([number of power sockets] – [number of power sockets for benchmark]) * 

[assembly time for front on socket] 

Table 26 - Calculation for pressing fronts on power sockets 

6.1.3 Example of estimation 

To clarify the method of estimation this section will describe an estimation of product 

9332067, a one-sided pole. In Table 27 characteristics of the product is described in 

comparison to the benchmark product for one-sided poles, 20058826. The differences in 

characteristics are that it contains one more power cable and one more data socket.  

Characteristics 
Benchmark 

20058826 

Estimated 

9332067 

Cable type 1 1 

Fastening method 1 1 

Socket type 1 1 

Number of power cables 1 2 

Number of data sockets 2 3 

Number of power sockets 3 3 

Table 27 - Characteristics of the benchmark and estimated product 

The differences seen in Table 27 affects some assembly operations while others remained 

unchanged. Since neither power cable is of a specific type there is no difference in preparation 

time.  Since both of the products use the same fastening method pre-assembly and assembly 

time are the same. Estimated product contain one more power cable which decreases the 

number of connections between power sockets and therefore decrease preassembly time for 

power sockets. One more data socket means that preassembly time and time to put sockets on 

the base profile increases. Since we have one extra power cable and one extra data socket time 

for threading and winding cables increase. The benchmark product has one less power cable 

which means that the assembly time for connecting power cables to sockets increases for the 

estimated product. When attaching power sockets to the base profile assembly time is long for 

the estimated product since there are two sub-assemblies to attach however they consist of the 

same number of power sockets which mean that the time to attach the fronts is the same. The 

assembly time of estimated product, 9332067, is 1184 seconds which is 159 seconds longer 

than for the benchmark product and it can be seen in Table 28. 
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Operation Time (s) 

Benchmark assembly time 1025 

Preparation of power cable 0 

Preassembly of top 0 

Preassembly of power sockets - 51 

Preassembly of data sockets + 45 

Threading of cables + 54 

Winding cables + 51 

Assemble top type 0 

Connect cable and power socket + 33 

Data Socket on base object + 15 

Sockets on base object + 12 

Fronts on sockets 0 

Total assembly time 9332067 1184 

Table 28 - Estimation of assembly time for 9332067 

6.1.4 The workload for prewired products 

By using collected data and creating estimations described in 6.1.2 “The estimation of 

assembly time” a workload for prewired products has been created. The total workload for all 

product families together is 11,2 hours, as presented in Table 29. As done for empty products, 

two constants have been added to consider irregularity for different order and to have a 

reliable efficiency rate. Capacity needed for prewired products are 15,8 hours per day which 

indicates a need for two persons working only with these products. 

Product 

family 

Average consumption 

(units/month) 

Average 

assembly time  

Workload 

(h/day) 

Irregularity Efficiency Capacity 

need 

One-sided 298 20 min 4,5 1,2 1,2 6,4 

Two-sided 72 39 min 2,1 1,2 1,2 3,0 

One-box 71 20 min 1,1 1,2 1,2 1,5 

Two-box 83 29 min 1,8 1,2 1,2 2,5 

Four-box 38 59 min 1,7 1,2 1,2 2,4 

All 563  11,2   15,8 

Table 29 – Calculation of load for prewired products 

6.2 Process descriptions 
The process of assembly for empty products will not be changed from current set-up since 

demand can be met with only one workstation. For prewired products demand suggests two 

operators. In order to secure 15,8 hours of assembly time per day there are three main 

solutions. The first solution is to assemble the product as done today with parallel 

workstations. To meet demand there would be a need for two workstations. As theory from 

Lean production teaches, 3.4 “Lean production”, there is a great need and advantage of 

decreasing lead time which is also one of the objectives of the assignment. By producing at 

parallel workstations multiple orders will be in progress simultaneously which increases 

throughput time and work in progress. The second solution is to dedicate one workstation to 

the products and create two shifts which can meet demand. This solution would give a low 
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work in progress since only one order is assembled at the same time. The downside of the 

solution would be that there is little room for increasing production capacity since it only 

would be possible to add a night shift which is more expensive in terms of labor costs. The 

third possible solution is to create an assembly line in which two operators can work together 

with the same order. The advantage of this solution is quick throughput times, low work in 

progress and a possibility to extend production. The difficulties with designing an assembly 

line are to split operations and balance flow effectively. With regards to these characteristics 

of the different solutions, the best solution seems to be solution number three. 

