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Abstract 

 

In the Manufacturing sector there are continual demands as regards to quality, cost, 

production volume, deliverability, enhanced efficiency and added flexibility. In addition now 

a day’s major challenge for industry is to achieve sustainability.  Every company strives to 

put a lot of efforts in new product development and new process development. There are new 

products launched very frequently which increases the market presence of the company. The 

new product challenges the entire production value chain and thus increasing the complexity 

of products and thus processes and production. 

The overall goal is to support management of dynamic production changes and added 

complexity, thus optimizing the use of production resources towards sustainability. In order 

to obtain competitive advantages, production systems in Sweden have to be slim, readily 

adjustable, and must meet the sustainability and environmental requirements. Sustainability 

refers to ecological as well as economical issues and social/human:  

(1) Introducing new technology and processes in production meeting new environmental 

requirements;  

(2) Achieving economical and ecological sustainability of process and operation;  

(3) Improving work environment, ergonomics, and competence to manage new processes.  

Sustainability thus sharpens requirements and makes optimization of production 

increasingly complex. In particular the flexibility is affected: there is need for handling rapid 

new “crash” programs that may severely change technology, process and products. Further, 

production realization process must handle increased complexity. For example, introduction 

of new engines (hybrid, electrical) in production of passenger cars is expected to lead to an 

acute increase of the number of components and variants in parallel. Increase in variants 

increases the complexity of the manufacturing processes. 

In this thesis we have tried to reduce the complexity of the processes by mainly 

focusing on work content and layout for the assembly and logistics function in the Electrolux 

factory in Mariestad, Sweden. We used time studies for assembly station and Value Stream 

Mapping for the logistics section to break down work structure and differentiate balanced and 

unbalanced work. Then the focus was on determining the perceived complexity of the process 

by using Complexity Index. After analyzing the relation of unbalanced work with the 

perceived complexity, specific problems and difficulties on the assembly line and the 

material handling of Electrolux are addressed.  

 The thesis has resulted in understanding of the Complexity of Assembly stations and 

Material Handling section. With help of this complexity, the distributed unbalanced work is 

reduced using Lean techniques. 
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1. Introduction 

 

1.1 Background 

 

The COMPLEX project is initiated by SWEREA IVF in collaboration with Chalmers, 

Volvo Cars, Parker Hannifin, Stoneridge Electronics, and AB Volvo. The COMPLEX project 

centres on the vague concept of complexity. The motivation for targeting complexity is that it 

makes the product realization process difficult, and has a potential to become a key to better 

manage future challenges. Extended knowledge and instruments are needed to measure and 

communicate the impacts of complexity. The project takes a long-term approach to 

strengthen the research area and establishing a strong knowledge base for further research. 

The goal is to strengthen the Swedish researchers’ international competitiveness in the area. 

In the broader sense the production systems must continuously be optimized and re-balanced, 

due to changes in product mixes, volumes and sequences. For manual assembly operations, 

standardized operation instruction sheets are important for efficiency and quality assurance. 

For the development of sustainable production systems, optimization has to take place on 

station, line, and shop and plant level. Man hour planning and control are key issues and 

consists in this context of “Balanced”, “Unbalanced”, “competence” and “information”. The 

aim of COMPLEX project is to contribute to development of sustainable productions systems 

by increased understanding of the concept of production complexity, providing means to 

measure, compare, and manage added complexity. Specific focus is set on optimizing 

“direct” and “indirect work”, information and competence needed during the industrialization 

process of new/modified environmental-oriented products. 

 

1.2 Electrolux, Mariestad 

 

Electrolux is a global leader in household appliances and appliances for professional 

use, selling more than 40 million products to customers in more than 150 markets every year. 

It was founded in the year 1919. Electrolux products include refrigerators, dishwashers, 

washing machines, vacuum cleaners, cookers and air conditioners sold under several 

esteemed brands.  

 

The Electrolux factory in Mariestad houses a manufacturing facility which produces 

refrigerators and freezers for the Nordic markets. Certain models which are relatively 

complex to manufacture are produced only here and nowhere else in the world. 
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1.3 Products and Production methods 

 

The Electrolux factory in Mariestad mainly produces three product lines Freezer, 

Refrigerator and the Battery cabinets. The three product families have different variants 

according to the designs and the brands. The new assembly lines are named as the B72 for the 

Freezer, B73 for Refrigerator and Battery line for the battery cabinets. The assembly line 

works on the one piece flow which is a lean manufacturing technique. The various assembly 

stations setup along the assembly line carry out different operations within the TAKT time of 

50 seconds and the cabinets move along the assembly line till the end of the line. After the 

assembly process is complete. The final section on the assembly lines is the variant section 

where the internal shelves and the trays and door brackets are assembled with the cabinet.  

1.4 Research objective 

 

This master thesis work supports the future production strategy concerning Balanced 

and Unbalanced work. The purpose is to provide means to better determine & plan the 

needed tasks and indirect man-hour resources in workshops.  

Increase in the product variety in existing production causes a very complex 

environment. To handle the complexity different measures are being used such as sequencing 

of products, systems for component identification. The perceived complexity can be handled 

by improving the work content and layout.  A trend is that the ratio between balanced and 

unbalanced work is shifted in an increasing complex environment. This is however very hard 

to anticipate and require new methods. In this thesis we have correlated the process 

complexity with the unbalanced work and tried to reduce the unbalanced work there by 

reducing the complexity. 

 

1.5 Delimitations 

 

 The Mariestad Electrolux factory, since it has 3 different assembly lines each for 

freezers, refrigerators and battery cabinet it is not possible to concentrate on the entire line. 

Other than that material handling and costs are something which has to be drawn limits to for 

this master thesis. Therefore the scope for this id defined with the following limitations,  

 

• The variant section of the Assembly line 72 alone is considered 

• The material handling with respect to variant section of Line 72 is considered 

• Components are valued from stores and not from suppliers 

• Quantifying measures are done based on time and not with respect to cost 

• The cost of implementing suggestions have not been considered  
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2. Frame of Reference 

 

2.1 Assembly Process 

 

According to the definition by assembly is a unit that contains the parts that make up a 

mechanism or a machine (K. K. Ramalingam, 2009) and the operation that makes up this 

mechanism or machine is called the assembly process. There are different types of Assembly 

processes in practice viz. Progressive assembly and Non-progressive assembly (V. S. 

Korsakov, 1974). Progressive assembly is accomplished on the conveyor and the assembler 

or the assembly operator carries out a single operation progressing from one station to the 

next. Progressive assembly is suitable for mass production. Non-progressive assembly is the 

carried out individually or in a small batch. The items to be assembled are taken near the base 

component and assembly operation is done. 

 

The assembly process employed in the Electrolux factory is progressive. The cabinets 

travel on the conveyor and one single operation is performed on every station. There are in 

total 60 stations on the line B72. 

 

2.2 Material Handling 

 

Material handling generally centres on moving palletized, kitted, individually sorted 

and quantified material from the storage to the process (Clifford J. Weinpel). The methods to 

accomplishing this task breaks down into variety of processes.  

In Electrolux these are done using the combination of mechanical conveyor, forklifts 

and the trucks. The mechanical conveyors transport the material from the storage to the 

kitting station. The heavy material that cannot be accommodated on conveyor they are 

handled by the forklifts and then transported to the assembly line through the truck. 

