
Logistics System Design and Flow Analysis in Van Racking Industry 
The case of flow reorganization at Tevo. 



2  

Sammanfattning 
Det brittiska bilinredningsföretaget Tevo Limited som levererar bilinredning avsedd för servicefordon 
strävar efter att bli marknadsledande, och befinner sig därav i en expansionsprocess av sina tjänster. 
Då  företaget  söker  efter  resurssnåla  förbättringar  av  sina  processer  förmedlades  detta 
examensarbete genom deras svenska samarbetspartner Modul-System. Baserat på Lean principer 
har tre olika processer vid Tevo Limited fabrik studerats med avseende på cykeltid och kvantitet i 
output för en specifik fordonsmodell. Den första undersökta processen är skärningsprocessen där 
antingen träd eller plastplattor beroende på modell beskärs till golv och väggfoder som sedan skall 
fästas inuti fordonen. Den faktiska bearbetningsprocessen utförs av en CNC-maskin med en operatör 
ansvarig för förseelse av CNC-maskinen med nya ännu obearbetade plattor, lagring av de 
färdigbearbetade golv och väggfodren vid deras respektive lager samt förflyttning av det 
överskottsmaterial som uppstår vid beskärningsprocessen. För denna process har en 
värdeflödesanalys utav nuläget uträttats följt av utvecklandet av en värdeflödesanalys av ett framtida 
läge där slöserireducerade aktiviteter tagits i åtanke. Det genererade resultatet föreslår två nya 
uppsättningar av processen där den ena är tänkt att utföras av en operatör medan den ändra är 
tänkt att utföras av två operatörer. Förslaget med en operatör indikerar potential för reducering i 
cykeltid samt i strecka vandrad av operatören med 9 procent. Ifall av en konfiguration med två 
parallella CNC-maskiner kan en förökning i output om 27 till 31 procent baserat på utfärdade 
simuleringar förväntas från implementering av förslaget. Det förslag som föreslår att två operatörer 
skall utföra processen visade sig genom simulering vara mest lämplig för en konfiguration av tre eller 
flera parallella CNC-maskiner, vid vilka en ökning i output omkring 94 till 110 procent kan förväntas. 

 
Den andra undersökta processen är lagerplockningsprocessen där paletter drivna på en handtruck 
dras igenom det lager, där de nödvändiga delarna för de kundspecifika bilinredningarna plockas upp 
för att sedan levereras till monteringen. Efter att en sekvensanalys kombinerad med en 
noddiagramsanalys som kartlägger operatörens rörelser genom lagret upprättats föreslogs ett 
förbättringsförslag för processen baserad på de slöseriinnehållande aktiviteter som upptäckts. 
Förslaget indikerar potential för en förminskning i cykeltid för processen om 13 procent, samt en 
förminskning  i  den  nödvändiga  sträckan  vandrad  av  operatören  om  37  procent.  Den  tredje 
undersökta processen är hyllmonteringen där bilinredningen monteras innan den fästs inne i 
fordonen. Då hyllmonteringen är den efterföljande processen till lagerplockningen och de båda 
processerna är väldigt olika i cykeltid är en utav huvudangelägenheterna att en stor andel material 
lagras  vid  monteringen.    Med  avseende  på  detta  har  ett  förslag  upprättats  som  föreslår  en 
modifiering med en förmontering följd av en slutmontering, i syfte att upprätta ett jämnare 
materialflöde. Genom sekvensanalys har det förbättrade förslaget för hyllmonteringsprocessen visat 
potential för reducering av cykeltiden med 17 procent, samt reducering av operatörens vandrade 
strecka med 30 procent. En kombinerad simulering av lagerplockningen och hyllmonteringen i en lina 
har även genomförts, av vilken resultatet antyder en förökning i output om 15 till 25 procent med 
hälften av de tillgängliga resurserna aktiva. 
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Abstract 
The British van racking company Tevo Limited that are delivering interior finishes for service vehicles 
are striving towards becoming market leading, and are hence in the progress of expanding their 
services. As they are in search of resource-efficient improvements of their processes this master 
thesis was mediated through their Swedish affiliated company Modul-System. Based on Lean 
principles three different processes at Tevo Limited’s workshop has been examined with respect to 
cycle time and output quantity for one specific vehicle model. The first process examined is the 
Wood-cutting process where either wood or plastic plates depending on the model are being 
processed into floors and linings that are to be fitted into the vans. The actual cutting process is 
carried out by a CNC-machine with one operator in charge of supplying the CNC-machine with new 
yet unprocessed plates, stocking the finished processed floors and linings at their respectively buffers 
and removing the residual material that occurs from the cutting process. For this process a value 
stream map of the current state has been performed followed by the development of a value stream 
map of a future state where waste reducing activities has been taken into consideration. The 
generated result suggests two new modifications of the process of whom one is to be carried out by 
one operator and the other one is to be carried out by two operators. The proposal with one 
operator indicates potential for a reduction of the cycle time and the distance moved by the operator 
with 9 percent. In case of an outline with two parallel CNC-machines an increase in output of 27 to 31 
percent can based on simulations carried out be expected by implementation of the proposal. The 
proposal suggesting that two operators are to be carrying out the process proved itself through 
simulations to be most suitable for an outline with three or more parallel CNC-machines, at which an 
increase in output of 94 to 110 percent can be expected. 

 
The second process investigated is the Kit-picking process where pallets driven on a hand truck are 
being dragged through the warehouse, where the parts required for the customer specific interior 
finishes are being picked up and hence delivered to the assembly line. Having conducted a sequence 
analysis combined with a node diagram analysis of the process mapping the operator’s movement 
throughout the warehouse one improvement proposal for the process was suggested based on the 
wasteful activities identified. The proposal indicates potential for a decrease in cycle time for the 
process of 13 percent, and a decrease of the required distance moved by the operator of 37 percent. 
The third process investigated is the Kit-assembling where the interior finishes are being assembled 
prior the fitting into the vans.  As the Kit-assembling is the subsequent process to the Kit-picking and 
they are very different in cycle times one of the major concerns is that a large portion of materials 
are being stocked at the assembly line. With regard to this a proposal has been conducted suggesting 
a modification with one pre-assembly followed by one final-assembly, in order to establish a levelled 
out flow of materials. Through sequence analysis the improved proposal for the Kit-assembling 
process has shown potential for reduction of the cycle time with 17 percent, and reduction for the 
distance moved by the operator with 30 percent. A combined simulation for the Kit-picking and the 
Kit-assembling process in a line has also been conducted, of which the outcome suggests a total 
increase in output of 15 to 25 percent with half of the available resources active. 
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1. Introduction 
1.1 Background 

The Swedish company Modul-System that manufacture, assembles and installs automotive interior 
finishes for service vehicles have had brief experience of the concept of Lean production as they 
recently started to apply its principles into the practice of their services. Modul-Systems UK based 
affiliated company Tevo Limited that are active in the same industry are striving towards becoming 
market leading in their region, although they currently holds a position within the top four. As a 
result of this fact Tevo Limited are expanding the services provided at their largest assembly line 
based outside London. As in any improvement project at an early stage their resources and facilities 
are limited, why such an expansion would require implementation of lean principles in order for 
them to reach their aim. This situation has caused this report to be conducted as a Master Thesis at 
the department of Production Engineering and Management at KTH on the behalf of Modul-System. 

 
1.2 Company description 

1.2.1 Modul-System 
Modul-System  is  a  Swedish  company  that  is  among  the  world  leading  suppliers  of  automotive 
interior finishes. The company’s modular approach of manufacturing enables their products to be 
extremely flexible since many of their devices have multiple applications. The main product delivered 
by the company is Modular Van Racking Systems required by service vehicles of all sorts. With over 
40 years of experience Modul-System guarantees a high level of safety as they are using some of the 
world’s most renowned safety centers for crash tests, of whom Volvo Cars Safety Center is one. 
Although  the  long  experience  in  the  field  the  company  are  well  aware  of  the  importance  of 
continuous improvement, and are therefore working with developing projects in close relationship to 
their customers in order to meet their demands in as suitable manners as possible. Modul-System 
conducts service centers across whole Europe and has their head office located in Mölndal outside of 
Gothenburg, though their largest Swedish production site is located in Mullsjö not that far away. 

 

1.2.2 Tevo Limited 
Tevo Limited is a British company that is part of the Modul-System Group, and is thereby an affiliated 
company to Swedish Modul-System. The company are assembling and installing the same type of 
automotive devices as Modul-system, and are actually receiving most of their raw materials from the 
Swedish production site at Mullsjö. The head office is located in Wooburn Industrial Park outside of 
London but the company is also present in Scotland, Ireland and Northern Ireland as well. As Tevo 
Limited is being active throughout the UK they are continuously working with development and 
expansion of their services in order to pursue their aim of becoming the market leading company in 
the region as they currently are amongst the top four companies within the particular branch. 



9 
 

 
 

Figure 1. Typical example of a van rack system of which the consisting parts are being manufactured 
by Modul-System and later on assembled and installed into a van by Tevo Limited. 

 
 
 
1.3 Project description 
At the British van racking company Tevo Limited, three different departments responsible for three 
different  processes  of  one  particular  vehicle  model  has  been  studied  in  order  to  increase  the 
efficiency by minimizing wasteful activities. The vehicle model for whish the research has been 
carried out is Mercedes sprinter - short wheel base - high roof top ordered by GSN (Scotia Gas 
Networks),  and  the  departments  that  has  been  investigated  are  the  ones  responsible  for  the 
following activities; Wood-cutting, Kit-picking and Kit-assembling. 

 
The Wood-cutting process is an activity where preordered acrylic wood plates are being processed in 
a CNC-machine and thereby cut into complete linings that later on are being mounted onto the floor 
and walls of the van. Since the Wood-cutting process includes activities that are adding value to the 
raw material, the criteria for being able to perform a value stream map of the process are being met 
(Hines & Rich, 1997). A complete value stream map of the wood cutting process has therefore been 
performed where 6 samples of the identical process has been observed from which an average value 
of the cycle times for the value adding respectively non-value adding activities has been calculated. 
Hence the value stream map of the current state for the Wood-cutting process had been performed 
rearrangements and adjustments of activities has been made based on the available lean principles 
learned throughout the Literature Study. In order to confirm and illustrate the improvements in cycle 
time that the adjustment of activities has amounted to in the produced future state, a simulation 
comparing the current- with the future State has been conducted. 
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Lining Type 1  
Lining Type 2 

 
 
 
 
 
 
 
 

Figure 2. Draft of the Acrylic Polyprop-plate, illustrating how it are to be cut in the CNC-machine in 
order to extract the two lining types required for the investigated vehicle type. 

 
The Kit-picking process refers to the activity where all the raw materials required for assembling the 
rack system that will later on be mounted unto the van is being gathered. This process is being 
performed by one operator that are dragging a hand truck loaded with an empty pallet were all the 
required  parts  are  being  placed.  As  the  operator  are  walking  through  the  inventory  he/she  is 
equipped  with  a  picking  list  where  information  on  which  parts  that  are  required  and  their 
respectively locations in the inventory are provided. Since this process does not include any activities 
that are adding value to the raw material the possibility of performing a value stream map in this 
case was precluded. Instead the observations of the Kit-picking process that where maid gave rise to 
a detailed node diagram covering all of the operator’s movement patterns inside the inventory. 
Based on the node diagram concrete proposals on how this process could be improved with regard 
to cycle time were developed, once again influenced by the theoretical principles gathered in the 
Literature Study. As for the scenario with the Wood-cutting the improvement proposals produced for 
the kit picking process has been approved by simulation. 

 
The Kit-assembling department receives the fully packed pallets from the Kit-picking department and 
thereby assembles the different parts into complete kits/racks that later on are being mounted unto 
the vans. As for the Kit-picking process no value is being added to the raw material at the Kit- 
assembling department since it is merely an assembly line. Since no value stream map could be 
performed at this department the underlying information that has yield the proposals that has been 
proposed for this department has been gathered through observations and empirical studies where 
the Kit-assembling Team Leader has been interviewed. 
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Figure 3. Illustration of what the finished assembled kits look like while having been fitted into the 
vehicle. 

 

1.4 Demarcations 
• The analysis work presented in this thesis is specified for one particular vehicle type. 
• The analysis work presented in this thesis covers three processes individually and does not 

include other processes, although such might be needed in order to grasp the total delivery 
rate of the company. 

• The Lean principle that has laid the foundation for the improvements issued in this thesis has 
been limited to the once elaborated in the literature study. 

• Due to circumstances of secrecy the information obtained about the internal suppliers has 
been limited why aspect of that concern has been left out of the report. 
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2. Methodology 
This section of the report aims at providing sufficient information on how the results that has given 
rise to the conclusions drawn in this thesis can be reproduced. 

 
 
 

2.1 Initiation Of Work 
The processes involved concerning the flow of information such as when to start the work, how 

much to produce, when it should be finished and who to deliver to etc. can be divided into three 
major phases with  three  different  internal  hierarchies.  The  first  phase  comprises  negotiations 
between representatives of the customer, including consultant salesmen who hold expertise 
knowledge within the particular area and Tevo Limited’s Sales- and Operation Manager. The 
negotiations that are taking place in the first phase includes feasibility studies (i.e. are the company 
able to deliver the customer’s requests) and discussions concerning specifications, prices, delivery 
times and batch sizes. 

 
Once Tevo Limited agrees with a particular stakeholder to adopt an order, that order is handed over 
to the Operation Manager who distributes the information further down the value chain. That leads 
us to phase 2 which is where the Operations Manager gathers the involved staff in order to go 
through the order and its specification sheet where all the requirements are being listed. Meetings of 
this sort usually contains Data Processing Technician, R&D Technician and the Kit Assembly Team 
Leader as they are the ones qualified based on their experience to discuss the time frames for the 
different tasks, delivery times from retailers etc. Once those matters has been fully agreed upon the 
information is being further transmitted down the value chain to the operators who are the ones 
carrying out the actual work, which leads us to phase number three. 

 
 

Phase three is where the final initiation of the actual work for the three processes is being done, and 
the initiation of the work for the Kit-picking and the kit-assembling comes from the Kit Assembly 
Team Leader as the initiation for the Wood-cutting process comes from the R&D Technician. Let’s for 
the sake of argument say that there is an identical order as the one investigated in this report being 
placed, of 20 Mercedes sprinter-short wheel base-high roof that should be delivered to GSN (Scotia 
Gas Networks). That means that it is the responsibility of the R&D Technician to inform the operators 
at the Cutting department in order that there will be 20 finished cut  type 1 & 2 linings ready for 
installation once the 20 ordered vans arrives at the factory. 
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Figure 4. Illustration of how the initiations of the working tasks are being transmitted between 
different entities throughout three phases. 

 
 

In the same manner the Kit Assembly Team Leader gets informed on exactly how many of each kit 
that should be assembled and when they are required for installation unto the vehicles and thereby 
delivers this information further. On the other hand with regard to the R&D technician the Kit 
Assembly Team Leader is the one that initiates the work of the Kit-picking at the warehouse, as well 
as the Kit-assembling process at the assembly line. The Kit Assembly Team Leader is the one that 
hands over the picking lists to the Kit-picking operator as they agree upon when the work should be 
done and when the parts should be delivered based on when the kits needs to be assembled, which 
in its turn is depending on the arrival of the vans at the workshop. 

 
 

I.e. The Wood-cutting process is initiated by the R&D Technician, the Kit-picking process is initiated 
by the Kit Assembly Team Leader and the Kit-assembling process is also being initiated by the Kit 
Assembly Team Leader. However the initiations of all the three processes are in correlation with the 
Operations Manager’s directives. 
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Figure 5. A more detailed view of the chain in which the information is flowing within the company. 
 
 
 
 

2.2 Action plan and Scheduling 
 
 Action Plan 

The action plan provides a rough idea of the several activities and in which order they are to be 
carried out in order to produce similar results to the ones obtained in this report. 
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Figure 6. Action plan of the activities that has generated the results presented in this report. 
 

 Scheduling 
The time scheduling for this thesis has been conducted by using a Gantt chart where all the major 
activities have been listed next to their respectively time span. This method has proved itself to be 
extremely useful since it facilitates the possibility to distinguish certain milestones from others, at 
the same time as it makes it easy to update possible changes in the Time Plan as the project goes 
along. The accuracy of the Gantt chart was molded in such a fashion that the different milestones has 
been planned to be fulfilled at certain weeks, as the Gantt chart also has been weekly updated. 
Separate  scheduling  during  the  weeks  containing  smaller  activities  has  been  made  internally 
between the authors, and the software in which the Gantt chart has been performed is Microsoft 
Excel. The final version of the time plan for this thesis can be find in Appendix 1. 
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2.3 Literature and Empirical study 
 
Literature Study 

The theoretical chapter in this report provides a theoretical background of the concept of lean 
production in general. It does also provide more specific information about several Lean tools of 
whom the implementations that has contributing to solving the major problems of this thesis has 
been derived.  The electronic literature that has spawn the literature study in this report has been 
gathered from searches at the database KTHB-Primo, searches at Google’s scholar function as well as 
Google’s book function. The electronic literature that has been used was found by searching on the 
following keywords; Lean Production, Lean Thinking, Lean Management, TPS, Toyota, Value Stream 
Mapping, VSM, Kanban, Production Levelling and 5s. The non-electronic literature that has 
contributed to the literature study in this report has been generated from the KTH Library and the 
Stockholm Public Library (Stockholm’s Stadsbibliotek). 

 

 Empirical study 
The approach of the interview that has been performed in this thesis has been that of one with a low 
degree off standardization, meaning that the general outline of the questions had been prepared but 
were still flexible enough to change depending on the responds of the interviewed (Patel & Davidson, 
2011). 