From 3.2 “Architecture of the assembly system”, six different assembly systems were 

identified in the literature. Since the assembly system has a restriction of only having two 

operators and all assembly will be manual it is not possible to have a parallel flow of 

assembly. A U-shaped line has the advantage of closeness between workstations but in this 

case the size of products creates difficulties in terms of both size of station and movement of 

product. A team assembly put great demand on the product on both possibility to do different 

tasks at the same time it puts demand on dependence and accessibility which is not the case 

with these products. As stated in the literature review, cellular assembly system is often not 

compatible with low-volume, high-mix production and is therefore not a suitable architecture 

in this case. When eliminating four of the system designs serial flow and fishbone flow 

remains as options and must be investigated further. 

In terms of number of workstations it is not effective to have the same number of 

workstations as operators if the balancing of the line is not perfect. This indicates that for both 

solutions it is better to split the process into three and thereby create room in the process 

which can be used to achieve a higher efficiency in the assembly process. 

6.2.1 Serial flow for prewired products 

In order to create an assembly system with three stations the assembly process needs to be 

divided into three parts with equal length of assembly time. In terms of management and 

clarity of operations it is positive if division of labor between workstations is easy and 

intuitive and has small changes from product to product. As seen in 5.4.3 “The assembly 

process” there is a possibility of starting with different operation and therefore there are a lot 

of different solutions in terms of operation split. In Table 30 operations has been described in 

the same order for different products and assembly time has then been divided into three in 

order to create a balanced assembly system. By comparing operations that should be 

performed at different stations it seems possible to divide operation into three parts of similar 

size and get a fairly good balancing of operation.  

Reference 
Nr. of process for each station 

Station 1 Station 2 Station 3 

Four-box (20058842) 8 11 53 

One-box (5860546) 25 18 28 

Two-box (9319069) 3 17 52 

Two-sided (9315067) 3 21 48 

One-sided (20058826) 6 22 43 

Table 30 - Description of operation split for serial flow 



57 
 

The first result of compilation of data shows that it could be possible to assemble the products 

in a serial flow with three stations. To further investigate the possibility a division of labor 

were identified which resulted in an overall balancing. As background data the same products 

as was analyzed in Table 30 were used. The result was that an overall balancing of the line 

gives a poor balancing when focusing on each single product, as can be seen in Figure 42. 

 

Figure 42 - Workload for each station with an overall balancing 

After having investigated workload for different stations it is clear that each product needs to 

be analyzed individual in order to indicate what operations should be performed at which 

station if there should be a good balancing. This procedure would mean extra work for each 

order and also a difficulty for operators in the process. Since it is not possible to get a perfect 

or good balancing in the assembly system, a buffer between stations would be needed. Since 

products concerned are big it would mean that the total size of the assembly system would be 

around 20 meters in length which is a disadvantage and increases costs. In total that concludes 

that it would not be advantageous to create an assembly system in serial flow. 

6.2.2 Fishbone flow for prewired products 

In an assembly system with a fishbone flow design, sub-assemblies are delivered to the final 

assembly. To design a fishbone structure for the intended case, the first step was to analyze 

which operations of the assembly process can be done as a sub-assembly and which 

operations can be seen as final assembly. As the precedence diagram in Figure 43 shows, pre-

assembly can generally be seen as preparation of power cable, preparation of data sockets, 

preparation of power sockets and threading of cables. Final assembly is assembly of sockets 

and front as well as screw top and bottom on base object. The division between sub-assembly 

and final assembly were made by identifying which operations could be done without the base 

object. There will be differences between product families and specific products in terms of 

which specific operations that are assigned to different operational blocks, however it gives a 

good overview understanding of the process. 
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Figure 43 - General division between pre-assembly and final assembly 

