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Abstract 

Forklifts are often used to supply material to the manufacturing line. Despite their flexibility, forklifts 

have many disadvantages! Volvo Europe Trucks would like to investigate the feasibility of designing a 

forklift free factory. 

After executing a short feasibility study, it was decided that a more detailed study was needed to 

investigate the alternative transportation systems. No off the shelf solutions were available. In fact, it 

was needed to think about a whole redesign of the logistical concept and not only to focus on the 

transportation systems. Supply of materials by using kits, repacking and new technologies for 

material handling were all part of this study. Simulation would play a major role in this innovative 

research project. 

Chapter 1 contains a brief literature study about transportation systems and some general 

definitions about kitting versus bulk feeding. 

Chapter 2 starts with explaining the build-up of the simulation model, which was done on an iterative 

basis. We have combined scripting and the use of a simulation software to make the iterative process 

easier. After this introduction, an overview of the simulation model is given. Afterwards, we are 

giving an overview of the VET specific input parameters used for the simulation model.  

Chapter 3 contains the results of our simulations. For each scenario we start by explaining the basic 

results, before analyzing several what-if scenarios such as delays, limitations of carriers, limitations of 

loading stations, peak loads, reaction times, robustness of the system, influence of the buffers, worst 

case scenarios,etc. 

Chapter 4 summarizes the main conclusions. 

As annex. two accepted conference papers, one extended and one normal paper, were added to this 

thesis.   

Keywords 

Forklift free factory, tuggers, AGV, EMS, kitting 



 

The feasibility of a Forklift Free Factory:            

a simulation model in the automotive industry 

Tim Govaert 

Supervisor: Prof. dr. ir. Hendrik Van Landeghem, 

Kurt De cock 

 
 

KEYWORDS 

Forklift Free Factory, EMS, AGV, tugger, kitting 

 

ABSTRACT 

This article describes the results of a large project 

executed in the automotive industry. The goal of 

the project was to simulate different transportation 

systems (EMS, AGV and tugger) in order to 

compare their performances. In our simulation, we 

focused on investigating the following parameters: 

amount of loading stations, equipment and 

operators needed, storage place at the line,… 

 

 

INTERNAL LOGISTIC FLOW 

Bulk versus kit 

Today, two different types of packaging, blue boxes 

and pallets, are brought to the line, where there is 

an inventory of parts. This line delivery strategy is 

called bulk feeding. 

In this thesis, we investigate the possibility of 

bringing the parts to the line in kits. This means 

that, for every vehicle, a number of carts is made, 

containing every single part that needs to be 

mounted on that vehicle.  

 

Transport systems 

In the current situation, most line delivery is done 

by forklifts and partially by tuggers. In this thesis 

we investigate alternative transportation systems: 

 Electrified Monorail System (EMS) 

 Automatic Guided Vehicle (AGV)  

 Tugger 

 

MODEL GENERATION 

For the generation of our model we have chosen to 

combine a commercial simulation package 

(Siemens Plant Design) with a free-to-use 

programming language (Python). Using this 

method, we were able to generate the factory lay-

out in a very flexible and cost effective way. 

In order to load all the kits on the transport carriers 

in the supermarket, a certain amount of loading 

stations are simulated. The kits are then transported 

to the assembly line by using one of the above 

mentioned transport systems. At the assembly line 

the kits are unloaded at a drop-off station. Due to 

the high investment cost, we will try to limit the 

amount of drop-off stations. The unloaded kits are 

then stored in a buffer.  

 

MODEL OUTPUT 

There are three kinds of output generated while 

running the simulation model: 

 Log messages that are written to a log file 

 Statistics of the objects in the simulation 

model after running a scenario 

 Visualizations 

RESULTS 

In Table 1 you can see an overview of all the 

simulated scenarios: 

EMS Scenario MOD_A 

AGV Scenario MOD_B 

Tugger Scenario MOD_C 

Table 1: overview of the simulated scenarios 

 

For all scenarios a takt time of 10’03’’ was 

considered. 