 

2.3 The Kitting process 

 

The kitting is the process of selecting the parts and grouping them and sending them 

to the place from where they are ordered viz. to the customer or the manufacturing unit. In 

Electrolux the parts are kitted for the manufacturing. The parts are selected and ordered from 

different stores and then kitted according to the predefined order. 

Previously in the thesis study titled ‘The Analysis of the Kitting process at Electrolux 

Mariestad’ done by Daði Janusson and Vilhjálmur Alvar Þórarinsson. The results from the 

complexity analysis show how article and product complexity affect kitting. In the conclusion 

they have stated that more the different articles and product variants the more is the 

complexity. Their study has been beneficial for us to find out relation between the perceived 

complexity and the unbalanced work. 
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2.4 Assembly Line Balancing 

 

Assembly line balancing is an effective tool to increase the output of the line. The 

major tasks involve matching the cycle times of the individual stations, removing bottle 

necks, designing the batch sizes, reducing the balancing losses etc. The Line balancing is not 

a onetime task. Rebalancing of the assembly line is a continuous process which needs to be 

done regularly in order to ensure the smooth flow of the line. Rebalancing is done mainly due 

to the following factors: 

a) New Products 

b) New variants 

c) New equipment 

d) Operator skill 

e) Waste identification 

(Abhiram reddam, Emre ozugurel 2011) 

 

In the thesis work done by Abhiram reddam and Emre ozugurel they have analysed 

the level of automation with particular focus on the cognitive aspect in order to make 

information more readily available, this is necessary for the smooth running of the plant. 

They also carried out the work on the rebalancing of the assembly line. 

 

2.5 Complexity in the Assembly 

 

There are various factors which make an assembly process complicated. In our study 

we have made use of the research carried out at Chalmers University by Sandra Matsson. 

According to the study the following factors affect the complexity: 

a) Number of variants 

b) Work content 

c) Layout 

d) Work instructions 

e) Tools and Support Tools 

Using these factors the perceived complexity in the Assembly process can be found out.  

  

2.6 Complexity in the Logistics 

 

In logistics there are various factors which make the process complicated. They are as 

follows: 

a) Maintaining the inventory level in the stores. 

b) Ordering system from the kitting stations. 

c) The two bin ordering system. 

d) The number of components. 

e) The schedule of the orders. 

f) The movement of the trains and trucks.



 
 

13 

 

3. Research Methodology 

3.1 Approach 

 

The 5 W’s of “What?, Why?, Who?, Where? and When?” are addressed for this 

research project and the focus on the “How?” part of the project to collect data was explained 

by C.Dawson as qualitative and quantitative method. This project will focus on the 

qualitative method of its methodology. The questionnaire used to conduct interview follows 

semi-structured interviews as explained by C.Dawson. The qualitative research design 

followed in this project is structured below, 

 

 

 

3.2 Philosophical Assumptions 

 

Myers explains that the philosophical assumptions stated here refer to the 

epistemology or research paradigm used for the research. The author goes on to clarify that 

there are three distinct philosophical assumptions that can define qualitative research namely 

positivist, interpretive or critical (Myers 2009, 37). 

 

       Figure 3.2: Underlying philosophical assumptions 

Figure 3.1: Qualitative Research 

Design 
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The most dominant of the three is the positivist research. This type of research 

assumes that the reality is objectively given and can be measured (independently from the 

observer). The interpretive research, on the other hand, has only gained ground in the area of 

business and management in the last 20 years. This type of research assumes that reality is 

dependent on “social constructions” such as language, consciousness, shared meanings and 

instruments (Myers 2009, 38). An important feature of interpretive research is the concept of 

double hermeneutic as described by Giddens (1976). This feature recognizes that the social 

researcher is as much a subject as he/she is an observer in the situation when studying people. 

In other words, it is a prerequisite that the researcher speaks the same language and 

understands the context of the people or organization being studied to be able to gain any 

meaningful data at all. Critical research is much less common compared to the previous two 

types of research. Critical research assumes that social reality is historically embedded and 

there is a trend that can be observed. Although this trend can change, it is constrained by key 

social, cultural and political forces. This study will take on an interpretive research approach 

as its underlying epistemology. As such, significant literature on scenario planning will be 

analyzed and the industry context will be understood prior to data collection will be 

attempted. 

 

3.3 Research Method 

 

Based on grounded theory the research method was selected. This method attempts to 

develop theory based on data systematically collected and analyzed. The authors describe this 

as an inductive, theory discovery methodology that allows the researcher to develop a 

theoretical account of the general features of a topic while simultaneously grounding the 

account in empirical observations or data (Martin 1986). 

There are several notable advantages to the use of grounded theory namely; 

 Provides ample evidence to back up claims 

 Provides a systematic detailed analysis of the data 

 Encourages going back and forth between data collection and analysis 

 Useful for describing repeating processes 

 Has an intuitive appeal for new researchers as it allows for detailed data analysis 

(Myers 2009, 111) 

 

3.4 Data Collection Technique 

 

For the purposes of data collection, this study primarily relies on literature review 

followed by a structured qualitative interview and videos. The primary data is from this 
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videos and interviews. The secondary data is from the definitions defined and various 

publications and Electrolux’s data details. The interview conducted has been chosen to a 

structured one. Structured interviews use preformulated questions with strict adherence to 

these questions (Appendix 1). The interviews are done at a normal pace so that the 

participants can take enough time to respond to the questions to the best of their ability. Two 

sets of interview were conducted to the same set of people for better results. The video was 

shot for an extended time at different times and for different set of variants. 

 

3.5 Data Analysis Approach 

 

The data analysis performed is based on both induction and abduction approach of 

logical reasoning. Abduction together with deduction and induction is used to make logical 

inferences about the world. Induction is the research approach that generalizes from a 

particular set of observations to a broad statement (Given 2008, 429). The abduction 

approach is closely related to the induction line of reasoning. Whilst inductive inferences is 

viewed as probable (thus the need to validate or supplement it with probabilistic or statistical 

assessments), abductive inferences are merely plausible explanations. Although both these 

lines of inferences are easily refuted with contradictory cases to the generalizations made, it 

is nevertheless an important method of discovery of new theories or hypothesises as it 

expands the realm of plausible explanations (Given 2008, 1). 

 

3.6 Ethical Considerations 

 

In order to maintain the ethical integrity of this research, several considerations have 

been made during the process of data collection; i.e. interviews, videos; 

 Each interviewee is kept remaining anonymous (both as an individual & the 

company) 

 Each interviewee is given the interview summary for their verification 

 The videos are shot only after prior permission from the company head authorities 

and the operator who is been shot  

 For security of the company’s working strategies the videos are not publicized here in 

this report or anywhere 

To maintain the separation and independence of this research from the prerogative of 

the interviewee, the analysis performed on the data collected (based on the interview 

summaries available in the Appendix of this paper) is entirely based on the perception of the 

researcher and has no bearing on the point of view of the companies or the individuals 

interviewed.
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4. Literature Study 
 

4.1 Lean Philosophies 

 

4.1.1 Kaizen 

 

 The Japanese term for continuous improvement is kaizen and is the process of making 

incremental improvements, no matter how small, and achieving the lean goal of eliminating 

all waste that adds cost without adding to value. Kaizen teaches individuals skills for working 

effectively in small groups, solving problems, documenting and improving processes, 

collecting and analyzing data, and self-managing within a peer group. It pushes the decision 

making (or proposal making) down to the workers and requires open discussion and a group 

consensus before implementing any decisions. Kaizen is a total philosophy that strives for 

perfection and sustains TPS on a daily basis. 