When having identified different operations for pre-assembly and final assembly it was 

possible to estimate workload for both parts in the same manner as done in 6.1.4 “The 

workload for prewired products”. In terms of assembly time, division in assembly resulted in 

42 % of total assembly time would be assigned to sub-assembly and 58 % would be final 

assembly time as seen in Figure 44. Consideration has been taken for demand for each of the 

different product families when calculating that and it can therefore be regarded as reliable 

estimations. It can be noted that it is a considerable difference between different product 

families which require a flexible assembly system design in order to handle the difference.  
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Figure 44 - Division between final and sub-assembly time including aggregate split 

From 6.1.4 “The workload for prewired products” it is clear that the line should be managed 

by two operators and due to the difference from product family to product family as well as 

the overall difference in assembly time it is not possible to have one operator dedicated to 

sub-assembly and one operator dedicated to final assembly. Another type of solution is to 

have one station dedicated for sub-assembly and two stations for final assembly and aspire to 

have a balanced flow between these stations. The result of such a solution would create two 

major disadvantages, the first is that sub-assembly time is much higher than a third of total 

assembly time and it would mean that certain parts of sub-assembly should be made at the 

final assembly station. The other disadvantage is that this type of solution would implicate a 

movement of the big product including a buffer and therefore take up a lot of space in 

comparison with a solution where the final assembly is made on one station. 

The advantage of dedicating only one station for final assembly is that it reduces size of the 

assembly system which has a good effect on waste of transport and movement. By using one 

station for final assembly as a restriction in the assembly system a solution for cooperation is 

needed. By studying the precedence diagram, see “Appendix 1 – Precedence diagram”, it is 

possible to see that partly parallel operations within the final assembly indicates the 

possibility to use a solution including cooperation. By creating two positions at the final 

assembly stations it is possible reduce the problem of balancing and partly introduce a 

teamwork assembly which creates the sought after flexible system. As presented in Figure 44, 

workstations will be most unbalanced for the product families 1-box, 2-box and 4-box. For 

these product families, it is possible for two operators to work more in parallel at the final 

assembly workstation, where one operator prepare the next box while the other assemble parts 

and sub-assemblies on the base object. 

By having one station dedicated to final assembly an efficient system must be designed for 

sub-assemblies. It is important that sub-assemblies can be done in an efficient manner with all 

components close at hand and having dedicated workstations which can improve the assembly 
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process. One possibility is identified to split pre-assembly into one station for power socket 

preparation and one station for data sockets and cables. By dividing pre-assembly in two 

stations, each workstation can be optimized to perform dedicated tasks. In addition, all cases 

where final assembly will be faster than pre-assembly, the operator working at the final 

assembly station can go and help out in one of two pre-assembly stations. However, by 

splitting it into two stations, movement between stations will increase. To decrease movement 

between stations, small buffers can be used which means that it is possible for operators to 

prepare sub-assemblies for more than one product at a time. 

6.3 Assembly system design 
The description of the assembly system design will be divided into four separate parts. The 

first two parts are the design of workstations divided upon empty and prewired including the 

actual design as well as a description of articles available at the stations. It will also include 

ergonomic effects of the design as well as benefits for the assembly process. The third part 

will describe the value stream within the assembly system and how material is moved. The 

fourth and final part of the description will focus on how components are supplied to the 

station both in terms of transport and factory layout. 

6.3.1 Design of the workstation dedicated for empty poles 

The design of workstation for empty poles will be described in three parts. The first part 

describes size of the workstation. The second part of the description considers components 

and how they are presented. Finally the station will be visually described. 

6.3.1.1  Size of the workstation dedicated for empty poles 

In accordance with Baudin [33] argumentation, dimensions of the products will be the 

limitations of the workstation size. Since products assembled at the workstation will be 

maximum three meters, the table needs to have the same length. The width of the table is also 

limited by product size; according to [44] the minimum width of a table should be 

approximately 350-400 mm to be able to perform all assembly operations. Thus, the width of 

the table is within recommended work distances, presented by Figure 17, page 29. Since 

different operators will work at the workstation, the height of the table should be adjustable to 

fulfill ergonomic requirements.  