 
The reason for this choice of outline was that the main purpose of the interview was to gather as 
much  information  as  possible  and  since  the  interviewed  had  way  more  insight  in  the  current 
situation at the particular department than the interviewer, a lot of valuable information would have 
been lost by choosing a higher degree of standardization where the questions were to be carved in 
stone. Documentation of the complete interview with full questions and answers can be find in the 
result of the empirical study. 

 

2.4 Observations and Measuring Instruments 
 
Observations 

A qualitative study has been conducted consisting of both structured and unstructured observations 
(Patel & Davidson, 2011). 

 
As the time spent at Tevo Limited’s production site has been limited due to the traveling distances all 
the observations has been extensively documented. All the notifications observed has been recorded 
on paper in combination with a large amount of photographs being taken, on top of which all of the 
three investigated processes has been video recorded in their entirety. 

 

 Measuring instruments 
The required measurements that has been measured in order for this survey to be carried through 
has been done by the following measuring devices; Tape measure with an accuracy of ± 13 mm for 
shorter distances and Surveyor’s wheel with an accuracy of ± 5 cm for longer distances. 
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Figure 7. Photograph of the measuring tools used throughout this survey. 
 

2.5 Value stream mapping 
Value stream mapping create flow and is an effective tool in eliminating waste from the system. It is 
a visualization method that facilitates to map the flow of value from raw material to finish product to 
customer.  It includes all activities that ultimately create value for the end customer. Value stream 
mapping initiate with customer need either for a product or service and terminate with customer 
receiving product or service with inherent value. It may include an entire supply chain (Bergman & 
Klefsjö, 2010). 

 

2.6 Node diagram analysis 
Node diagrams are the efficient and easy way to define complex networks. Network or graph is 
defined by two sets of symbols; nodes and arc. The vertices of a graph or network are also called 
nodes.  Arc  connects  ordered  pair  of  vertices  and  also  represents  direction  of  motion  between 
vertices (Winston & Venkataramanan, 2003). 

 
The network itself comprise of numerous nodes. For example linear programming problems are 
often defined as networks and possess many special properties. It allows simple methods to 
implement more efficiently and facilitate in solving complex problems. The network might be a 
physical network like road system, telephone line connections, air flight trafficking network etc. Most 
general network optimization problems are minimum cost network flow problem and shortest path 
problem (Griva, Nash & Sofer, 2008) 

 

2.7 Simulation 
In order to evaluate the results that have been obtained throughout this investigation simulation has 
been performed using the powerful simulation tool of ExtendSim version 8.0. A software perfectly 
suitable for carrying out Discrete Event Simulations where aspects crucial for the particular flow are 
easily being separated from  the less important ones, where each activity included are represented 
by different activity blocks. 
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3. Theoretical Chapter 
3.1 Historical background of Lean production 

During brilliant economic times after the First World War the American company Ford mainly ran the 
automobile industry in the world by performing mass production. However that situation drastically 
changed after the Second World War as the western world and the US in particular experienced 
significant declines in their economy, resulting in Toyota together with other Japanese companies 
becoming leading in the automobile industry. This phenomenon has led many western companies to 
draw their attention towards the Japanese philosophy of manufacturing as they began to question 
their own philosophy of mass production. What was found was that the Japanese companies where 
practicing a concept called lean production, which emphasizes on minimizing waste, continuous 
improvements, cross functional learning processes and team spirit (Womack, Jones & Roos, 1990). 

 
In the beginning of the automobiles history the vehicles were manufactured by extremely skilled and 
specialized people at a very expensive cost, which is why the customer group rarely included the 
public. The revolutionary benefits that were obtained by mass production were that the production 
costs could be highly reduced by standardizing the production of a large number of vehicles that 
occurred in few varieties. The mass production drastically expanded the customer segment of the 
automobile as it became more accessible to the middle class and a common part of everyday life 
(Womack, Jones & Roos, 1990). 

 
It was partly the contemporary conditions that enabled the Japanese companies to develop the 
method of lean production, as the customer demand included a great variety of vehicles in 
combination with the opportunities for importation of foreign vehicles being extremely limited. 
Another major difference between the Japanese industry and that of the western world was that the 
majority of the labor force on the mass production plants in the west consisted of guest workers, 
whom due to their short staying were less anxious about their working conditions. While companies 
in Japan were able to create a sound working environment for their labor throughout several 
generations (Womack, Jones & Roos, 1990). 

 
Among the cultural aspects that enabled the creativity and work ethics to evolve so fast at Toyota 
was the fact that they guaranteed lifetime employment and implemented seniority based wages. 
This method did in a very distinct way integrate the overall benefit of the company with the benefit 
of the working individuals and therefore also made them more likely to actively contribute to the 
continuous progress of the company as a whole. The seniority based wages however where 
implemented by most other companies in Japan, which made the employees become even more 
loyal towards their employers and decreased the possibility of employees leaving the company 
significantly since they in such case would suffer a severe loss in salary. In exchange Toyota received 
experienced staff that was knowledgeable in a lot of different areas (Womack, Jones & Roos, 1990). 

 
In contrast to the mass producing way of handling the final assembly where they had foremen and 
specialists that were inspecting the tasks carried out by the operators, Toyotas approach was that 
the work of those specialists where non-value adding to the final product. Toyotas method rather 
included teams with team leaders whom themselves originally were operators instead of foremen. 
Another crucial aspect that distinguished lean production from mass production was that the labors 
were ordered to stop the production line whenever an error was found in order to deal with the 
problem right away. Where in the mass production way of working there was too much focus on 
numbers and lead times which made the labors resistant towards stopping the production line, and 
the  products  that  contained  errors  were  later  on  placed  in  a  rework  department  instead.  The 
problem with having products containing errors continuing in the production line was that the errors 
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often were multiplied several times as many other products would go through the operation causing 
the error. Therefore whenever an error occurred at Toyota the production line was stopped and the 
entire team gathered in order to inform them about the error and evaluating what actions that could 
be done in order to prevent the error from occurring again. The method that was used for finding the 
root cause of the problem was called the five why’s, where the causes behind the error where traced 
five steps by asking five why’s in order to find the root cause (Womack, Jones & Roos, 1990). 

 

 
 

Figure 8. Illustration of the practical process of 5 why’s (Womack, Jones & Roos, 1990). 
 

Furthermore in contrast to the mass production philosophy were large surfaces in the plant are 
sought after, Toyota endeavored to have as small plant surfaces as possible in order to facilitate the 
face-to- face communication and also not being able to keep inventories. Another emphasis by the 
lean production way of working is that the work pace is evened out in the sense that all the workers 
are working at approximately the same pace. At mass production plants on the other hand it is not 
unusual to find that some workers are running around madly to keep up while other workers at the 
same time find time to smoke or even to read a newspaper (Womack, Jones & Roos, 1990). 

 
Also according to lean philosophy there are no areas for rework of products, since the line is being 
stopped as soon as errors are discovered and 5 why’s is being performed in order to prevent the 
error from recurring. Another striking difference between lean and mass production is that in 
accordance to lean production companies are striving to keep as small buffers as possible if even any 
at all (Womack, Jones & Roos, 1990). 

 
The table below illustrates the outcome of a survey carried out in 1986 that aimed at comparing the 
differences in productivity and accuracy at the assembly plant between the mass producing General 
Motors Framingham and lean producing Toyota Takaoka. The numbers for the gross productivity 
were calculated by dividing the number of hours worked by all plant employees by the number of 
vehicles produced, given that both plants were performing the exact same tasks. It does clearly 
appear that the survey supports the standpoint that has been argued that implementation of lean 
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methods most certainly will have a remarkable impact on the productivity and the accuracy at 
an assembly plant (Womack, Jones & Roos, 1990). 

 
 GF Framingham Toyota Takaoka 

Gross Assembly Hours per Car 40,7 18,0 

Assembly Defects per 100 Cars 130 45 

Assembly Space per Car 
 

Inventories of Parts (average) 

8,1 
 

2 Weeks 

4,3 
 

2 Hours 

Figure 9. Comparison between mass producing GF Framingham and Lean producing Toyota 
Takaoka 

carried out in 1986 (Womack, Jones & Roos, 1990). 
 

Regarding the organizational aspects of lean production it was stated in the article; The Machine 
That Changed the World that “The truly lean plant has two key organizational features: It 
transfers the maximum number of tasks and responsibilities to those workers actually adding value 
to the car on the line, and it has in place a system for detecting defects that quickly traces every 
problem, once discovered, to its ultimate cause.” (Womack, Jones & Roos, 1990). 

 
The question whether the lean way of working made the work even more barren for the 
workers than the mass producing way of working or vice versa left the Automobile Workers Union in 
the United States divided. Some members argued that the constant process of identifying slack in 
the system is extremely stressful and that the workers would feel much better towards their work if 
they would just carry out their tasks without bothering having to improve them.  The 
counterargument for that is that lean production actually offers the workers an opportunity to 
become more skillful and thereby being able to have more control over their working environment. 
That would enable them to become more stimulated by their working tasks as they also hold the 
possibility to change them (Womack, Jones & Roos, 1990). 

 

3.2Just-in-Time and Autonomation 
The two concepts Just-in-Time (JIT) and Autonomation which commonly are referred to its Japanese 
term (Jidoka) are the most basic pillars of the Toyota Production System. The two complement each 
other in perfect harmony as the JIT part stands for producing the exactly needed amount of a 
particular entity at the exact right time, which may also intend just-in-time of the material supply for 
the  different  operations  at  a  factory  or  assembly  line.  Jidoka  on  the  other  hand  implies  
a standardized way of stopping the production line in cases of defected entities and then settle 
the problem. Jidoka thereby supports JIT by only allowing non-defected entities to proceed further 
in the production line. Producing Just-in-Time causes a lot of unnecessary costs to be eliminated 
since the demand for keeping inventories and warehouses are considerably reduced, at the same 
time as the quality are significantly increased by implementing standardized working methods 
(Monden, 1993). 
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3.3Kanban system and Levelled Production 
 
 Kanban System 

In cases where complex products that require a lot of different operations such as an auto vehicle is 
being manufactured, it is almost impossible to plan the material flow towards just in time since there 
are  so  many  factors  to  take  into  consideration.  Previous  to  the  founding  of  the  TPS  (Toyota 
Production System) the material flow in factories generally had developed into a push system, 
where material simply where being pushed forwards from one operation to another despite creating 
a lot of buffers and inventories (Monden, 1993). 

In  order  to  facilitate  the  creation  of  a  pull  system  where  only  the  required amount  are  being 
produced Toyota developed the Kanban system which serves to integrate the different operations 
with one another by providing information of the requirements. Kanban is the Japanese word for 
card  and that  does  also  apply  in  this  context  since  Kanban  is  a  card that  is  being sent  in the 
production line from one operation to the previous one with information about the requirements. 
There are mainly two types of Kanban’s; Withdrawal Kanban and Production Kanban, where the 
Withdrawal Kanban informs the subsequent operation about the amount that should be withdrawn 
and the Production Kanban informs the preceding operation about the amount that should be 
produced. This system supports the concept of producing Just-in-Time and does also increase the 
resistance  of  the  system  towards  fluctuations  of  production  quantities  and  thereby  creates  a 
smoother production (Monden, 1993). 

 
The figure below illustrates the flow of the two types of Kanban cards between two processes in a 
scenario where the entities a and b are required for producing the products A,B and C (Monden, 
1993). 

 

 
 

Figure 10. The flow of Production- and Withdrawal Kanban between two subsequent processes 
(Monden, 1993). 

 

 Levelled production 
Part of the foundation of the Toyota Production System is Heijunka, which is the Japanese word for 
smoothed out production (Gao & Pheng, 2014). This is a very important aspect of the Toyota 
Production System since its application eliminates the wastes that occur due to fluctuations in the 
production line. The concept of Levelled Production may refer to leveling out the production volume, 
but it may also refer to leveling out the variations in cases where different products are being 
produced at the same line. The point with levelled production is to match the production pace in 
accordance  to  the  pace  in  which  the  products  are  being  sold,  and  thereby  eliminating  extra 
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inventories and requirements of extra man power during fluctuations (Monden, 1993). 
 

Not only is a smooth production a necessity in order to establish a properly functioning Kanban 
System, but it does also optimize the cycle times at the same time as long Set Up Times are being 
minimized. Such an optimization can be illustrated; If for example an order of 10 000 type A cars is 
being placed that should be delivered within 20 days. The 10 000 type A cars consists of 5000 sedans, 
2500 hardtops and 2500 wagons. By simply dividing the total demand by 20 the daily demand is 
obtained; 250 sedans, 125 hardtops and 125 wagons. Since one day consists of an 8 hour shift (480 
minutes) the average time for producing one car should be 57, 5 seconds (480/500). The longest 
possible cycle time for one sedan is 1 minute and 55 seconds (480/250) which in comparison to the 
average cycle time indicates that another car of any sort can be produced in the time between one 
sedan is finished until the next one needs to be started. As for the wagon and hardtops their longest 
possible cycle time will be 3 minutes and 50 seconds (480/125) and therefore allowing three other 
cars being produced between them in regard to the average cycle time. Based on this the levelled 
out production sequence will be sedan, wagon, sedan, hardtop, sedan, wagon, sedan, hardtop, etc 
(Monden, 1993). 

 

3.4 Standardized Processes 
The second part of the foundation of the Toyota Production System and thereby also a requirement 
in order to implement the pillars Just-in-Time and Jidoka is having standardized working processes. 
The  standardized  processes  should  include  standardized  cycle  times,  standardized  number  of 
material in process and also a standardized number of operators carrying out the work. The essence 
of having standardized working processes is to establish an as smooth and frequent production as 
possible, where the inventories and material in process are being kept at a minimum.  A standardized 
process should include the fastest known way of carrying out a specific task including the least 
possible amount of procedures, and also including the least amount of personnel carrying out the 
work.   The cycle times are to be calculated each month by the central planning office that are 
adapting the cycle times in accordance to the customer demand and thereby creating a pull system 
(Monden, 1993). 

 

The cycle time for a standardized lean process is being calculated as follows: 
 
 
 

 
 

 
 
 
 

 
 

(Monden,1993). 
 

3.5 Visual Management 
The third part of the foundation for Toyota Production System is the visual management part which 
refers to a philosophy and outline where the act of bringing errors up to the surface is being 
embraced. That is in total contrast to the era of mass production which induced a culture where 
coworkers where extremely hesitant towards being forthcoming about occurring errors. Instead of 
searching for a scapegoat to hold responsible in cases of errors Toyota realized that they could 
become way more prolific by creating an environment where errors where totally visible and thereby 
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solved in public in order to prevent them from recurring (Gao & Pheng, 2014). 
 

3.6 Continuous Improvements and PDCA 
 
 Continuous Improvements 

Once the foundation and the basic ground pillars of the Toyota Production System has been laid, the 
most essential aspect of the philosophy is Kaizen which is the Japanese word for continuous 
improvements and indicates that the work containing improvement of process is an ongoing process 
that never is completely finished. More specifically Kaizen is a collective term that serves as an 
umbrella that covers all of the stated parts of the Toyota Production System as well as all of the 
people involved in the particular company. The reason for this being is that the philosophy heavily 
emphasizes the quality and skills occupied by the workers, and thereby proclaim that none except 
the workers themselves are more suited towards improving their own processes. Although Kaizen 
does include all aspects of lean the most essential parts are the more general areas of housekeeping, 
waste elimination and standardization (Imai, 1986). 

 
 
 

 
 

Figure 11. The collective term Kaizen illustrated as an umbrella covering the residual Lean tools (Imai, 
1986). 

 

 PDCA (Plan, Do, Check, Act) 
Since the processes that are to be improved are supposed to be standardized, the implementation of 
the improvements must also be structured in a similar manner, hence the coworkers would be 
confused by the highly frequent adjustments. This phenomenon has given rise to the cycle of PDCA 
(Plan, Do, Check, Act) which contains standardized sequences on how the continuous improvements 
are to be implemented (Imai, 1986). 
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Figure 12. The cycle of PDCA and the certain activities that comes with each phase (Imai, 1986). 
 

 
 

 

3.7 Waste Reduction and 7+1 Wastes 
 

  Waste Reduction 
Another fundamental with strong emphasis in Lean theory and Toyota Production System founded 
by Taiichi Ohno, is the reduction of Muda which is the Japanese word for waste in association to the 
customer. According to Toyota there are seven different types of waste that are likely to occur in a 
factory or in any other type of working environment. Later on an eight type of waste were added by 
the lean entrepreneurs Jeffrey K. Liker and David Meier which was the unused employee creativity 
(Liker & Meier, 2006). 

 

 The 7+1 Wastes 
1.   Overproduction 
2.   Waiting 
3.   Transportation 
4.   Over processing 
5.   Inventory 
6.   Movement 
7.   Defects 
8.   Unused employee creativity 

 
(Liker & Meier, 2006) 

 
Overproduction 
By in advance producing quantities that are greater than the actual customer demand creates a lot of 
waste. Among the wastes that are generated by this practice are overstaffing, storage and 
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transportation costs (Liker & Meier, 2006). 
 

Waiting 
Having workers waiting for the next processing step, tools, parts, etc., is a non-value adding activity 
(Liker & Meier, 2006). 
 
Transportation 
It refers to waste due to time consuming movements of work in process, movement of material, 
movement of tools or finished goods between processes (Liker & Meier, 2006). 

 

Over processing 
Waste in form of processes that are adding higher value to the product than is necessary for the 
customer. Not only is over processing expensive in form of resources but it does also increase the 
lead time and the possibility of having defects arising (Liker & Meier, 2006). 

 

Inventory 
Having  excessive  amount  of  products  or  raw  material  stocked  impairs  the  efficiency  of  the 
production flow, and it does also increase the transportation and inventory cost.  Furthermore does 
excessive inventory potentially hide defected products, manufacturing problems and late deliveries 
from suppliers (Liker & Meier, 2006). 