 

4.1.2 Poka Yoke 

 

Poka-yoke refers to mistake-proofing (also error-proofing or fool-proofing). These are 

creative devices that make it nearly impossible for an operator to make an error. Obviously, 

there was not a poka-yoke to detect whether the cotter pin was in place. Nonetheless, the 

level of sophistication on the line was impressive there were 27 poka-yoke devices on the 

front axle line alone. Each poka-yoke device also had its own standard form that summarizes 

the problem addressed, the emergency alarm that will sound the action to be taken in an 

emergency, the method and frequency of confirming the error-proof method is operating 

correctly, and the method for performing a quality check in the event the fool-proof method 

breaks down. This is the level of detail that Toyota uses to build in quality.  

 

As an example, though they did not have a poka-yoke to check if the cotter pin was in 

place, they did have a light curtain over the tray of cotter pins. If the light curtain was not 

broken by the operator reaching through it to pick up a cotter pin, the moving assembly line 

would stop, an andon light would come on, and an alarm would sound. 

 

4.1.3 8 Wastes 

 

Toyota has identified seven major types of non-value-adding waste in business or 

manufacturing processes, which are described below. You can apply these to product 

development, order taking, and the office, not just a production line. There is an eighth waste, 

which I have included. 
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1. Overproduction. Producing items for which there are no orders, which generates such 

wastes as overstaffing and storage and transportation costs because of excess 

inventory. 

2. Waiting (time on hand). Workers merely serving to watch an automated machine or 

having to stand around waiting for the next processing step, tool, supply, part, etc., or 

just plain having no work because of stockouts, lot processing delays, equipment 

downtime, and capacity bottlenecks. 

3. Unnecessary transport or conveyance. Carrying work in process (WIP) long distances, 

creating inefficient transport, or moving materials, parts, or finished goods into or out 

of storage or between processes. 

4.  Over processing or incorrect processing. Taking unneeded steps to process the parts. 

Inefficiently processing due to poor tool and product design, causing unnecessary 

motion and producing defects. Waste is generated when providing higher-quality 

products than is necessary.  

5. Excess inventory. Excess raw material, WIP, or finished goods causing longer lead 

times, obsolescence, damaged goods, transportation and storage costs, and delay. 

Also, extra inventory hides problems such as production imbalances, late deliveries 

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

6. Unnecessary movement. Any wasted motion employees have to perform during the 

course of their work, such as looking for, reaching for, or stacking parts, tools, etc. 

Also, walking is waste. 

7. Defects. Production of defective parts or correction. Repair or rework, scrap, 

replacement production, and inspection mean wasteful handling, time, and effort. 

8. Unused employee creativity. Losing time, ideas, skills, improvements, and learning 

opportunities by not engaging or listening to your employees.  

 

4.1.4 5S 

  

 The principle is clean it up, make it visual. In Japan there are 5S programs that 

comprise a series of activities for eliminating wastes that contribute to errors, defects, and 

injuries in the workplace. Here are the five Ss (seiri, seiton, seiso, seiketsu, and shitsuke, 

translated into English): 

  

1. Sort: Sort through items and keep only what is needed while disposing of what is not. 

2. Straighten (orderliness): a place for everything and everything in its place. 

3. Shine (cleanliness): the cleaning process often acts as a form of inspection that 

exposes abnormal and pre-failure conditions that could hurt quality or cause machine 

failure. 

4. Standardize (create rules): Develop systems and procedures to maintain and monitor 

the first three Ss. 

5. Sustain (self-discipline): Maintaining a stabilized workplace is an ongoing process of 

continuous improvement. 
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In mass production, without the five S s, many wastes accumulate over the years, 

covering up problems, and becoming an accepted dysfunctional way of doing business. The 

five Ss together create a continuous process for improving the work environment, as 

illustrated in continuous process for improving the work environment, as illustrated in Figure 

(1). Start by sorting through what is in the office or shop to separate what is needed every day 

to perform value-added work from what is seldom or never used. Mark the rarely used items 

with red tags and move them outside of the work area. Then create permanent locations for 

each part or tool in the order of how much it is needed to support the operator as if he or she 

were a surgeon. The operator should be able to immediately reach for each commonly used 

part or tool. Then shine, making sure everything stays clean every day. 

 
 

 

 

4.1.5 Standardized work 

 

 Standardized work in manufacturing is much broader than writing out a list of steps 

the operator must follow. Toyota President Cho describes it this way: 

  

Our standardized work consists of three elements takt time (time required to complete 

one job at the pace of customer demand), the sequence of doing things or sequence of 

processes, and how much inventory or stock on hand the individual worker needs to have in 

order to accomplish that standardized work. Based upon these three elements, takt time, 

sequence, and standardized stock on hand, the standard work is set. 

 

The Principle: Standardization Is the Basis for Continuous Improvement and Quality 

Toyota s standards have a much broader role than making shop floor workers tasks repeatable 

and efficient. The Toyota Way results in standardized tasks throughout the company s white-

collar work processes, such as engineering. Everyone in the company is aware of and 

practices standardization. Coercive vs. Enabling Bureaucracies Employee Empowerment 

under Taylor’s (1947) scientific management, workers were viewed as machines that needed 

Figure 4.1: 5S 
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to be made as efficient as possible through the manipulations of industrial engineers and 

autocratic managers. 

 

 

4.1.6 Visual Management 

 

 

 Principle 7 of the Toyota Way is to use visual control to improve flow. Deviations 

from the standard should be deviations from working to takt time, one piece at a time. In fact, 

many of the tools associated with lean production are visual controls used to make visible any 

deviations from the standard and to facilitate flow. Examples include kanban, the one-piece-

flow cell, andon, and standardized work. If there is no kanban card asking to be filled on a 

bin, then the bin should not be there. The filled bin without a kanban card is a visual signal of 

ever production. A well-designed cell will immediately reveal extra pieces of WIP through 

clearly marked places for the standard WIP. The andon deviate from standard operating 

conditions. Standard task procedures are posted, so it is clear what the best-known method is 

for achieving flow at each operator s station. Observed deviations from the standard 

procedure indicate a problem. In essence, Toyota uses an integrated set of visual controls or a 

visual control system designed to create a transparent and waste-free environment. 

 

4.1.7 Kanban 

 

 Kanban is the Japanese word for card, ticket, or sign and is a tool for managing the 

flow and production of materials in a Toyota-style pull production system. Kanban means 

sign, signboard, doorplate, poster, billboard, card, but it is taken more broadly as a signal of 

some kind. Send back an empty bin a Kanban and it is a signal to refill it with a specific 

number of parts or send back a card with detailed information regarding the part and its 

location. Toyota s whole operation of using Kanban is known as the Kanban system for 

managing and ensuring the flow and production of materials in a just-in-time production 

system. 

 

Figure 4.2: Taylor’s Social 

Structure 



 
 

20 

 

4.1.8 Just In Time (JIT) 

 

 JIT is a set of principles, tools, and techniques that allows a company to produce and 

deliver products in small quantities, with short lead times, to meet specific customer needs. 

Simply put, JIT delivers the right items at the right time in the right amounts. The power of 

JIT is that it allows you to be responsive to the day-by-day shifts in customer demand, which 

was exactly what Toyota needed all along. The Japanese phrase for this, atokotei wa o-

kyakusama, became one of the most significant expressions in JIT, because in a pull system it 

means the preceding process must always do what the subsequent process says. 

