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INTRODUCTION  

Ericsson is one of  the leading information and communication technology service 

providers in the World. With constant development of new products and increasingly 

rapid  pace of int roducing products to the market , new ways of manufacturing need to 

be developed. The mentality  of implementing new ways of working is well established 

in the Ericsson Supply Site Tallinn ï one of the four Ericsson own ed manufacturing sites. 

With the growin g number of new product introduction s and project -based production, 

the mass production of the factory must be improved and automated to shift the focus 

of manual production towards new products.  

Due to changes in mass manufacturing and the implementation  of automation, the 

factory will intr oduce  two automated processes into the main flow of production ï 

automated main assembly and automated packing line. These are only some of the 

automation activities going on in the factory; however, w ith these changes , the support 

processes such as materi al replenishment, sub -assembly  process  and internal 

transportation will be impacted . The need for changes  in the supporting processes  is the 

basis of this thesis and more specifically, the sub -assembly process  and its a ssociated 

internal transportation , wi ll be  the  focus . The main goal of the thesis is to optimize the 

sub -assembly process of radio production in accordance with all the changes happening 

thanks to automation.  

In the first  two  part s of the thesis , an overvi ew of the company and the whole produ ction 

including the current sub -assembly process is given. This part will include the basis of 

the analysis by setting the requirements , identifying the wastes,  and choosing KPIs to 

compare the possible improvements.  In  the third  part,  the  analys is method for the 

current  sub -assembly process  flow is chosen  an evaluation of simulation programs is 

made, and process simulations are performed and optimised in Tecnomatix. From these 

results , the bottlenecks, efficiency issues , and other problems are gathered . In  the 

fourth  part the new flow will be analysed with proposed changes. The improvements will 

be made step -by -step w hile  considering different possible scenarios. The changes will 

be introduced into the simulation and the  new statistical data will be analyse d. Based 

on this data improvements will be proposed.  

Additional to the directly simulated changes, future possible improvements for further 

consideration are offered and an implementation plan with several increments is  created 

to enable the changes to be done in the in an effective manner . Finally, an economic 

feasibility study is conducted to ensur e the cost efficiency of the improvements.  
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1  OVERVIEW OF ERICSSON SUPPLY SITE TALLINN  

Ericsson was founded in 1876 and has s ince then risen to be the leading Information 

and Communication Technology (ICT) provider to mobile service providers. The 

headquarters of the company is in Stockholm, Sweden and the total number of 

employees is close to 100  000. Ericsson has 4 manufacturi ng sites: Estonia, China, the 

U.S., and Brazil. [1]  

Ericsson Supply Site Tallinn  (ESST)  was established in 2009  and has been developing 

from a mass -manufacturing factory towards a high mix - low volume manufacturing site.   

Today there are around 2100 employees from almost 50 different nationalities  working 

in two factories and one office in Tallinn . 

Ericsson is constantly improving the ways of working and to provide better products for 

the cus tomers. The company has been certified  with many international standards 

including certifications from the following two ISO families: the ISO 9001  for q uality 

management systems  and ISO 14001  for environmental management.  

 Portfolio  of  Ericsson  products  

Ericsson is operating in 4 different bus iness portfolios: networks, digital services, 

managed services, and IoT and new business.  

Networks  portfolio  

The networks portfolio is focused on offering solutions to service providers. The network 

techno logy consists of hardware, software, and related s ervices and spans across radio, 

core and transport networks. The solutions offered by Ericsson enable end - to -end 5G 

deployment while supporting the current 4G business to still take the full advantage of 

the existing  infrastructure.  

The main part of the ne tworks is the Ericsson Radio System which includes different 

products that all work in  a common  system.  An overview of the different products can 

be seen on Figure 1.1. 
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Figure 1.1 Ericsson Radio System  [2]  

 

Digital services  

The digital services portfolio is focused on modernizing, digitalizing and shaping new 

business models for Telco operators. This is done through innovative customer 

engagement platform s, automated operations and progr ammable networks. The range 

of products in the digital services portfolio ranges from automated network operation 

and transforming business to cloud communication and infrastructure. The main aim of 

this portfolio is to sup port businesses in evolving and s caling in the digital era.  

Managed services  

The managed services portfolio is focused on simplifying the managed businesses and 

supporting the service providers in solving the complexity challenges that are coming 

along wit h 5G and IoT evolvement.  

For that goal, Ericsson has developed a new AI -based Ericsson Operations Engine which 

consists of three main building blocks: service - centric business model based on business 

outcomes, end - to -end capabilities, and components to lev erage data.  

The product range  in this portfolio covers all business - related services such as: smart 

design, data driven operations, intelligent optimization, seamless security, dynamic 

deployment.  
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I nternet of Things (IoT)  

The IoT portfolio is seeking addi tional profitable growth for the company outside of its 

core business. This is reached by building the technologies and skills in the growth areas 

and combining 5G and IoT to enable digitalization in several fields.  

The focus of this portfolio is in IoT solutions to reduce the barrie rs to entry  in fields such 

as: connected vehicles and smart manufacturing. [1]  

 Overview of production in Tallinn  

The production in Tallinn is divided between two buildings  where  production is runni ng 

24/7 in two shifts.  

The p roduct ion can be categorised based on products  into 5 distinguishable segments: 

classic radio, antenna integrated radio (AIR), RAN compute, Radio Site System, and 

printed board assembly  (PBA) . Next to the possibility to segment  the production based 

on prod ucts, the production could be divided into mass production and prototyping.  

The main emphasis of production in ESST is on new product introduction and 

industrialisation  (NPI) as well as low volume production . There is smaller  part of 

production dedicated for mass manufacturing  (high volume production) . It can be seen 

on Figure 1.2 that the production process types in ESST are covering almos t all the 

types of production when visualised together ,  the clas sification used by Ericsson (in 

green) and classification in theory (in blue) [3] . Therefore,  the technologies and 

processes used in the factory need to accommodat e all three  types . 
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Figure 1.2 Types of production processes  

For each of the segments, the products in them will go from prototyping towards mass 

production. As there are more products introduced than the capacity of mass production 

in Tallinn allows, some of the product s will be outsourced from Tallinn for mass 

production.  

The main engineering activities in Tallinn are design for manufacturing (DFM) and design 

for automated assembly (DFAA)  from the product  view. The engineers in Tallinn also 

develop production lines and processes based on product specifics. Building up the 

capability of the product to be mass produced ensures better outsourcing and better 

production efficiency.  

 New industrial systems  in Eri csson  

As can be seen from Ericssonôs business portfolio, they are aiming towards overall 

digitalization and automation in various fields.  While  digitali zation is mostly affecting the 

administrational side of the company, the automation is direct impacting the way 

Ericsson products are being produced around the world.  

In the beginning of 2020 Ericsson opened its new factory in Texas. The factory in the 

U.S is the first Ericsson smart factory with the focus of production being on 5G products. 

The factory is f ully automated and will enable smart manufacturing with the usage of 
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industrial solutions such as automated warehousing solutions, automated assembly and 

packing, and automated transportation.  [4]  

Even though the site in U.S is  the first to be  built with full automation in mind, the 

activitie s are ongoing in all other sites towards automation. For example, all sites are 

using automated transport for  internal logistics and the surface mount assembly (SMA) 

process is nearly fully automated.  

The same progression  towards automation can be tracked in the Ericsson Supply Site 

Tallinn as well. Some of the changes have already been implemented  and some are still 

being developed. The factory has already deployed an automated process for SMA, 

automated dispensing, and in warehouse an automated storage an d retrieval system is 

in place. The internal transport for SMA components is done with autonomous mobile 

robots (AMR) and the robots are being tested for main assembly materials  

transportation as well.  