This size will give a lot of space for part presentation behind the table in gravity flow racks; 

three meters wide and about 635 mm in height from normal working height, i.e. the table. The 

recommended height makes it possible to have three shelves for material containers. However, 

to be able to fully use the recommended height from normal working height, the part 

presentation equipment needs to be adjustable since the working table should be adjustable.  

6.3.1.2  Components used for empty poles and part presentation 

In the initial state, a kitting strategy was used. However, the kitting strategy was poorly 

performed since all components for an entire order were put together unsorted in a container. 

Many of the components were still in packing material. The table was not big enough to place 

both the product and the container at the table at the same time, which meant that the 

container was placed on the floor beside the table. This meant that operators needed to go to 
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the container, search for needed components and remove packing material if needed. Hence, a 

lot of operator’s time was spent on non-value adding activities, i.e. wastes. 

Two general types of feeding principles are considered for this situation; kitting or continuous 

supply. To minimize wastes with a kitting strategy, Baudin [33] argued that components used 

for a product should come unpacked in a structured pallet. 

According to the component analysis, the number of components used to assemble one 

product are in average 22 parts and there are in total 80 different components.  It would be a 

major challenge to design a pallet suitable for all component combinations which are not too 

space demanding and can be presented in an arm’s length from the operator. In this case, a 

more suitable solution is to use the available space behind the table to a continuous supply 

strategy for the most common components and use kitting strategy for all less frequently used 

components. All components were therefore divided into four types of groups;  

 High-runner components: used in more than 15 percentages of products and had 

monthly consumption of more than 200.  

 Medium-runner components: used in less than 15 percentages of products and had a 

monthly consumption of less than 200.  

 Low-runners components: used in less than ten percentages of products. 

 Kitting components: used in less than 6 percentages of products or had a monthly 

consumption of less than 50 components. 

When structuring the order of the components in the shelves several aspects needed to be 

considered to minimize the handling. High-runner and medium-runner components should be 

placed at the lower shelves while low-runner components were placed at the upper shelves. At 

the same time, the components should be presented where it should be used in relation to the 

product, i.e. parts assembled on the bottom should be on one side and parts assembled on the 

top should be presented on the other side of the workstation. Furthermore, similar components 

should be placed close together to facilitate searching. To be able to structure the components, 

the size of the material containers was needed; see 5.4.2 “Supply of components” for more 

information. A schematic sketch of the placement of the boxes containing components can be 

seen in “Appendix 3 - Gravity flow rack structure”. Three components were too space 

demanding to be able to store in the gravity flow rack and were placed in pallets close to the 

workstation, see Figure 48, page 66.  

6.3.1.3  Three dimensional drawing of the workstation dedicated for empty posts 

To visualize a design proposal, a three dimensional drawing was created by using a computer-

aided design (CAD) software, see Figure 45. As can been seen in the drawing, the workstation 

consist of;  

 A table,  

 A gravity flow rack with at least two containers for every component,  

 A shelf for empty containers,  

 A wagon for the profiles and  

 Other necessary equipment like lights and screwdrivers.  
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Additional equipment needed like a wagon for finished products and storage for pallets with 

big components are also necessary, but have been left out in order to simplify the drawing. 

 

Figure 45 - Three dimensional drawing of the proposed workstation design dedicated for empty poles 

The operator will face the gravity flow rack where all high-runner, medium-runner and low 

runner components are stored in containers. When the operators have used all components in 

a container, they simply place the empty box in the refill shelf, positioned between the gravity 

flow rack and the wagon for base profiles in Figure 45. This will be a visual signal which 

indicates that more material is needed. When removing the empty container, the box behind 

the first will slide down. The number of components in a container has been dimensioned to 

last at least an hour, which is enough time for the material handler to pick up the empty box 

and place a full container in the gravity flow rack. For more information of how the material 

supply will work, see 6.3.4 “Material supply”. As can been seen in “Appendix 3 - Gravity 

flow rack structure”, extra space in the gravity flow rack has been dedicated to order specific 

kitting components, which will reduce handling time compared to the initial state where 

specific kitting components were stored on the floor.  