 

Movement 
This waste includes any movement that is non value adding to the product, including searching and 
stocking of tools, materials and finished products (Liker & Meier, 2006). 

 

Defects 
Includes any product or part that contains errors and therefore need to be repaired, extra tested or 
handled in a similar time consuming wasteful manner (Liker & Meier, 2006). 

 

Unused employee creativity 
Refers to the great ideas and activities that could have been utilized in order to gain profit for the 
company, but instead becomes a waste while employees are not recognized for their full potential 
(Liker & Meier, 2006). 

 

3.8 The 3M Model and SMED 
 
The 3M Model 

Apart from the 7+1 wastes that has been listed and all goes under the category of Muda there are 
two other apparent waste categorizes one must keep in mind referred to as Mura and Muri. Of 
whom Mura refers to unevenness in the production flow and Muri to overburden of workers or 
machines. As unevenness in the production flow induces great imbalance in the work load of the 
personnel and overburden of personnel and machines hampers the productivity as well as the quality 
of the products, Mura and Muri can be said to be the underlying sources for the different variances 
of Muda. Another way of viewing the correlation is that the seven wastes induce the overburden, 
which in its turn induces the unevenness that eventually amounts in further waste.  Therefore merely 
focusing on the reduction of Muda is not likely to result in maximum efficiency; rather the 3m’s must 
be overlooked in their entirety with their internal interactions towards each other (Liker & Meier, 
2006). 
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Figure 13. The three waste categories illustrated as a gearwheels in order to emphasize their 
interdependent relationships (Liker & Meier, 2006). 

 

 SMED (Single-Minute Exchange of Die) 
Small batch sizes and a sound evenness between product variances requires rapid exchanges of tools 
or setup times for machines in order to maintain a high speed yet flexible production flow.   The 
system of SMED implies that any type of setup process is capable of being carried out within 10 
minutes, i.e a Single-Digit-Minute not to be misunderstood with having the exchange done in one 
single minute which the name might indicate. However the founder of the system Taiichi Ohno in 
1950 working at Toyota at the time did manage to reduce the exchange time of dies for one process 
from one day into only three minutes (Dillon & Shingo, 1985). 

 
The most common consensus within the Lean context is that any previously unimproved setup time 
can be reduced by at least 80 percent, or reduced by half twice. The setup times are generally 
divided into internal- respectively external setup times, of whom the internal setup is defined by not 
being able to be carried out while the process is running as the external setup is the one that can be 
done during an ongoing process. Thereby the work with the SMED system is mainly being performed 
by converting as much of the internal setup time as possible into external setup time (Dillon & 
Shingo, 1985). 

 

3.9 Toyota Production System 
The Toyota production system are commonly visualized as a house having levelled production, 
standardized processes and visual management as a strong foundation. While the pillars that holds 
up the lean house consists of just-in-time production and a standard for stopping the production in 
cases of defects. Having the foundation and pillars set activities such as teamwork; continuous 
improvement and waste reduction are being implemented in order to establish the overall aim of the 
philosophy which is high quality, low cost, short lead time and excellent safety (Gao & Pheng, 2014). 
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Figure 14. The Toyota Way Philosophy visualized as the Lean house with its several building blocks 
(Gao & Pheng, 2014). 

 

3.10 Lean Thinking and 5S 
 
 Lean Thinking 

While having received positive refutation from all over the world for the release of “The Machine 
that Changed the World” many managers where convinced of the superiority of Lean production 
compared to mass production. Despite the fact they were still struggling with the implementation of 
the concept in real life and among the reasons for that were that they were implementing some 
isolated  parts  of  Lean  instead  of  embracing  it  as  a  whole.  The  demand  for  implementation 
instructions of Lean led James P. Womack and Daniel T. Jones to publish the book “Lean Thinking: 
Banish Waste and Create Wealth in Your Corporation” in 1996 (Womack & Jones, 1996). 

 
In order to reach the full beneficial potential of Lean implementation in an organization there are five 
principles that are to be followed. The first one is to specify the value of a particular product, as the 
second one is to identify the value stream for each product. The third principle is to let value flow 
uninterruptedly, as the fourth is to let the customer pull the value instead of the producer pushing it. 
All the four mentioned principles must correlate and be implemented together in order to fulfill the 
fifth principle which is to pursue perfection (Womack & Jones, 1996). 
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Figure 15. The pyramid of the five Lean principles that entitles full beneficial potential from Lean 
implementation (Womack & Jones, 1996). 

 

 5S 
5s is a Lean tool that consists of the five activities of sort, set in order, shine, standardize and sustain. 
The purpose of 5s is to instruct on how to keep and maintain a clean working environment in order 
to increase the safety and the efficiency. The working spirit is highly being increased as the working 
tasks are becoming facilitated if the working environment is disciplined and everything remains in its 
order. A clean working environment also creates a lot of space and is contributing to bringing hidden 
waste up to the surface (Chapman, 2005). 

 

Sort 
Unnecessary material is being removed from the working area in cooperation with the ordinary 
working staff in order for them to evaluate which material that are needed and which ones that are 
not. Materials are also being prioritized in such a way that the ones that are being used more often 
are being placed more accessible, as the ones more rarely used materials are being considered of 
replacement (Chapman, 2005). 

 

Set in order 
The materials that are being considered necessary enough are being organized in order to facilitate 
the work for the operators. The idea is that any required material should be visible and within reach 
as an aim of minimizing waste in form of searching for materials and unnecessary movements while 
walking to bring materials (Chapman, 2005). 

 

Shine 
This activity is also being referred to as clean and inspect, as the employees are being gathered into 
teams that performs the cleaning of storage areas, equipment, machinery and surroundings. The 
essence of having the employees doing the cleaning is not only to keep the place disciplined, but 
they are also obligated to inspect their equipment and thereby preventing them from sudden 
breakdowns (Chapman, 2005). 
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Standardize 
The activity of standardize refers to standardizing the three previous steps and thereby create a 
system where it is clear what activities that should be carried out, when they should be carried out 
and the people responsible for it being done. The system is being formed by the activities of the 
company but could for instance be carried out in form of check lists (Chapman, 2005). 

 

Sustain 
The last step is referring to maintaining and updating the four residual steps as time passes by. 
Previous goals should be evaluated and updated, there is also a continuous strive towards uniting 
different departments in order to establish a better understanding of the Lean tool of 5s as a whole 
(Chapman, 2005). 

 

3.11 Theory of Value Stream Mapping 
As James Womack said: 

 
“Whenever there is a product or service for a customer, there is a value stream. The challenge lies in 

seeing it.” (Womack & Jones, 1996). 
 

The value stream map is a lean tool that covers the production and information flow from the 
supplier towards the end customer. The production flow generally refers to the movement of 
materials through the factory, as the flow of information that is just as important inform each 
process on what to do next. So far the tool does not deviate from mass production philosophy, 
however the key question that need to be asked to make the tool lean is, “How can we flow 
information so that one process will make only what the next process needs when it needs it?” 
(Rother & Shook, 2003). 

 
Value stream maps are created on shop floors and primarily include information like inventory, cycle 
time, changeover time, uptime, and number of operators. The important knowledge that can be 
attain  from  the  value  stream  map  is;  the  process  current  state,  value  flow  through  different 
processes, process that add value or not, and areas of improvements (Duggan, 2013). 

 
What distinguishes value stream mapping from traditional supply or value chain analysis is that it 
does only emphasize the activities that are actually adding value to the product, whereas the 
traditional methods includes the entire activities performed by all the companies involved. The 
purpose of the value stream mapping is partly to discover waste in the processes as the value adding 
parts are being clearly separated from the non-value adding (Hines & Rich, 1997). 
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Figure 16. Visual example of a value stream map for a line with five different processes (von Axelson, 
2011). 

 
According to Monden (Monden, 1993) all the activities performed in a manufacturing or assembly 
context can be categorized into the following categories: 

 
1.   Non-value adding (NVA) 
2.   Necessary but non-value adding (NNVA) 
3.   Value-adding (VA) 

 
While striving towards shortening the lead time of a specific process it is preferable to start with 
reducing the non-value adding time since that amounts to 90 percent of the total lead time in many 
cases. The time that are non-value adding but necessary under the current circumstances are sought 
to be minimized as the non-value adding time that refers to pure waste are sought to be eliminated 
completely. This way of handling the issue has shown to be way more efficient than to directly 
aiming at reducing the value adding time which in most cases is extremely difficult. Therefore the 
greatest potential for lead time reduction lies in eliminating the waste (Blucher & Öjmertz, 2004). 

 

 
 

Figure 17. Visualization of how it in most cases is more efficient to reduce the non-value adding time 
rather than the vaue-adding time (Blucher & Öjmertz, 2004). 
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3.12 Factory layout 
Factory layouts refers to the physical arrangements of the production facilities such as machines, 
equipment’s ,tools etc to achieve a smooth and quicker flow of the raw material at lowest possible 
cost and  minimum handling of the material. According to Moore “ Plant layout is a plan of an 
optimum  arrangements  of  facilities  including  personnel,  operating  equipment,  storage  space, 
material handling equipment, and all the other supporting services along with the design of the best 
structure to contain all these facilities” (Moore, 1962). 

 

Objectives of the factory layout 
A well designed factory layout can be expected to deliver the following objectives: 

 
• Efficient utilization of space of the floor. 
• Uninterrupted and efficient transportation of the work from one station to the other. 
• Minimizes the cost of handling of the material. 
• Reduce the number of accidents and provide proper employee safety and health. 
• Efficiently utilizing the capabilities of labor by avoiding the unnecessary movements. 
• Makes the maintenance of machines easy and simple 
• Improve the productivity by properly utilizing the production capacity. 

(Moore, 1962). 

Types of layouts 
1.   Product or Line layout 
2.   Process or Functional layout 
3.   Fixed position or Location layout 
4.   Combine or Group layout 

 
(Moore, 1962). 

 
Product layout 
In these layouts, the machines and auxiliary services or equipment’s are installed in accordance with 
the process sequence of the product. They are used when the volume of the product is large and not 
variable (Moore, 1962). 

 

Process layout 
This  type  of  layouts  is  suitable  for  batch  production  in  which  the  machines  or  equipment’s 
performing the similar operations are grouped together at one specific location or area (Moore, 
1962). 

 
Combined layout 
A combination of the Product- and Process layout gives shape to combine layout (Moore, 1962). 

 
Fixed position layout 
Also known as Project layout and involves the movement of the machinery, tools, labor to the site 
and the product remains stationary (Moore, 1962). 

 
Tevo Limited  has mainly  Fixed position layout since the product(cars) are driven to a specific place 
inside the workshop and the workers, tools, kits and machinery are moved towards the car for the 
required work to be carried out. 
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3.13 Mean value and Standard Deviation 
 
Mean Value 

As defined by Amir D. Aczel (Aczel, 1996). 
 

“The mean of a set of observation is their average. It is equal to the sum of all the observation divided 
by the number of observation in the set. ” 

 
Mean of the sample is calculated by (Aczel, 1996): 

 

 
 

While mean of the population is calculated by (Aczel, 1996): 
 

 
 

 Standard Deviation 
As defined by Amir D. Aczel (Aczel, 1996). 

 
“The standard deviation of a set of observations is the (positive) square root of the variance of the 
set.” 

 
The standard deviation of the sample is the square root of sample variance (Aczel, 1996): 

 

 
 

The standard deviation of the population is the square root of population variance (Aczel, 1996): 
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4. Departments at Tevo Limited 
After the first encounter with Tevo Limited sequent to having visited the workshop, information 
about the status of the different departments were generated. 

 

4.1 The Electric Department 
The first work that needs to be performed for the incoming cars  is to replace or install powerful 
wirings so that the electric supply of the car not get worn as the car requires to be fitted with some 
extra powerful electric equipment’s. All the preparations for the electric wirings and the electronic 
equipment’s that is needed to be fitted unto the incoming cars are carried out at the electric 
department. 

 

 
 

Figure 18. Wiring of the electric entities at the electric department. 
 

4.2 The Wood-Cutting Department 
The cutting department cuts the floor and the walls for the incoming cars according to the required 
specifications.  This  process  requires  a  huge  experience  due  to  the  variability  in  the  customer 
demands and the types of cars. The new CNC machine that was installed at the site at the end of 
November 2014 has definitely helped to ease the process with deep accuracy and measurements, 
since the cuts previously were being performed manually. 
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Figure 19. Execution of a cutting process at the wood-cutting department. 
 

4.3 The Warehouse 
The warehouse or inventory shop, stores all the inventories and materials that have been received 
from the local and international suppliers. 

 

 
 

Figure 20. The warehouse of Tevo Limited. 
 

4.4 The kit-Assembling Department 
At the assembly department the kits are being made according to the required dimensions and sizes. 
When the kits are ready to be installed unto the cars, they are being transported by keeping them on 
two trolleys while being pushed by two to three workers with great care and delicacy. 
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Figure 21. Finished assembled kits at the kit-assembling department. 
 

4.5 Quality Control Department 
In the end the most important process of quality checks are performed after cleaning the car. If there 
are certain defects that are being discovered at this step, rework will be performed that may result in 
waste of time and resources. 

 

4.6 Prototyping Department 
Tevo Limited is working with different models of cars from different companies and there is a huge 
variety in the customer requirements of the Kit-assembly that needs to be fitted unto the car. At the 
prototyping department calculations and tests are carried out in order to forecast the timeframes for 
the different operations. Once the calculations are carried out, they are being sent to the concerned 
departments where the necessary steps are taken to fulfill the customer requirements. How much 
time it will take for prototyping is not clearly known which means that a new car stands in the vicinity 
of the assembly area occupying space and waiting for the workers form the different departments to 
get free and do their required calculations. 

 

4.7 The Process Flow 
The preordered unequipped vans arrive at the workshop and are being lined up based on their 
internal order of treatment. As the work goes along the vans are being equipped with new electric 
wirings, linings for floor and walls and kits for customer specific tools and arrangements before they 
are being transported to the quality control, were they are being inspected before delivery to the 
customers. 

 

 
 

Figure 22. The process flow at the workshop of Tevo Limited. 
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Figure 23. The workshop where the vans are being equipped with the required specifications. 
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5. Results and Analysis 
 

5.1 Result of the Empirical Study 
 
 

The following interview was conducted at an initial stage of the thesis as a successful attempt to 
bring critical issues that might be considered of importance in the investigation to the surface.  The 
interview was being held with Tevo Limited’s Kit Assembly Team Leader Michael Rodgers on the 
second of July 2014. 

 
What are the major issues affecting the Kit-assembly department that you would like to see 
improved? 

 
Actually there are several issues such as the configuration of the specification sheets, stock handling, 
pallet sizing, tool handling, scheduling and time management, communication and interaction with 
the other departments, ergonomic issues and deliveries from suppliers. 

 
Starting out with the specification sheets, what are the current deficiencies with those? 

 
What we are lacking foremost in the specification sheets at the moment are specified CAD models 
with correct measurements. It does also happen at some occasions that there are wrong drawing 
numbers in the specification sheets.  Overall there is a need for more information in general in the 
specification sheets in order to facilitate the work for the operators at the assembly line. For instance 
the technical department and salesmen are often late to update the sizes of the kits in the 
specification sheets, which imply that the operators has to guess the sizes or rely on previously 
gained experience, or even on some occasions measure the size directly from the van. Furthermore 
the insufficient information in the specification sheets would imply further training of staff, since 
certain tasks cannot be handed over to less experienced personnel there is an overburden of staff. 
For example certain drilling processes require experience on how hard to drill in order to not 
damaging the parts. 

 
What are the situation with the stock handling? 

 
On several occasions the parts that are in the part list are either missing or stocked at the wrong 
location. Most of the problems related to stock handling actually boils down to the company 
experiencing difficulties with the software for inventory handling that they currently are using. The 
software in question will definitively be changed in the near future as it many times claims that parts 
are in stock that is not. Also the changes taking place in the inventory needs to be more rapidly 
updated since some parts are not in stock while needed and then appears later on while not needed 
due to changes, and therefore takes up a large amount of inventory. 

 
The pallets containing the parts to the kits, what are the shortcomings there? 

 
Well,  foremost  pallets  are  being  overloaded  and  badly  packed  with  nothing  holding  the  parts 
together. This leads to parts easily being scratched or damaged, and as mentioned before there are 
sometimes parts missing and unrequired parts occurring in the pallets. It has actually happened that 
pallets has been falling over, which is a clear indicator of that the pallets are becoming a critical 
safety issue though it is a space issue as well. Another fact worth mentioning is that the pallets 
sometimes are not identified with labels which significantly obstruct the work for the operators. 

 
Moving on to the tool handling, what can be said in this regard? 
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Simply that every working bench need to be equipped with its own set of tools. As the current 
practice is that everybody just pick up tools and then leave them somewhere else when finished, 
which creates confusion among the operators and also generates a lot of wasteful activities in form 
of searching and movement. 

 
What about the communication and interactions with the other departments? 

 
The general attitude is that there are way too much rush and everybody seems to be busy with their 
own tasks and due to time pressure are becoming less willingly towards helping out and looking after 
the overall benefit of the company. However on the other hand there are very good and friendly 
relationships between the Kit-assembling department and the Quality control department which is 
positive, but might leads to counterproductive interactions at some occasions. There is a strong 
tendency that the people working at the Quality control department starts to chat and thereby 
interrupts the people working at the Kit-assembling department when they are less busy than they 
are.   Furthermore   there   can   sometimes   be   misunderstandings   between   the   Kit-assembling 
department and the Kit-picking department since they are the ones that deliver the pallets including 
the parts that will be assembled. It happens sometimes that the pallets are not there while needed 
or on the other hand that there are too many pallets that occupies a lot of space. 

 
What can be said about the work pace, is it usually levelled out or does it commonly vary between 
highs and lows? 

 
It definitively varies a lot between highs and lows since the work pace is not takted in correlation 
with the other departments at all, there always seems to be either too much or too little work to do. 