 

Scenario A 

A. Standard case 

We first simulate a starting scenario under starting 

conditions. For all the starting parameters the 

working interval, upper or lower boundaries and 

ideal values are investigated. 

The maximum time that can be used to replace a kit 

is the takt time. In our standard case, the maximum 

time used to replace a kit is 8’16’’. As a 

consequence, no errors occurred. 1’ 47’’ is the 

margin that is still left for unexpected interruptions 

The majority of the kits are loaded in a very short 

time period. Nevertheless we also see that peaks up 

until 2’41’’ for loading the kits exist. The 

maximum amount of carriers that are used at the 

same moment is 113 



 

B. Variation in the loading stations 

If we decrease the amount of loading stations we 

see that the replenishment time will gradually 

increase until the moment we are working with only 

14 loading stations. At that point, the maximum 

replenishment time is bigger than 10’03’’ 

In a second step we will further decrease the 

amount of loading stations while working with a 

buffer of 2 kits. As a conclusion we can say that an 

extra buffer helps us in overcoming the peak loads 

of replenishment orders that are often released. 

C. Variation in the amount of EMS carriers 

In the standard scenario the maximum amount of 

carriers that was used at one point was 113. We see 

that we can easily decrease the amount of carriers 

to 91 without increasing the replenishment time 

D. Variation in the EMS speed 

We can conclude that in the standard case the EMS 

speed can decrease from 1,8m/s til 1,4m/s before 

significant problems will appear.  

E. Time-shift of the kits delivered to the same 

workstation 

Until now all the kits in a workstation are requested 

at the very same moment. As a result, big peak 

loads are released in the supermarket and at the 

loading stations. As a first step we will release all 

the kits in a workstation evenly spread during the 

takt time. The impact is stunning! The amount of 

loading stations needed to run this scenario has 

decreased drastically. Also the amount of carriers 

that is needed to run the scenario is significantly 

less. 

F. Time-shift of kits delivered to different 

drop-off stations 

In all previous scenarios, all the drop-off stations 

send a request for the first kit at the same moment. 

Depending on the transport time to the specific 

drop-off stations we can request the kits earlier in 

order to have some extra available replenishment 

time. As a consequence we are again reducing our 

peak loads. This reduction will lead to a decreased 

need of capacity at the loading stations and less 

buffers at the line. 

Scenario B 

In this scenario, the delivery of the kits is done by 

Automatic Guided Vehicles 

Despite the investment in 270 AGVs and in a 3-kit-

buffer, the model could not supply the kits on time 

due to the low speed of AGVs. The congestion was 

sometimes so big that several areas got blocked for 

a longer amount of time. 

Scenario C 

A. Standard case 

The difference between scenario A and C is that 

scenario A is faster in transporting the kits but is 

slower in unloading the kits at the workstation. For 

scenario C all 7 kits are off-loaded at the same 

moment. 

B. Variation in the amount of loading stations 

We can conclude that 4 to 5 loading stations will be 

enough. Here it is important to remind that one 

loading station consists of 7 small loading stations 

that can each load one kit.  

C. Variation in the amount of tuggers 

As we are using manned tuggers, a high operating 

cost is attached to each and every tugger that is in 

use. we are able to manage the replenishment as 

long as we have 15 tuggers. 

D. Variation in tugger speed 

The average speed of a tugger is influenced by 

several factors. Human interaction, the experience 

of the driver and the amount of tuggers driving at 

the production floor are only some of the 

influencing factors. If we decrease the speed we see 

that the delivery time increases step by step without 

exceeding the takt time of 10’02’’, as long as the 

speed is at least 1m/s. 

E. Time-shift of kits delivered to different 

drop-off stations 

We can conclude that the time-shift for tugger 

transport can be bigger than the time-shift for 

transport via EMS. This is due to the fact that 

transport via tuggers is slower. 

 

CONCLUSIONS 

AGVs are not suitable for delivering kits to the line. 