To investigate how the table and gravity flow rack could be made adjustable, a supplier of 

flow racks and other workstation equipment was contacted. During an interview with the 

supplier [45], he proposed a solution were the table and gravity flow rack was integrated and 

both heights were controlled by a hydraulic lifting system power by an electrical engine.  

6.3.2 Design of the workstations dedicated for prewired poles 

The design of the workstations for prewired poles will be described in three parts. The first 

part describes size of workstations. The second part of the description considers components 

and how they are presented. Finally the station will be visually described. 
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6.3.2.1  Size of the workstations dedicated for prewired poles 

As discussed in 6.2.2 “Fishbone flow for prewired products”, assembly of prewired poles 

could be divided between a final assembly workstation and two sub-assembly workstations. 

Like the workstation dedicated to empty poles, the final assembly workstation was restricted 

by the size of base profiles, i.e. approximately three meters in length and 350-400 mm in 

width, giving the same size for a gravity flow rack behind the table.  

With the same arguments, the minimal size of the workstation dedicated for assembly of 

power sockets are limited by the size of the biggest sub-assembly. According to our analysis 

of products ordered during a six month period, the maximum size of a power socket sub-

assembly was approximately 600 mm (six sockets á 100 mm). To be able to assemble this, 

some extra space is needed [44] and therefore a table length of one meter should be sufficient.  

For preparation of data sockets and cable a small table is needed to e.g. stick labels on cables 

and assemble data cables to data sockets. At this station, power and data cables will be 

threaded through the flexible tube. This operation requires a special fixture and a lot of floor 

space on one side of the fixture since the cable must first be uncoiled to be able to perform the 

threading operation.  

6.3.2.2  Components used for prewired products and part presentation 

To be able to determine which components should be available at the station with a 

continuous supply strategy, the parts were divided into the same groups as for empty 

components; high-runners, medium-runners, low runners and kitting components. 

Furthermore, components were divided according to which workstation they were to be used. 

When structuring the gravity flow racks, the same aspects were considered as when 

structuring components for empty poles: High-runner and medium-runner components should 

be placed at the lower shelves while low-runner components were placed at the upper shelves. 

Also, components should be presented where it should be assembled in relation to the product. 

Lastly, similar components should be placed close together. A schematic drawing of the 

results of the structuring can be found in “Appendix 3 - Gravity flow rack structure”. 

For the workstation dedicated for cables and data sockets, seven of the high- and medium-

runner components were too space demanding to be able to store them in a gravity flow rack; 

two types of flexible tubes and five types of cables. Since these were frequently used 

components they were needed to be very close to the station in order to minimize unnecessary 

movements.  

6.3.2.3  Three dimensional drawing of the workstations dedicated for prewired 

poles 

Figure 46 is a three dimensional CAD-model of the workstations dedicated for prewired poles. 

There are three workstations, two preassembly workstations to the right and a workstation 

where the final assembly is performed to the left.  
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Figure 46 - Three dimensional drawing of the proposed workstation design dedicated for prewired poles 

Preparations of the power sockets are done at the workstation to the right in the picture. The 

power socket sub-assembly is prepared for one product and thereafter transported to the next 

workstation through a gravity flow rack. The gravity flow rack is a controlled buffer with 

containers working as kanban signals. If no container are empty in the gravity flow rack, no 

work should be performed at workstation one.  

In the middle station, power and data cables are prepared and threaded through the flexible 

tube. To be able to transport sub-assemblies, the tube fixture must be placed on a moveable 

wagon. When a sub-assembly is ready (cables are prepared and threaded through the tube), 

operators takes the sub-assembly from the previous station and places it on the wagon, which 

thereafter is transported to the final station. The flexible tubes are stored in a carton box on a 

specially constructed wagon. When one box is empty, the operator simply turns the wagon 

around and start on a new box. The empty carton box works as a visual signal for the material 

handler which indicates that more material is needed. Cables are stored in boxes on wagons. 