  

4.1.9 Value Stream Mapping (VSM) 

  

 A proven method used in lean manufacturing is value stream mapping, which was 

adapted by Mike Rother and John Shook (1999) from Toyota s material and information flow 

diagrams. The value stream map captures processes, material flows, and information flows of 

a given product family and helps to identify waste in the system. Value stream mapping 

evolved from a tool Toyota now calls the material and information flow diagram that Taiichi 

Ohno s operation management consulting division used in helping manufacturing suppliers 

learn TPS. It was the best place to start for suppliers to understand their current situation so 

they could then map a future state vision that included kanban, production leveling, 

changeover times, etc. Processes are represented as boxes. Arrows connect the boxes. In the 

original version, tombstones (for dead material) represent inventory between processes. 

Overall, lead time is represented and broken into value-added time and non-value-added time. 

Even though there are no physical transformations for many service and business operations, 

one can easily modify this methodology by making more of an information flow diagram. 

The mapping was modified to capture such critical things as decision points, feedback loops, 

and project review events (hansei events). The events are placed on a project timeline, 

showing when events take place. 

 

 If you try to map everything all at once, it leads to a mess. However, by developing a 

big-picture, macro value stream map of the current system, you bring everyone together to 

agree on all the waste in the processes. A macro-future state map can then identify the big 

picture version and help identify where the biggest opportunities are for reducing waste in the 

value stream. From this you can identify the most obvious five to 10 high-level phases to 

work on in great detail to begin to eliminate waste. 
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4.2 EMS 

 

 EMS is Electrolux Manufacturing System which is followed in Electrolux. Due to the 

increasing tough competition, global consolidation and more demanding customers who 

require a wide range of products, it is very hard to survive and succeed. Therefore Electrolux 

is following a proper manufacturing system in order to attain all these, thereby providing 

what the customers need with quality and variety. Electrolux Manufacturing System means,  

 

 It is a global manufacturing strategy  

based on best internal experiences with practices learnt from excellent companies in 

competitive business and proven in pilot projects 

 It guides internal and external activities                                               

starting with our own plants, but expands into our suppliers, distribution and product 

development 

 It is a system  

of standard manufacturing principles, tools and methods  

 It is a continuous improvement methodology  

that encourages us to constantly challenge the status quo, to eliminate waste and 

create value 

 It relies on the full involvement of all people  

in developing and improving our processes 

 It is a Cultural change program with permanent commitment,  

and not an initiative or a project  

 

Figure 4.3: VSM - Example 
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4.2.1 Philosophy of EMS 

 

1. Profitable Production 

2. The achievement of Customer Satisfaction. 

3. Involve everyone in the improvement process. 

4. Cascade the ‘Know-how’ for continuous activities.  

4.2.2 Motives of EMS 

 

1. Challenge all the fixed ideas! 

2. Do it now! No Excuses. 

3. Use your wisdom, not money! 

4. Get to root causes by asking Why? - 5 times! 

5. Improvement is infinite  

   - Better is not good enough!  

 

 
 

 

4.2.3 Vision of EMS 

 

A way to significantly improve our production & competitiveness in terms of: 

 Quality 

 Cost 

 Delivery 

 Safety 

In a speedy but sustainable fashion, 

 reach yearly improvements 

 through value adding activities 

 using everybody’s talent 

 towards common targets 

Figure 4.4:EMSMotive 
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4.3 Systems in Material Handling 

 

4.3.1 Kitting Process 

 

A kit is a specific collection of components and/or subassemblies that together (i.e. in 

the same container) support one or more assembly operations for a given product or “shop 

order” [Bozer and McGinnis, 1992]. 

 

In the Electrolux industry, kitting is implemented to solve the issues of: 

1. Lack of space 

2. Quality 

3. Flexibility 

4. Material handling 

5. Learning 

 

There are different types of materials which have to be replenished for the assembly 

line at each moment of a manufacturing process. It is important to have a mix of all these 

materials available for the assembly line all the time. Therefore kitting process is carried out 

at regular intervals at material handling section of Electrolux at given time calculated from 

that particulars day’s production schedule. This is generally done by the ERP IT system. 

4.3.2 2 bin System 

 

 The 2 bin system followed in Electrolux is a simple Kanban replacing technique 

which does not require any pre order or kitting orders. The small components which are 

regularly used in almost all of variants of refrigerators and freezers are generally replenished 

by 2 bin system. There is a separate 2 bin kitting station at the material handling section 

which is employed to do kitting of only the materials required for the 2 bin system. It is very 

less time consuming, very simple and effective process. 

 

4.4 Complexity 

4.4.1 Manufacturing Complexity 

 

Definition:  The static and dynamic characteristics of a manufacturing system and the 

relationships among individual factors determine the level of complexity within a 

manufacturing system. The elements contributing to the manufacturing complexity include:  

1. The people, with their individualities, different skills and personal lives;  

2. The resource structure - number and types of resources, layout, set-up and cycle times, 

maintenance tasks, idle time;  
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3. The product structure - number of different products, and for each product: number, type of 

resources and operations required to produce it; lead and cycle times, lot sizes 

4. The planning and scheduling functions, with three components:  

• The planning and scheduling strategies used;  

• The number, content, timing and priority of the documents and information used for 

planning and scheduling (the information flow);  

• The scheduling decision-making process; 

5. The volume, structure, content and dynamics of communications: internal (during the 

decision-making process, team working), intra-plant (with other departments), and external 

(with suppliers and customers);  

6. Performance measures: the performance measurement system adds to the overall costs, and 

needs to be managed. If properly defined, it will be value adding.  

7. Variability and uncertainty:  

• Internal: resource breakdowns, absenteeism, data and information inaccuracy and 

unreliability, and quality problems.  

• External: customer changes, unpredictable markets, customisation, inaccurate or unreliable 

information and faulty raw materials.  

8. Other functions within the organisation (such as long-term strategic plans, training, 

politics, and culture).  

 

4.4.2 Complexity Index 

 

To find out the station complexity we have made use of Sandra Matsson’s research. In her 

research she has prepared a questionnaire of 23 questions grouped into different areas such 

as: 

a) Product Variants 

b) Work content 

c) Layout 

d) Tools and Support tools 

e) Work Instructions 

f) General 
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The questionnaire looks like it is shown in Appendix 1. 

In the questionnaire the answers are in the form of ordinal scale. The person 

answering the questions selects one the value and similarly the entire questionnaire has to be 

filled. The answers are then fed into the excel sheet and is given a legend. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Complexity index is found out using the following formula: 

CXI (per station) = Total median (per station) + (Highest median (per problem area) / 4)  

CXI is color coded:  

Figure 4.5: Excel Sheet for Tåg and Kit participants showing values selected by the 

participants and the values of Complexity of each problem areas and Complexity per Station 

Figure 4.6: Excel Sheet for Assembly participants showing values selected by the 

participants and the values of Complexity of each problem areas and Complexity per Station 
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The final results are shown in the following manner: 
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5. Research process 

5.1 Definitions 

 In order to identify and distribute the work we started off with defining the Balanced 

and Unbalanced work.  This definition we came up with was accepted by the COMPLEXITY 

project group, therefore continues to use in this thesis and elsewhere.  

Unbalanced work 

The work or the task being done on the station which is not periodic and the method 

of doing it differs for each instance. There are alterations in every successive cycle and the 

alteration does not follow any pattern. 