 
What about the time scheduling in general, do you feel that there are enough time available for 
carrying out the tasks that are expected of you? 

 
The time schedule definitely needs to be reviewed as there commonly is not sufficient time for 
carrying out all the tasks. A contributing factor to the lack of time is partly the space problem, since 
there need to be more staff for the increasing workload but there seems to not even be enough 
space for the current staff due to the stock handling and the messy situation at the department. 
Another issue is that the kits are too heavy for one person to lift, so there are actually two persons 
required for lifting them which takes up a lot of time from the other staff since they have to assist in 
the lifting process. 

 
How is the time schedule being set and do you work with standardized methods? 

 
The sales department sets the time limits for the certain activities based on their simulations but 
there are no standardized working methods or sequences provided, the operators therefore simply 
rely on their experiences. 

 
As you mentioned there are ergonomic problems existing at the assembly line as well, could you 
please elaborate further on that? 

 
Yes, sure! First of all it would be convenient to have flexible work benches since that would enhance 
the flexibility and the movements significant. There are currently four work benches that are fixed 
and just one flexible, but the flexible bench on wheels is unfortunately not stable enough for work to 
be carried out on it. Another issue related to ergonomics is that in the current routine the kits are 
being dragged on the floor after having been finished assembled, which is a process that not only 
damages the floor but also creates a lot of unpleasant noise which is disturbing for the staff. The 
most obvious ergonomic aspect on the other hand is that the entire working environment needs to 
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be more disciplined and generally cleaned up more frequent. Not only is the messy environment a 
safety issue that hampers the movement ability but it does also cause bad attitudes amongst the 
workers as they more easily gets stressed out and frustrated. 

 
What  improvements  would  you  like  to  see  from  your  suppliers  in  their  task  of  delivering 
everything you need for carrying out your work? 

 
The deliveries of screws and parts needs to be way more rapid, they should preferably be delivered 
in the same day as ordered. The deliveries currently takes several days or even up to a week at some 
occasions which leaves us in a bad situation when parts are out of stock. 

 
How do you manage to keep your deliveries on time despite all the hindrance factors you have 
mentioned? 

 
The workshop is sometimes open half the day on Saturdays in order to catch up what have been 
missed out during the week days, which of course is expensive for the company since they have to 
pay the staff extra salary. 

 
What is the staff’s attitude towards working on Saturdays? 

 
In general positive despite that they sometimes gets informed too late about work on Saturdays 
which makes their planning inconvenient, on occasions they can be informed as late as Thursday or 
Friday the same week. 

 
Well, that’s all. Thank you very much for your participation! 

 
You are welcome, thank you! 
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5.2 Analysis and Results for the Wood-cutting process 
5.2.1 Layout of the Wood-Cutting Department 

The layout for which the Wood-cutting process is taking place at has been categorized to be that of a 
product layout, since the CNC-machine that processes the wood plates are remaining at a fixed 
position based on the process sequences while the product (wood plates) are the item flowing 
between different locations. 

 
At the Wood-cutting department there are five critical stations or checkpoints one must keep in mind 
while analyzing the process, those are the following: 

 
• The raw material station where new unprocessed Acrylic Polyprop-plates are being picked 

up in order for them to be carried to the CNC-machine and there processed. 
• The CNC-machine where the unprocessed Acrylic Polyprop-plates are being placed and cut 

into two types of linings (Lining type 1 and Lining type 2). The cutting process is being 
performed automatically once the operator has chosen the specific program for the linings 
required and started the CNC-machine. 

• The buffer for finished processed lining 1 is the station where the first type of linings are 
being placed and stocked while having been finished processed by the CNC-machine. 

• The buffer for finished processed lining 2 is the station where the second type of linings are 
being placed and stocked while having been finished processed by the CNC-machine. 

• The trash bin is where the residual parts remaining from the Acrylic Polyprop-plate after 
having been cut into linings is being thrown away. 

 
The five stations with their respectively internal locations and distances can hence be seen on the 
draft of the factory layout for the Wood-cutting process: 
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Figure 24. The layout for the Wood-cutting department marked with distances. 
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5.2.2 Sequence analysis of the Wood-cutting Process 
The identical sequences of the current state for the Wood-cutting process was being reported six 
times of which a mean value of the six cycle times for each sequence was calculated. Having the 
internal distances between the involved stations clearly defined, the sequence analysis of the current 
state for the Wood-cutting process performed by one single operator producing one single unit was 
carried out and amounted to a total of sixteen sequences. The full sequences can be found in 
Appendix 2. 

 
The total distance moved for the current state of the Wood-cutting process for production of one 
single unit amounted to 45,5 meters, as the total cycle time amounted to 6 minutes and 13 seconds. 

 

In case of production of further units which is more common the sixteenth sequence will be followed 
by a seventeenth sequence before the iteration repeats itself. In order to not evoke a biased result in 
the investigation, the velocity for the seventeenth sequence has been estimated to be as high as 
possible, in other words equal to the average velocity of sequence number 12 carried out for batch 
size 1 since there is a long distance to walk without anything to carry. The seventeenth sequence was 
being brought forward as follows: 

 

Sequence 
no 

Component task Distance 
(m) 

Estimated 
cycle time 
(hh:mm:ss) 

17 Walk from the buffer for completed type 2 linings to the 
raw material station and pick up the second unprocessed 
Acrylic plate. 

14,6 00:00:08 

 
 

5.2.3 Categorization of sequences for the Wood-cutting process 
In order to being able to carry out a value stream map and identifying potential waste for the Wood- 
cutting process, all the sequences had to be categorized. The categorization of the sequences was 
divided  into  two  different  labeling  systems  of  which  one  was  dividing  the  sequences  into  the 
following categories; Movement/Transportation, Set up and Processing. 

 
• Movement/Transportation    comprises    activities    where    the    operator    are    walking, 

transporting or handling material. 
• Set up comprises activities where the operator is either attaching or detaching material to 

the CNC-machine. I.e activities where the working material are in contact with the processing 
machine. 

• Processing comprises activities where any sort of processing is being performed unto the raw 
material. 

 
The second labeling system is the one that has been advocated and thoroughly explained in the 
literature study under the section value stream mapping, where the sequences are being divided into 
Value-adding (VA), Necessary but non-value adding (NNVA) and Non-value adding (NVA). It is to be 
said that the term NNVA appears a bit ambiguous in this scenario since every sequence is necessary 
under the given circumstances and arrangements. However the label NNVA has been restricted to 
the sequences that go under the category Set up, since those operations are necessary under all 
circumstances. The sequences that go under the category Movement/Transportation however has 
been  labeled  as  NVA  since  many  of  those  could  be  significantly  reduced  or  even  eliminated 



43 
 

completely under different circumstances and arrangements. The full categorization and labeling of 
the sequences for the Wood-cutting process can be found in Appendix 3. 

 
Out of the analysis it appears that out of the total cycle time for the Acrylic plates of 6 minutes and 
13 seconds, 1 minute and 25 seconds are occupied by the sequences categorized as 
Movement/Transportation, 1 minute and 8 seconds by the sequences categorized as Set up and 3 
minutes and 40 seconds be the sequence categorized as Processing. That is to say that approximately 
23 percent of the Wood-cutting process is occupied by Movements/Transportations, 18 percent by 
Set ups and 59 percent by Processing’s as can be seen in the diagram below. Receiving the result one 
must point out that although there are a lot of opportunities for improvements of the investigated 
process, it is a positive indicator to have a value-adding time of 59 percent out of the total cycle time. 

 

 
 

Figure 25. The percentage distribution between the categories for the current state. 
 
 

5.2.4 Value stream map of the current state for the Wood-cutting process 
Having   noted   the   complete   edition   of   sequences   with   their   respectively   cycle   times   and 
categorization, a value stream map of the current state for the Wood-cutting process could be 
drawn. Notice that the sequences categorized as NNVA will go under the category of NVA in the 
value stream map, yet they are non-value adding and the most common outline of value stream 
maps consists of only two categories. 
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Figure 26. Value stream map of the current state for the Wood-cutting process consisting of 16 
operations, with distinction between the non-value adding time and the value-adding time. 

 
 

5.2.5 Waste identification for the Wood-cutting process 
Based on the theory learned through the literature study it is usually way more efficient to start out 
with the non-value adding sequences than the value-adding sequences while improving a process. 
Moreover since the value-adding activity for this process is carried out automatically by the CNC- 
machine it is highly difficult to identify any waste in this regard. Optimization measures of the CNC- 
code for the cutting process could be taken but that lies beyond the scope for this thesis. Therefore 
the waste that has been identified for the Wood-cutting process does solely comprise the non-value 
adding sequences. 

 
As stated in the literature study does SMED suggest that any changeover or set up process can be 
done within 10 minutes, and that any previously unimproved set up time at least can be reduced by 
half twice. Since Tevo Limited does not work with standardized processes and has not previously 
carried out any specific improvement work for the set up sequences, the potential for the company 
to improve its processes cycle times is significant.   In order to determine what reductions that can be 
made of the set up times for the Wood-cutting process, each set up sequence was evaluated in more 
detail starting out with sequence number 3: 

 

Sequence 
no 

Component task Categorization Average cycle 
time (hh:mm:ss) 

3 Place  the  unprocessed  Acrylic  plate  on  the 
working bench of the CNC-machine. 

Set up 00:00:08 

 
 
 

By introducing standardized working sequences and work with SMED for the set up times, the 
operators would easily learn the sequences by heart very fast and thereby carry out the process in 
the most efficient way subconsciously without having to think of what sequence that comes next. 
Due to the facts presented the authors clearly suggests that the cycle time for sequence number 3 
can be halved into 4 seconds in the future state, especially since the sequence was carried out in 5 
seconds in one of the six samples. 

 

Sequence 
no 

Component task Categorization Average cycle 
time (hh:mm:ss) 

4 Adjust and line up the edges of the unprocessed 
Acrylic  plate  onto  the  working  bench  of  the 

Set up 00:00:30 
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CNC-machine. 
 
 
 

Based on the same reasoning as for sequence number 3, sequence number 4 does also have the 
potential to be reduced by half in the future state. Likewise as for sequence number 3, sequence 
number 4 was as fastest carried out in 14 seconds, why the authors suggests that it should be carried 
out in 15 seconds in the future state. 

 

Sequence 
no 

Component task Categorization Average cycle 
time (hh:mm:ss) 

5 Lock the air in on the CNC-machine (Pneumatic 
system used for attaching the work piece onto 
the working bench). 

Set up 00:00:05 

 
 
 

Sequence number 5 is being performed by merely pushing a button and has even been done in one 
single second in one of the samples, why the suggested cycle time by the authors will be 3 seconds 
for the sequence. 

 

Sequence 
no 

Component task Categorization Average cycle 
time (hh:mm:ss) 

6 Select CNC-file for the particular cutting 
process. 

Set up 00:00:14 

 
 
 

This sequence has as fastest been carried out in 7 seconds in one of the six samples, and based  on 
the same reasoning as for sequence number 4 and 5 the authors suggests that it be carried out in 7 
seconds in the future state. 

 

Sequence 
no 

Component task Categorization Average cycle 
time (hh:mm:ss) 

8 Unlock the air on the CNC-machine (The 
pneumatic system releases the work piece from 
the working bench). 

Set up 00:00:11 

 
 
 

Unlike sequence number 5 where the air in the pneumatic system is being locked, the unlocking 
process is being done manually by turning the four handles that the CNC-machine is equipped with 
and can be viewed in figure 17 under the section Cutting department. This fact explains why it takes 
approximately double the time to unlocking the pneumatic system compared to locking it, 
nevertheless the sequence has been carried out in 5 seconds as fastest why the authors suggests that 
it be carried out in 6 seconds in the future state. 

 
Having elaborated on the set up sequences it is adequate to move on to the sequences categorized 
as Movement/Transportation and hereby follows the identifications of the waste that potentially can 
be eliminated for those sequences in the future state: 
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Having analyzed the layout of the cutting department combined with the sequence order, it clearly 
appears that it is most convenient to throw away the waste material as a last sequence instead of 
directly after the cutting process since the trash bin is the station located furthest away from the 
CNC-machine. Not only is the trash bin furthest away but it is also the station that is located closest 
to the raw material station, which enables the operator to pick up the next unprocessed acrylic plate 
on his/her way back after having finished the first entity. This adjustment might not have that much 
of an impact for production of one single unit but the difference will be increasingly noticeable as the 
batch size produced grows; besides it is extremely seldom that one single entity is produced as they 
commonly are produced in batches of 20 or more. 

 

 
 

Figure 27. Comparison between the movements pattern for the current- respectively the future state. 
 

Since the station for completed linings type 1 and completed linings type 2 lies on the same route it is 
suggestable by the authors that those two linings are picked up at the same time and left during the 
same route in order to reduce unnecessary movements. Likewise as for the previous adjustment this 
adjustment will have a greater impact as the batch size increases. Therefore sequence number 13 
and 15 in the current state will be combined into sequence number 9 in the future state which is 
highlighted in blue as follows below: 

 

Sequence 
no 

Component task Categorization Average cycle 
time 
(hh:mm:ss) 

13 Pick up the completed type 1 lining and walk to 
the buffer for completed type 1 linings. 

Movement/Tra 
nsportation 

00:00:09 

 
 
 
 
 

Sequence 
no 

Component task Categorization Average cycle 
time 
(hh:mm:ss) 

15 Pick up the first completed type 2 lining. Movement/Tra 
nsportation 

00:00:09 
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Sequence 
no 

Component task Categorization Estimated cycle 
time 
(hh:mm:ss) 

 

9 Pick up the completed type 1 and 2 linings and 
walk to the buffer for completed type 1 linings. 

Movement/Tra 
nsportation 

00:00:18 

 
 
 

This adjustment has given rice to two new routes of movements that was not encountered in the 
current state, which are the following: 

 

Sequence 
no 

Component task Categorization Estimated cycle 
time 
(hh:mm:ss) 

 

11 Walk from the buffer for completed type 1 linings 
to the buffer for completed type 2 linings and 
place the completed type 2 lining there. 

Movement/Tra 
nsportation 

00:00:09 

 
 
 

The cycle time of 9 seconds has been estimated by using the same velocity as the average velocity of 
sequence number 16 in the current state, since that in large is the same operation with merely a 
difference of 1,7 meters in distance. 

 

Sequence 
no 

Component task Categorization Estimated cycle 
time 
(hh:mm:ss) 

 

12 Walk from the buffer for completed type 2 linings 
to the CNC-machine. 

Movement/Tra 
nsportation 

00:00:05 

 
 
 

The cycle time of 5 seconds has been estimated by using the same velocity as the average velocity of 
sequence no 12 in the current state, as those sequences are equivalent with regard to actions and 
moving distance. 

 

5.2.6 Improved sequence proposal for the Wood-cutting process 
Based on the waste identified and highlighted in the previous section the complete improved 
sequence proposal for the future state of the Wood-cutting process carried out by one operator can 
be seen in Appendix 4. 

 

In cases of production of further units a sixteenth sequence has been introduced before the iteration 
repeats itself, the cycle time for the sixteenth sequence has based on worst case scenario been 
estimated to be equal to the average cycle time of sequence number one in the current state. That is 
since it probably is shorter as the distance to walk is shorter and as the operator is in motion already, 
therefore the sixteenth sequence was being brought forwards as follows: 

 

Sequence 
no 

Component task Distance 
(m) 

Estimated 
cycle time 
(hh:mm:ss) 



48 
 

16 Walk from the trash bin to the raw material station and 
pick up the second unprocessed Acrylic plate. 

4 00:00:06 

 
 
 

As one of the main objectives of Tevo Limited is to turn their workshop into a factory suited for 
production on larger scales, the improved sequence proposal has also been adapted for work 
performed by two operators in order to reduce the cycle time further. The sequences has therefore 
been divided between the two operators in such a fashion that one of the operators leaves the 
finished processed linings after the cutting process, while the other operator merely focuses on 
throwing away the waste and hence pick up the next plate in line. Note also that sequence number 4 
in the proposed future state which is a set up operation could be further reduced by half if the two 
operators carry out the operation together. The future state for the Wood-cutting process performed 
by two operators can be seen in Appendix 5. 

 
As for the same process carried out by one operator, in cases of production of further unit’s operator 
number 2 in this case will walk from the trash bin and pick up the second Acrylic plate whereupon 
operator number 2 assumes the duties of operator number 1 and vice versa  for the second iteration, 
starting at sequence 2. 

 

5.2.7 Value stream map of the future state for the Wood-cutting process 

 
 

Figure 28. Value stream map of the future state for the Wood-cutting process carried out by one 
operator. 

 

 
 

Figure 29. Value stream map of the future state for the Wood-cutting process carried out by two 
operators. 
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5.2.8 Result of proposal for the Wood-cutting process 
Having examined the improved sequence proposal for the Wood-cutting process the result shows 
that the total cycle time for the future state carried out by one operator amounts to 5 minutes and 
38 seconds, which is a reduction of 35 seconds and thereby approximately 9 percent. The cycle time 
for the sequences categorized as Movement/Transportation amounts to 1 minute and 23 seconds 
which is a reduction of 2 seconds and thereby approximately 2 percent, while the cycle time for the 
sequences categorized as Set up amounts to 35 seconds which is a reduction of 33 seconds and 
thereby approximately 49 percent. The distance moved by the operator has been reduced from 45,5 
meters to 41,3 meters, which is a reduction of 4,2 meters and thereby approximately 9 percent. The 
result implies that the percentage for the value-adding time of the process has been raised from 59 
percent to 65 percent. The percentage distribution between the three categories out of the total 
cycle time can be seen in the diagram below: 

 

 
 

Figure 30. The percentage distribution for the proposal with one operator for the Wood-cutting 
process. 