During the last few years the factory has been impleme nting new Manufacturing 

Execution System (MES) and test execution systems.  [5]  Last year , a new department 

of Smart Manufacturing was created for st ronger support of several automated systems 

and constantly increasing need for smart machinery support. Furthermore, several 

smaller automation and new technology introduction projects are in development for 

reaching higher efficiency and better understand ing of the state of processes.  

The three biggest automation projects for the pr oduction process are automated main 

assembly, testing , and packing. With such big portions of the process being automated , 

a lot of other processes need to be changed. This also  means new information 

infrastructures, new ways of material replenishment and new supporting mechanics. 

These changes require a lot of support processes to be changed as well and affect all 

the current manual production support processes. Amongst these ch anges it is a good 

chan ce to re -evaluate the current processes and make improve ments where possible.  



17  

2  CLASSIC RADIO PRODUCTION  PROCES S 

In this paper , only the classic radio segment is focused on  and it is considered that 

classic radio has two product famili es in production.  The main flow processes for classic 

radio production are cons idered and most of the side processes such as repair and 

troubleshooting are not considered.  Furthermore, the surface mount assembly (SMA) 

process is considered as  a support pro cess and will not be counted as part of the radio 

production.  

  Current c lassic radio segment production  

The production of a radio is a 5-step process: sub -assembly, main  assembly, testing, 

final  assembly, and packing.  

 

Figure 2.1 Classic radio production process  

Sub - assembly  

The sub -assembly process goal is to prepare the radio frame ready for the main 

assembly. For that the radio frame must be placed on the workpiece carrier, cle aned 

from dust , and  a label with product serial number must be attached  to the frame . The 

sub -assembly stati ons are located as the first workstation of each main assembly line.  

Main assembly  

The main assembly is done on an assembly line.  Currently , the ass embly is performed  

manually. The exact number of workstations  on the line  depends on the product 

specifics; however, each product goes through the line only once.  

The main assembly consists of several tasks such as placement of components, 

dispensing, and screwdriving . The order and amount of these processes depends on the 

product and is deemed to not be import ant information for this paper.  
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Testing  

The testing  step  is a functionality test of the assembled radio and the decision point 

whether the radio passes through to final assembly or not. To simplify the process, we 

can assume the testing for all classical r adios is done in pool of testers (Testpool)  and 

the inpu t to Testpool  is the same from all main assembly lines. The test is conducted 

with  the  radio on the workpiece carrier and the information about the radio is fetched 

from the RFID tag.  

Final assembly  

I n final assembly the radio is being prepared to be sent to packing. The caps of 

connectors are assembled, and the radio goes through visual inspection for any 

scratches or damage that might have occurred during the previous assembly steps. The 

radios enter  the final assembly on the workpiece carrier but are lif ted from the workpiece 

carrier to be sent to packing. The workpiece carriers are then sorted and sent back to 

the sub -assembly area.  

Packing  

The packing is done manually with the help of different too ls. The radios are packed 

either to single  or multi -pack s based on order and sent to the outbound warehouse for 

shipping.  

 Upcoming changes  

As part of automation activities, some of the production flows will undergo changes. The 

main changes will be made in  the assembly and packing processes which creates a need  

to re -evaluate the current sub -assembly process as well as the handling of workpiece 

carriers.  

The upcoming automated processes retrieve  all the product data from the RFID tag that 

is attached to the  workpiece carrier.  For this step , all the sub -assembly stations need 

to be updated and RFID writing capabilit y need s to be added.   

As the sub -assembly stations are at  the beginning of each main assembly line , there 

must be a separate sub -assembly station added in front of the automated li ne as well 

according to the current set up.  

As the RFID tag is attached to the workpiece carrier and the automated packing line will 

also need  to fetch  the product data  from the tag , the radios need to arrive to the packin g 
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line together with the workpiece  carrier. From there the workpiece carriers will be freed 

and sent back to the sub -assembly station.  The packing line will be in  the warehouse  

and therefore, the carrier needs  to be replenished from there.  

 Sub - assembly pro cess description  

The sub -assembly process has several inputs and one output. To analyse the flow of the 

process correctly, it is needed to observe  the input creation processes as well as the 

transportation and handling of these components. The main two inp ut components for 

sub -assembly are  the workpiece carrier and the radio frame , the outcome of the process 

is sub -assembly.  

 

Figure 2.2 Sub -assembly of family A illustrative model (dimensions 400x500x130 (mm))  

 Workpiece carrier  

Workpiece carrier is a re -useable carrier which has a RFID tag attached to it. The carriers 

are moving through the production flow together with one radio at a time and the carrier 

is freed currently after the final assembly and after th e implementation of  automated 

packing, the carrier is freed from there.  

The workpiece carrier consists of 3 main parts: baseplate, RFID tag and towers. There 

are two different sizes for the baseplates  for the two different product families  and the 

tower c onfiguration is bas ed on the product that is meant to be transported with the 

carrier.  In this paper the tower configuration  is considered to be  the same for all the 

products in one product family .  
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The two product families  will be referred to  as family A a nd family B. As the prod ucts in 

family B are  bigger  size  than in family A, then the baseplate is also bigger  for family B. 

It can be assumed th at the measurements for family A baseplate are 400x500x20  (mm) 

and for family B 500x600x20  (mm).  The baseplate is  made from  metal  with a cut out  in 

the middle for the RFID tag to be attached  to a plastic cover.  

The RFID tag used  is an off - shelf product and has the coverage to enable writing and 

reading when the carrier is on the workstation.  

The towers can be made fr om  metal or plas tic. For this paper it is considered only metal 

towers are used and  the same towers are used for the families . It can be assumed the 

height of the towers  when a ssembled to the baseplate  is 70  mm and the diameter is 

30  mm.  Furthermore, it ca n be assumed the towers are screwed into the baseplate with 

a thread directly on the tower. As mentioned above then the tower placement on the 

baseplate can vary among different products; however, in this paper the configuration 

is deeme d to be the same ac ross the product family.  

The weight of the carrier for family A is assumed to be 7  kg  and for family B 10  kg . 

 

Figure 2.3 Carrier for family A illustrative model (dimensions: 400x500x20 (mm) )  

 Radio frame  

The radio frame is the first assembled component of the radio. The frame is made from  

metal and is covered with paint on the outer part. For mass production the frames are 

cast and then machined, for the prototype builds the frames can also be milled.  

For th is paper, the frame mechanics are simplified and all the cut outs , inner and outer  

shapes are ignored.  
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The frame product number and mechanics are specific for each product; however,  it can 

be generalised that there are two types of frames in use: frame fo r family A and frame 

for family B.  

For this paper the main parameters  that are im portant to note are the measurements 

and the weight of the frames. The outer measurements  of the frame for family A can be 

assumed to be 300x400x80  (mm)  with the weight of 8 kg . For family B the 

measurements  can be assumed as 400x500x90  (mm) and weight of 15  kg . 

The frames are delivered to the factory in a multipack from  the supplier. The number  of 

frames in one box depends on the type of the frame and the suppliers own packin g 

process.  

 Assembly  process  

The preparations for sub -assembly  begin  in the warehouse where the frames are kitted  

from the supplier package to trolleys from where the production workers can easily 

access the frames. The warehouse  workers take action  based o n need as they are kitting  

the trolleys as soon as the empty material troll eys come back from production and the 

workers are not divided based on material; therefore, one worker can kit  all materials 

for sub -assembly  and main assembly as well as for other segments.  

After the trolley has been filled , the full trolley is delivered to the buffer area where the 

full trolley is waiting for the signal from production for more materials. When the signal 

is received , the transportation  worker delivers the trolley t o the correct line in 

production. The transport workers are also  a shared r esource for all the material 

transportation , not dependent of the production segment.  

