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Abstract  
The goal of the project is to make comparisons and evaluate single lane with two-

way traffic flow, different ways of ordering and signal handling in a specific area of 

VCBC Upper Plant in Olofström. For that purpose, the simulation has been built 

with the support of the discrete event simulation software Tecnomatix Plant 

Simulation by Siemens to analyze the different outcomes and scenarios, in order to 

get a better understanding of how it currently works and the future improvements 

that could be implemented in the model. The final aim is to get a more efficient 

material flow in the production line, as well as better AVG traffic in the mentioned 

area. 

The accomplishment of this project was carried out in collaboration with Volvo 

Cars Engine Skövde and VCBC Volvo Olöfstrom and the University of Skövde, 

Sweden in order to achieve the Bachelor degree in Automation Engineering and 

providing all the necessary material and data to build this model.  

 

The results show a clear improvement after implementing a second track in the 

model, with different impacts in different stations but with a noticeable gain in the 

overall efficiency in all of them. 

 
 

Keywords 
 
 AGV, Discrete Event Simulation, Material Handling, Material Flow, Plant 

Simulation, Manufacturing, Performance Measure, Throughput, Efficiency. 
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1. Introduction 

With the goal of giving an overall vision of the project to the reader, this chapter is 

about a short look over the history of the Volvo Company, where the activity of the 

study is going on. In addition to going through the description of the problem, 

presenting the goals of the research and adjusting the limitations during the course 

of the project. 

1.1. Background 

 

Volvo Car Corporation 

The company was originally founded in 1927 in Gothenburg, Sweden by Assar 

Gabrielsson and Gustav Larson as a subsidiary company 100% owned by SKF. In 

1999 Volvo began to be a part of Ford Motor Company included into the group 

called Premier Automotive Group. Currently, The Volvo Car Group belongs to the 

Chinese company Zhejiang Geely Holding Group, who bought Volvo to Ford in 

2010.  

 

Background description 

VCBC Volvo Olofström is interested in the optimization of the AGV flow in a 

specific area of the VCBC Upper Plant. To achieve that, it will be processed with a 

simulation model of the line by taking in special account capacity, delivery 

precision and blocking to and from the production line. The main problem lies in 

the fact that in some parts of the area, traffic jams occur where the AGVs are 

getting stacked, and a worker is needed to move the AGVs in a manual way, which 

leads to performance losses. Therefore, the aim of the project would be the removal 

of all the problematic zones by making comparisons and evaluating single lane with 

two-way traffic flow, different ways of ordering and signal handling in this area. 
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1.2. Aims and objectives 

The main aim is to create a simulation model of the production line in order to be 

able to identify the current issues and, using that model, compare the current state 

of the line with the new scenario. As mentioned before, these two cases will be a 

comparison between single lane flow with two-way traffic flow. In addition, some 

more specify experiments will be tested in order to contribute with more solutions 

and ideas to improve the efficiency of the line. 

 

Main aims for this analysis: 
 

 To have a good visualization of the AGV traffic in Siemens plant simulation 
and to improve the traffic flow to get better material handling.  

 
 Test solutions where various numbers of AGVs can be in an area. Compare 

current and future state. 
 

 Test solutions with conflictive driveways and specify new proposals using 2 
different ways to solve the problems. 

 
Objectives: 
 

 Improve the current AGV traffic and handling system. 
 

 Improve the state of the line production by converting the single lane into 
two ways lane.     
       

 
 

1.3. Extend and delimitation 

The fields not specified previously will not be included in the extension of the 

project. In addition, the project will not perform any extensive economic evaluation 

of the suggested simulation models. Relating to the software Plant Simulation; only 

a standardized library provided by Volvo Cars Engine will be used in exclusive for 

all the simulations through the project’s life. 
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1.4. Sustainability 

The manufacturing sector is an important player in the achievement of 

sustainability by reducing the environmental impact in the contemporary industry 

(Moldavska and Welo, 2019). The importance of promoting cleaner and more 

efficient production mechanisms, as well as that dissociation between economic 

growth and environmental degradation are aspects that should be emphasized. 

 

 

For his part, Volvo Cars are committed to the cause in such a way that they have 

been recognized by the United Nations in 2017 for his collaboration with the cause, 

present in the report focused on the progress made by Member to support the 

achievement of the UN's Sustainable Development Goals (SDGs). 

The Global Compact has also recognized Volvo Cars as a member of LEAD, a group 

formed by the most committed and ambitious companies of the Global Compact. 