 
The result for the proposed future state of the Wood-cutting process carried out by two operator’s 
amounts to 4 minutes and 54 seconds, which is a reduction by 1 minute and 19 seconds and thereby 
approximately 21 percent. The category of Movement/Transportation amounts to 46 seconds, which 
is a reduction of 39 seconds and thereby approximately 46 percent. The Set up category amounts to 
28 seconds, which is a reduction by 40 seconds and thereby approximately 59 percent. The required 
distance moved for carrying out the process has been reduced from 45,5 meters to 20,9 meters, 
which is a reduction of 24,6 meters and thereby approximately 54 percent. The result implies that 
the percentage for the value-adding time of the process has been raised from 59 percent to 75 
percent. The percentage distribution between the three categories out of the total cycle time can be 
seen in the diagram below: 
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Figure 31. The percentage distribution for the proposal with two operators for the Wood-cutting 
process. 

 

5.2.9 Simulation of the Wood-cutting process 
In order to evaluate the outcome of the proposed improvements for production on a larger scale, 
simulation models have been conducted by using the software ExtendSim 8. The simulation models 
illustrates three different outlines with 1, respectively 2 and 3 CNC-machines running, comparing the 
outcome for the current- and the two proposed future states. The different setup arrangements are 
compared over a time frame of; 1 day, 1 week, 1 month and 1 year. 

 
The time frames for the several simulation models have been estimated as follows: 

 
1 Day = 1 Shift = 8 Hours = 28 800 seconds 

 
1 Week = 28 800*5 = 144 000 seconds 

 
1 Month = 144 000*4 = 576 000 seconds 

 
1 Year = 28 800*230 = 6 624 000 seconds 
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Figure 32. Illustration of how the time frames are being set in ExtendSim 8. 
 

The inter arrival time is a queue term that indicates the time that passes between the arrival of one 
item at the production station and the arrival of the next item in line. In this specific case the inter 
arrival time refers to how often unprocessed Acrylic plates arrives at the CNC-machine. Those values 
are obtained by adding the time of the non-value adding and the necessary but non-value adding 
sequences which has been elaborated throughout the sequence analysis, however the mean values 
for the inter arrival times are listed here: 

 
Current state: 2:35 minutes = 155 seconds 

Future state 1: 1:58 minutes = 118 seconds 

Future state 2: 1:14 minutes = 74 seconds 

The transportation of the Acrylic plates are nevertheless being carried out by human beings why 
some fluctuations can be expected, and therefore a standard deviation of the inter arrival time of 30 
seconds has been chosen in order to obtain a more reality-based outcome. 
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Figure 33. Illustration of how the inter arrival time and its standard deviation are to be set in 
ExtendSim 8. 

 
The processing time for the CNC-machine remained fixed at 3:40 (220 seconds) which was the mean 
value obtained from the physical observations. The set of the processing time was being done in the 
activity block which in this simulation indicates the CNC-machine. 

 

 
 

Figure 34. Illustration of how the processing time is being set in ExtendSim 8. 
 

The outline of the  three different configurations that has been simulated for the Wood-cutting 
process are hereby being presented: 
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Figure 35. Illustration of the single, double and triple machine production line modeled in ExtendSim 
8. 

 

5.2.10 Result of simulation of the Wood-cutting process 
The result of the simulation are hereby being presented including the terminology of  WIP representing 
the work in process at the end time of the simulation and U representing the utilization i.e the 
proportion out of the total simulation time that the process is running. 

 
     The single line: 

 
Current State Output WIP U 
1 Day 130 55 1 
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1 Week 654 272 1 
1 Month 2618 1094 1 
1 Year 30109 12622 1 
Future State 1    
1 Day 130 117 1 
1 Week 654 578 1 
1 Month 2618 2271 1 
1 Year 30109 26079 1 
Future State 2    
1 Day 130 251 1 
1 Week 654 1281 1 
1 Month 2618 5154 1 
1 Year 30109 59369 1 

    As can be seen from the table the output did not increase for the future states even though they 
have shorter inter arrival times. The reason for this being is that the value adding time (processing 
time) is longer than the non-value adding time even for the current state, which is why the queue 
length and the work in process rather increases with an increased inter arrival time than the output. 

 
The double line: 
 

Current State  Output  WIP U1 U2 

1 Day 183 1 0,669 0,733 
1 Week  928 0 0,684 0,733 
1 Month 3718 0 0,702 0,718 
1 Year 42749 1 0,708 0,712 
Future State 1     
1 Day 233 5 0,996 0,791 
1 Week  1232 3 0,978 0,905 
1 Month 4907 4 0,952 0,923 
1 Year 56103 24 0,935 0,928 
Future State 2     
1 Day 258 131 0,997 0,985 
1 Week  1305 627 0,997 0,999 
1 Month 5235 2532 1 0,999 
1 Year 60217 29390 0,999 0,999 

    For this setup one can notice that there is a slight increase of output for the first future state 
compared to the current state. There is also a remarkable increase in output for the second future 
state, even though the work in process totals in atrocious levels for the particular configuration. 

 
 The triple line: 
 

Current State  Output WIP U1 U2 U3 

1 Day 182 0 0,504 0,474 0,420 
1 Week 937 0 0,443 0,489 0,499 
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1 Month 3707 0 0,475 0,470 0,471 
1 Year 42686 2 0,474 0,471 0,473 
Future state 1      
1 Day 237 2 0,611 0,579 0,629 
1 Week 1216 0 0,618 0,603 0,639 
1 Month 4899 0 0,624 0,629 0,617 
1 Year 56128 2 0,616 0,624 0,624 
Future state 2      
1 Day 354 29 0,992 0,911 0,812 
1 Week 1897 36 0,989 0,952 0,959 
1 Month 7726 101 0,976 0,989 0,990 
1 Year 89575 114 0,993 0,991 0,992 

As for this configuration the second future state clearly exceeded the other two states, while still   
remaining a descent level of work in process. 
 

Therefore it is definitively advisable to remain with the sequence configurations of the current state for 
the outline with one CNC-machine. As the value adding time is longer than the non-value adding time, 
further decreases of the non-value adding activities will surely result in increase of buffers and work in 
process rather than output. For the outline with two CNC-machines running it is advisable to choose 
the first future state, as it has slightly higher output than the current state, with remaining low 
levels of work in process. For an outline with three or more CNC-machines the second future state 
is the definite choice as it has an outstanding output rate in comparison to its opponents. 



56 
 



57 
 

5.3 Analysis and results of the Kit-picking process 
5.3.1 Layout analysis at the Kit-picking department 

The location where the Kit-picking process is taking place is that of a warehouse of 805 square 
meters where eight different four leveled shelves are being located. All the major parts required for 
Tevo Limited to carry out their interior finish services are being stocked at the warehouse, where the 
different parts have their different locations in order for the picking operator to collect. Each location 
at the warehouse is marked with a number from 0-80 identifying the location at the shelves and also 
a letter from A-E, with A representing the ground level up to E which is level four. So if for example 
the picking list suggests that the picking operator picks up a part at 035A that implies that the 
particular part is being stocked at location 35 on the ground floor. If picks are to be made at level B 
or  higher,  climbing  a  ladder  is  a  requirement  and  there  are  currently  two  ladders  on  wheels 
circulating at the warehouse of Tevo Limited. 

 

 
 

Figure 36. Outline of the warehouse marked with its different locations and levels. 
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Figure 37. Outline of the warehouse whit its internal distances and measurements marked out. 
 

 
 

Figure 38. Photograph of one of the ladders circulating at the warehouse of Tevo Limited. 
 
 

In order to carry out an analysis of the Kit-picking process a node diagram with the outline of the 
warehouse was used as a template, with fixed distances in order to in an as accurate way as possible 
being able to trace the movements of the operator. 
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Figure 39. Outline of the warehouse in form of a node diagram. 
 
 

5.3.2 Sequence analysis of the Kit-picking process 
Having examined the Kit-picking process of picks that was intended for the investigated model the 
sequences identified can be seen in Appendix 6. 

 
The total outcome showed a total of 34 sequences, cycle time of 20 minutes and 38 seconds, and a 
total distance moved of 421,6 meters. 

 

5.3.3 Waste identification for the Kit-picking process 
What predominately strikes one’s mind while having analyzed the sequences for the Kit-picking 
process from a waste conscious view is that a large amount of time is being consumed by fetching 
ladders  at  the  warehouse.  Since  there  are  no  fixed  positions  for  the  ladders  and  since  several 
different picking processes usually are carried out simultaneously, the ladders can easily be left 
anywhere at the warehouse which creates difficulties for the operator. The proposed improvement 
for the Kit-picking process is therefore that there are five more ladders implemented at the 
warehouse, combined with a standardized practice of always having one ladder remaining between 
each shelf. By having one ladder remaining between each shelf it will not be that difficult for the 
operator to quickly sense the location of the ladder while required, at the same time as the walking 
distances will be drastically reduced on average. Therefore the improved proposal consists of a 
warehouse equipped with seven ladders with one at each hall way, for the sake of illustration the 
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ladders has been located at following locations as a starting point in the warehouse for the proposal: 
003, 015, 027, 039, 051, 063 and 075. 

 
Hence sequence number 3, 13 and 21 in the current state of the Kit-picking process describes 
equivalent tasks, the velocity of the respectively sequences in the improved proposal will based on 
worst case scenario be equal to the slowest of those sequences which is sequence 21. Therefore the 
following sequences will transform into the ones marked with blue for the improved proposal: 

 

Sequence 
no 

Component task Distanc 
e (m) 

Cycle time 
(hh:mm:ss) 

3 Walk from 052 to 078 and pick up ladder no 1. 42 00:00:48 
 
 
 

Sequence 
no 

Component task Distance 
(m) 

Estimated 
cycle time 
(hh:mm:ss) 

 

3 Walk from 052 to 051 and pick up ladder no 3. 3,2 00:00:06 
 
 
 

Sequence 
no 

Component task Distance 
(m) 

Cycle time 
(hh:mm:ss) 

13 Walk from 036 to 053 and pick up ladder no 1. 29,2 00:00:38 
 
 
 

Sequence 
no 

Component task Distance 
(m) 

Estimated 
cycle time 
(hh:mm:ss) 

 

13 Walk from 036 to 034 and pick up ladder no 5. 6,4 00:00:12 
 
 
 

Sequence 
no 

Component task Distance 
(m) 

Cycle time 
(hh:mm:ss) 

21 Walk from 050 to 035 and pick up ladder no 1. 22,8 00:00:43 
 
 
 

Sequence 
no 

Component task Distance 
(m) 

Estimated 
cycle time 
(hh:mm:ss) 

 

21                  Walk from 050 to 053 and pick up ladder no 3                            9,6              00:00:18 
 

Similarly sequence number 4, 14 and 22 in the current state will adapt the slowest velocity which is 
that of sequence 4  and 14 in the improved proposal. The modification has been conducted as 
follows: 

 
Sequence    Component task                                                                                Distance    Cycle time 
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no (m) (hh:mm:ss) 
 

4 Drag ladder no 1 from 078 to 053. 45,2 00:00:42 
 
 
 

Sequence 
no 

Component task Distance 
(m) 

Estimated 
cycle time 
(hh:mm:ss) 

 

4 Drag ladder no 3 from 051 to 053. 6,4 00:00:06 
 
 
 

Sequence 
no 

Component task Distance 
(m) 

Cycle time 
(hh:mm:ss) 

14 Drag ladder no 1 from 053 to 035. 32,4 00:00:30 
 
 
 

Sequence 
no 

Component task Distance 
(m) 

Estimated 
cycle time 
(hh:mm:ss) 

 

14 Drag ladder no 5 from 034 to 035. 3,2 00:00:03 
 
 
 

Sequence 
no 

Component task Distance 
(m) 

Cycle time 
(hh:mm:ss) 

22 Drag ladder no 1 from 035 to 050. 22,8 00:00:17 
 
 
 

Sequence 
no 

Component task Distance 
(m) 

Estimated 
Cycle time 
(hh:mm:ss) 

 

22 Drag ladder no 3 from 053 to 050. 9,6 00:00:09 
 
 
 

5.3.4 Improved layout proposal for the Kit-picking department 
The improved layout of the warehouse at which the Kit-picking process is being conducted is being 
shown here: 
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Figure 40. Illustration of the proposed improved layout with ladders implemented at each hallway 
between the shelves. 

 
 

5.3.5 Improved sequence proposal for the Kit-picking process 
Based on the identified waste the full sequences for the improved proposal of the Kit-picking process 
can be seen in Appendix 7. 

 

5.3.6 Result of proposal for the Kit-picking process 
The improved sequence proposal for the Kit-picking process suggests a total cycle time of 17 minutes 
and 54 seconds, which is a reduction of the process by 2 minutes and 44 seconds and thereby 
approximately 13 percent. Concerning the walking distances the improved proposal suggests a total 
walking distance of 265,6 meters, which thereby is a reduction of 156 meters or approximately 37 
percent. The differences in movement pattern affected by the distribution of the ladders can easily 
be visualized as follows: 
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Figure 41. Comparison between the movements patterns for the current- respectively the future state. 
 

The simulation for the Kit-picking process for production on larger scale has been conducted in 
combination with the Kit-assembling process, as the Kit-assembly is the recipient of the Kit-picking 
that modification provides a superior overall perspective. 

 

 
 
 
 

5.4 Analysis and Results for the Kit-Assembling Process 
5.4.1 Layout analysis at the Kit-assembling department 

The layout of the assembly line where the Kit-assembling process is taken place has an approach as 
that of a fixed position layout, since the kits that are being assembled mostly remain fixed at the 
working bench while the operator including tools are the one circulating around it. While examining 
the Kit-assembling process there are three major stations one must bear in mind that the operators 
generally are circulating between: 

 
• The working bench on which the kits are being assembled, the total assembly line consists of 

four working benches. 
• The pallet that has been emphasized in the Kit-picking process contains the parts that the 

kits are to be assembled out of. The pallets are located between each working bench in order 
for the operator to easily get a hold of the required parts. 

• Trash bin, since most of the parts are covered in plastic a trash bin within reach is essential 
for being able to easily throw away the plastic once uncovered from the parts. 

 
The three stations with their respectively internal locations and distances can hence be seen on the 
draft of the factory layout for the Kit-assembling process: 
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Figure 42. Illustration of the layout at the kit-assembling department. 
 

 
 

Figure 43. Illustration of the layout at the kit-assembling department marked with distances. 
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5.4.2 Sequence analysis of the Kit-assembling process 
 
 

The sequences identified as a result of having analyzed the assembly process of the particular kit 
model can be found in Appendix 8. 

 
The total cycle time for the process amounts to 1 hour, 1 minute and 56 seconds and the total 
distance moved by the operator amounts to 155,3 meters. The process consists of a total of 91 
sequences. 

 

5.4.3 Categorization of sequences for the Kit-assembling process 
The three categories of Movement/Transportation, Set up and Processing that was used for the 
Wood-cutting process has suitably also been used for the Kit-assembling. Although the category of 
Processing will adapt the pseudonym of Assembling/Drilling in this process, it is not to be confused 
with being value-adding since assembling is merging entities together and thereby not adding value 
to the raw material. There has also been a fourth category identified that are exclusively applicable 
for this process that goes under the pseudonym of Necessity/Preparation/Inspection, under which 
activities such as for example uncovering plastic or supplying the working bench with screws goes. 

 
Hence the categorization of each sequence into the four categories has been conducted and can be 
seen in Appendix 9. 

 
The analysis shows that out of the total cycle time for the process 19 minutes and 27 seconds or 31 
percent was categorized as Set up, 4 minutes and 55 seconds or 8 percent as 
Movement/Transportation, 27 minutes and 2 seconds or 44 percent as Assembling/Drilling and 10 
minutes and 32 seconds or seventeen percent as Necessity/Preparation/Inspection. The percentage 
distribution between the categories can be viewed as follows: 
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Figure 44. Percentage distribution between the categories for the Kit-assembling process. 
 

5.4.4 Waste identification for the Kit-assembling process 
Similarly as for the Wood-cutting process and influenced by SMED there are great potential for 
reducing the changeover or set up times once the processes are standardized, therefore a reduction 
by half of the following sequences for the improved state can be expected: 

 

Sequence 
no 

Component task Categorization Cycle time 
(hh:mm:ss) 

31 Adjust position and screws for the three support bars 
unto the entity. 

 
 

Set up 
00:04:01 

36 Adjust the door panel supplied with screws unto the 
entity. 

 
 

Set up 
00:02:34 

38 Adjust the door panel unto the entity. Set up 00:00:11 

43 Adjust the end frame (side door support) unto the 
entity with screws and screw-nuts. 

 
 

Set up 
00:01:05 

48 Adjust the fire enclosure unto the entity with screws 
and screw-nuts. 

 
 

Set up 
00:02:05 

50 Adjust eight brackets with screws and screw-nuts unto 
the entity. 

 
 

Set up 
00:04:50 

56 Adjust the side door shelf unto the entity in order to 
mark positions for a hole to be drilled. 

 
 

Set up 
00:00:57 

58 Adjust the side door shelf unto the entity again with 
screws and screw-nuts. 

 
 

Set up 
00:01:59 

63 Adjust the hinged bar including brackets unto the 
entity. 

 
 

Set up 
00:01:33 

69 Adjust the top shelf unto the entity. Set up 00:00:12 
 

Another aspect that was highly noticeable during the analysis was that even though the trash bin was 
not located that far away from the working bench, it would preferably within reach of the operator in 
order to not destroy momentum by unnecessary routs. The authors therefore do suggest that the 
trash bins are being removed from their current location so that they are located in line with the 
pallets. 

 
This adjustment has led the authors to estimate a reduction by half of the following sequences, since 
the distance to walk in the sequences is being reduced by more than half: 

 

Sequence 
no 

Component task Distance (m) Cycle time 
(hh:mm:ss) 

3 Walk from the working bench to the trash bin, throw 
away the plastic and walk to the pallet, pick up one 
shelf and carry it to the working bench. 