In the sub -assembly workstation,  the production operator  is transporting the workpiece 

carrier s from the end of the final assembly to the sub -assembly workstation  where the 

warehouse transport worker has already delivered the frames. The layout of the 

workstation and its surroundings can be seen on Figure 2.4.  
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Figure 2.4 Sub -assembly workstation layout  

The operator  then pulls the carrier from the trolley to the workstation  wit h the help of 

trolley lift  and checks the carrier condition. The next step is to lift the frame on to  the 

carrier with the help of a lifting tool. Then the frame is cleaned with a vacuum cleaner 

and after that the radio serial number label is attached to the frame. The label is then 

scanned, the information is registered  in MES and is confirmed by the wor ker .  

After the assembly is done it is moved to  the next workstation . The operator is repeating 

the ac tivities until the carrier trolley is empty and they  will then replenish the carriers 

from final assembly to the workstation . The empty trolley is taken to  the final assembly 

where it is switched for a  full trolley.  

When the frames on the material trolley are running low, the operator will send a signal 

through replenishment system to the warehouse to bring full trolley of materials and 

take the empty troll ey back to the kitting  area. For each workstat ion  or material there 

is 2 trolleys circling between production and warehouse.  

 

Figure 2.5 Sub assembly process  
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 Resources  used for sub - assembly process  

The resou rces for sub -assembly  consist of human and mat erial resources. The material 

resources can be divided into one time and multi -usage resources.  

The human resources needed for sub -assembly  or enabling the sub -assembly  process 

are warehouse workers : warehouse  and transport worker; and production operators. 

The warehouse workers are all working commonly for all the production segments and 

are therefore, not connected to specific products or families. On the other hand, the 

production operators are working on a specific line and specific workstation  and 

therefore, the ir useful time is related directly with the product cycle time.  

The material resources that are used  once are only the frames. The rest of the resources 

are used multiple times and are either circula t ing in the factory or are connected to the 

specific work -centre  or activity.  

In circulation there are the carriers that are circulating from sub - assembly , main 

assembly, testing, and finally from final assembly; and there are trolleys that either 

circula te between sub -assembly and final assembly or warehouse and sub -assembly . 

From stationary resources there is the worktable  in the workstation  that has an RFID 

reader/writer as well as computer to communicate to MES an d run the software to 

enable RFID tag w riting.   

 Waste identification  

The lean methodology was developed in Japan, by the management of Toyota based on 

the learnings of Henry Fordôs previous trials. The three fundamentals of lean 

transformation are philosophy , process, and people.  [6]  The main goa l,  therefore, 

should be better purpose, better processes and better people. This can be achieved 

through eliminating the waste .  

Toyota identified seven plus one different waste categories that can help to identify the 

wastes i n the company and eliminate t hem  correspondingly.  All waste is related to non -

value adding activities and should be removed to increase efficiency.   The wastes are 

described below.  

1.  Transportation. Movement of the materials, sub -products, products, etc in 

process or between processes. It also includes the movement of goods in and 

out of storage.  
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2.  Inventory. Inventory is all the materials, sub -products, products, etc that are  

not used actively in processes. Excess inventory causes high costs for storage, 

longe r lead times, more transporta tion and possible damaging of the goods.  

3.  Movement.  Every motion performed by employee that is not creating value is 

considered as waste. Unnecessary  movements include  reaching and looking for 

parts, looking for tools and  walki ng  unless it is a value adding process . 

4.  Waiting. When workers are not working and are waiting for the process to finish, 

watch over automated process, wait for material or tools , or are not able to work 

due to lack of materials, process delays or bottlenec ks, then this is considered 

as waste.  

5.  Overproduction. Producing more  or earlier  than needed  by the customer creates 

other waste , such as excess inventor y and  transportation.  

6.  Over processing. When the products are processed with more steps than needed 

for e xample due to poor tool or design, then excess motion and work is 

generated.  On the other hand, over processing can also mean providing better 

quality th an needed and that is still considered as waste.  

7.  Defects.  Producing defective parts causes adding work such as repair, rework, 

scrap,  troubleshooting, which is non -value adding and should be avoided.  

8.  Skills. Using the workers for non -value -adding tasks when there is higher 

potential for the worker to create value, is considered as waste.  [6]  

 Key Performance Indicators  overview  

It is important to measure the current state of the company or part of it to find the 

weaknesses and better the situation. These kinds of measurements can be done only 

by the company itself with relevant da ta analysis and defining its goals. There are 

diff erent types of frameworks to support the goal setting and enabling to follow the 

success rate towards the goals.  

For evaluating the success of an existing activity or process, the most common 

framework is to use key performance indicators (KPI). It should  be noted that KPIs are 

static measuring framework where the current state is noted and then evaluated 

whether it is better or worse from the projected desirable outcome. [7]  That is the main 

reason why they are s o widely used in manufacturing companies as there is a lot of 

static data available and manufacturing processes are mostly rather stable in their 
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performance. KPIs are an easy way to figure out where performance can be i mproved 

and after improvement the KPI goals need t o be re -evaluated to fit with the new levels.  

KPIs in Ericsson are used for each department to analyse the current state of 

performance. For this paper there are in total three KPIs that are relevant and w ill be 

counted as the basis for improvement.  

Worki ng time efficiency  ï the main aim of this indicator is to measure the efficiency 

of the employees on the factory floor. The goal is to increase the productivity of each 

employee  and their utilisation . The K PI is measured monthly and the data is gathered 

per shifts. To calculate the actual input for the KPI the following equation is used:  

ὉάὴὰέώὩὩ όὸὭὰὭίὥὸὭέὲ
  

  
 ὼ ρππϷ                          (1.1)  

Prod uction cost  ï The cost of production for the whole KPI value is a complex equation 

combining all different parts of production where the cost is coming from; however, one 

of the variables is the amou nt of people which can be measured for the sub -assemb ly 

process and that can be improved based on the previous KPI. Furthermore, it can be 

assumed, that the production cost will be lower overall when the maximum output is 

reached with the shortest working time .  

Automation level of inhouse transportation ï This KPI is measured across the 

factory, considering all different transportation routes. For this paper the scope of the 

KPI is only the sub -assembly process and therefore, is only measured for this one 

process. It can be expected that an y improvement in any of the separate processes 

impacts the overall factoryôs KPI positively. 
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3  CURRENT  SUB -ASSEMBLY  FLOW ANALYSIS  

Industrial process simulation has several possible models; however, the most used 

model  is the  discrete event simulation  (DES) . In  DES each event is followed by another 

and each of them have a logical transition to the next one. Using discrete events allow s 

the simulation to gather  a set of random events and connect them together while  

analysing th e usage of resources and keeping track of the entities.  

DES is widely used for material flow simulations, especially for designing  and optimizing  

manufacturing system . [8]  Examples of using DES for process  simulation come from  

several fields such as health care, automotive industry, and supply chain  [9]  [10]  [11] . 

The advantage of DES is the possibility to simulate several scenarios and config urations 

without inves ting time and money in real world trials . When the system is complex and 

not all the analytical data is known, then using DE S helps to simulate the material flows 

in various ways. This makes short - term decision -making process quicker  and more fact -

based. [12]  While running the discrete event simulation, the clock will not run in real -

time but is started again at the beginning of each event. This allows the simulation to 

be analysed later based on events as the simulation can be ran with different behaviour 

due to usage of pseudorandom variables. Each trial has its own statistical result and by 

the end of the simulation a statistical result  can be achieved. [13]  

The results are th en analysed based on lean  m ethodology to increase effic iency by 

identifying what types of waste occur in the process and  investigating  how to eliminate 

them . Furthermore, the relevant KPIs will be measured.  