(Volvo Cars).  
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2. Theoretical framework 

This chapter will be used to create a frame of reference for the simulation aspect of 

the project, which means that it will include information described in books, 

scientific papers, and other projects in order to set up the frame of the study for 

those who are not familiarized with it, and make it easier to understand. It will 

include basic information about simulation, main definitions, and aspects that will 

be treated during this thesis work, as well as the background of the software Plant 

Simulation, and the scientific method used to create and validate solutions. 

 

2.1. Simulation and definitions 

“Simulation is the reproduction of a real system with its dynamic processes in a 

model. The aim is to reach transferable findings for the real world. In a wider 

sense, simulation means preparing, implementing, and evaluating specific 

experiments with a simulation model” (VDI-Standard 3633), with a model being a 

simplified representation of a real system. Its deviations from reality depend only 

on the degree of accuracy that the builder wants to achieve with it.  

Simulation processes are of extreme utility in the modern industry since it helps to 

identify issues and inefficiencies acting in the real system, and creates a way to test 

new solutions without affecting to the current development of the activities. This 

means that new alternatives can be tested without risking the equipment, operators 

or any other resource and the overall efficiency of the mentioned solutions can be 

proven for their subsequent implementation in the real world. The level of detail of 

the simulation will determine the accuracy of these results, and the margin of error 

when compared to the actual model. 

 

Another advantage of the simulation models are, apart from testing solutions, the 

possibility of making forecasts of the future state inside the system, due to its ease 

to simulate a big period of time within minutes, although the amount of time 
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needed to process this simulation run, in other words, the image of the behavior of 

the system in the simulation model within a specified period (VDI-Standard 3633), 

will depend on the complexity of the model itself. It also provides great help when 

training new workers, since the model can last for a long period of time, and it can 

be adjusted to stay loyal to reality. This means that it can create a safe environment 

for newcomers to adapt to the current state of the system and without any fear of 

risking the equipment or harm for the operators. 

 

There are also some disadvantages on this process, such as the time needed to 

create the model; it is a complex task that requires a considerable time investment, 

which means that depending on the complexity of the model itself, it could take 

months to recreate a virtual system that can act similarly to the real world. Another 

issue is that even though it can be very precise and accurate compared to real life, 

there will always be some differences with the theoretical model and the real world 

implementation, even though these deviances could be severely reduced if the 

model is well built. It also requires highly qualified people in the field of simulation 

and also a high level of knowledge in the own process for which the model is to be 

created 

 

 

2.2. Discrete Event Simulation 

How to model and simulate a manufacturing process can be always complex and 

very extensive depending on the type of process and its specific characteristics.  

Discrete Event Simulation (DES) is an effective tool to analyze complex 
manufacturing operations with product and process variability (Velumani and 
Tang, 2017). 
 
But is necessary to go further with DES, a survey conducted by a Swedish 

consultant company, which works with DES, has concluded that in order to take 



University of Skövde 

                                                                                                     Sergio Clavero Bernal 

Clara Fernández Perrote 

 

 XII 

full advantage of DES, there is a need for an automatic generated data-handling 

system which presents the appropriate data to the different stakeholders.  

To get that, data should be generated in clusters that can be easily categorized 

according to different scenarios. The scenarios evaluate or assess different 

simulation cases within a production system. Their aim is to identify the case in 

which the system performs better. Therefore, the relevant results from these 

scenarios are based on the system performance (THP; WIP, LT, CT, OEE, 

Utilization of Operations and Buffers, and Specific Data if required)(Barrera-Diaz 

et al., 2018), and an example of these scenarios are bottleneck analysis, batch sizes 

optimization or buffer optimization.  

 

 

There are other studies that have tended to focus on an assessment by key 

performance indicators (KPIs) such as lead- time, Overall Equipment Effectiveness 

and works in progress (WIP). Yet, modeling lean practices are possible within the 

various building blocks of most DES software, such that the simulation can be used 

to provide information about the effects of altering and improving lean practices 

while considering the trade-offs that exist between them (Omogbai and Salonitis, 

2016). 

In order to clarify some concepts mentioned above that are going to appear in the t 

later tests, the following performance measures are presented over here: 

 Throughput 

Throughput is the number of units of output a company produces and sells over 

a period of time.  

    
           

 
 

https://strategiccfo.com/what-accounting-system-your-company-should-purchase/
https://strategiccfo.com/payback-period-method/
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Equation 1 - Throughput per hour 

 Work in process 

This is a production and supply-chain management term describing partially 

finished goods awaiting completion. WIP refers to the raw materials, labor, and 

overhead costs incurred for products that are at various stages of the production 

process. 

 

    (                                    

                                     

                               

                            )                   

Equation 2 – Work in progress 

 

 Cycle time 

It refers to the time required or spent to convert raw materials into finished goods. 