9,6 00:00:17 

30 Walk from the working bench to the trash bin, throw 9,6 00:00:13 
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 away the plastic, walk to the pallet, pick up three 
support bars and carry them to the working bench. 

 

67 Walk from the working bench to the trash bin, throw 
away  the remaining  plastic, walk to the pallet and 
pick up a top shelf and walk back to the working 
bench 

 
 
 
 
 

9,6 

 
 
 
 
 

00:00:22 

80 Walk from the working bench to the trash bin, throw 
away the plastic and walk to the pallet, pick up a 
dispenser center and carry it to the working bench. 

 
 
 

9,6 

 
 
 

00:00:22 

Likewise the following sequences have been estimated to be reduced by one quarter, since the 
difference in distance is greater than one quarter: 

 

Sequence 
no 

Component task Distance (m) Cycle time 
(hh:mm:ss) 

5 Walk from the working bench to the trash bin, throw 
away the plastic and walk back to the working bench. 

8,0 00:00:08 

 
13 

 
Walk from the working bench to the trash bin, throw 
away the plastic and walk back to the working bench. 

 
8,0 

 
00:00:13 

 
15 

 
Walk from the working bench to the trash bin, throw 
away the plastic and walk back to the working bench. 

 
8,0 

 
00:00:05 

 
17 

 
Walk from the working bench to the trash bin, throw 
away the plastic and walk back to the working bench. 

 
8,0 

 
00:00:08 

 
24 

 
Walk from the working bench to the trash bin, throw 
away the plastic and walk back to the working bench. 

 
8,0 

 
00:00:05 

 
42 

 
Walk from the working bench to the trash bin, throw 
away the plastic and walk back to the working bench. 

 
 

8,0 

 
 

00:00:10 

47 Walk from the working bench to the trash bin, throw 
away the plastic and walk back to the working bench. 

 
 

8,0 

 
 

00:00:10 

84 Gather waste material, walk from the working bench 
to the trash bin, throw away the waste and walk back 
to the working bench. 

 
 
 

8,0 

 
 
 

00:00:29 
 

Furthermore one of the primary issues that were highlighted during the empirical study but also 
noticeable during the observations was that there is an uneven workload in general at the Kit- 
assembling department. Having examined both the Kit-picking- and the Kit-assembly process it is not 
hard to see why. As the Kit-picking process has an approximate cycle time of 20 minutes while the 
Kit-assembly process has an approximate cycle time of one hour it is no wonder that a large portion 
of the fully packed pallets are being stocked at the kit assembly line. In order to make the cycle times 
between the Kit-picking- and the Kit-assembly more even and thereby create a better flow of 
materials,  but  also  to  make  the  workshop  more  factory  like  and  sustainable  towards  larger 
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production volumes the authors are convinced that it would be convenient to divide the assembly 
process into two parts. The division would consider having one pre-assembly followed by a final- 
assembly, of which the pre-assembly will be responsible for assembling the nine biggest parts while 
the final-assembly will manage the residual parts. The pre-assembly will thereby cover sequence 
number 1-44 and will based on the analysis have a cycle time close to 20 minutes, while the final- 
assembly will consist of sequence 45-9 with a cycle time closer to 30 minutes. 

 
The parts that are to be included in the pre-assembly are hereby being presented in form of a CAD- 
model with associated draft and part list: 

 

 
 

Figure 45. CAD-model of the nine pre-assembled parts. 
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Figure 46. Drawing of the nine pre-assembled parts. 
 
 
 
 
 
 
 
 
 

Item Number Part Number Description Quantity 

1 P3-2001RH End Frame With W/Arch Cut Out & Full Toolboard RH 1 

2 P3-9000 Shovel Rack Shelf 1 

3 55420-03 Standard Shelf 648mm x 486 3 

4 P3-2000LH End Frame with Full Toolboard LH 1 

5 P3-2002RH End Frame with Full Toolboard (Mesh) RH 1 

6 08511-031 Support Bar-392 mm 3 

7 P3-9013 Nearside Door Panel 1 R&R 1 

8 P3-9014 Nearside Door Panel 2 R&R 1 

9 P3-2003 End Frame (Side Door Support) 1 
 

Figure 47. Part list for the nine pre-assembled parts. 
 

5.4.5 Improved layout proposal for the Kit-assembling department 
The improved layout proposal for the assembly line where the Kit-assembling process is taking place 
is hereby being shown: 
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Figure 48. The layout proposal for the Kit-assembling process, where the trash bins are being located 
next to the pallets. 

 

5.4.6 Improved sequence proposal for the Kit-assembling process 
Based on the waste identification a sequence proposal dividing the Kit-assembling process into Kit- 
pre-assembling and Kit-final-assembling has been conducted, and can be seen in Appendix 10. 

 

5.4.7 Result of proposal for the Kit-assembling process 
The result of the proposal implies that the total cycle time for the pre- and the final assembly 
combined amounts to a total cycle time of 51 minutes and 20 seconds, which is a reduction of 10 
minutes and 36 seconds or 17 percent compared to the current state. The total cycle time is divided 
into 18 minutes and 25 seconds for the pre-assembly and 32 minutes and 55 seconds for the final- 
assembly. The proposal does naturally suggests that category of Set up are to be reduced by 50 
percent, as the category of Movement/Transportation amounted to a total cycle time of 3 minutes 
and 59 seconds and thereby a reduction of 56 seconds or 19 percent. The total distance moved was 
reduced to 108 meters compared to 155 meters in the current state which thereby is a reduction of 
30 percent, the percentage distribution between the categories for the proposal are hence being 
shown: 
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Figure 49. The percentage distribution between the categories for the proposal to the kit-assembling 
process. 

 

5.4.8 Simulation of the Kit-assembling process 
Similar simulations as the once conducted for the Wood-cutting process has been conducted for the 
Kit-assembling  process  comparing  the  current  state  with  three  different  modifications  of  the 
improved proposal consisting of 4, 3 and 2 simultaneous working tables. Notice that the Kit-picking 
process acts as the executer in the simulations and thereby supply the Kit-assembly line with fully 
packed pallets with a mean value of the inter-arrival time of 20 minutes and 38 seconds for the 
current state, and 17 minutes and 54 seconds based on the results of the Kit-picking process. The 
standard deviation for the two inter-arrival times has been chosen to be 2 minutes. 
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Figure 50. Simulation model of the current state consisting of four simultaneous working tables. 
 
 
 

 
Figure 51. Simulation model of proposal 1 consisting of four working tables. 
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Figure 52. Simulation model of proposal 2 consisting of three working tables. 
 
 
 

 
 

Figure 53. Simulation model of proposal 3 consisting of two working tables. 
 
 

5.4.9 Result of the simulation of the Kit-assembling process 
The results of the simulations for production on larger scale are hereby being presented: 

 

  
Current 
State 

Output WIP U1 U2 U3 U4 

1 Day  20 1 0,733 0,916 0,516 0,521 
1 Week 113 3 0,806 0,903 0,709 0,520 
1 Month 458 4 0,803 0,675 0,727 0,761 
1 Year 5343 3 0,743 0,751 0,769 0,733 

 
 

Proposal 1 Output WIP U11 U12 U21 U22 U31 U32 U41 U42 

1 Day  24 1 0,461 0,715 0,307 0,525 0,162 0,274 0,115 0,205 
1 Week 131 0 0,230 0,411 0,246 0,438 0,246 0,430 0,305 0,526 
1 Month 534 0 0,242 0,432 0,272 0,483 0,269 0,478 0,248 0,440 
1 Year 6160 0 0,259 0,463 0,260 0,463 0,255 0,454 0,255 0,455 
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Proposal 2 Output WIP U11 U12 U21 U22 U31 U32 

1 Day  25 0 0269 0,411 0,423 0,685 0,346 0,617 
1 Week 130 1 0,350 0,594 0,400 0,711 0,284 0,499 
1 Month 534 1 0,365 0,651 0,343 0,592 0,333 0,591 
1 Year 6158 0 0,348 0,621 0,343 0,612 0,383 0,602 

 
 

Proposal 3 Output WIP U11 U12 U21 U22 

1 Day  22 2 0,461 0,754 0,539 0,795 
1 Week 127 5 0,477 0,807 0,552 0,954 
1 Month 524 4 0,501 0,876 0,519 0,924 
1 Year 6162 4 0,517 0,920 0,514 0,917 

 
The  result  suggests  that  the  three  proposals  in  large  generates  the  same  output  with  slight 
differences in WIP, which could be expected since the working tables are being reduced in proposal 2 
and 3. In comparison to the current state the proposals can be expected to imply an increase in 
output by between 15-20 percent while implemented. 
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6. Conclusions and Discussion 
 
 

To sum up the results gathered in this report one can conclude that there are great potential for 
waste reduction and thereby improvement of the three investigated processes at Tevo Limited. The 
value stream map combined with sequence analysis carried out for the Wood-cutting process has 
resulted in two improvement proposals of which one is supposed to be carried out by one operator 
and the other by two operators. The proposal for the process carried out by one operator generates 
a  cycle  time  reduction  of  9  percent,  and  the  non-value  adding  time  which  includes  the  only 
sequences that was modified was thereby reduced with 23 percent. The result has been generated 
mainly by suggesting implementation of the Lean tool SMED for the set up sequences in the process. 
Waste categorized as unnecessary movements has also been identified in the process, and by 
optimizing the sequence order of the sequences required the total distance moved for carrying out 
the process can also be expected to be reduced by 9 percent. Tevo Limited are currently running the 
Wood-cutting process with one CNC-machine but are planning for coming expansions, and the 
proposals that has been generated will first be relevant when there are at least one more CNC- 
machine implemented at the Wood-cutting department. The reason for this being is that the non- 
value adding time for the process currently is shorter than the value adding, why further reduction of 
the non-value adding time will result in more work in process rather than increased output. The 
proposal with one operator however proved itself through the simulations carried out in this thesis 
to be most sufficient for an outline with two parallel CNC-machines running, a figuration in which the 
proposal will imply an increase in output of 27 to 31 percent. The proposal with two operators 
proved itself to be most sufficient for a figuration with three or more parallel CNC-machines running, 
as the simulation with three parallel CNC-machines proved the proposal to imply an increase in 
output of 94 to 110 percent. 

 
The second process investigated has been the Kit-picking process at which a sequence analysis 
combined with a node diagram analysis has been conducted in order to identify waste. The 
improvement proposal suggests that five more ladders are to be implemented at semi fixed positions 
in the warehouse, since most of the identified waste at the process consisted in the operator 
searching and transporting the two existing ones. Semi fixed positioned in the sense that each of the 
seven hallways always will be equipped with no more or less than one ladder, but that the ladders 
can circulate freely within the hallway in order to not make the process inflexible. The outcome of 
the proposal proved itself to imply a reduction in cycle time for the process of 13 percent, and a 
reduction of the total distance moved by the operator of 37 percent. 

 
The third investigated process has been that of the Kit-assembling at which the assembling process 
has been divided in the proposal into pre- and final assembly, in order to being able to make the 
processes standardized but also to in a better way be takted towards its foregoing process which is 
that of the Kit-picking. The analysis has shown that the process currently consist of 91 sequences 
which is way too many for one operator to learn by heart and thereby implementing it as a 
standardized process. At the same time the total cycle time for the process currently amounts to 1 
hour 1 minute and 56 seconds which is way too long in correlation to its foregoing process with a 
total cycle time of 20 minutes and 38 seconds. This imbalance in cycle times between the two 
interdependent processes results in a lot of pallets being stocked at the assembly line, a waste that 
goes under the category of inventory. In order to tackle this issue the proposal consists of a pre- 
assembly of 44 sequences and a total cycle time of 18 minutes and 25 seconds, followed by the final- 
assembly consisting of the residual 47 sequences amounting to a cycle time of 32 minutes and 55 
seconds. In other words a more manageable standard suited for the operators, with a more levelled 
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out flow of products. The waste that has been identified for the Kit-assembly process and eliminated 
in the improved proposal did likewise as for the Wood-cutting process consist of set up times and 
unnecessary movements. The  outcome of  the  proposal  implies  a  reduction in cycle  time  of 17 
percent and a reduction of the total distance moved of 30 percent. In order to evaluate the output a 
combined simulation was conducted consisting of the Kit-picking process supplying the assembly line 
with pallets, followed by the Kit-assembling process at the assembly line. The modification for which 
the simulation was run consisted of four, three and two parallel working benches. The results 
generated shows that implementation of the proposals for the Kit-picking process and the Kit- 
assembling process combined can be expected to generate an increase in output of 15 to 25 percent 
with merely two active working benches compared to the current outline with four working benches. 

 
The generated results seen as a hole clearly indicates that there are great potential existing for Tevo 
Limited to expand their services with maintained expenditures which would be a tremendous step in 
the right direction towards their aim of becoming market leading. Especially since all the estimations 
carried out in this thesis has been based on worst case scenarios it is not unlikely that the results in 
real life will turn out even greater. 

 

Further studies 
• Conduction of similar analysis work for the electric whirring and the Kit-fitting process. 
• Investigation of possibilities for implementation of a Kanban system between the Kit-picking 

department and the Kit-assembling department. 
• Optimization work of the NC-code for the CNC-machine’s cutting process at the wood-cutting 

department, in order to reduce the cycle time for the process further. 
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Appendix 2 
 

Sequence 
no 

Component task Distance 
(m) 

Average cycle 
time 
(hh:mm:ss) 

1 Walk  from  the  CNC-machine  to  the  raw  material 
station and pick up one unprocessed Acrylic plate. 

5,7 00:00:06 

2 Walk back from the raw material station to the CNC- 
machine, carrying the unprocessed Acrylic plate. 

5,7 00:00:14 

3 Place the unprocessed Acrylic plate on the working 
bench of the CNC-machine. 

- 00:00:08 

4 Adjust  and  line  up  the  edges  of  the  unprocessed 
Acrylic plate onto  the  working bench of the CNC- 
machine. 

- 00:00:30 

5 Lock  the  air  in  on  the  CNC-machine  (Pneumatic 
system used for attaching the work piece onto the 
working bench). 

- 00:00:05 

6 Select CNC-file for the particular cutting process. - 00:00:14 

7 The CNC-machine executes the cutting process. - 00:03:40 

8 Unlock the air on the CNC-machine (The pneumatic 
system  releases  the  work piece  from  the  working 
bench). 

- 00:00:11 

9 Pick up the waste material (The residual pieces of 
the Acrylic plate after the cutting process has been 
executed). 

- 00:00:12 

10 Walk   from   the   CNC-machine   to   the   trash   bin, 
carrying the waste material. 

9,5 00:00:08 
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11 Throw the waste material into the trash bin. - 00:00:06 

12 Walk from the trash bin back to the CNC-machine. 9,5 00:00:05 

13 Pick up the completed type 1 lining and walk to the 
buffer for completed type 1 linings. 

2,7 00:00:09 

14 Place the completed type 1 lining on the buffer for 
completed type 1 linings and then walk back to the 
CNC-machine. 

2,7 00:00:05 

15 Pick up the first completed type 2 lining. - 00:00:09 

16 Walk   from   the   CNC-machine   to   the   buffer   for 
completed type 2 linings and place the completed 
type 2 lining there. 

9,7 00:00:11 
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Appendix 3 
 

Sequence 
no 

Component task Categorization Label 

1 Walk from the CNC-machine to the raw material 
station and pick up one unprocessed Acrylic plate. 

Movement/Tran 
sportation 

NVA 

2 Walk  back  from  the  raw  material  station to  the 
CNC-machine,   carrying   the   unprocessed   Acrylic 
plate. 

Movement/Tran 
sportation 

NVA 

3 Place the unprocessed Acrylic plate on the working 
bench of the CNC-machine. 

Set up NNVA 

4 Adjust and line up the edges of the unprocessed 
Acrylic plate onto the working bench of the CNC- 
machine. 

Set up NNVA 

5 Lock  the  air  in  on  the  CNC-machine  (Pneumatic 
system used for attaching the work piece onto the 
working bench). 

Set up NNVA 

6 Select CNC-file for the particular cutting process. Set up NNVA 

7 The CNC-machine executes the cutting process. Processing VA 

8 Unlock the air on the CNC-machine (The pneumatic 
system releases the work piece from the working 
bench). 

Set up NNVA 

9 Pick up the waste material (The residual pieces of 
the Acrylic plate after the cutting process has been 
executed). 

Movement/Tran 
sportation 

NVA 

10 Walk  from  the  CNC-machine  to  the  trash  bin, 
carrying the waste material. 

Movement/Tran 
sportation 

NVA 
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11 Throw the waste material into the trash bin. Movement/Tran 
sportation 

NVA 

12 Walk from the trash bin back to the CNC-machine. Movement/Tran 
sportation 

NVA 

13 Pick up the completed type 1 lining and walk to the 
buffer for completed type 1 linings. 

Movement/Tran 
sportation 

NVA 

14 Place the completed type 1 lining on the buffer for 
completed type 1 linings and then walk back to the 
CNC-machine. 

Movement/Tran 
sportation 

NVA 

15 Pick up the first completed type 2 lining. Movement/Tran 
sportation 

NVA 

16 Walk  from  the  CNC-machine  to  the  buffer  for 
completed type 2 linings and place the completed 
type 2 lining there. 

Movement/Tran 
sportation 

NVA 
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Appendix 4 
 

Sequence 
no 

Component task Categorization Distance 
(m) 

Estimated 
cycle time 
(hh:mm:ss) 

1 Walk from the CNC-machine to the raw 
material station and pick up one 
unprocessed Acrylic plate. 

Movement/Tr 
ansportation 

5,7 00:00:06 

2 Walk back from the raw material station 
to the CNC-machine, carrying the 
unprocessed Acrylic plate. 

Movement/Tr 
ansportation 

5,7 00:00:14 

3 Place  the  unprocessed  Acrylic  plate  on 
the working bench of the CNC-machine. 

Set up - 00:00:04 

4 Adjust  and  line  up  the  edges  of  the 
unprocessed Acrylic plate onto the 
working bench of the CNC-machine. 

Set up - 00:00:15 

5 Lock   the   air   in   on   the   CNC-machine 
(Pneumatic system used for attaching the 
work piece onto the working bench). 