Balanced work:  

The work or the task that is being performed on the station which is periodic, 

repetitive, can be recorded, monitored and its occurrence can be estimated. It is the direct 

work that adds value to the product considering all the customers downstream 

 

5.2 Station Level 

 

5.2.1 Relation of Unbalanced work with the Complexity 

 

As described in the earlier section the complexity index gives the complexity that is 

perceived by the line operators. In defining the relation of unbalanced work with the 

complexity we made the use of the time study and the work sequence followed by the 

operators and the one defined by Electrolux. 

The time study charts made in excel sheet represents the list of the different tasks the 

line operator has to perform at each station. Different tasks are then segregated into Balanced 

and Unbalanced work.  

E.g. For one Freezer variant the distribution of Balanced and Unbalanced work is 

found and depicted as follows:  

As mentioned earlier the four stations of the line B72 are operational: Station 53, 

Station 55, Station 58 and Station 60.  The above time study and work study is done for all 

the four stations of three Freezer variants and two Refrigerator variants. 

 



 
 

28 

 

Considering one station at a time the distribution at every station and the cumulative 

distribution for the entire freezer variants is calculated and depicted in the following pie 

chart. 

 

 

 

 

 

 

 

 

The Station level analysis gives us the exact distribution of the balanced and 

unbalanced work at every station for the Freezers. In the later stages the distribution of the 

entire Freezer product line is calculated and depicted as follows: 

 

 

 

 

 

 

 

 

In the similar way the all the three stages are performed for the Refrigerator Assembly 

and the distribution is found out at the three stages a) two variants and four stations at the 

Station Level b) cumulative balanced and unbalanced work for every station of refrigerator 

assembly c) Cumulative for the entire refrigerator product line.  

Figure 5.1: Example at Station 53 

Figure 5.2: Work Distribution Freezer Assembly 
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From the pie charts it is clear that the amount of unbalanced work is considerably 

high in both the Freezer and Refrigerator assembly. We compared the Balanced and 

Unbalanced work with the complexity interview results. The following were the results 

obtained: 

 

 

 

 

 

 

 

 

 

 

 

The stations with the highest complexity index had unbalanced work ranging between 

56% and 61%. Comparing this with the individual complexity of each area in the CXI 

analysis it indicates that the station complexity is directly proportional to the unbalanced 

work. The complexity is high mainly in following areas: 

 

Figure 3 

Figure 5.4: CXI Results of Assembly  

Figure 5.3: Work Distribution Refrigerator Assembly 
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a) Product variants 

b) Work content 

c) Layout 

Therefore we decided to look in to the above three areas and tried to find out ways to 

reduce the unbalanced work as it contributes more than 50%. 

Analysis of the work sequences to find out the most prominent unbalanced work: 

We listed all the unbalanced work for Freezer and Refrigerator of all the stations in 

the similar manner as shown below:  

 

 

 

 

 

 

 

 

 

 

 

5.2.2 Common unbalanced work 

 

1) Rework  

2) Repeated movement of the operator from the station to the material rack  

3) Waiting time for the material  

4) Waiting time for the coordinator 

The suggestions that we came up with will assist in reducing the above unbalanced work. 

 

 

Figure 5.5: List of Unbalanced Work  
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5.3 Factory Level 

 

5.3.1 Value Stream 

 

The second part of the thesis was focused on factory level, in which the material 

handling section of Electrolux is considered. The logistics related to the 4 variant section of 

the assembly line alone is considered of all the material handing being carried out in 

Electrolux. 

The value stream map below shows the overall idea of how materials are supplied to 

the 4 variant section of the assembly station from various parts of the factory’s storage and kit 

stations. 

 

 

 

Value Stream (Individual) 

The flow of materials to the variant section from each different place from the logistic 

section is identified. A Value stream is plotted for the same in order to identify the time taken 

in order to replenish a particular material to a particular station can be identified. 

 

 

 

Figure 5.6: VSM of Material Handling  
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Trådhylla from Logistic Section: 

 

 

 For the trådhylla (metal shelf), the order is from the assembly line, the coordinator 

sends out the Kanban from empty bins to the pickup train drivers. They along with the 

Kanban also carry the empty box. The trådhylla are kept in the Kit Golv of Logistics section. 

For trådhylla, the replenishment method followed is showed in the value stream. The total 

time taken from order to delivery of a single box of trådhylla back to the station takes about 

35 minutes, of which only 20 minutes are value adding and the other 15 minutes are non 

value adding time, mainly waiting times. 

Glashylla from L hall: 

 

 

 The glashylla (glass shelf) are also ordered in the assembly line by the coordinator, 

similar to the trådhylla. The difference is that glashylla are stored in L hall and the pickup of 

empty drawers is done by coordinate himself and in a place right outside G4 gate. Then the 

local forklift driver then replenishes it from the L hall. It takes a total time of 57 minutes of 

which only 17 minutes are value added. 

 

 

 

 

Figure 5.7: VSM of Trådhylla from Logistics  

Figure 5.8: VSM of Glashylla from L Hall  
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Materials from Kit Station: 

 

 

 The materials which come from the Kit station are pre-ordered by the ERP. The 

orders are stored and given at right time by the ERP IT system. Once the order is available, 

the coordinator prints and keeps it ready for the kit station operator. The kit station operator 

kits the train and put it for the pickup by train drivers and delivery. It takes about 95 minutes 

for whole processes (from the order being available for the coordinator to print and 

replenishment of materials) out of which 60 minutes are non value adding.  

 Materials from 2-bin lappar – C hall: 

 

 

The materials from the 2 bin lappar station are ordered from the assembly line only. 

This is a simple Kanban replacement technique. This is the shortest and the most efficient 

way of replenishing materials. Only selected materials which are pre kit by the suppliers can 

be used by this method. The lead time for replenishment of materials is about 15 minutes and 

there is no non value added time. 

 

 

 

 

 

Figure 5.9: VSM of Materials from Kit Station  

Figure 5.10: VSM of Materials from 2-Bin Lappar – C hall 
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Materials from 2 bin Kit Station: 

 

  

The materials from the 2 bin kit station are ordered from the assembly line only. 

Similar to the 2 bin lappar station, 2 bin kit station works. The difference being the 

replenishment is done by a separate 2 bin kit station operator, whereas in 2 bin lappar the 

pickup train driver himself does it. It is efficient as 2 bin lappar kit station and takes about 15 

minutes. 

 

5.3.2 Relation of Unbalanced work with Complexity 

 

 CXI interviews are conducted to kit station operators and tåg drivers at 2 different 

times. The results below show the perceived complexity at different problem areas for both 

kit station operators and tåg drivers. 

CXI measurements (set 1) - tåg & kit participants  

 

CXI measurements (set 2) – tåg participants  

 

 

 

Figure 5.11: VSM of 2-Bin Kit Station  

Figure 5.12: Set 1and 2 results of CXI of Material Handling  
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From the 2 sets of interview conducted, we can see that the problem areas which are most 

complex for both the kit station operators and tåg drivers are the 

 Product variants 

 Work content 

 Layout 

 

Balanced and Unbalanced work: 

According to our definition of complexity we have figured the balanced and 

unbalanced work for the work done on factory level. 

 

Balanced work: 

• Materials from 2 bin kit station  

• Materials from 2 bin lappar - C hall 

Unbalanced work: 

• Trådhylla from logistics section 

• Glashylla from L hall 

• Materials from kit station (B hall)  

It’s not the replenishment process of trådhylla, glashylla and materials from kit station are 

itself unbalanced work but the in the process of replenishing these materials, a lot of 

unbalanced work are being carried out. The common unbalanced work being carried out is 

shown and solutions to reduce these unbalanced works were worked on. 