 

 Overall Equipment Effectiveness 

An indicator that measures the effectiveness of industrial machinery and that is 

used as a key tool within the culture of continuous improvement. 
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Equation 3 – Overall Equipment Effectiveness 

2.3. AGVs 

The fourth industrial revolution it is not defined by a set of emerging technologies 

in themselves, but by the transition to new systems that are built on the 

infrastructure of the digital revolution. AI (Artificial Intelligence), IoT (Internet of 

Things), big data, cloud system will be integrated into the existing industry and 

service. The automated driving vehicle is the result of big data processing and deep 

learning. (Cheong and Lee, 2018) 

 

 

Automated guided vehicles (AGVs) have long been identified as a potential driver 

to improve system efficiency and lower labor costs in material handling systems. 

(Yan et al., 2018). AGVs are vehicles that do not require a driver to develop the 

activity for which they were designed, the transportation of timely merchandise in 

industries. 

 

To fulfill its main characteristic of navigating or circulating as an autonomous 

vehicle without the need for human intervention as a pilot, these vehicles have 

different guidance systems and a complex control and management system, which 

makes it possible to differentiate between two large groups: those whose 

management and control system does not communicate with the environment 

where they move, that is, they are autonomous and the system only manages the 

fleet of vehicles making them work automatically and without interacting with the 

environment; or complex VFA systems, in which fluid communications with the 

environment are common and fundamental, since these communications are used 

to manage the orders of the vehicles and the movements to be carried out at all 

times, communicating with the maintenance systems of plant, automatic doors, 

automatic warehouses, as well as the company's management software, be it an 

ERP, an SGA, etc. Framed in this second group will find the AGVs that will be the 

object of study for simulation in this project 
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2.4 Material Handling 

Defined as the movement, storage, protection and control of materials throughout 

the manufacturing and distribution process including their consumption and 

disposal.  Material handling systems are a fundamental element and a key factor to 

take into account in order to carry out the improvement of a production system. 

This is due to the fact that the costs incurred during the handling of materials 

throughout the production process represent a high percentage of the total costs 

over the whole line. 

 

In order to achieve world-class manufacturing statuses such as on-time delivery, 

high quality, and high production efficiency, an effective material handling system 

is necessary to support production processes (Halim et al., 2015) 

 

 

Conversely, to analyze any system in a precise way it is critical to choose adequate 

performance measures. 

A performance measure may be defined as a metric for quantifying efficiency and 

or effectiveness (Neely and Gregory, 1995) 

 

As applied to material handling systems, the effectiveness of a material handling 

system describes to what extent the system performs the required handling tasks, 

whereas efficiency describes how economically (in terms of resource utilization) 

these tasks are performed (Beamon, 1998). 

In the next point, some performance measures are described in order to get a better 

understanding of why certain data is chosen during the data collection and 

experiments stage. 
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3. Literature Review 

This chapter presents literature performed by other authors in the field of discrete 

event simulation. It will also describe cases of study where the use of AGVs and 

material handling is crucial to perform the model and to extract the final 

conclusions. 

3.1. DES applied to real systems 

In the study by Kogler C., Rauch P. (2018), a study of the behavior of a wood supply 

chain was carried out, taking into account issues like logistics and multimodal 

transportation. The results of the investigation show that using discrete event 

simulation for this case is something very suitable, which then helps to improve the 

overall effectiveness of the forest industry, since supply chain can be visualized 

through this simulation, taking a closer look into transport logistics and the general 

behavior of the entire process. This helps to understand how every part works, and 

from there, identify possible improvements or changes. 

 
The importance of getting high-quality data for this type of studies can be seen in 

the papers by Anders Skoogh, et. al., (2017), where bad, or inaccurate input can 

lead to simulation quality problems. This starts when collected data is assumed to 

be high quality and it is introduced in the simulation model, leading to unrealistic 

results that might differ severely from reality. This study shows the relationship 

between data quality problems and data production processes. Therefore,  

 

Another application of discrete event simulation to real-world processes can be 

seen in the survey made by JB Jun, SH Jacobson and JR Swisher (1999). This study 

was carried out to analyze the impact of changes in patient flow, which helps to find 

about the relationship between some variables like staff, rate of service, etc. This 

simulation was useful in order to establish things as patient routing, flow schemes 

or availability and allocation of resources. This study has several applications since 

https://silvafennica.fi/article/9984/author/18686
https://silvafennica.fi/article/9984/author/18687
https://journals.sagepub.com/doi/full/10.1177/0037549717742954
https://journals.sagepub.com/doi/full/10.1177/0037549717742954
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patient flow coming to a hospital can be related to material flow coming to a 

processing plant, where they need time and effort to be successfully treated. 

 

3.2. AGVs in simulation  

AGVs are in the role of the main transport system that can process all transport and 

handling carried out with maximum efficiency and accuracy. 