Set up - 00:00:03 

6 Select CNC-file for the particular cutting 
process. 

Set up - 00:00:07 

7 The  CNC-machine  executes  the  cutting 
process. 

Processing - 00:03:40 

8 Unlock the air on the CNC-machine (The 
pneumatic   system   releases   the   work 
piece from the working bench). 

Set up - 00:00:06 

9 Pick  up  the  completed  type  1  and  2 
linings   and   walk   to   the   buffer   for 
completed type 1 linings. 

Movement/Tr 
ansportation 

2,7 00:00:18 
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10 Place the completed type 1 lining on the 
buffer for completed type 1 linings. 

Movement/Tr 
ansportation 

- 00:00:05 

11 Walk from the buffer for completed type 
1 linings to the buffer for completed type 
2 linings and place the completed type 2 
lining there. 

Movement/Tr 
ansportation 

8 00:00:09 

12 Walk from the buffer for completed type 
2 linings to the CNC-machine. 

Movement/Tr 
ansportation 

9,7 00:00:05 

13 Pick up the waste material (The residual 
pieces   of   the   Acrylic   plate   after   the 
cutting process has been executed). 

Movement/Tr 
ansportation 

- 00:00:12 

14 Walk from the CNC-machine to the trash 
bin. 

Movement/Tr 
ansportation 

9,5 00:00:08 

15 Throw the waste material into the trash 
bin. 

Movement/Tr 
ansportation 

- 00:00:06 
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Appendix 5 
 

Sequence 
no 

Component task Simultaneous event Categori 
zation 

Dista 
nce 
(m) 

Estimated 
cycle time 
(hh:mm:ss) 

1 Operator No 1. Walk from 
the   CNC-machine   to   the 
raw material station and 
pick up one unprocessed 
Acrylic plate. 

- Movem 
ent/Tra 
nsportat 
ion 

5,7 00:00:06 

2 Operator No 1. Walk back 
from the raw material 
station  to  the  CNC- 
machine, carrying the 
unprocessed Acrylic plate. 

- Movem 
ent/Tra 
nsportat 
ion 

5,7 00:00:14 

3 Operator  No  1.  Place  the 
unprocessed  Acrylic  plate 
on  the  working  bench  of 
the CNC-machine. 

- Set up - 00:00:04 

4 Operator No 1 & 2. Adjust 
and  line  up  the  edges  of 
the unprocessed Acrylic 
plate on the working bench 
of the CNC-machine. 

- Set up - 00:00:08 

5 Operator No 1. Lock the air 
in on the CNC-machine 
(Pneumatic  system  used 
for  attaching  the  work 
piece onto the working 
bench). 

- Set up - 00:00:03 

6 Operator No 1. Select CNC- 
file for the particular 
cutting process. 

- Set up - 00:00:07 

7 The CNC-machine executes 
the cutting process. 

- Processi 
ng 

- 00:03:40 

8 Operator No 1. Unlock the 
air   on   the   CNC-machine 
(The pneumatic system 
releases the work piece 
from the working bench). 

- Set up - 00:00:06 

9 Operator No 2. Pick up the 
waste material  (The 
residual  pieces of  the 

Operator No 1. Pick up 
the completed type 1 
and 2 linings and walk 

Movem 
ent/Tra 
nsportat 

- 00:00:12 
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 Acrylic plate after the 
cutting  process  has  been 
executed). 

to the buffer for 
completed type 1 
linings. 

ion   

10 Operator No 2. Walk from 
the   CNC-machine   to   the 
trash bin. 

Operator   No   1.Place 
the completed type 1 
lining on the buffer for 
completed type 1 
linings. 

Movem 
ent/Tra 
nsportat 
ion 

9,5 00:00:08 

11 Operator No 2. Throw the 
waste   material   into   the 
trash bin. 

Operator  No  1.  Walk 
from the buffer for 
completed type 1 
linings  to  the  buffer 
for completed type 2 
linings and place the 
completed  type  2 
lining there. 

Movem 
ent/Tra 
nsportat 
ion 

- 00:00:06 
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Appendix 6 
 

Sequence 
no 

Component task Distance 
(m) 

Cycle time 
(hh:mm:ss) 

1 Walk with the pallet from the exit towards the shipment 
station to 052. 

32,8 00:00:36 

2 Pick up one part at 052A and place in the pallet. - 00:00:20 

3 Walk from 052 to 078 and pick up ladder no 1. 42 00:00:48 

4 Drag ladder no 1 from 078 to 053. 45,2 00:00:42 

5 Climb the ladder, pick up one part at 053B2 and place in the 
pallet. 

- 00:00:27 

6 Pick up one part at 053A and place in the pallet. - 00:00:28 

7 Walk with the pallet from 053 to 027. 35,6 00:00:58 

8 Pick up two parts at 027A and place in the pallet. - 00:00:16 

9 Walk with the pallet from 027 to 035. 3,2 00:00:38 

10 Pick up one part at 035A and place in the pallet. - 00:00:10 

11 Walk with the pallet from 035 to 036. 3,2 00:00:07 

12 Pick up one part at 036A and place in the pallet. - 00:00:12 

13 Walk from 036 to 053 and pick up ladder no 1. 29,2 00:00:38 

14 Drag ladder no 1 from 053 to 035. 32,4 00:00:30 

15 Climb the ladder, pick up one part at 035B and place in the 
pallet. 

- 00:00:20 

16 Walk with the pallet from 035 to 040. 24,2 00:00:51 

17 Pick up three parts at 040A, one part at 041A and place in 
the pallet. 

- 00:01:42 

18 Pick up one part at 045B and place in the pallet. - 00:00:43 

19 Walk with the pallet from 045 to 050. 24,2 00:00:49 

20 Pick up two parts at 050A and place in the pallet. - 00:00:48 

21 Walk from 050 to 035 and pick up ladder no 1. 22,8 00:00:43 

22 Drag ladder no 1 from 035 to 050. 22,8 00:00:17 

23 Climb the ladder, pick up one part at 050C and place in the 
pallet. 

- 00:00:51 
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24 Walk with the pallet from 050 to 057. 6,4 00:00:34 

25 Pick up one part at 057A and place in the pallet. - 00:00:17 

26 Walk from 057 to 058. 3,2 00:00:20 

27 Pick up three parts at 058A and place in the pallet. - 00:00:28 

28 Walk with the pallet from 058 to 074. 26 00:00:59 

29 Pick up five small parts in a bag at 074A and place in the 
pallet. 

- 00:01:46 

30 Walk from 074 to 075. 3,2 00:00:16 

31 Pick up one part at 075A and place in the pallet. - 00:00:14 

32 Walk with the pallet from 075 to 082. 3,2 00:00:27 

33 Pick up one part at 082C and place in the pallet. - 00:00:15 

34 Walk with pallet from 082 to the exit towards the Kit- 
assembly line and leave the pallet. 

62 00:01:08 
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Appendix 7 
 

Sequence 
no 

Component task Distance 
(m) 

Estimated 
cycle time 
(hh:mm:ss) 

1 Walk with the pallet from the exit towards the shipment 
station to 052. 

32,8 00:00:36 

2 Pick up one part at 052A and place in the pallet. - 00:00:20 

3 Walk from 052 to 051 and pick up ladder no 3. 3,2 00:00:06 

4 Drag ladder no 3 from 051 to 053. 6,4 00:00:06 

5 Climb the ladder, pick up one part at 053B2 and place in the 
pallet. 

- 00:00:27 

6 Pick up one part at 053A and place in the pallet. - 00:00:28 

7 Walk with the pallet from 053 to 027. 35,6 00:00:58 

8 Pick up two parts at 027A and place in the pallet. - 00:00:16 

9 Walk with the pallet from 027 to 035 3,2 00:00:38 

10 Pick up one part at 035A and place in the pallet. - 00:00:10 

11 Walk with the pallet from 035 to 036. 3,2 00:00:07 

12 Pick up one part at 036A and place in the pallet. - 00:00:12 

13 Walk from 036 to 034 and pick up ladder no 5. 6,4 00:00:12 

14 Drag ladder no 5 from 034 to 035. 3,2 00:00:03 

15 Climb the ladder, pick up one part at 035B and place in the 
pallet. 

- 00:00:20 

16 Walk with the pallet from 035 to 040. 24,2 00:00:51 

17 Pick up three parts at 040A, one part at 041A and place in 
the pallet. 

- 00:01:42 

18 Pick up one part at 045B and place in the pallet. - 00:00:43 

19 Walk with the pallet from 045 to 050. 24,2 00:00:49 

20 Pick up two parts at 050A and place in the pallet. - 00:00:48 

21 Walk from 050 to 053 and pick up ladder no 3. 9,6 00:00:18 

22 Drag ladder no 3 from 053 to 050. 9,6 00:00:09 

23 Climb the ladder, pick up one part at 050C and place in the - 00:00:51 
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 pallet.   

24 Walk with the pallet from 050 to 057. 6,4 00:00:34 

25 Pick up one part at 057A and place in the pallet. - 00:00:17 

26 Walk from 057 to 058. 3,2 00:00:20 

27 Pick up three parts at 058A and place in the pallet. - 00:00:28 

28 Walk with the pallet from 058 to 074. 26 00:00:59 

29 Pick up five small parts in a bag at 074A and place in the 
pallet. 

- 00:01:46 

30 Walk from 074 to 075. 3,2 00:00:16 

31 Pick up one part at 075A and place in the pallet. - 00:00:14 

32 Walk with the pallet from 075 to 082. 3,2 00:00:27 

33 Pick up one part at 082C and place in the pallet. - 00:00:15 

34 Walk with the pallet from 082 to the exit towards the kit- 
assembly line and leave the pallet. 

62 00:01:08 
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Appendix 8 
 

Sequence 
no 

Component task Distance 
(m) 

Cycle time 
(hh:mm:ss) 

1 Pick up one end frame from the pallet and carry it to the 
working bench. 

2,3 00:00:07 

2 Uncover the plastic from the end frame. - 00:00:17 

3 Walk from the working bench to the trash bin, throw away 
the plastic and walk to the pallet, pick up one shelf and carry 
it to the working bench. 

9,6 00:00:17 

4 Uncover the plastic from the shelf. - 00:00:05 

5 Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

8,0 00:00:08 

6 Pick up screws and screw-nuts. - 00:00:15 

7 Assemble the shelf unto the end frame with screws and 
screw-nuts. 

- 00:00:43 

8 Walk from the working bench to the pallet, pick up two 
shelves and carry them back to the working bench. 

4,6 00:00:11 

9 Walk from the working bench to the pallet, pick up one 
more shelf and carry it back to the working bench. 

4,6 00:00:06 

10 Uncover the plastic on one of the three submitted shelves. - 00:00:08 

11 Pick up screws and screw-nuts. - 00:00:10 

12 Assemble one shelf unto the previously assembled entity. - 00:00:29 

13 Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

8,0 00:00:13 

14 Uncover the plastic on the second of the submitted shelves. - 00:00:12 

15 Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

8,0 00:00:05 

16 Uncover the plastic on the third submitted shelf. - 00:00:11 

17 Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

8,0 00:00:08 
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18 Pick up screws and screw-nuts. - 00:00:07 

19 Assemble one shelf unto the entity. - 00:00:25 

20 Assemble one shelf unto the entity. - 00:01:19 

21 Add more screws and screw-nuts to the working bench. - 00:00:16 

22 Walk from the working bench to the pallet, pick up one end 
frame and carry it to the working bench. 

4,6 00:00:13 

23 Uncover the plastic on the end frame. - 00:00:18 

24 Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

8,0 00:00:05 

25 Assemble the end frame unto the entity. - 00:02:23 

26 Restore the submitted screws and screw-nuts. - 00:00:08 

27 Walk from the working bench to the pallet, pick up one end 
frame and carry it to the working bench. 

4,6 00:00:14 

28 Uncover the plastic on the end frame. - 00:00:11 

29 Assemble the end frame unto the entity. - 00:00:47 

30 Walk from the working bench to the trash bin, throw away 
the plastic, walk to the pallet, pick up three support bars and 
carry them to the working bench. 

 
 
 

9,6 

 
 
 

00:00:13 

31 Adjust position and screws for the three support bars unto 
the entity. 

 
- 

 
00:04:01 

32 Pick up the drilling machine. - 00:00:11 

33 Drill the three support bars unto the entity. - 00:00:54 

34 Rise the entity up and inspect its stability. - 00:00:33 

35 Pick up one uncovered door panel and place it on the 
working bench. 

 
- 

 
00:00:12 

36 Adjust the door panel supplied with screws unto the entity. - 00:02:34 

37 Pick up one uncovered door panel and place on the working 
bench. 

 
- 

 
00:00:15 

38 Adjust the door panel unto the entity. - 00:00:11 

39 Pick up screws and screw-nuts and attach them at the 
interfaces of the two door panels. 

 
- 

 
00:01:12 

40 Walk from the working bench to the pallet, pick up one end 
frame (side door support) and carry it to the working bench. 

 
4,6 

 
00:00:07 
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41 Uncover the plastic on the end frame (side door support). - 00:00:28 

42 Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

 
8,0 

 
00:00:10 

43 Adjust the end frame (side door support) unto the entity 
with screws and screw-nuts. 

 
- 

 
00:01:05 

44 Drill the end frame (side door support) unto the entity. - 00:00:27 

45 Walk to the pallet, pick up one fire enclosure and carry it to 
the working bench. 

 
4,6 

 
00:00:16 

46 Uncover the plastic on the fire enclosure. - 00:00:18 

47 Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

 
8,0 

 
00:00:10 

48 Adjust the fire enclosure unto the entity with screws and 
screw-nuts. 

 
- 

 
00:02:05 

49 Drill the fire enclosure unto the entity. - 00:00:14 

50 Adjust eight brackets with screws and screw-nuts unto the 
entity. 

 
- 

 
00:04:50 

51 Drill the eight brackets unto the entity. - 00:01:01 

52 Inspect the drillings. - 00:00:44 

53 Prepare screws for the subsequent process. - 00:00:14 

54 Walk from the working bench to the pallet, pick up one side 
door shelf and carry it to the working bench. 

 
4,6 

 
00:00:14 

55 Uncover the plastic on the side door shelf. - 00:00:10 

56 Adjust the side door shelf unto the entity in order to mark 
positions for a hole to be drilled. 

 
- 

 
00:00:57 

57 Drill the hole. - 00:00:23 

58 Adjust the side door shelf unto the entity again with screws 
and screw-nuts. 

 
- 

 
00:01:59 

59 Inspection of previous drillings. - 00:05:00 

60 Uncover and drill two lashing eyelets on the side of the 
entity. 

 
- 

 
00:00:33 

61 Walk from the working bench to the pallet, pick up one 
hinged bar including brackets and carry to the working 
bench. 

 
 
 

4,6 

 
 
 

00:00:16 

62 Uncover the plastic to the hinged bar including brackets 
using a scalpel. 

 
- 

 
00:00:39 
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63 Adjust the hinged bar including brackets unto the entity. - 00:01:33 

64 Drill the hinged bar including brackets unto the entity. - 00:00:26 

65 Inspect and adjust every drilling. - 00:01:49 

66 Carry down the entity and place it on the floor (requires two 
operators). 

 
- 

 
00:00:07 

67 Walk from the working bench to the trash bin, throw away 
the remaining  plastic, walk to the pallet and pick up a top 
shelf and walk back to the working bench 

 
 
 

9,6 

 
 
 

00:00:22 

68 Uncover the plastic from the top shelf. - 00:00:11 

69 Adjust the top shelf unto the entity. - 00:00:12 

70 Prepare positions for the drilling machine, screws and screw- 
nuts. 

 
- 

 
00:00:33 

71 Assemble the top shelf unto the entity with screws and 
screw-nuts. 

 
- 

 
00:01:18 

72 Drill the top shelf unto the entity. - 00:01:00 

73 Walk from the working bench to the pallet, pick up one 
mesh retainer and carry it to the working bench. 

 
4,6 

 
00:00:10 

74 Attach the mesh retainer unto the entity. - 00:00:13 

75 Walk from the working bench to the pallet, pick up one 
mesh retainer and carry it to the working bench. 

 
4,6 

 
00:00:04 

76 Attach the mesh retainer unto the entity. - 00:00:11 

77 Attach two angled brackets unto the entity with screws and 
screw-nuts. 

 
- 

 
00:01:24 

78 Drill the angled brackets unto the entity. - 00:00:24 

79 Attach seven edge protectors unto the entity. - 00:00:45 

80 Walk from the working bench to the trash bin, throw away 
the plastic and walk to the pallet, pick up a dispenser center 
and carry to the working bench. 

 
 
 

9,6 

 
 
 

00:00:22 

81 Open the box and unleash the dispenser center. - 00:00:11 

82 Walk from the working bench to the pallet, pick up one first 
aid kit and one eye wash and carry them to the working 
bench. 

 
 
 

4,6 

 
 
 

00:00:15 

83 Open the boxes for the first aid kit and the eye wash using a 
scalpel. 

 
- 

 
00:00:27 

84 Gather waste material, walk from the working bench to the 8,0 00:00:29 
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 trash bin, throw away the waste and walk back to the 
working bench. 