 Choice of the simulation software  

The choice o f software that can be used for DES is wide and they all have advantages 

and disadvantages. For this paper the choice will be made between 3 software 

programs . The three  programs were chosen based on the ir  use in industry and 

popularity : Visual Components  [14] , Arena Simulation [15] , and  Tecnomatix  Plant 

Simulator  [16] .  

Criteria for the choic e are the following: ease of use , technical capabilities , and the 

authors personal p reference based on their previous experience and knowledge . 

Ease of use mark will be taken as average of the following criteria: requirement for 

training ï the less training is expected, the better; resources for learning ï the mo re 

resources are available  the better based on Internet search; frequency of programming 
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ï how much programming is needed to be done for a complex model, the less the better; 

and building time ï how much time it takes to complete  a complex model from the start, 

the shorter the time , the better. The technical capabilities mark will be an average of 

the following three: graphics ï does the software support 3D models  and the models 

graphical complexity ; statistical reporting ï how det ailed the  statistical report can be 

received from th e program; and customization ï how much can the models parameters 

be customized and own data be presented.  

All the marks will be  given based on authors own previous usage of the programs and 

therefore, s hould be considered  as subjective.  The program will be chosen only based 

on evaluations and not on measurable numbers such as cost and reaction time due to 

the changing nature of these values as the offers vary between companies and there is 

no public pric e for licencing these software programs.  

The three  program s will be evaluated, and the matrix can be seen in table 3. 1.  The 

points were given with the system where 1 was the highest mark and 3 the lowest. All 

the programs were evaluated re lative  to each -ot her. The final mark consists thereof the 

sum of  the marks for each criterion ï for ease of use and technical capabilities it will be 

average of sub -criteria. The program with lowest mark will be chosen for the simulation.  

Table 3.1 Selection matrix for simulati on programme  

Criteria  
Visual 
Components  

Arena 
Simulation  

Tecnomatix 
Plant Simulator  

Ease of use (average)  3,0  1,5  1,5  

Requirement for training  3 1 2 

Resources for learning  3 2 1 

Frequency of programming  3 2 1 

Building time  3 1 2 

Technical capabilitie s (average)  1,7  2,3  2,0  

Graphics  1 3 2 

Statistical reporting  3 1 2 

Customization  1 3 2 

Author's personal preference  3 2 1 

SUM  7,7  5,8  4,5  

 

The authorôs personal preference score was given after testing out all three programs 

for the simulation requir ements  of this paper. The author tried making the as - is 

simulation on all three simulation software  packages  and tested which out of three would 

prove to have the most potential to provide  the desired  results of the simulation.  



28  

Firstly, Arena Simulation w as tested and even though it was easy to make a linear 

process , adding two tracks that would be triggered by other processes state was 

impossible  to achieve without knowledge of the specific coding needed. Learning about 

the code and logic behind it was co mplicated as there was not much information online 

about it. Next, Visual Components was tried and even though the logic in this program 

was much  more understandable, the number of objects needed to create  the simulation 

complicated the building process. V isual Components would be a good tool if a fully 

functioning digital twin would be needed to be built; however, for a temporary process 

simulatio n, the time and effort needed to be put in there is not worth the results.  

Lastly, Tecnomatix  Plant Simulator was used and even though it does need as much 

coding as Arena then finding resources online was much easier thanks to several forums 

that have active users discussing different simulation objectives.  [17]  Furt hermore, for 

this  software there was also a lot of books and learning materials available. The most 

help was received from the official Siemens Tecnomatix Plant Simulation Help [18]  and 

Steffen Bangsow homepage [19] .  

From the selection Tecnomatix Plant Simulator will be the most suitable program for the 

author to conduct the flow analysis. The strongest capabilities that Tecnomatix  has are 

the ease of use  and frequency of programming . The program is  user - friendly an d gives 

a basic 3D model of the simulation as well as the 2D graphics. The author has used all 

three programs beforehand and feels themselves most comfortable in using Tecnomatix.  

 Data collection for the simulation  

Process times  

The data for the simulation  was collected in two different methods: through observations 

and from the management systems where the time is logged. As it was not possible to 

observe all the processes , and at the same time , not all the process data was logged 

in to systems, then the da ta will be used simultaneously and the longer timespan is used 

for the simulation in case both methods were possible to be used.  

The data through observation was collected over the span of 30 -minute  observations  

using a stopwatch  and  then compared to the l ogged or theor etical data that is in the 

system. The theoretical data in system has been collected  over a longer period  in 

observation method by the engineers responsible for the process ; however, this data 

will not be directly used in this paper and was only used to confirm the correctness of 

the observed data .  
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The data utilised in this paper is an approximation and is created solely for use in this 

paper. The data shall be referred to as SimData.  

The SimD ata is  shown in the table 3 .2.  

Table 3.2 SimData  process times  

Process step  Time  Unit  

Kitting  frame onto trolley per frame  30  s 

Replenishment of carriers from final assembly  (per 5 carriers)  180  s 

Checking the carrier  5 s 

Placing frame on carrier  30  s 

Vacuuming the frame  10  s 

Placing the label on the frame  10  s 

Scan the label  10  s 

Confirm the information  5 s 

 

It can be calculated that the total time for sub -assembly is 70 seconds. Besides sub -

assembly process times it is necessary to provide simulatio n times for main assembly 

as well to simulate the waiting time of sub -assembly as well. The SimData  cycle times 

of main assembly are shown in table 3.3.  

Table 3.3 Main assembly  SimData  cycle times  

Product fami ly  Time  Unit  

Family A  300  s 

Family B  360  s 

 

Resource s specifications  

The resources used for the activities related to the sub -assembly that need specification 

are , availability of resources, working times, the specifics of trolleys used,  and  distances 

of transportation . Furthermore,  it will be assumed that there are  4 production lines in 

total, 2 for each product family).  

For this paper , it is assumed that all resources are available 100% of the time . This 

includes , the availability of carriers, frames , and workers.  The useful working time of 

workers is assumed to be  8 hours per shift . The same working time calculation will be 

used for all production and warehouse workers.  

Sub -assembly process preparation and process itself is using 2 types of trolleys ï carrier 

and frame trolley. It can be assumed that the carrier tr olley can fit 5 carriers and frame 

trolley can fit 9 frames at a time.  
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The distances of transportation are measured from the factory floor layout files and 

similar distances can be assumed to  be true for this paper.  The distances can be seen 

in Table 3.4. 

Table 3.4 SimData  distances for transportation  

Start  End  Distance  Unit  

Warehouse  Sub -assembly  150  m  

Sub -assembly  Fina l assembly  100  m  

 As - I s simulation  creation  

The as - is sub -assembly simulation was made by taking into account what is required  as 

the outcome of the simulation. For that reason,  many of the processes were combined 

and others were focussed upon .  

 

Figure 3.1 As- Is sub -assembly process  

In the simulation , it was assumed that there are 4 production lines where 2 are 

producing family A products and 2 family B products . The lines  were call ed A1, A2, B1, 

and B2  show ing product family and the line number.  

The simulation can be split into two parts : warehouse si de and production side. The 

overview of the simulation can be seen on figure 3.1.  The distance between the two 

sides is 150 metres as the assumed distance was s aid to be.   
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Figure 3.2 Top view of the 2D  model  

 Warehouse  side build  

The warehouse part of the model consists ro ughly of 3 parts: source of frames, kitting  

frames on trolleys  station  (in Tecnomatix: comple cting)  and buffer. Next to them there 

are also two worker pools : Compl ectorPool and TransportWorkerPool , together with a 

broker to enable worker allocation.  