From the emergence of the first AGVs in factories to the establishment of AGVs as 

one of the most used vehicles in the manufacturing sector, the number of studies 

on them has not stopped increasing. In them, the different ways in which 

simulation can be optimized through this type of vehicles are shown. One example 

of this that that has also been taken into consideration has been the study carried 

out by Chen et al. (2019) in which an automated guided vehicle (AGV)-based flow 

production system for the manufacturing of the modular prefabricated products 

are explained. This paper gives an optimization method for the size arrangement 

station area and the storage area. 

In the following sections, it will be seen several articles that explain different ways 

of optimizing production systems with AGVs and some factors to take into account 

during these type of simulations. 

3.2.1 Computer simulation method for AGV systems 

To model an AGV system it is not necessary to focus solely on the movement of this 

vehicle. It will be essential to model places where material handling takes place as 

well as ways of transporting materials within specific areas.  

A study conducted by Neradilova and Fedorko (2017) explains the method of 

additional programming over the simulation field. In which the need for the use of 

simulation methods is expressed to model any AGV system with a minimum of 

complexity. 
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The creation of these methods helps the visualization of the different scenarios, 

also serves to prevent situations that cause a failure in the production chain and 

even to improve the development of the plant in a future vision. 

Method of additional programming is based on the use of programming language 

for defining the desired functionality within the simulation model. Using this 

method significantly expand the capabilities of most essential instruments in the 

simulation model. The method is based on the need to use basic programming 

commands and to master the syntax of the programming language  

3.2.2 Using Software Plant Simulation  

Many studies have been framed under the use of a common software, Plant 

Simulation Software. This is due to its benefits in terms of optimizing the 

dimensions of a system linked to the facilities for programming the lines. 

Viharos and Németh (2018) presented a study where a highly flexible heuristic 

algorithm is created. This algorithm can manage a wide variety of automatic 

assembly systems composed of robotic assembly stations and AGV based material 

handling,  and able to produce any product orders satisfying a given set of assembly 

and other conditions. To carried out every task, the model was developed with  

Plant Simulation Software in order to get a high level of flexibility in the methods 

and because of the complexity of the set of stations. 

3.2.3 Number of AGVs in a system 

Determination of AGV fleet size plays a crucial role in the performance of job shop 

environment. 

Many researchers have studied the AGVs behavior in a production medium. 

Valmiki et al. (2017) conducted a study addressing this point. 

 From that investigation what can be observed is that the increase in the number of 

these vehicles also increases the yield to a limit of saturation. From that point on, 
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what would increase would be the traffic flow and decrease the performance of the 

system. 

Also, it has been found that for a particular performance (specific throughput), the 

number of AGVs needed decreases for a bidirectional flow than for a unidirectional 

one. 

In order to simulate the traffic of AGVs, it is necessary to always take into account 

the following characteristics of these vehicles which play a key role in this task. 

Being these: 

 Carrying capacity of each AGV 

 Buffer size at machining stations 

 Number of pallets 

 Number of AGV’s  

 

All this will be taken into consideration when carrying out the experiments and the 

analysis of the project results. 
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4. Method 

In this chapter, the reader can find the research methodology followed to develop 

the project. In addition, the method used to create the simulation model and to do 

the optimization of the plant can also be found. 

4.1 Research Methodology 

The development of this thesis work is focused on four important sources which 

will be the support of it. 

The first one will be all the data collected from the plant located in Olöfstrom, the 

case of the study. The second one will be all the data collected by Volvo over the 

time, included in all their databases which will be crucial to perform the model and 

also it will be a part of the library in the software selected for this purpose. This 

leads to the third source, the software needed to build up the practical part of the 

project: Tecnomatix Plant Simulation. And the final source: the information 

extracted from the books and scientific articles that will lay the foundations of the 

final project. 

 

4.2 Method to approach a simulation model  

In order to get a functional model from reality, it is advisable to follow a guide to 

miss as little information as possible. In Figure 1 there are represented the twelve 

steps provided by (Banks et al., 1998), which cover all the processes that should be 

followed by the model builder.  
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Figure 1 – Steps to create a model 

  

4.2.1. Problem formulation  

The first step to create a model is to know in detail what the problem that needs to 

be addressed is. To do that, the case must be studied and analyzed carefully to 

identify the issues. This step is crucial for the development of the future project 

since it will be the base of all future experiments and conclusions.  
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4.2.2. Setting of objectives 

Once all the issues have been spotted correctly, the next step is to establish the 

objectives in order to fulfill the customer’s request. These objectives could be 

focused on profitability, performance, reducing inventory...  