Both EMS and tuggers are a considerable 

alternative. The biggest opportunity for the 

company to decrease the investment cost is to lower 

the peak loads. This can be done by introducing a 

time-shift between the different replenishment 

signals. 
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1  Literature review 

1.1 Problem statement 

The internal logistics within most production plants are currently based on forklifts. They transport 

the different goods throughout the factory. Forklifts are proven to be flexible because their duties 

can easily be adapted to changing situations and environments. On the downside, they are also very 

inefficient and prone to accidents on the work floor. For all these reasons, we wanted to investigate 

if alternative transportation systems could be used to provide all parts to the assembly lines. First, a 

feasibility study was carried out. This study pointed out that only replacing the transportation system 

is not very cost effective. Therefore, alternative material flow and line delivery strategies needed to 

be investigated [1]. Rough calculations in the feasibility study also showed which strategies were not 

worthwhile investigating and which were. The best fitting line delivery systems were designed using 

a detailed simulation model in Plant Simulation, a software package of Siemens PLM Software [11]. 

This thesis deals with the selection of the most appropriate materials handling equipment for the 

supply of parts to an automotive assembly line. The Material Handling Industry of America defines 

material handling as follows [7]: 

Material Handling is the movement, storage, control and protection of materials, goods and products 

throughout the process of manufacturing, distribution, consumption and disposal. The focus is on the 

methods, mechanical equipment, systems and related controls used to achieve these functions. 

In contrast to logistics, material handling thus focuses not so much on the organization of flows but 

on the mechanical equipment, systems and related controls. Material handling contributes a big 

percentage into product value [5]. Tompkins et al. [13] indicate that material handling represents 

between 15% and 70% of the total cost of a manufactured product, and between 20 and 50% of total 

operating expenses in manufacturing. 

In this thesis I will focus on one aspect of material handling, i.e. the movement of materials within a 

manufacturing plant. The main purpose of this research is the wish of VET to evolve towards a forklift 

free factory. Cottyn et al [1] explain the advantages and disadvantages of forklifts. The number of 

forklifts is always strongly over-dimensioned because of transport fluctuations, the performance of 

the forklifts is depending on the traffic in the plant and the factory lay-out and finally, because it still 

is manual transport, the human factor is vulnerable to social disruptions. Thus the flexibility that 

forklifts offer causes a great loss of efficiency. Moreover, the greatest driver to go forklift free is the 

issue of worker safety [3,9]. Forklift injuries are numerous and are a number one reason to avoid 

them on the shop floor. For this reason, a study is carried out to investigate some possible alternative 

Vehicle-Based Internal Transport systems (VBIT). 

In Figure 1, a classification is given for internal transport equipment. We will focus on motor-driven 

mobile internal transport equipment for horizontal movement.  
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Figure 1: classification of internal transport equipment (adapted from De Koster) [2] 

Complex expert systems exist for the material handling equipment selection problem based on 

analytical methods, knowledge-based methods, or hybrid approaches [8, 14]. However, in our 

research we want to do a parametric analysis to investigate the impact of three different systems, i.e. 

an Electrified Monorail System (EMS), Automatic Guided Vehicles (AGV) and tuggers. A simulation 

model is used to predict the behavior of the real-life situation and to generate new insights. 

 

1.2 Bulk versus kitting 

In the situation as it is today, parts can be delivered by the supplier in two different types of 

packaging: blue boxes and pallets. These packages are respectively stored in the plant in the small 

box warehouse (SBW) and the high bay warehouse (HBW). When needed, these boxes and pallets 

are brought to the line, where there is an inventory of parts. This line delivery strategy is called bulk 

feeding. 

In this thesis, we investigate the possibility of bringing the parts to the line in kits. This means that, 

for every vehicle, a number of carts is made, containing every single part that needs to be mounted 

on that vehicle. These kits are then brought to the line in the sequence they need to be mounted on 

the vehicle. The assembly of kits is done in an area which we call the supermarket.  

 

1.3 Transport systems 

In the current situation, most line delivery is done by forklifts and partially by tuggers. In this thesis 

we investigate if other transportation methods can be used. A feasibility study showed that a number 

of alternative transportation systems might bring a solution for the different problems that are linked 

with the use of forklifts: 

• Electrified Monorail System (EMS): The Electrified Monorail System consists of an overhead 

track that runs along the different lines and pre-assemblies and connects them to the 

supermarket. On those rails a number of individual powered carriers transport the material. 