 

Figure 3.3 Top view of the warehouse side  

The fra me kitting on the trolleys  was split into two stations ï one for family A and the 

other for family B.  Both stations  have their own source of frames that depict the frames ,  

in packaging , from the  supplier.  This was to simplify the creation of the simulation  but 

also to a have simple  comparison between the time spent for both product  families. 2 
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workers were assigned to cover  the 2 stations in order t o evaluate the sub -assembly 

station statistics properly and ensure the kitting  will not become the bottleneck of the 

process  due to reso urces .  

After the kitting  station there are buffers for each production line simulating the frame 

trolley. Each buffer has  a capacity of 9 pieces. The transportati on is done by transport 

workers. As the program does not enable the  simulation of trolleys as separate units, 

to simulate the movement of 9 frames , the capacity of the transport workers was 

changed so that each worker can carry 9 pieces simultaneously  (Figure 3.4) . With this 

set up the overall ide a of the transport workerôs work time will remain the same.  

Each line was given their own transport worker as using a shared pool of workers showed 

that the simulation will not handle the task allocation and  two transport workers will 

answer the same task  which would have had a negative influence on the statistics as 

the transport workers were then waiting in production side of the simulation while the 

other lines were waiting for transport worker to replenis h frames. Therefore, each line 

was allocated the ir own worker.  This needs to be kept in mind when making analysis as 

the transport  workers should then be analysed as one entity.  

 

Figure 3.4 Simulation warehouse side in 3D showing transport worker with 9 pieces  

 Production  side build  

The p roduction side of the simulation consists o f five parts: buffer area for frames, 

source for carriers, sub -assembly station, ma in assembly station, and drain for ready 

products.  Furthermore, there is the  WorkerPool for asse mbly workers and a separate 

Broker.  
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Figure 3.5 Production line 2D top view  for simulation  

The buffer area serv es as the material replenishment trolley for frames. The buffer 

capacity is 9 pieces and when th e buffer is empty , new material will be put in the buffer 

by transport  workers.  

For carriers , it is assumed that there is no restriction of resources and therefore, the re 

is only set -up time .  Set -up occurs  after every  5 pieces for 180 seconds to show the 

replenishment of carriers. However, as this time is shorter than the waiting time for 

main as sembly, then this set -up time is not seen in statistics of the as - is simulation.  

Each sub -assembly station has their own production worker who is not leaving the 

station while waiting . This will allow us to simulate the real situation in production where 

the worker is assigned to their workstation.  In the sub -assembly station,  it is simulated 

that the worker attaches the frame onto the carrier;  however, the name of  the entity 

will remain as carrier due to the nature of the program.  

The mai n assembly station is set up without a worker as optimizing the main assembly 

work is not part of this paper. However, having main assembly added to this simulation 

is important to  understand the tact of the whole material flow.  

The final step of the prod uction is drain. This is the disposal site of the simulation 

products.  
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Figure 3.6 Production lines in 3D view  for simulation  

 Simul ation specifics  

For the simulation to work in a way that would give the most realistic  results some rules 

were needed to be set to the objects. The main parameters  changed for all the objects 

were naming and processing times.  

The frames and carriers were created as user specific  parts that would re flect as closely 

as possible the real products. The colours  were given to have a better view where the 

carriers and frames are in  simulation. Carriers were created as container to enable 

placing the frame onto the m and workpiece carrier box was ticked to o nly allow one 

product placement. The carrier size was taken as the assumed real measurements. The 

full configuration can be seen on  Figure 3.7. 

 

Figure 3.7 CarrierA configuration example  
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With the consolidated kitting  station for two production line flows, a n exit strategy had 

to be put in place for the station to divide the frames between two buffers. At first it 

was attempted  with cyclic met hod where one piece was put into first buffer, second to 

the second, third to first and so on; however, this did not  depict the real situation well 

enough and therefore, cycle of filling up the first buffer with 9 pieces and only then 

moving to the second buffer was set up.  

For the transport workers a maximum dwelling time was given to simulate the real - life  

cases where th e transport worker is taking some time to find the correct trolley or notice 

the signal from production. The time was estimated to be max imum 2  minutes and  

therefore maximum 2-minute  dwelling time was added to each transport worker.  

I n the  real production , the frames are replenished based on a signal from production , 

this  had to be considered  in  the  simulation as well. Without any signal an d programming, 

the transport workers were picking up the frames from warehouse buffer and bringing 

them to the producti on side while the buffer in production was still full. This created a 

situation where all the transport workers were standing in producti on waiting for the 

buffers to empty to give away all the frames in their hands.  

To av oid this situation the following rules were implemented : frames can  enter the 

production buffer  only when buffer in production is empty and frames can leave the 

warehouse  buffer only when signal from production has been given. This was done with 

entrance and exit controls of war ehouse and production buffers.  

The code was written in SimTalk2.0 which is the programming language used in 

Tecnomatix Plant Simulator. SimTalk2.0 helps to access all attributes and methods 

available in the program and configure the simulation to fit the userôs needs.  [20]  

The entrance and exit controls both are manipulat ed with the entrance and exit locks of 

the buffers based on the  number of frames in production buffer or the previously added 

locks statuses. Both codes  can be seen on Figure 3.8 and Figure 3.9. 

 

Figure 3.8 Exit control of production buffer  
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Figure 3.9 Entrance control of warehouse buffe r 

Using the entrance and exit locks as manipulators created an issue where the locks were 

either on or off when stopping the si mulation based on the state of the simulation. To 

start the new simulation run with all locks open, an extra method was written to remove 

all locks. This method will be running only once in the beginning of each simulation run 

manually by th e user of the s imulation. The method resets all the locks to false.  This 

part of the method can be seen in the beginning of the code in APPENDIX 1 . 

 Simulation analysis  

The analysis of the simulation will be done based on the stat istics received directly from 

Tecnomatix Plant Simulator. The statistics come in form a report gathering all objects 

data together.  The simulation was run for 10 hours with statistics being taken starting 

from 2nd hour; therefore, all the statistics are re flecting an 8 -hour period.  The analysis 

will be done keeping in mind the goal of reducing waste in the sub -assembly process.  

All the times in analysis are presented in format hh:mm: ss.The simulation was run for 

8 hours with no breaks and as a result ,  a tot al of 1 92  products from family A and 160  

products of family B were produced. As can be seen in Table 3.5 there is equal number 

of products from both lines within the same famil y. 

Table 3.5 Drain statistics per line  

Object  All Types  CarrierA  CarrierB  

ReadyA1  96  96 0 

ReadyA2  96  96  0 

ReadyB1  80  0 80  

ReadyB2  80  0 80  
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 Portions of states analysis  

The working , waiting, and blocked time analysis data comes in statistic repo rt as a table 

that also graphically shows the portion of working (green), waiting (gray), and blocked 

(yellow) times. The portions of states can be seen in Figure 3.10 . 

One of the main wastes that can be identified with the portions of states analysis is the 

waste of waiting. The waiting can appear in two different ways: workers waiting on 

ma chinery or material , or machinery standing idle.  [21]  

 

Figure 3.10  Screenshot of the statistics report  

From the first view the  main assembly has the biggest working percentage which is not 

surprising as the main assembly has the longest cycle time in the whole flow  viewed in 

this paper. The drains  as wel l as sources  can be ignored for the analysis as there is no  

working time nor are they either constantly blocked or waiting to depend  on whether 

they are in push or pull end of the manufacturing . 
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When taking the average of each line for every step then it c an be taken as the average 

result of resource usage for each step of the sub -assembly process. The average results 

per steps can be seen in Figure 3.11 . 

 

Figure 3.11  Average portions  of states  in the simulation  

From the average view it can be said that the resource usage for kitting  and sub -

assembly is not reasonable and needs to be optimised  as both stations  are blocked for 

majority of the time due to the main assembly being the bloc ker in this process.  As the 

main assembly cycle time cannot be changed in this process view, then the resources 

and activities should be optimised towards the actual needs of the main assembly. 