In this stage, it can be also determined if the project can fulfill the needs of the 

request by taking the objectives and analyze them. If the planned objectives can be 

realistically achieved, then the process can continue to the next step. 

4.2.3. Model building and Data collection 

These two steps are connected since one cannot work without the other. In order to 

get a good model working, solid data background is needed. This is probably the 

most time-consuming step in the process since it takes a lot of time to get all the 

needed data from the real system, build the model, and transfer all the collected 

input data to it.  

The complexity of the model will be related to the amount of data it needs since a 

simplified model will require less information to run, while a complex model will 

need high amounts of data in order to create a virtual environment that can be 

compared to reality.  

4.2.4. Experiment design 

This stage will determine the approximate warmup time and number of 

replications needed in order to adjust the model to its allegedly real behavior. The 

warmup time is the amount of time needed for the system to start working 

continuously. In other words, it is the time where all the processes have become 

stable and therefore, output data becomes more reliable.  

The purpose of finding the number of replications is to make the obtained values 

more reliable since the more simulation runs are made, the more accurate output 

data will be. There will be a minimum amount of replications from which the 

obtained data will be considered valid. If results differ more than the acceptable 
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established amount, which will depend on the accuracy level required to achieve, 

more runs will be needed in order to obtain more reliability and less deviation.  

4.2.5. Document program and report results 

Once the model is working properly and results are satisfactory, it should all be 

well documented, so that the study case and the offered solutions can be studied 

and maybe even improved in future periods of time. These documents should 

include all, from the time used in each stage to the comparison of the current 

behavior of the real model with the theoretical behavior of the simulation model, to 

be later implemented.  

4.2.5. Implementation  

The final step in the simulation process is to implement the virtual model into the 

real world. This stage will determine if the results obtained from the model are 

accurate and if they are consistent with the real applications.  
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5. Description of Project process 

and simulation model 

This chapter presents how is the process in detail, all the data collected to build the 

model and also how was the creation in the software Plant Simulation with the 

resources employed for this purpose.  

5.1. Description of the overall process 

The simulation will be carried out in the area of fender cluster within the VCBC 

Upper Plant in which a total number of 13 different types of parts are processed. 

The processing of the same ones will be carried out along 4 different work stations.  

In Table 1, it can be seen in detail the type of piece treated in each station. 

 
 
 
 
 
 
 
 
 
 

Table 1- Parts processed per station 

 

 

 

This area has three different stores to which the AGVs access to pick up the pieces 

that will be processed, and after being processed, they return for their later 

dispatch. 

 

 

 

 

Stations Types of parts processed 

S1(1608) 3 (LH_V426,RH_V426,RH_PHEV_V426) 

S2(1706) 5 (LH_316,RH_V316,LH_PHEV_V316,LH_V43X,LH_V433) 

S3(1001) 3 (HUV_S60/V60, HUV_V43X,HOOD_V426) 

S4(1407) 1 (XC40) 
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5.2. Data Collected 

Within the data collected for the development of the model, we find specific data on 

the characteristics of the AGVS that are collected in Table 2. 

Other kinds of data gathered are part inputs such as the processing time of the 

parts in each station, times in the tool changes in the stations, or quantity of parts 

per pallet depending on the type of part that moves each pallet. All this information 

was given by the Olofström plant and used to build the model according to the real 

behavior. 

 

 

 

                                                                                                          

 

 

 

 

 

 

 

 

 

 

 

 
Table 2 - AGVs data 

 
 
 

  

AGV DATA 

Speed 1,0m/s 

 

% Blocking 20-30% 

 

% Charging 20-30% 

Carrying capacity 
1 Pallet 
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5.3. Overall production strategy of the model  

In relation to the strategy followed for the production, it has been followed by a pull 

strategy inside the production management systems. 

In this kind of inventory management, the idea is that the production and 

distribution system reacts according to demand in real time. Both production and 

replenishment of products are executed under these Pull directives. 

The goal of a Pull system is to reduce manufacturing waste, reduce costs associated 

with stockholding, and improve the efficiency of sourcing processes by generating 

and shipping only the right goods at the right time. 

In order to achieve this, a table has been created that will contain the list of orders 

in which the orders will be accumulated. 

When a station finishes processing all the pieces contained in a pallet, the station 

sends two orders to the list. One to a free AGV to pick up the finished parts and 

another order sending another AGV to the warehouse for a new batch of new parts 

to process. 

In Figure 2, the part of the code that assigns a new order to a free AGV can be seen. 