 

5.3.3 Common Unbalanced Work 

 

       From the value streams the common unbalanced work are found to be, 

 Too many places to pick up the materials  for the train driver 

 Excessive storage of materials  

 Improper contact between coordinator and local forklift driver 

 The materials are kept at a faraway place
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6. Current Situation and Recommendation 

 

6.1 Current Situation 

 

Electrolux factory in Mariestad is a dedicated facility for the freezers and refrigerator 

assembly. The lines are independent for the different products but they are flexible to the 

extent that they can accommodate any variant of freezer and refrigerator except the battery 

cabinet assembly line. The freezer line can accommodate any type of refrigerator and the 

refrigerator can accommodate any variant of freezer. 

The freezer assembly line uses lean techniques of assembly. The cabinets are pulled 

by the next stations to carry out the assembly operation. The cumulative of 60 stations are 

responsible for the construction of the fully operationally freezer. Last 10 stations of the line 

B72 are allotted for carrying out the variant assembly. As this thesis is concerned with the 

variant assembly section of the assembly line B72, we will discuss the current working of that 

particular section.  

The variant assembly components are supplied from the various logistics sections viz. 

a) Kit stations 

b) C- Hallen 

d) Kit Golv 

e) L- Hallen 

The materials sent from the kit station are ordered by the ERP system. The material 

from the C-Hallen, Kit golv and L-Hallen is replenished by using a simple Kanban system. 

The train drivers collect material from different locations and transport it to the assembly line 

and place them in the right shelves. The co-ordinator take the empty boxes and place them in 

the place assigned for them, the train driver delivers the material and then takes the empty 

boxes back to the stores. The co-ordinator checks weather the right material has reached the 

right station and whether the line operator can access it and use it for the assembly purpose.  

 

6.2 Recommendations Station Level 

 

6.2.1. Simplifying Parts Presentation 

 

Current Situation: 

The Line operator in the variant section waits for the cabinet to arrive to his station. 

Once it reaches the ramp the operator checks the skåpsbild i.e cabinet drawing pasted on the 

surface of the cabinet and picks the right material from the material rack and fixes it in the 

cabinet. The material involves different types of shelves, guides, locking pins, clamps, 

hinges, smörfacks(butter trays), dorrfacks(door trays) and the egg racks. The cabinet drawing 

is a 2D cad drawing and has the labelling done on it. The operators read that and pick the 

right shelves and other components. As the operators in Electrolux are quite experienced they 
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by now know which components are needed for which type of variant. As a usual practice 

they do not check the drawing in detail and make the use of their experience to select the 

right component.  

 

 

Problem statement:  

To finish the work in the given takt time, occasionally they fail to recognise the right 

component and end up inserting the wrong component. We found that this is the problem of 

the part presentation which is not so much clear to the operator. 

 

Recommendation: 

The Skåpsbild or the cabinet drawing should have a 3 dimensional representation of 

the parts to be fitted in the cabinet as shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.2.2. Improving quality of the work – Workbench besides the material container 

 

Current Situation: 

Amongst the 8 variant stations only 4 are operational and different assembly 

operations are carried out in those. Every station has a space for material rack, two big 

containers for the shelves and one buffer space for the big container as shown in the figure 

(6.2).  

 

Problem Statement:  

The two containers contain two different types of shelves and they are fitted in 

different cabinets according to the cabinet drawings. The two containers standing at the 

station create a hindrance to the work of the operators and the operator gets less space to 

move in the station. One of the containers is unnecessarily standing at the station.  

As a result the operator has to do the assembly of the shelf and the locking pins/hinges on the 

container as shown in the figure (6.2). 

Figure 6.1: Skåpsbild 
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Recommendation: 

There should be a workbench in front of the station and it should be placed between 

the material rack and the container. The workbench will facilitate the assembly of the shelves 

and will also hold assembled shelves which the operator keeps ready for the next upcoming 

Figure 6.4: The Assembly of the shelves has been done on the same surface they are resting now 

Figure 6.2: Current Layout 

Figure 6.3: Two containers standing next to each other 
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cabinets. The new layout will look like the figure (6.5). The cell level change is shown in the 

figure (6.6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the proposed cell layout, the two containers should be movable so that after every 

batch the coordinator can interchange the positions. The existing stand on which the 

Glashylla (Glass shelves) containers are kept is a stationery stand. This stand should be 

replaced with the trolley as shown in the figure (6.8). This will help the operators to move it 

in the variant section. 

 

 

Figure 6.5: Suggested Station Level Change 

Cell level change that we are suggesting 

Figure 6.6: Suggested Station Level Change 
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6.2.3. Reduce Line stoppages due to repair work at the repair station 

 

Current situation:  

The last station i.e. station 60 of the variant section is the inspection station. The 

assembled cabinets are inspected there for all the variant components and their fitments. The 

cabinets are even inspected for any defect related to the aesthetics of the interior or exterior. 

After the inspection the information is fed in the computer and then passed to the packaging 

section.  

Problem Statement:  

When some defect is found in the cabinet the line operator informs the coordinator 

and he then pulls the cabinet on to the repair ramp as shown in the figure (6.9). 

 

 

 

 

 

 

 

Figure 6.7: Existing stands Figure 6.8: Recommended trolleys for the 

Glashylla container 

Figure 6.9: Inspection and Repair 

station 
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When the cabinet is pushed back to the main line the conveyor stops. The sensors on 

the line have to sense the cabinets in sequence and if suddenly any cabinet leaves the main 

line and again enters and comes in proximity of the sensor it stops the conveyor. 

 

 

 

 

 

 

When the conveyor stops the coordinator has to go all the back to the control panel 

and switch on the conveyor. The locations have been shown in the figure (6.11). 

 

 

When the conveyor stops the assembly work in the station halts till the coordinator turns it on 

from the control switch. 

Suggestion:  

 The conveyor has to be switched on from the control panel located far from the 

repair station so we suggest fixing a control switch near the repair station. This will enable 

the coordinator to have the control on the line itself and the line will never halt due to the 

repair work. 

 

6.2.4. 1 minute Improvement walk 

 

 The work place should continuously change for betterment and this is the motive of 

Kaizen. To introduce kaizen philosophy in the working culture of the line operators we 

suggest this event called 1 minute walk.  

Figure 6.10: Current Setup 

Figure 6.11: Switch Location 
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 In this every coordinator along with the team leader should think of some change 

in his particular section and should make efforts in implementing this change. This can be a 

minor or major change. Major change takes time so it should be communicated to the plant 

manager. The plant manager should visit every section everyday and spend 1 minute 

discussing the change with the coordinator. Plant manager should make sure the continuous 

improvement stays in the minds of the line operators. 

6.2.5. Signaling System 

 

Current situation:  

 The responsibility of the coordinator is to make sure that all the line operators in 

his particular section are getting the components in time and at the required time. The line 

operator has to call the coordinator on many occasions like the pallet becomes empty, when 

the trolley has to be moved, repair work, problem with the conveyor, conveyor stop etc. The 

coordinator is normally present in his section.  

Problem statement:  

 The coordinator is responsible for the 8 variant assembly stations and 2 stations in 

the testing part, there is a cabinet drying unit in between variant assembly stations and the 

testing stations. When the operator is on the testing part the line operators needs some 

assistance on the assembly side they have to shout for him so that he can listen to them.  