Furthermore, the 100% blocked states for Frame and Carrier sho w that there is no 

shortage of materials and 100% waiting state for Ready shows there is no blockage ï 

these stat es assure that the analysis needs to be done with processes not with source 

or drain.  

For kitting , it needs to be kept in mind that in the simu lation th ere were  separate 

station s for both product families. In real production, the  station is used for all the 

products and kitting is done as requested. However, even if the kitting stations would 

be united, then the  total working portion would be les s than 50% of the total time. This 

means the kitting station is still underused and th at could be investigated. On the other 

hand, it should be mentioned that the same station also does kitting for other materials 

needed for main assembly and therefore, th e stations working portion might be much 

higher. For this paper it will be considered that the optimisation is done for only the 

sub -assembly process and the goal is to optimise all steps related to that process.  
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The waiting portion of kitting stations can  also be seen in the waiting for services and 

parts statistics in  Table 3.6. The waiting time is more than 75% for both of the stations.  

The mean value of the waiting time is from 2 0 to 3 0 minutes which shows the average 

time the w orker could have perfor med other tasks.  

Table 3.6 Waiting for services and parts  in frame kitting  (Complecting)  

Object  
Waiting for Services 
and Parts  

Count  Sum  
Mean 
Value  

Standard 
Deviation  

ComplectingA  76.3 3%  12  6:06:23.7711  30:31.9809  12:50.3607  

ComplectingB  75.04%  18  6:00:12.4718  20:00.6929  22:57.3433  

 

The sub -assembly station has the lowest working portion out of the 3 working stations 

(kitting, sub -assembly and main assembly). This is created by the cyc le time difference 

between sub -assembly and main assembly. Furthermore, this shows that it is not 

sen sible to have a separate  sub -assembly station for each production line as there is 

not enough work to be done for a separate station and worker to be waiti ng.  

Looking into the waiting times, then it is clear the longest waiting time is in  the  frames 

buffer in production. This shows that the frames are waiting in production for a long 

time  with no usage.  Following the ñjust in timeò concept it should be inves tigated 

whether there is a possibility to optimize the number of frames brought into pr oduction 

at once.  [22]  

 Transportation analysis  

The transportation analysis will be performed  based on the transport workers mediation 

and d well times. The mediation time shows how long it took the transportation worker 

to fulf il the task of transporting frames from one buffer to another, and the dwell time 

can be counted as statistics about the attention mistakes of the workers. Out of these 

statistics it is also possible to find the amount of times the workers had to move betw een 

warehouse and production during this 8 -hour simulation run.  

The configuration of the transport worker was left as default in the program. The default 

configuration m eans the efficiency of the worker is 100% and the speed of the worker 

is 0,9 m/s. The di stance between warehouse and production was set to 150 meters . The 

Z-dimension was set to 9 as this allows the worker to pick up  a maximum  9 frames 

simultaneously.  
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Figure 3.12  Transport worker configuration  

The mediation time of the transport workers shows how many signals in total the 

workers received during the 8 hours of simulation run and how long , on average . the 

proc urement task took . From the Table 3.7 it can be seen that the number  of signals 

was either 12 or 10 depending on the product family and the average mean value is 

about 3 minutes and 20 seconds. This shows only one -way  transportatio n time and 

therefore the same time is spent by the worker to walk back to the warehouse. When 

calculated into percentage from the total time of the simulation run then the valuable 

transporting time is only around 7 percent  per line. Even when the transpor t workers 

would be counted as one worker then the valuable time for sub -assembly process 

transportation would total to around 28%  and the total working time would be double 

of that .  

Table 3.7 Mediation time o f transport workers  

Services  Count  Sum  
Mean 
Value  

Transporting % 
out of total time  

TransporterA1  12  40:16.2489  3:21.3541  7.65%  

TransporterA2  12  39:24.3836  3:17.0320  7.65%  

TransporterB1  10  33:27.6484  3:20.7648  6.48%  

TransporterB2  10  33:02.6799  3:18.2680  6.48%  

 

The dwell time was set to peak at 2 minutes for all transportation workers. This ensured 

the workers will not dwell at the warehouse station too long,  but it did add  expected 



41  

dwell time for the simulation to be closer to real transport workers. The dwell coun t is 

twice of the mediation count as the dwell time is counted before the worker picks up 

the frames and  after they have returned to the warehouse.  

Table 3.8 Dwelling time of transport workers  

Serv ices  Count  Sum  
Mean 
Value  

Standard 
Deviation  

Minimum  Maximum  

TransporterA1  24  27:32  1:08  1:01  3.8670  2:03.8670  

TransporterA2  24  26:36  1:05  1:01  2.5337  2:02.5337  

TransporterB1  20  22:54  1:08  1:01  2.7000  2:02.7000  

TransporterB2  20  23:20  1:10  1:01  4.0333  2:04.0333  

 

It could be considered overall that transportation is not a valuable activity for the 

production; however ,  it is required activity.  As the activity itself cannot be removed 

from the process then other means of optimising or automating this acti vity must  be 

investigated.  

 Human resource analysis  

The process involves 3 types of workers: warehouse workers doing frame kitting 

(complectors), transport workers, and assembly workers.  

The warehouse workers who are kitting the frames have utilisation rate  of 37,5 % of the 

total simulation run. As the worker pool for both kitting stations was the same then the 

resource analysis is done based on the service . The data can be seen in  Table 3.9, where 

the count shows how many times the w orkers had to go through the kitting process 

(counted by number of frames), the sum of time spent working, the mean value per 

one process run and the  percentage of the total simulation run. The utilisation of 

warehouse workers can be counted  as low . In the  real production environment these 

workers are working on other material replenishment as well  and therefore, their 

utilisation might be higher; howe ver, the utilisation of these workers can be increased 

inside the sub -assembly process as well.  

Table 3.9 Warehouse worker (complector) activity time  

Services  Count  Sum  Mean value  % of simulation run time  

Complector  359  3:00:46  30.25  37,5 %  

 

The transport workers efficiency was investigated  in previous point and i t was 

discovered that there is capacity overestimation as the transportation time only took in 

total 28% of the whole simulation run combined for all four workers. It should be 
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considered  that additional ly the same amount of time took the workers to return  to the 

warehouse . Furthermore, to calculate the total resource usage the dwelling time needs 

to be added as well. If all the times are considered , then the total % of used time by 

transportation workers is 8 3%. Thi s shows that the utilisation of transport  worker is 

high ; however, the valuable time out of it is only the pure transportation time that was 

calculated only up to 28% of the total time of  simulation run. The Table 3.10  shows all 

the transport workers activity times and th e value adding total time is highlighted with 

green and the non -value adding times of dwelling and returning are highlighted red.  

Table 3.10  Transport workers total activity time  

Services  

Sum of 

transporting 
t ime  

Sum of 
dwelling  

Sum of 

retur n 
time  

Total time 
of activit i es  

% of 

simulation run 
time  

TransporterA1  00:40:16  00:27:32  00:40:16  01:48:04  23%  

TransporterA2  00:39:24  00:26:36  00:39:24  01:45:24  22%  

TransporterB1  00:33:27  00:22:54  00:33:27  01:29:48  19%  

TransporterB2  00:33:02  00:23:20  00:33:02  01:29:24  19%  

Total  02:26:09  01:40:22  02:26:09  06:32:40  83%  

 

The same logic is used for sub -assembly station workers statistics  as for the warehouse 

workers and the resource analysis is done based on service  in tot al  and then the 

individual analysis for each assembly worker can be done based on the assembly station 

utilisation as the worker is initially working the same amount as the station.  