This code enters the AGV list (Table 2), and checks one by one their status and 

destination. If the AGV has no destination, it means it is free, therefore it gets the 

new order given by the station. This means the AGV will go pick up the new 

material and transport it to the proper destination. The code will automatically 

change the AGV status so the program know it is no longer available until it has 

finished its order. 
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Figure 2 – Method 1 

 

To assign these orders to the AGVs, a second table has been created, linked to the 

first one, which contains three columns. This table in the software is shown in 

Table 3 

In the first column, there is a list of all the AGVs that circulate in the plant, which 

are added automatically once they are created in the source. In the second column 

the status of the AGVs is described, distinguishing between three different states 

that are: 

o “Pick up": The AGV is on its way to the warehouse to pick up new parts to be 

processed. 

o "Carrying": The AGV is taking the processed parts to the corresponding 

warehouse. 

o "Charging”: The AGV is free so it will be charged to a Charging Point 



University of Skövde 

                                                                                                     Sergio Clavero Bernal 

Clara Fernández Perrote 

 

 XXVIII 

The third column would contain the destiny of the AGVs, this way we have 

controlled at any moment the movements of the same ones. 

The orders will be assigned to the first AGV that is free at that moment following 

the order of the table. 

 

 
 

Table 3– AGVs status, destination, and location 

 
 

5.4. Model description 

This section will explain in more detail the parts of the model developed to achieve 

a replica of the plant in depth. 

5.4.1. AGV pool 

An AGV generator has been created, inside it, an AGV source manages the number 

of AGV that will be will be moving in the production line. This generator creates the 

transport model included in Plant Simulation, with some changes made to their 

capacity and icon design. 

5.4.2. Packages pool 

A parts generator and a pallet generator have been also created. Each generated 

part will be loaded into a pallet through a transfer station. 

A generator has been set up for each type of part and another generator for each 

type of pallet. This is due to the fact that the capacity of the pallets changes 

depending on the type of pieces that are going to be housed inside. In addition, 
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each pallet can only load one type of piece or what is the same thing, It is not 

possible to mix different types of pieces in the same pallet. 

In Figure 3, different sources for different parts can be seen. With a 

TransferStation in between the part and the pallet, which has the task of loading 

these pallets with the correct part type. 

Once the pallet is full, it is transferred to a buffer in the main Layout, where it will 

wait until a new order is given to the signal for an AGV to come and pick it up. 

 

Figure 3 – Parts and Pallets pool 

  

5.4.3. Machine data 

A special table from Volvo Plant Simulation library is used to enter the data for 

each processing station. Through this table, the data entered in it are applied to 

each of the stations. Processing time, availability and change of die times, are 

directly included in this table, where they will be applied to the proper station. 
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5.4.4. Charging points 

Nine charging points equivalents to the nine that remain in VCBC Upper Plant, 

have been simulated. In order to do this, a method has been created. The method 

works in such a way that when an AGV is free, a charging point is assigned to it. 

To achieve this, a table has been created with the list of the 9 charging points that 

exist in the model with their corresponding status, being able to differentiate 

between occupied, pending or free. 

o “Occupied": There is an AGV charging at that charging point. 

o "Pending": There is an AGV on the way to that charging point. 

o "Free”: The charging point is empty. 

For when an AGV is free the method checks the charging points status through the 

table, and the first one that is free will be assigned to the AGV as the destination. 

 

 
Table 4 - Charging points status 

 

5.4.5. Order system for operation 1407 

A method has been created that checks the output buffer of station 1407. When the 

pieces are processed they go to a buffer where they wait for the pallet to be 

completed.  

The method checks the buffer and sends a new order to the system once the desired 

number of processed parts has been achieved. The station asks for a new order 
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once 90% of the parts have been processed, although this system can be regulated 

depending on how soon or late the pre-signal is required to be.  

 

5.5. Warm -up time and Replication Analysis 

To apply a warm-up to the simulation, several simulations were carried out in 

which it waited until the simulation delivers a stable output. 

One day was obtained as a result and that was the time that was set in the 

EventController in the field statistics.  

Several experiments were also carried out to set the number of replications in 5. In 

addition, the simulation horizon is set to 7 days, since from that date the data reach 

a stable state where no variations can be observed.  

This implies shorter simulation times, since a 30 days simulation requires around 1 

hour to finish, while 7 days simulation run takes around 15 minutes, obtaining the 

exact same results in both cases. 

 

  

Figure 4  -Settings for Event Controller 
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6. Verification and Validation of 

the Model 

After the stage of Experiment Design (4.2.4.), a verification of the model must be 

carried out to prove that it is valid and therefore the data obtained through it are 

reliable. 

6.1. Verification Process 

The verification process was carried out through meetings with the flow simulation 

supervisor at Volvo Cars. 

In these meetings, the state of the model was reviewed and the way in which the 

processing of the parts and the flow of the AGVs work. In short, it was checked out 

that the model, in general, worked as the Volvo´s line in reality. 