Operators wheel the wagon with cables needed for a certain order to the workstation. When a 

cable wagon is empty, the operator places it close to the route of the material transport, which 

indicates that more material is needed.  

The final assembly station is positioned to create a L-shaped line for two reasons. Firstly, as 

mentioned earlier, the cable preparation station must have a lot of floor space on one side of 

the workstation to be able to perform the uncoiling operation. Secondly, since the balance 

between sub-assembly and final assembly will not be perfect, operators will help each other 

out in a team assembly. The layout of workstations reduces the distance between workstations 

compared to a layout were they are positioned in a straight line.  

According to Åslund [45], all workstations could be equipped with the same hydraulic 

solution as mentioned for the workstation dedicated for empty poles to make it adjustable in 

height. The position of operators will be standing in order to reach the whole workstation and 

easily move from station to station.  
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6.3.3 Material flow 

To further stress how the assembly process will be divided a flowchart, Figure 47, describes 

the process. Each station is dedicated to specific operations of the process. Between the 

stations both a self inspection and a buffer can be found which intends to improve balancing 

of the process. 

 

Figure 47 - Flow chart of assembly process in proposed layout design 

Station 1 

          Station 2 

Station 3 
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6.3.4 Material supply 

As discussed in 6.3.1 “Design of the workstation dedicated for empty poles” and 6.3.2 

“Design of the workstations dedicated for prewired poles” a continuous supply must be in 

order for most articles. This system can be arranged through the kanban system that is already 

in place. By using constraints of not being able to move the test area or movement of the 

material supply system (MPH), the layout suggestion of Figure 48 has been made. Through 

this design both the station for empty poles and the prewired line is close to the MPH which 

means that it can be supplied through the kanban system with little extra work. At the same 

time the distance between finished products and packing is as short as possible in order to 

minimize transport within the process.  

 

Figure 48 - Layout suggestion with current position of testing and MPH movement 

Both processes include some articles which are the same and it is important that the kanban 

system is designed in a manner that is easy to use at the time as it minimizes the area 

utilization in the warehouse. To do this it is important that articles that are used in both 

processes are stored in one position in the warehouse. The demand signal in the kanban 

system will be an empty container according to Figure 49. The article number is attached to 

all containers in order to provide all needed information regarding the article. In addition to 

this signal each station will add a kanban card to the containers with information from which 

station, demand for more articles has aroused.  

Prefix  Description  

A Que - Empty 

B 
Big components, 

stock 

C 
Profiles for orders 

in process 

D Big components 

E 
Finished empty 

products 

F Que – Prewired 

G 
Big components, 

stock 

H Big components 

I Finished products 

J 
Profiles for orders 

in process 

K  Que - Packing 
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Figure 49 - Container with article number 

With changes in design, in process and especially an extended kanban system the demand and 

workload in warehouse will increase. Change is needed in order to quickly replenish 

production, warehouse personnel needs to have prepared containers. At present the boxes 

gathered in production is filled from a larger container before returned to production. By 

adding another kanban shelf with already filled small containers in warehouse it is possible to 

quickly switch the empty container with a filled one and thereafter fill the empty container. 

With this change it is possible to divide work in warehouse more efficiently and thereby 

decrease workload and replenish needed material quicker. 

By removing constraints of the current factory layout, more alternatives will be allowed when 

positioning both of the different assembly systems. The new layout as a result of these 

changes can be seen in Figure 50. The improvement of the suggested design is that finished 

products from prewired line will be closer to packing. At the same time the distance from 

other processes to the new testing area will be shorter which also decreases total amount of 

transport within the department. 