When looking into the overall service utilisation, then it is 86 % of the total time of the 

simulation run which is a good result. However, it must be considered  that this servic e 

is delivered by 4 workers which makes the utilisation per worker  to around 19 -23 %  as 

can be seen in Table 3.11  showing the sub -assembly stationôs working portion.  The total 

working time of all the sub -assembly stations is 6:50: 40  which is not equal to the 

servicing total time. The discrepancy between t he two times comes from  the beginning 

of the simulation where the assembly work ers were already in workstations,  but the 

frames were not delivered yet and the station was not working.  

Table 3.11  Assembly worke r activity time  

Services  Count  Mean Value  Sum  % of simulation run time  

Assembl y 353  1:10.0000  6:51:27  86 %  
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Table 3.12  Sub -Assembly working portion  

Object  Portion  Count  Sum  Mean Value  

SubAssA1  23,33%  96  01:52:00  1:10.00  

SubAssA2  23,33%  96  01:52:00  1:10.00  

SubAssB1  19,44%  80  01:33:20  1:10.00  

SubAssB2  19,44%  80  01:33:20  1:10.00  

 

The most distinguishable waste in sub -assembly station is the un -used time of the 

workers as well as the replenishment of carriers by the same worker which is not seen 

in the simulation. The carrier replenish ment is an extra activity requiring the assembly 

wor ker to leave the workplace after every  5 cycles to bring new carriers. For this activity ,  

the time is not that important as the activity is non -value -adding and therefore should 

be eliminated or automated . 

Total amount of workers needed for this process ba sed on the simulation results and 

considering the real situation is depicted in Table 3.13 . 

Table 3.13  Total workers count and their  utilisation %  

Worker  Count  Utilisation %  

Warehouse worker  1 37,5 %  

Transport worker  1 82%  

Assembly  worker  4 21%  

 

Overall , the largest waste in this process is the low utilisation  of  human resources and 

the high waiting time  for all processes before mai n assembly .  
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4  SUB - ASSEMBLY FLOW CHANGE S 

The sub -assembly flow will be re -evaluated with  the  inclu sion of  all the upcoming 

changes and after that the improvement options will be proposed . 

 Changes in the production process  

 Adding automated main assembly  

First  the automated assembly was added for family A and then for family B. It will be 

assumed that the main a ssembly cycle time is reduced by 50% from  automating the 

assembly process . T he cycle times for both products can be seen in Table 4.1.  

Table 4.1 SimData  automated line cycle times  

Product family  Time  Unit  

Family A  150  s 

Family B  180  s 

 

As the automated line will be 50% more productive, it can be assumed that the number 

of manual a ssembly lines will be reduced. The reduction will be made in way that the 

total output of the production will remain the same . However, as the factory is produc ing 

the products mixed and the changeover of the manual and automatic line production 

can be don e with ease . Therefore,  further analysis is done in the following set up: one 

manual assembly line for product family A, one manual line for product family B an d an 

automated line will be analysed that can produce either A or B but only one per 

simulation . 

In the simulation the main assembly cycle time will be controlled by the variable ñproò 

that is changed according to the product family. For the variable value  of 1 the cycle 

time for product A  is used  and the variable value of 2 represents  the cycle time  of  

product B. The variable set up can be seen in Figure 4.1 and the input in code in 

APPENDIX 1 . 
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Figure 4.1 Variable to control what is produced on automat ed main assembly  

Family  A 

In the first run , one of the manual main assembly lines for family A (line A2) was 

replaced with the automated assembly line. The production was run for 8 hours and the 

portion of states can be seen in Table 4.2. The main differences in portions are in 

production where it is detected that ProBufferA2 is waiting for 100% and this means the  

waiting for parts time for SubAssA2 should be reviewed for increased waiting time as 

well.  The sub -assembly  station work ing time is increased by 50% which was expected.  

Table 4.2 Portions of states family A  

Object  Working  Waiting  Blocked  

ComplectingA  33.02%  0.21%  66.77%  

WarehouseA1  0.00%  12.06%  87.94%  

WarehouseA2  0.00%  20.5 5%  79.45%  

ProBufferA1  0.00%  89.58%  10.42%  

ProBufferA2  0.00%  100.00%  0.00%  

SubAssA1  23.33%  1.14%  75.52%  

SubAssA2  45.94%  3.79%  50.28%  

MainAssA1  100.00%  0.00%  0.00%  

MainAssA2  100.00%  0.00%  0.00%  

 

Looking into the waiting time for parts ,  there is a slig ht increase of waiting for sub -

assembly  station between A1 and A2. This is most likely caused by the transportation 

worker not being able to deliver the frames quick enough to the station. As it can be 

seen , the mean value of waiting is less than a minute and it only happened 21 times. It 

must be considered; however, that the waiting time in the beginning is already counting 
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to 10 minutes as the warehouse buffer is filled for A2 as the second buffer. Therefore, 

the mea n value of actual production time waiti ng time will be much less and can be 

ignored . 

Table 4.3 Waiting for parts comparison between sub -assembly  stations for family A  

Object  Waiting for Parts  Count  Sum  Mean Value  

SubAssA1  1.14%  1 5:28.9750  5:28.97 50  

SubAssA2  3.79%  21  18:10.7908  51.9424  

 

Family B  

Replacing one of the main assembly lines with  the  automated assembly line for family 

B provides the  portions of states results as shown in Table 4.4. The line of B2 was 

changed to  automated line. The line B1 , which was not automated , keeps similar results 

to  the as- is simulation and  the impact of automated  line can be seen when lines B1 and 

B2 are compared. The sub -assembly  station working portion has increased from 19% 

to 38%, whi ch is a 50% increase. This was predictable change as the main assembly is 

50% faster for automated line. For the kitting station  in warehouse, the increase is from 

19,90% to 29,17%.  

Table 4.4 Portions of stat es family B  

Object  Working  Waiting  Blocked  

ComplectingB  29.17%  0.53%  70.30%  

WarehouseB1  0.00%  10.53%  89.47%  

WarehouseB2  0.00%  19.13%  80.87%  

ProBufferB1  0.00%  90.00%  10.00%  

ProBufferB2  0.00%  89.38%  10.63%  

SubAssB1  19.44%  1.14%  79.41%  

SubAssB2  38.33%  2.09%  59.58%  

MainAssB1  100.00%  0.00%  0.00%  

MainAssB2  100.00%  0.00%  0.00%  

 

Overall, adding the automated assembly line only affects the working time portion of 

some stations and therefore the optimization can be done based on same criteria as for 

manual assembly lines.  

 Adding automated packing line  

According to the as- is production process model , th e carriers are freed after the final 

assembly step and then brought back to the beginning of  the  sub -assembly  station. As 
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both  processes and  all processes betw een are in  the same production hall, the biggest 

change with the coming automated packing line is the movement of the carriers.  

The automated packing line will be installed in the warehouse and therefore the carriers 

will be freed in the warehouse near th e source o f frames. To continue the current sub -

assembly process , the carriers should be transported the same way as frames to the 

production hall. This would more than double the work of the transport workers as well 

as creating more waste by moving the c arriers an d frames from one place to another 

for kitting. The possible improvements for eliminating this waste would be to kit the 

carriers and frames together already in warehouse to cut the transportation need as 

well as improve transportation overall.  

 RFID tag wr iting capabilities  

For all automated processes the  chosen product identification method is RFID tag. The 

tag is attached to the carrier and will be moving with the product throughout the whole 

production cycle.  

The product information can be fou nd on a la bel that is attached to the product in the 

sub -assembly  onto the side of the frame as a temporary label and is then placed onto 

the front cover in final assembly. The label s are using the barcode system and are 

scanned in every step of production  with a ha ndheld scanner.  