  

85 Attach the dispenser center unto the entity with screws and 
screw-nuts. 

 
- 

 
00:01:15 

86 Drill the dispenser center unto the entity. - 00:00:26 

87 Attach the containers with liquids unto the dispenser center. - 00:00:38 

88 Drill four holes on the carrier of the first aid kit, respectively 
four holes on the carrier of the eye wash. 

 
- 

 
00:00:55 

89 Attach the two carriers unto the entity with screws and 
screw-nuts. 

 
- 

 
00:01:56 

90 Drill the two carriers unto the entity. - 00:01:23 

91 Attach the first aid kit and the eye wash unto the two 
carriers. 

 
- 

 
00:00:10 
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Appendix 9 
 

Sequence 
no 

Component task Categorization 

1 Pick up one end frame from the pallet and carry it to the 
working bench. 

Movement/Transport 
ation 

2 Uncover the plastic from the end frame. Necessity/Preparation 
/Inspection 

3 Walk from the working bench to the trash bin, throw away 
the plastic and walk to the pallet, pick up one shelf and carry 
it to the working bench. 

Movement/Transport 
ation 

4 Uncover the plastic from the shelf. Necessity/Preparation 
/Inspection 

5 Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

Movement/Transport 
ation 

6 Pick up screws and screw-nuts. Necessity/Preparation 
/Inspection 

7 Assemble the shelf unto the end frame with screws and 
screw-nuts. 

Assembling/Drilling 

8 Walk from the working bench to the pallet, pick up two 
shelves and carry them back to the working bench. 

Movement/Transport 
ation 

9 Walk from the working bench to the pallet, pick up one more 
shelf and carry it back to the working bench. 

Movement/Transport 
ation 

10 Uncover the plastic on one of the three submitted shelves. Necessity/Preparation 
/Inspection 

11 Pick up screws and screw-nuts. Necessity/Preparation 
/Inspection 

12 Assemble one shelf unto the previously assembled entity. Assembling/Drilling 

13 Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

Movement/Transport 
ation 

14 Uncover the plastic on the second of the submitted shelves. Necessity/Preparation 
/Inspection 

15 Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

Movement/Transport 
ation 

16 Uncover the plastic on the third submitted shelf. Necessity/Preparation 
/Inspection 
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17 Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

Movement/Transport 
ation 

18 Pick up screws and screw-nuts. Necessity/Preparation 
/Inspection 

19 Assemble one shelf unto the entity. Assembling/Drilling 

20 Assemble one shelf unto the entity. Assembling/Drilling 

21 Add more screws and screw-nuts to the working bench. Necessity/Preparation 
/Inspection 

22 Walk from the working bench to the pallet, pick up one end 
frame and carry it to the working bench. 

Movement/Transport 
ation 

23 Uncover the plastic on the end frame. Necessity/Preparation 
/Inspection 

24 Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

Movement/Transport 
ation 

25 Assemble the end frame unto the entity. Assembling/Drilling 

26 Restore the submitted screws and screw-nuts. Necessity/Preparation 
/Inspection 

27 Walk from the working bench to the pallet, pick up one end 
frame and carry it to the working bench. 

Movement/Transport 
ation 

28 Uncover the plastic on the end frame. Necessity/Preparation 
/Inspection 

29 Assemble the end frame unto the entity. Assembling/Drilling 

30 Walk from the working bench to the trash bin, throw away 
the plastic, walk to the pallet, pick up three support bars and 
carry them to the working bench. 

 
Movement/Transport 
ation 

31 Adjust position and screws for the three support bars unto 
the entity. 

 
Set up 

32 Pick up the drilling machine. Necessity/Preparation 
/Inspection 

33 Drill the three support bars unto the entity. Assembling/Drilling 

34 Rise the entity up and inspect its stability. Necessity/Preparation 
/Inspection 

35 Pick up one uncovered door panel and place it on the 
working bench. 

Necessity/Preparation 
/Inspection 

36 Adjust the door panel supplied with screws unto the entity. Set up 
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37 Pick up one uncovered door panel and place on the working 
bench. 

Necessity/Preparation 
/Inspection 

38 Adjust the door panel unto the entity. Set up 

39 Pick up screws and screw-nuts and attach them at the 
interfaces of the two door panels. 

Necessity/Preparation 
/Inspection 

40 Walk from the working bench to the pallet, pick up one end 
frame (side door support) and carry it to the working bench. 

Movement/Transport 
ation 

41 Uncover the plastic on the end frame (side door support). Necessity/Preparation 
/Inspection 

42 Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

Movement/Transport 
ation 

43 Adjust the end frame (side door support) unto the entity 
with screws and screw-nuts. 

 
Set up 

44 Drill the end frame (side door support) unto the entity. Assembling/Drilling 

45 Walk to the pallet, pick up one fire enclosure and carry it to 
the working bench. 

Movement/Transport 
ation 

46 Uncover the plastic on the fire enclosure. Necessity/Preparation 
/Inspection 

47 Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

Movement/Transport 
ation 

48 Adjust the fire enclosure unto the entity with screws and 
screw-nuts. 

 
Set up 

49 Drill the fire enclosure unto the entity. Assembling/Drilling 

50 Adjust eight brackets with screws and screw-nuts unto the 
entity. 

 
Set up 

51 Drill the eight brackets unto the entity. Assembling/Drilling 

52 Inspect the drillings. Necessity/Preparation 
/Inspection 

53 Prepare screws for the subsequent process. Necessity/Preparation 
/Inspection 

54 Walk from the working bench to the pallet, pick up one side 
door shelf and carry it to the working bench. 

Movement/Transport 
ation 

55 Uncover the plastic on the side door shelf. Necessity/Preparation 
/Inspection 

56 Adjust the side door shelf unto the entity in order to mark 
positions for a hole to be drilled. 

 
Set up 
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57 Drill the hole. Assembling/Drilling 

58 Adjust the side door shelf unto the entity again with screws 
and screw-nuts. 

 
Set up 

59 Inspection of previous drillings. Assembling/Drilling 

60 Uncover and drill two lashing eyelets on the side of the 
entity. 

 
Assembling/Drilling 

61 Walk from the working bench to the pallet, pick up one 
hinged bar including brackets and carry to the working 
bench. 

 
Movement/Transport 
ation 

62 Uncover the plastic to the hinged bar including brackets 
using a scalpel. 

Necessity/Preparation 
/Inspection 

63 Adjust the hinged bar including brackets unto the entity. Set up 

64 Drill the hinged bar including brackets unto the entity. Assembling/Drilling 

65 Inspect and adjust every drilling. Necessity/Preparation 
/Inspection 

66 Carry down the entity and place it on the floor (requires two 
operators). 

Necessity/Preparation 
/Inspection 

67 Walk from the working bench to the trash bin, throw away 
the remaining plastic, walk to the pallet and pick up a top 
shelf and walk back to the working bench. 

 
Movement/Transport 
ation 

68 Uncover the plastic from the top shelf. Necessity/Preparation 
/Inspection 

69 Adjust the top shelf unto the entity. Set up 

70 Prepare positions for the drilling machine, screws and screw- 
nuts. 

Necessity/Preparation 
/Inspection 

71 Assemble the top shelf unto the entity with screws and 
screw-nuts. 

 
Assembling/Drilling 

72 Drill the top shelf unto the entity. Assembling/Drilling 

73 Walk from the working bench to the pallet, pick up one 
mesh retainer and carry it to the working bench. 

Movement/Transport 
ation 

74 Attach the mesh retainer unto the entity. Assembling/Drilling 

75 Walk from the working bench to the pallet, pick up one 
mesh retainer and carry it to the working bench. 

Movement/Transport 
ation 

76 Attach the mesh retainer unto the entity. Assembling/Drilling 

77 Attach two angled brackets unto the entity with screws and Assembling/Drilling 
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 screw-nuts.  

78 Drill the angled brackets unto the entity. Assembling/Drilling 

79 Attach seven edge protectors unto the entity. Assembling/Drilling 

80 Walk from the working bench to the trash bin, throw away 
the plastic and walk to the pallet, pick up a dispenser center 
and carry it to the working bench. 

 
Movement/Transport 
ation 

81 Open the box and unleash the dispenser center. Necessity/Preparation 
/Inspection 

82 Walk from the working bench to the pallet, pick up one first 
aid kit and one eye wash and carry them to the working 
bench. 

 
Movement/Transport 
ation 

83 Open the boxes for the first aid kit and the eye wash using a 
scalpel. 

Necessity/Preparation 
/Inspection 

84 Gather waste material, walk from the working bench to the 
trash bin, throw away the waste and walk back to the 
working bench. 

 
Movement/Transport 
ation 

85 Attach the dispenser center unto the entity with screws and 
screw-nuts. 

 
Assembling/Drilling 

86 Drill the dispenser center unto the entity. Assembling/Drilling 

87 Attach the containers with liquids unto the dispenser center. Assembling/Drilling 

88 Drill four holes on the carrier of the first aid kit, respectively 
four holes on the carrier of the eye wash. 

 
Assembling/Drilling 

89 Attach the two carriers unto the entity with screws and 
screw-nuts. 

 
Assembling/Drilling 

90 Drill the two carriers unto the entity. Assembling/Drilling 

91 Attach the first aid kit and the eye wash unto the two 
carriers. 

 
Assembling/Drilling 
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Appendix 10 
 

Sequence 
no 

Component task Distance 
(m) 

Estimated 
cycle time 
(hh:mm:ss) 

 
1 

Pick up one end frame from the pallet and carry it to the 
working bench. 

 
2,3 

 
00:00:07 

2 Uncover the plastic from the end frame. - 00:00:17 
 
 
 

3 

Walk from the working bench to the trash bin, throw away 
the plastic, pick up one shelf and carry it to the working 
bench. 

 
 
 

4,6 

 
 
 

00:00:09 

4 Uncover the plastic from the shelf. - 00:00:05 

 
5 

Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

 
4,6 

 
00:00:06 

6 Pick up screws and screw-nuts. - 00:00:15 

 
7 

Assemble the shelf unto the end frame with screws and 
screw-nuts. 

 
- 

 
00:00:43 

 
8 

Walk from the working bench to the pallet, pick up two 
shelves and carry them back to the working bench. 

 
4,6 

 
00:00:11 

 
9 

Walk from the working bench to the pallet, pick up one 
more shelf and carry it back to the working bench. 

 
4,6 

 
00:00:06 

10 Uncover the plastic on one of the three submitted shelves. - 00:00:08 

11 Pick up screws and screw-nuts. - 00:00:10 

12 Assemble one shelf unto the previously assembled entity. - 00:00:29 

 
13 

Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

 
4,6 

 
00:00:10 

14 Uncover the plastic on the second of the submitted shelves. - 00:00:12 

 
15 

Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

 
4,6 

 
00:00:04 

16 Uncover the plastic on the third submitted shelf. - 00:00:11 

 
17 

Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

 
4,6 

 
00:00:06 

18 Pick up screws and screw-nuts. - 00:00:07 

19 Assemble one shelf unto the entity. - 00:00:25 

20 Assemble one shelf unto the entity. - 00:01:19 

21 Add more screws and screw-nuts to the working bench. - 00:00:16 
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22 

Walk from the working bench to the pallet, pick up one end 
frame and carry it to the working bench. 

 
4,6 

 
00:00:13 

23 Uncover the plastic on the end frame. - 00:00:18 

 
24 

Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

 
4,6 

 
00:00:04 

25 Assemble the end frame unto the entity. - 00:02:23 

26 Restore the submitted screws and screw-nuts. - 00:00:08 

 
27 

Walk from the working bench to the pallet, pick up one end 
frame and carry it to the working bench. 

 
4,6 

 
00:00:14 

28 Uncover the plastic on the end frame. - 00:00:11 

29 Assemble the end frame unto the entity. - 00:00:47 
 
 
 

30 

Walk from the working bench to the trash bin, throw away 
the plastic and pick up three support bars and carry them to 
the working bench. 

 
 
 

4,6 

 
 
 

00:00:07 

 
31 

Adjust position and screws for the three support bars unto 
the entity. 

 
- 

 
00:02:01 

32 Pick up the drilling machine. - 00:00:11 

33 Drill the three support bars unto the entity. - 00:00:54 

34 Rise the entity up and inspect its stability. - 00:00:33 

 
35 

Pick up one uncovered door panel and place it on the 
working bench. 

 
- 

 
00:00:12 

36 Adjust the door panel supplied with screws unto the entity. - 00:01:17 

 
37 

Pick up one uncovered door panel and place on the working 
bench. 

 
- 

 
00:00:15 

38 Adjust the door panel unto the entity. - 00:00:06 

 
39 

Pick up screws and screw-nuts and attach them at the 
interfaces of the two door panels. 

 
- 

 
00:01:12 

 
40 

Walk from the working bench to the pallet, pick up one end 
frame (side door support) and carry it to the working bench. 

 
4,6 

 
00:00:07 

41 Uncover the plastic on the end frame (side door support). - 00:00:28 

 
42 

Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

 
4,6 

 
00:00:08 

 
43 

Adjust the end frame (side door support) unto the entity 
with screws and screw-nuts. 

 
- 

 
00:00:33 
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44 Drill the end frame (side door support) unto the entity. - 00:00:27 

 
 

Sequence 
no 

Component task Distance 
(m) 

Estimated 
cycle time 
(hh:mm:ss) 

 
45 

Walk to the pallet, pick up one fire enclosure and carry it to 
the working bench. 

 
4,6 

 
00:00:16 

46 Uncover the plastic on the fire enclosure. - 00:00:18 

 
47 

Walk from the working bench to the trash bin, throw away 
the plastic and walk back to the working bench. 

 
4,6 

 
00:00:08 

 
48 

Adjust the fire enclosure unto the entity with screws and 
screw-nuts. 

 
- 

 
00:01:03 

49 Drill the fire enclosure unto the entity. - 00:00:14 

 
50 

Adjust eight brackets with screws and screw-nuts unto the 
entity. 

 
- 

 
00:02:25 

51 Drill the eight brackets unto the entity. - 00:01:01 

52 Inspect the drillings. - 00:00:44 

53 Prepare screws for the subsequent process. - 00:00:14 

 
54 

Walk from the working bench to the pallet, pick up one side 
door shelf and carry it to the working bench. 

 
4,6 

 
00:00:14 

55 Uncover the plastic on the side door shelf. - 00:00:10 

 
56 

Adjust the side door shelf unto the entity in order to mark 
positions for a hole to be drilled. 

 
- 

 
00:00:29 

57 Drill the hole. - 00:00:23 

 
58 

Adjust the side door shelf unto the entity again with screws 
and screw-nuts. 

 
- 

 
00:01:00 

59 Inspection of previous drillings. - 00:05:00 

 
60 

Uncover and drill two lashing eyelets on the side of the 
entity. 

 
- 

 
00:00:33 

 
 
 

61 

Walk from the working bench to the pallet, pick up one 
hinged bar including brackets and carry to the working 
bench. 

 
 
 

4,6 

 
 
 

00:00:16 

 
62 

Uncover the plastic to the hinged bar including brackets 
using a scalpel. 

 
- 

 
00:00:39 

63 Adjust the hinged bar including brackets unto the entity. - 00:00:47 



105 
 

 

64 Drill the hinged bar including brackets unto the entity. - 00:00:26 

65 Inspect and adjust every drilling. - 00:01:49 

 
66 

Carry down the entity and place it on the floor (requires two 
operators). 

 
- 

 
00:00:07 

 
 
 

67 

Walk from the working bench to the trash bin, throw away 
the remaining plastic, pick up a top shelf and walk back to 
the working bench. 

 
 
 

4,6 

 
 
 

00:00:11 

68 Uncover the plastic from the top shelf. - 00:00:11 

69 Adjust the top shelf unto the entity. - 00:00:06 

 
70 

Prepare positions for the drilling machine, screws and screw- 
nuts. 

 
- 

 
00:00:33 

 
71 

Assemble the top shelf unto the entity with screws and 
screw-nuts. 

 
- 

 
00:01:18 

72 Drill the top shelf unto the entity. - 00:01:00 

 
73 

Walk from the working bench to the pallet, pick up one 
mesh retainer and carry it to the working bench. 

 
4,6 

 
00:00:10 

74 Attach the mesh retainer unto the entity. - 00:00:13 

 
75 

Walk from the working bench to the pallet, pick up one 
mesh retainer and carry it to the working bench. 

 
4,6 

 
00:00:04 

76 Attach the mesh retainer unto the entity. - 00:00:11 

 
77 

Attach two angled brackets unto the entity with screws and 
screw-nuts. 

 
- 

 
00:01:24 

78 Drill the angled brackets unto the entity. - 00:00:24 

79 Attach seven edge protectors unto the entity. - 00:00:45 
 
 
 

80 

Walk from the working bench to the trash bin, throw away 
the plastic, pick up a dispenser center and carry it to the 
working bench. 

 
 
 

4,6 

 
 
 

00:00:11 

81 Open the box and unleash the dispenser center. - 00:00:11 
 
 
 

82 

Walk from the working bench to the pallet, pick up one first 
aid kit and one eye wash and carry them to the working 
bench. 

 
 
 

4,6 

 
 
 

00:00:15 

 
83 

Open the boxes for the first aid kit and the eye wash using a 
scalpel. 

 
- 

 
00:00:27 

 

84 Gather waste material, walk from the working bench to the 
trash bin, throw away the waste and walk back to the 

 

4,6 
 

00:00:22 
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 working bench.   

 
85 

Attach the dispenser center unto the entity with screws and 
screw-nuts. 

 
- 

 
00:01:15 

86 Drill the dispenser center unto the entity. - 00:00:26 

87 Attach the containers with liquids unto the dispenser center. - 00:00:38 

 
88 

Drill four holes on the carrier of the first aid kit, respectively 
four holes on the carrier of the eye wash. 

 
- 

 
00:00:55 

 
89 

Attach the two carriers unto the entity with screws and 
screw-nuts. 

 
- 

 
00:01:56 

90 Drill the two carriers unto the entity. - 00:01:23 

 
91 

Attach the first aid kit and the eye wash unto the two 
carriers. 

 
- 

 
00:00:10 

 