6.2. Validation Process 

The validation process has been carried out by comparing the simulation outputs of 

the simulation model with the outputs data provided by Volvo. 

In this way, two types of data have been compared: the OEE together with the TH 

recorded by VCBC over a year as opposed to the OEE and TH data obtained from 

the simulation of the model. 

In the next graphs, comparison data will be shown in order to validate the built 

model. This can be done considering the small differences between the data 

obtained from Volvo, and the data obtained from the model built in Plant 

Simulation. 
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In Figure 5, it can be seen the comparison of the OEE between the official Volvo 

data and those obtained from the simulation of the first model. In Figure 6 the 

difference between the real and the simulation obtained throughput is compared. 

Figure 5 – OEE in the Processing Stations 
 

 
Figure 6 – Throughput error between data and the model 

  



University of Skövde 

                                                                                                     Sergio Clavero Bernal 

Clara Fernández Perrote 

 

 XXXIV 

In this way, it is checked what the simulated model matches with the real factory.  

In Figure 6 and Figure 7 it is possible to verify the percentage of error in which they 

have incurred comparing both results. For the throughput, a maximum error of 

5,99% is obtained, while in the OEE, this error is reduced up to 0,55%, according to 

the results. 

 

Figure 7 - % OEE Error 
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7. Model implementation 

As a way of optimizing the model, the idea has been incurred to create an order 

system like the one existing in operation 1407, but extend its use to all operations 

in order to go beyond within the Pull System strategy with the aim of achieving 

greater performance throughout the model. 

8. Experiments and results 

This chapter will explain the experiments proposed by the AGV department of 

Volvo Olofström, as well as the results of the implementation of the model. 

In the figures below, it can see the flow of AGVs in the current plant (one track) 

while in the next one it can see the flow of AGVs with two tracks. 

8.1. Test of 1 lane traffic vs 2 lane traffic  

This first experiment is intended to compare AGV traffic with one lane t in the 

main avenue of the model as opposed to the traffic having two lanes in this avenue.   

After having carried out the corresponding experiments with each of the models, 

the following results are obtained, presented in the following graphs: 

Figure 8 represents the variation of the TH with the addition of the new lane. As 

can be seen, the TH increases in all operations with the extra lane added and 

especially in the OP1608. This is so because this operation is accessed through this 

principal avenue of the plant where the case of study is laid. 
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Figure 8 - Throughput Variation One lane VS Two lanes 

 

Meanwhile, Figure 9 represents the OEE data collected in the two experiments plus 

an extra column with the official data provided by VCC.

 

Figure 9 – Comparison of OEE 



University of Skövde 

                                                                                                     Sergio Clavero Bernal 

Clara Fernández Perrote 

 

 XXXVII 

8.2. Test solutions for the number of AGVs in the 

area.  

 
This experiment has been carried out with the purpose of obtaining the ideal AGV 

number that should circulate in the area of the VCBC Upper Plant that has been 

simulated. 

In order to do this, several tests have been carried out varying the AGV number, the 

results of which can be seen in Figure 10: 

 

Figure 10 - Variation of the OEE depending on the number of AGV 

 

A range of between 3 AGVs and 8 AGVs has been established to cover the plant 

area. The results show how an increase of the AGVs means a gradual increase of the 

OEE to a certain point (6 AGVs) where the growth of the OEE stagnates and 

remains stable. 

Therefore we can determine that 6AGVs are the optimum number of vehicles that 

should circulate through the system. 
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8.3. Test solutions of the movement of Fender 

Storage to North Storage. 

 
This experiment consists of the movement of the Fender warehouse to the North 

warehouse. With this proposed change, all the parts that this warehouse kept ready 

to be processed were moved, changing their origin storage to the North storage. 

As a result of this test, a negative variation in the TH can be observed, this is due to 

the increase of the distance of the new warehouse, which means a bigger 

displacement of the AGVs. All of this affects productivity in a negative way as can 

be observed in Figure 11 and Figure 12: 

 

 
Figure 11 –  Throughput Variation after Fender Storage Replacement 

 

Figure 11 represents the percentage of variation of the TH after the replacement of 

the Fender store, it is observed how the disappearance of the store entails a 

considerable decrease of the TH, especially affecting OP1706 and OP1608, which 

are the stations that get material from this warehouse. 
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Figure 12 – Variation of the OEE after the Fender Storage replacement 

 

Figure 12 represents the variation of the percentage of OEE after the replacement 

of the Fender store. Two different bars can be observed for each operation, the first 

one represents the percentage that decreases OEE by eliminating the Fender 

storage in the model of one track while the second bar represents the percentage of 

OEE that decreases by eliminating the Fender storage in the model of two tracks. 