 

Figure 50 - Layout suggestion without constraints 

Prefix     Description  

A Que - Empty  

B Big components, stock  

C 
Profiles for orders in 

process  

D Big components  

E 
Finished empty 

products  

F Que – Prewired  

G Big components, stock  

H Big components  

I Finished products  

J 
Profiles for orders in 

process 

K Que - packing 
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6.4 Evaluation of assembly system 
The future state of the value chain is visible in Figure 51 which shows the division between 

empty and prewired assembly system. The difference compared to the initial state, 4.2.1 

“Value stream mapping”, apart from previously mentioned division is mainly increased 

uptime. The uptime stands for time which operators are able to do assembly tasks. The great 

increase in uptime comes from availability of components at all times as well as increased 

possibility to manage the system. When fewer tasks around assembly are assigned to 

operators it will be easier to know what non productive time is used for and thereby eliminate 

it. 

 

Figure 51 - Future state with new assembly system 

6.4.1 Evaluation of assembly losses 

Balance losses for empty pole workstation are none since the whole assembly is done on one 

station. On the prewired pole line, balanced losses could have been considerable however by 

including buffers in the system as well as having products that allows team assembly they are 

decreased. With the actions taken to minimize the balance losses they can be regarded as low. 

Handling losses are reduced much compared to the initial state. Reduction primarily comes 

from using continuous supply in a gravity flow rack and thereby placing all components as 

close to the final position on the product as possible. By only dedicating one position for final 

assembly in the prewired system, handling losses for moving the profile will be small 

compared to a solution where movement of base profiles is needed. 
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System losses are created by having and depending on a balanced flow. Since the assembly 

system is designed for using a flexible operator and buffers a balanced flow is not presumed 

thereby there will be small system losses. 

The investigation has not focused on variant losses even though it is created by having a 

mixed model system. However since the system fully uses manual labor the assembly system 

is flexible and thereby it is possible to handle a lot of different models without increasing 

variant losses as much as would have been the case for an automatic system.   

To prevent disturbances in production flow a continuous supply of articles has been put in 

place for both empty and prewired assembly system. By using continuous supply one 

malfunctioning component can be replaced by another without affecting assembly time in 

comparison to a kitting system where a new component would have to be specifically 

supplied.  

By creating a dedicated line for empty and prewired poles, operations dedicated to each 

operator are more defined and thereby it is easier to measure and monitor performance. Since 

operators still are involved in the improvement project they feel responsible and thereby 

motivated. By having testing integrated within the assembly system in a one piece flow they 

will get quick feedback. By inspecting and testing, their one work satisfaction will increase 

and therefore overall motivation losses will be small in the system. In the prewired assembly 

system in contradiction to the empty assembly system a part of assembly will be made 

through teamwork which increases motivation. For empty poles it is not possible to create 

teamwork or substantial contact with other operators due to the workload and it is therefore 

recommendable to practice job rotation. 

The success of suggested assembly line is dependent on the ability and flexibility of operators. 

In order to secure a good result it is important that productivity of the line is continuously 

measured and communicated. By doing that it is possible to detect if any problems occur and 

thereby improve final result. 
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7 Conclusions and discussion  
In this section of the thesis, the most important conclusions are presented and the research 

questions are responded to. Furthermore it includes a discussion regarding method and 

generalization of the research. Finally some ideas for future research will be presented. 

7.1 Response to the research questions 
In order to conclude the research properly each research questioned will be answered 

separately. 

7.1.1 How can the production be divided into different workstations? 

In the initial state, assembly was not divided between different workstations, the workload 

was divided by using parallel workstations for different orders. When dividing assembly 

operations, each workstation in the system needs to have standardized operations which are 

dedicated to the station. Furthermore workload for each station must be adequate both through 

a balancing point of view as well as by being able to meet demand. For detail of division see 

6.2.2 “Fishbone flow for prewired products”. 

7.1.2 How should the process be balanced in order to create efficiency? 

When having a mixed model assembly system which only uses manual labor it is important 

that balancing of the line is more focused on tasks of operators than balancing between 

stations. By using the flexibility of operators, system efficiency can be created through ease of 

management. The initial state created a situation where each workstation were autonomous 

and control were made impossible, by standardizing work procedure a foundation for 

management were created. 

7.1.3 How should the workstation be design to minimize waste and meet 

ergonomic needs? 