The need for using RFID tags in automatic processes comes from the technological 

differences between barcode and RFID systems. Both systems belong to Automatic 

identification and data capture (AIDC) systems which categorises all the auto - I D 

procedures into five sections: barcode system, biometric systems, RFID, smart cards, 

and optical character recognition.  [23]  All the procedures have their own fie ld of use 

and advantages and disadvantages.   
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Figure  4.2 Auto - ID procedures overview (source: Finkenzaller, 2010) [23]  

The difference between barcode system and RFID is mainly about the speed of 

readability as well as reusability. The differences  that Finkenzaller has identified  are 

brought out in Table 4.5. Next to these differences the reusability or possibility to re -

write the info rmation and add the information without any external information storage 

system is one of the biggest advantages of using RFID instead of barcodes for 

automation. Furthermore, even though Finkenzaller grades the machine readability for 

both systems as ñgoodò in automated machinery, reading the RFID tag is cheaper and 

easier. For the barcode reading automatically a camera is necessary as well as the 

quality of the barcode label needs to be constant for one position reading ï furthermore, 

the impact  of optica l covering can affect the operation . For the RFID system these 

constraints do  not exist as the tag with data can be covered while maintaining readability 

as well as the  process of  reading  the  tag is much easier to organise.  Therefore, the 

information from the barcode label needs to be transferred to the RFID tag for 

automated mac hinery but the label is kept for workers to easily identify the products 

when they are taken out of the system.  

Table 4.5 Comparison o f barcode and RFID (Finkenzaller, 2010 ;  modified by author) [23]  

System parameters  Barcode  RFID  

Typical data quantity (bytes)  1-100  16 -64 k  

Machine readability  Good  Good  

Readability  by people  Limited  Impossible  

Influence of (optical) covering  Total failure  No influence  

Operating costs  Low  None  

Reading speed  Low ~4s  Very fast ~0,5s  

Maximum distance between data carrier and reader  0-50 cm  0-5 m  
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The RFID tags have already been attached to the carrier as one of the first steps of the 

automation activities. The re is already  one machine using the RF ID tags  for identifying 

the products . The current testing set up is choosing the tester and moving the product 

along based on the data written on the RFID tag. The in formation is written on the tag 

right before the product enters the test environment and t he data on the RFID tag is 

only re -written in there. The RFID tag writing process is part of the test preparation; 

however, with the upcoming automatic main assembly line, this process needs to 

happen earlier . The RFID writing integrates with the MES throu gh programmable logic 

controllers (PLC) or personal computers (PC) equipped with the application software. All 

the relevant relations can be seen on Figure 4.3, the communication between the RFID 

tag and RFID reader/writer is radio  communication and all rest being digital 

communication using different protocols depending on the spec ific peripheral, PLC and 

PC. 

 

Figure 4.3 RFID technology integration with manufacturing system  

Firstly, the RFID tag writing capability must be set up in the sub -assembly  station 

belonging to the automated main assembly line. However, if the sub -assembly  stations 

are consolidated then the writing capability must be in every sub -assembly  station that  

is possi bly preparing sub -assembly  for automated main assembly.  

The RFID writing set up consists of two parts: hardware and software. On the hardware 

side  RFID writer, computer, screen, and a scanner  are needed . The software for writing 

RFID tags will be developed  in -house  and must  be verified before using it in production . 
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 Improving working time efficiency  

As the first improvement, the work efficiency of the kitting station and sub -assembly  

station is addressed. The kitting station average working portion  was 31% after adding 

the automated line, the sub -assembly  stationôs maximum working portion was reached 

with producing family A products on automated assembly line, with sub -assembly  

station working portion 45,94%.  

The efficiency rates for both stations are low, and the carriers are released from 

warehouse, which indicates that it can be investigated whether it would be more efficient 

to compile the kitting and sub -assembly  station.  

To understand how many stations can be merged in total, the theoretical process t ime 

of the new station must be calculated. In the kitting station the whole process is 30 

seconds per frame to place it onto the trolley. I n the sub -assembly  station, the same 

time is needed to place the frame onto the carrier. Therefore, it can b e assumed  that 

the new sub -assembly  stations process time remains the same as it was before merging.  

Table 4.6 New merged sub -assembly  station process time  

Process step  Time  Unit  

Checking the carrier  5 s 

Kitting fram e onto carrier   30  s 

Vacuuming the frame  10  s 

Placing the label on the frame  10  s 

Scan the label  10  s 

Confirm the information  5 s 

 

The predictable working portion for the new sub -assembly  station are therefore, also 

the same as for the initial station s in production. As the average sub -assembly station 

working portion for manual assembly preparation is between 21 and 22%, and the 

highest working portion for automated assembly preparation i s almost 46 percent, then 

it could be predicted that all the sub -assembly stations can be together in one station.  

For simulation simplification , the differences  of  products were not considered anywhere  

but the  main assembly times . In the simulation, the e fficiency of the transport workers 

was not analysed as the trans port as an activity will be focused on in the next sub -

chapter. The simulation model  from warehouse and production sides  can be seen on  

Figure 4.4. 
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Warehouse  Production  

 

 

Figure 4.4 Improved top view of simulation (warehouse and production)  

The simulation was run with 9 kits of carriers and frames transport ed  on one trolley 

from warehouse to production. As in the  as- is simulation, the transport workers were 

allocated for each line  separately to avoid any transportation caused delays and waiti ng 

times. One of the manual assembly lines was removed for simulation purposes as the 

automated line reduces the cycle time of main assembly by 50% and therefore, it 

creates comparable data wit h constant production output. The simulation proved that 

having  a single  sub -assembly station for  one automated and two  manual line s is enough  

for both possible choices ï automated family A or family B. The portions of times can 

be seen in Table 4.7. The results also prove that the working portion of the sub -assembly 

station can be directly calculated from the previous data that was received from the 

working portions of the sub -assembly  stations in the production side. For example, in 

the case of producing family A products on the automated line, the total of working 

portions of the 3 sub -assembly  stations (SubAssAuto, SubAssA, SubAssB) would be 

88,71% ( Table 4.2 and Table 4.7) which is close to the actual simulated working portion.  

Table 4.7 Portion of working time with automated main assembly and merged sub -assembly  

  Automated line product  

  family A  family B  

SubAss  88,25%  81,93%  

Mai nAssAuto  97,64%  100,00%  

MainAssA  100,00%  100,00%  

MainAssB  100,00%  100,00%  

 



52  

For the merged sub -assembly station,  the proposed layout of the workstation can be 

seen on Figure 4.5. The proposed layout includes the workstation itsel f, on the left is 

the incoming trolley with carriers, on the right the outgoing trolley with sub -assemblies 

and behind the worker are two are as for pallets with frames.  

 

Figure 4.5 Proposed layout for sub -assembly station in warehouse  

With such high working portions, it is highly unlikely that another line can be added to 

production with using on ly one sub -assembly  station. A simulation was run to see how 

adding another manual assembly line would affect the p ortions. The same criteria were 

used for the simulation with 9 pieces transported from warehouse to production. In this 

run, the MainAss2 was  used for either family A or B production, when automated line 

was producing A, then MainAss2 was producing B and v ice versa. As the sub -assembly  

station was used 100% but the automated main assembly line working portion was 

between 70 -75% then it was test ed whether the reason can be in sub -assembly  station 

being over booked ( Table 4.8 Working portions of stations with 3 manual assembly lines ) 

Running the simulation with t wo sub -assembly  stations proved that the total need of 

sub -assembly  stations is more than 100%; however, both stations would be used only 

a small amount over 50% which is not ef ficient. Therefore, in case more manual main 

assembly lines are installed, the actual work time should be observed, and it must be 

evaluated wheth er to add another workstation or another solution can be found.  


















