In general,  it is observed that for either of the two experiments the percentage of 

OEE decreases, noting a more pronounced decrease in the case of the experiment 

in which the storage is replaced in the model of one track. 
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9. Discussions and Conclusions 

An overall evaluation of the project will be carried out in this chapter. First, the way 

in which the project has been completed will be dealt with, together with its 

objectives. Finally, various issues that have arisen during the implementation of the 

Project will be dealt with. 

9.1. Discussions 

One of the initial objectives was to simulate the Olofström production line in the 

two most commonly used simulation software; Facts Analyzer by Evoma and Plant 

Simulation by Siemens. 

Derived from the problem of the complexity of simulating the line finally the model 

could only be elaborated with Plant Simulation. This is so due to the complexity of 

the main objectives and goals and the level of detail required to answer them. In 

Plant Simulation and with the VCC standard all objects used in a production line 

such as VCBC Upper Plant can be implemented and will, therefore, be a more 

faithful representation of the real model.  

 

Generally speaking, there have been no major problems when building the model 

in the software; Plant Simulation, as there has been enough data on the inputs to 

create an almost exact recreation of the actual production line. The biggest 

problems have been to build the model so that the flow of AGVs works as in reality 

as well as the processing stations. 

Finally, a model has been satisfactorily achieved whose outputs are almost 95.5% 

closer to the real ones. 
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9.2. Conclusions 

As discussed before that there were basically three main objectives for this project: 

 Comparison between single lane flow with two-way traffic flow  

This was the main objective just after the construction of the simulation model. 

After several experiments, it has been proved that effectively the addition of a road 

to the main avenue over the model improves the efficiency of the model. This 

means increased efficiency and cost savings. 

 Test the number of AGVs  

Another objective was to investigate the number of AGVs needed to optimize their 

circulation throughout the area. Conducting various experiments it has been 

concluded that 6 AGVs is the optimal number to maximize the efficiency of the 

production since more would mean problems in traffic and a decrease. Therefore 

this data represents a change between the before and after the management of the 

flow of AGVs in the area. 

 Elimination of the Fender Storage 

At the end of the experiments, several tests were carried out to verify the result of 

dispensing with one of the three warehouses along with the model. It was possible 

to verify that there were stations that could reach up to a 17% decrease in TH. 
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10 Future Work 

The next steps would be both to continue working on the improvement of the 

current model with several future experiments on the line. 

In addition one of the visions of the future would be the one of extending the 

simulated area, being able to come to extend the simulation to the whole VCBC 

Upper Plant. This would make it easier for us to analyze the whole plant in a more 

general way, being capable to apply corrections on the whole plant to improve the 

efficiency of the model. 
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Appendix-I 

 

TIME PLAN 
 

January to June 2019 the time plan for the Project is following: 

 

January to February             Literature Review and Simulation Model 

 

These months will be focused on the study that the project will be based on. First, a 

problem description will be carried on and also The Theoretical framework will be 

completed at this stage. About the practical part, a first simulation of the model will be 

made. 

 

 January 23  First meeting in Olofström. 

 January 31  Startup meeting AGV Simulation. 

 February 1-20  Elaboration of Introduction, Theoretical 

framework and    Literature Review. 

 February 20                  Presentation at Volvo Cars. 

 February 11-28 Build Simulation Model. 

 

March to April                    Model Optimization and Methodology 

 

This period will be focused on studying the solutions that can be applied to optimize the 

model. To do that, different models and the respective comparisons between them will be 

built up. Regarding the theoretical part, it will continue with the explanation of the Method 

that will be applied to elaborate on the model. 

 

 March 1-15  Simulation of one traffic lane model and two 

traffic lane     model. Comparisons. 

 March 10-20  Description of the Methodology followed. 

 March 11  Hand-in mid-term report for the university. 

 March 18  Mid-Term Presentation for the University. 

 March 15-31  Optimization experiments in a specific area inside 

the     model. 

 April 1-20  Test of different solutions in specific parts of the 

model. 

 April 20-30  Explanation of the simulation. 

 

 

 

 



University of Skövde 

                                                                                                     Sergio Clavero Bernal 

Clara Fernández Perrote 

 

 XLV 

 

 

 

 

May to June 

 

This is the phase where the project will come to an end. The final touches will be carried 

out in the simulation model and also the analysis of results. 

 

 May 1-5   Description of the Optimization Experiments. 

 May 5-10  Analysis of results and Discussion. 

 May 10-22  Final Retouch of the document and preparations 

for the     presentation. 

 May 28  Thesis Work Final Presentation for the University. 

 June 7   Hand-in Final Year Project Report. 

 June w1   Thesis Work Final Presentation for Volvo Cars. 

 
 
 

 
 
 