A poorly performed kitting strategy was used in the initial state which created waste in terms 

of movement and handling losses. In addition to these aspects it was also an ergonomic 

concern. By dedicating a workstation to standardized assembly operations it is possible to 

arrange components in arms length from operators and final position, in a continuous supply. 

It is also possible to supply components in an efficient manner and minimize waste of 

transport and handling. For a detailed description of design of workstations see 6.3 “Assembly 

system design”. 

7.1.4 What was the result of the implementation of the assembly system? 

By using the flexibility of operators and their ability to cooperate, implementation has the 

capacity of becoming a success. Acceptance by operators has been high due to logical split 

and order of operations as well as their involvement in the process. The outcome of 

implementation has not been fully investigated due to time constraints. 
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7.2 Methodological criticism 
By using a method with time studies which the following analysis and results depends upon, it 

is important to secure the accuracy of measurements. By adding more measurements to 

retrieved data, the method could have been improved. As discussed in the method description, 

triangulation has been used to support findings of the time studies. 

There is a risk that important literature has been overlooked and therefore made the thesis less 

comprehensive. By using multiple search engines as well as using references in used literature 

precautions has been taken to reduce this risk.  

7.3 Generalization and validity 
The result of this thesis can be generalized to include all low-volume and high variation 

assembly system. By using Lean principles in the design of an assembly system it has been 

shown that the current praxis of focusing fully on balancing can create a disadvantage when 

having specific prerequisites. The thesis aims to create in depth knowledge considering the 

actual situation and the results cannot be generalized to all assembly situations. 

7.4 Future research 
When investigating the assembly system design problem with the assembly process has been 

seen and it is therefore likely that there is a possibility to improve the process of assembly. By 

making a design for assembly analysis on different product families, interesting information 

could be reveled. 

By thoroughly evaluating mid-term effects of implementation of the suggested assembly 

system an increased knowledge could be created regarding assembly system design.  

Our analysis has paved the way to a deeper analysis considering automation solutions.  
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Appendix 1 – Precedence diagram 
Precedence diagram of benchmarked product from each of the product families; One-sided, two-sided, one-box, two-box and four-box.

 



 

76 
 



 

77 
 



 

78 
 



 

79 
 



 

80 
 

Appendix 2 – Assembly time 
Table 31 describes assembly time for operations within the assembly process. These times 

were used to estimate total assembly time for different products according to specifications of 

the product. 

Operation Assembly time 

Preparation time for special power cable 480 

Pre-assembly time for normal socket 51 

Pre-assembly time for special socket 264 

Assembly time for data sockets 89 

Assembly time for threading a cable 33 

Consideration for not threading the pipe 0,8 

Preparation time for ceiling fastener 0 

Preparation time for  wall mounted 0 

Preparation time for free standing 75 

Assembly time for connecting normal power socket 33 

Assembly time for ceiling fastener 90 

Assembly time for wall mounted 517 

Assembly time for free standing 61,5 

Assembly time for connecting specific power socket 59,5 

Assembly time for data socket 30 

Assembly time for power socket on base object 12 

Assembly time for front on power socket 7 

Uncoiling and winding power cables 30,5 

Uncoiling and winding data cables 41 

Table 31 - Assembly time for parts of the assembly process 
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Appendix 3 - Gravity flow rack structure 
 

Figure 52, Figure 53, Figure 54 and Figure 55 are schematic graphical representations of the structure of the gravity flow racks used. White 

represent high-runner components (> 15 % of the products and > 200 in monthly consumption), grey represent medium-runner components 

(<15 % of the products and < 200 in monthly consumption) and black represents low-runner components (< 10 % of the products). Each row is 

approximately 100 mm.  
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Figure 52 - Structure of the gravity flow rack used in the workstation dedicated for empty pole 

 

 

Figure 53 - Structure of the gravity flow rack used in the workstation dedicated for preparing the power sockets 
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Figure 54 - Structure of the gravity flow rack used in the workstation dedicated for preparing the cables and data sockets 

 

 

Figure 55 - Structure of the gravity flow rack used in the workstation dedicated for final assembly 
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