Suggestion:  

Install a visual and audible signaling system in the variant section. Every station in the 

variant assembly section should have a switch and when it pressed the subsequent station 

number should be displayed on the screen mounted. We have marked some locations for the 

screen considering the best possible visible place. The following figures show the possible 

location. 

 

 
Figure 6.12: End of the B72   Figure 6.13: Side wall of dryer (variant assembly side)   
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The signaling system will consist of the following: 

• A switch at the station. 

•  Screens displaying the station number: At least 2, one on each side of the drying unit. 

•  A buzzer sound. 

Effects:  

The operators can easily communicate with the coordinator and coordinator can keep 

the work uninterrupted. 

 6.3 Recommendations Factory Level 

 

6.3.1 Placing all trådhylla containers in C hall 

 

Current Situation: 

 There are 3 types of trådhylla that are currently used in B72 line. The trådhylla are 

used in big batches with each of it carrying 290, 120 and 200 pieces each. These 3 trådhylla 

big boxes are received from the suppliers in 3 different places in the company as inventories 

such as AMH, Kit Golv and Golv. Three different replenishment routes are used in order to 

replenish these trådhylla big boxes to the assembly line. The trådhylla boxes from the AMH, 

Kit Golv and Golv are internally replenished by the local pickup trucks using the Kanban 

which will be in the empty boxes kept by the pickup trains. The local pickup trucks remove 

the empty boxes and replenish them with a new trådhylla box so that the pickup trains 

replenish it to the assembly line.  

Problem Statement: 

 Since there are 3 different routes to replenish the boxes from 3 different storage 

places, it takes a longer time in replenishing the trådhylla to the assembly lines. The other 

problem being, the work for the local fork lift driver in the logistics section in assisting the 

internal replenishment of the trådhylla boxes to the pickup trains which takes it to the 

assembly line.  

Figure 6.14: Side wall of dryer (Testing station side)   
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Recommendation: 

 The suggestion we would like to imply here is to keep all the 3 trådhylla boxes at one 

place, ideally the C hall.  

 

  

 

Figure (6.16) suggests the place available in the C hall and the current trådhylla big boxes 

kept there (Golv and Kit Golv). 

Effects: 

 By keeping the trådhylla box in the C hall, the variety of places in which the boxes are 

being replenished can be eliminated. The Golv and Kit Golv are the places in the C hall only; 

therefore the boxes in the AMH can be kept along with these in the C hall itself. By doing so, 

the work of the local fork lift drivers can be minimized to taking away only the empty boxes 

to the gates. The pickup train drivers himself can replenish the required trådhylla box from 

the C hall similar to the other materials that are kept in the C hall. They do the replenishing of 

other materials every 15 minutes. They can easily add this work to their schedule as it will be 

only very few times in one shift. This will considerably reduce the lead time in replenishing it 

to the assembly line. 

Figure 6.15: VSM of Trådhylla from Logistics  

Figure 6.16: Space to accommodate Trådhylla – C Hall  
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6.3.2. Reducing the buffer in the assembly line 

 

Current Situation: 

 

 

 The trådhylla and glashylla big boxes are currently placed in a buffer place right next 

to the variant section of the assembly line. The picture represents the buffer space used 

currently and the trådhylla and glashylla boxes could be seen. The space is used to store 

boxes more than what is required at one point of time. There coordinator is responsible for 

moving the boxes from this buffer place to in front of the individual assembly stations and 

also removing the empty boxes from there to the pickup points. The following table will 

show the distribution of trådhylla and glashylla used in each station in the variant section of 

the assembly line. 

 

 

Problem Statement: 

 Since there is more than necessary trådhylla and glashylla boxes present in the buffer 

place next to the assembly line. It occupies a lot of shop floor space. There is a lot of 

potential to reduce this unnecessary storage of buffer and make it lean.  

Recommendation: 

 Each station has 3 allotted places for keeping big boxes in front of the operator’s work 

space. 2 right next to the work place and 1 at the far end of the station. A proper arrangement 

Figure 6.17: Current Buffer Space  

Figure 6.18: Trådhylla & Glashylla distribution  
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can be made in such a manner that a trådhylla and glashylla big box can be kept in 2 places 

close to the operator and the 3
rd

 position can be used in replenishing the empty boxes. The 

picture below describes the arrangement.  

 

 

 From the table above, we can see that the trådhylla types 4801 and 6601 are used in 

the stations 55 and 58 alone. Similarly the glashylla 6903 and 6922 are used in the stations 55 

and 58 alone. Therefore these 2 trådhylla and glashylla big boxes can be kept permanently in 

front of station 55 and 58. The trådhylla 1601 alone is used in stations 53 and 55. Similarly 

glashylla 6901 is used in stations 53, 54 and 55. Therefore these two big boxes can be kept in 

front of station 53 and a buffer of these boxes can be kept in the buffer space in case if it is 

needed in other stations. The movement of boxes is managed by the coordinator.  

Effects: 

 The effect of this arrangement is that it saves a lot of unnecessary buffer space in front 

of the assembly stations and makes it lean. It also implements the concept of just in time 

replacement rather than piling up huge stocks beforehand. 

 

6.3.3. Replacing big boxes to small boxes for trådhylla 

Current Scenario: 

 

Figure 6.19: Proposed Change in front of Assembly Station  

Figure 6.20: Trådhylla Big Box  
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 In the current situation, huge boxes of trådhylla are used. These big boxes are stored 

more than what is required at one particular point of time. Moreover the amount of trådhyllas 

each boxes contain is huge. The details are in the table below, 

 

 

The coordinator is responsible for arranging the big boxes of trådhylla from the buffer 

inventory space to the place in front of each station. The replenishing of trådhyllas through 

Kanban is also handled by coordinator by handing out the Kanban to the pickup drivers and 

receiving the replenished big boxes from them.  

Problem Statement: 

 Since all big boxes are used in front of each assembly station, the space for the 

operators in the station is much reduced thereby restricting their space of movement. 

Recommendation: 

 The solution that can be used in order to solve this situation is by using small boxes in 

place of big boxes, i.e. using small batches of trådhyllas. Since a big box of trådhylla can 

contain from 120 to 290 trådhylla there can be many small batches if a small box is used. In 

order to find out, a scenario is assumed for full capacity and just one type of freezer. 

Scenario Calculation: 

Allowed weight one can carry in industries in Sweden 12 kg 

Weight of empty small drawer = 1840g 

Weight of one trådhylla = 600g 

Therefore a small drawer can hold up to 16 trådhylla (which will be 11.4kg)  

One full big box of each trådhylla will be accommodated by, 

 

 

 

Figure 6.21: Trådhylla Distribution  
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• Assuming 420 pieces of one variant of freezer in a day, 

• One station will need 14 small boxes/day 

• Therefore the entire variant section will need 42 small boxes/day in total  

• The material rack in the assembly line itself can accommodate the small boxes  

• All the small boxes can be kept alongside doorfack and smörfack in C hall 

• The pickup trucks which replenishes using simple kanban now can take up this work 

as well 

• The truck right now are not running in full capacity, therefore they can accommodate 

this boxes too without increasing the number of trains 

Limitations 

• The size of the small box currently used does not apply for all 3 types of trådhylla 

• The space for keeping as many boxes needed in C hall  

• The cost constrains of pre-kitting it into small boxes by suppliers 

 Effects: 

 Though it may increase the number of boxes used at the station, which in turn 

occupies a lot of space in the material rack in front of each work station, it reduces the huge 

unused inventory waiting in front of each station and in the buffer inventory space. It will 

introduce and implement the concept of just in time replenishment. 

 

6.3.4. Replacing glashylla from L hall to vacant space in front of G4 

 

Current Scenario: 

 In the current scenario, the glashylla big boxes are kept in the L hall (which is present 

in far away from the production plant). The value stream of replenishment of a box of 

glashylla is represented below.  

 

 Figure 6.22: VSM of Glashylla from L hall  
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The currently used space in L hall looks like, 

 

 

Problem Statement: 

 The current method takes about 40 minutes on stoppage time of kanban sent out and 

replenished material taken back both put together. There is no communication between 

coordinator and the local fork lift driver who replenishes the boxes. 

 Sometimes when materials are needed urgently, the coordinator used to call the team 

leader of logistics and the team leader informs the fork-lift driver through walkie-talkie, who 

then replenishes. 

Recommendation: 

 The entire of glashylla big boxes can be kept in the vacant space in front of G4, 

instead of just using that space for replenishments. This will eliminate the use of work from 

the local fork lift driver. Thereby it eliminates the problem of 30 minutes of waiting time 

between pick up and replenishment. The coordinator himself can replenish glashylla big box 

and it becomes a simple Kanban replenishment technique. The space in front of gate G4 

resembles, 

 

 

Figure 6.23: Glashylla boxes in L hall  

Figure 6.24: Available space in front of G4  
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Limitations: 

• Space has to managed between the materials already there 

• A shed to protect things have to be made during winters 

Effects: 

 There will be a huge reduction in replenishment time, from 40 minutes to about 10 

minutes. The buffer inventory in front of the assembly can be completely eliminated and all 

replenishments can be made from G4 gate. 
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7. Discussions and Conclusion 

 

7.1 Discussions 

 

 The thesis was done at Electrolux Mariestad when a lot of changes and improvements 

were taking place. Just about a year back (by early 2011), the entire assembly line was re-laid 

and the entire production process was changed and there was still lot of small changes taking 

place each and every day. We as per our thesis suggested a few changes in order to assist 

Electrolux in their newly changed assembly line and for its material handling. After the thesis 

is completed, it was presented to the Electrolux’s higher officials and department heads for its 

feasibility and discussions. A few important suggestions were made from the discussion and 

it’s published below, 

1. Many of the recommendation with respect to the variant section of the assembly line 

have included the work of the coordinator as an integral part of it. But from the 

discussions conducted, it is to be noted that the work of the coordinator is not defined 

and he is not ideally a part of the variant section of the assembly line. He is present to 

fill in the short comings of the line, but since there are a lot of short comings like, 

replacing someone if he or she is absent/needs a break, he is in charge of materials 

being replenished at the right time from the nearby buffer inventory, he is responsible 

for the small per assemblies and repairs in the variants if any. 

 

2. With respect to the recommendation of replacing all the trådhylla big boxes at the C 

hall, it is not possible because the C hall is currently not under the material handling 

section if Electrolux. Therefore replacing them in C hall will largely increase the cost 

of storing goods. 

 

3. With respect to the recommendation of replacing trådhylla big boxes to small box, 

apart from the fact that not all 3 types of trådhylla can be accommodated by the 

current small box available at Electrolux, the management in Electrolux are planning 

at replacing the big boxes of glashylla into small boxes. This idea was not considered 

because the supplier was from a very far distance. 

 

4. With respect to the recommendation of replacing glashylla in space front of gate G4, 

it is absolutely not possible because the space in front of gate G4 has an underground 

passage forklifts to move and the weight of each box of glashylla is about 1 tonne. 

Therefore when considerable amount of boxes when kept, it won’t hold and it will 

break. 
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7.2 Conclusion 

 

 From this master thesis and its results and discussion it is evident that there is a lot of 

scope for improvement in the assembly line as well as the material handling section of 

Electrolux. A lot of continuous improvement techniques are required at the assembly line and 

there is immense scope for aggressive improvement. With the material handling section, there 

is a lot of unnecessary movement of trains and forklifts at the moment. The material mix in 

which replenishment are done to the assembly line can also be improved.  

This master thesis, a part of COMPLEXITY project which is aimed at identifying the 

“unbalanced work” at station level and factory level was defined and analyzed.  By definition 

and with help of time study the unbalanced work at station level is segregated. Similarly in 

the factory level, using the same definition and with help of Values Stream Map the 

unbalanced work is segregated.  

The questionnaire made by Sandra (Appendix 1) in order to find out the CXi 

(Complexity Index) at each station and further determining the CXi value at each problem 

area was very useful in connecting the unbalanced work at each station to the complexity 

level of the station. The focus on problem areas in the CXi gave a detailed insight on where 

exactly lies the unbalanced work, thereby reducing it.  

 Finally, the results of this Master Thesis gives an idea about the percentage division 

of balanced and unbalanced work in a particular station and factory as a whole. The work 

done on reducing the unbalanced work, thereby reducing complexity gained importance for 

the management of Electrolux as it helped in improving the process and quality of the system 

that is being put to work at the moment.  
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8. Future Scope 

 

This analysis can be used in a company where there is a high complexity due to more 

number of variants. For the study we have done analysis of the unbalanced work in the 

variant section of the assembly line.  

In the future scope this can be done for all the sections of the assembly station. The 

work and work responsibilities in the logistics section are very diverse and also the tåg 

participants have to take care of the different routes hence the analysis of the unbalanced 

work in logistics can itself be a indigenous research topic. 

While conduction CXI interviews, we got comments from the line operators and the 

logistics operators. As the complexity study focuses on quantifying the perceived complexity 

it is very important to have comments from the operators about the working of the systems 

and how they can be improved. The following comments can be used in the further work to 

make the necessary changes in the systems. 

 

CXI findings for Assembly: 

• Support system for instruction. 

The operators feel they would like to have electronic support system for 

assembly, currently they are using instructions printed in paper. 

• Use of vacuum suction to collect the plastic covers. Reuse of plastic covers. 

The assembly operators feel that removal of plastic covers for fixing of each 

tray in the cabinet occupies a lot of time. The bin to collect these covers also 

gets filled soon and it is the job of the operator to empty it. They feel a 

vacuum suction arrangement in front of each station which assembles trays 

would be useful in collecting these plastic covers. Also that the plastic covers 

do not have any damage and are directly recycled. This covers can be resent to 

the supplier for reuse. 

 

CXI findings for Logistics: 

• Ergonomics for the train driver 

The train driver has the common compliant of leg pain, since he/she has to 

stand in the train throughout the day while driving it. 

 



 
 

54 

 

 

• Lack of space when they turn the trains 

There is very limited space for the trains to take turns inside the assembly 

area. It takes immense skill of the train driver to negotiate eac time when they 

are taking turns. 

• Improve the signal for the train 

The train drivers feel they need more proper communication for the trains, 

meaning improving the signals for the train. 

• Some routes are difficult to handle 

The train drivers feel some routes are difficult to handle, they tend to miss 

replenishing a few boxes because of improper replenishing order. 

• Some materials are difficult to handle 

Some materials are too big, heavy and are not in a shape which will give aid to 

carry easily. Therefore few materials are difficult to handle. 
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10. Appendix 

Appendix 1: 
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