At each drop-off point, a drop-off station is installed. To limit the number of drop-off stations 

at the line, this transport system is only used in combination with full kitting. 
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• Automatic Guided Vehicle (AGV): The automatic guided vehicle is a mobile robot that is able 

to follow markers or wires in the floor. AGVs consist of a pull unit with a certain number of 

carts behind it.  

• Tugger: Like the AGV, a tugger also consists of a pull unit and some carts behind it. The main 

difference with AGVs lies in the fact that tuggers are driven and loaded and unloaded 

manually by an operator. 
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2 Simulation model 
 

2.1 Description of the model 

In this chapter we discuss the simulation model in detail. We start with the model requirements. 

Next we tell something more about the tools we have used to build the model. After that we explain 

in detail what we built, the custom library and the simulation model. Then we explain how it works 

en what it does, which output it generates and finally we describe how to use it. 

 

 

Figure 2: the complete simulation model 

Figure 2 features a screenshot of the complete simulation model with the three main assembly lines 

plus all pre-assembly lines and line suppliers.  

Let’s start with the model requirements and the tools we have used to build the simulation model. 

2.1.1 Model requirements 

• Automatic generation of the assembly lines 

The Volvo factory contains a huge amount of workstations, which can change very often. 

Therefore, it was decided that the generation of the workstations in the model should be 

automatic and very flexible. In this way, different factories or subparts of the factory can be 

easily generated and simulated.[4] 

• Dynamic buffer generation  

A lot of parts need to be stored at the line, in order to be consumed when the corresponding 

chassis passes the workstation. The parts can be bulk fed or brought at line in kits [6]. In the 

case of bulk, this results in a huge amount of buffers at the border of line. To draw this 

manually would be too time consuming especially in the light of a changing plant layout. In 

the case of kitting, the configuration of the buffers will change with the type of transport.  An 

automatic generation of these buffers could drastically decrease the modeling time. [4] 
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2.1.2 Which tools are used ? 

 

A. SIEMENS Plant Simulation 

 “Plant Simulation is a computer application developed by Siemens PLM Software for modeling, 

simulating, analyzing, visualizing and optimizing production systems and processes, the flow of 

materials and logistic operations. Using Tecnomatix Plant Simulation, users can optimize material 

flow, resource utilization and logistics for all levels of plant planning from global production facilities, 

through local plants, to specific lines. Within the Plant Design und Optimization Solution the software 

portfolio, to which Plant Simulation belongs, is — together with the products of the Digital Factory 

and of Digital Manufacturing — part of the Product Lifecycle Management Software (PLM). The 

application allows comparing complex production alternatives, including the immanent process logic, 

by means of computer simulations. Plant Simulation is used by individual production planners as well 

as by multi-national enterprises, primarily to strategically plan layout, control logic and dimensions of 

large, complex production investments. It is one of the major products that dominate that market 

space”. [12] 

Plant Simulation supports object-oriented programming. Users can build their own objects or extend 

the functionality of the objects in the standard library of the program. The application has his own 

scripting language, SimTalk which users can use to implement extra functionality or can automate 

tasks. With the use of SimTalk we could meet the model requirements of automatically generating 

the assembly lines and the dynamic buffer generation. To build the simulation model we have 

developed a custom library of simulation objects (.volvo). 

 

B. Python 

 “Python is a programming language that lets you work more quickly and integrate your systems 

more effectively. You can learn to use Python and see almost immediate gains in productivity and 

lower maintenance costs. 

Python runs on Windows, Linux/Unix, Mac OS X, and has been ported to the Java and .NET virtual 

machines. 

Python is free to use, even for commercial products, because of its OSI-approved open source 

license.” [10] 

Because it’s cross-platform, free , easy and very fast Python was a good tool to convert the exported 

database files of Volvo into a data structure that meets the model requirement of dynamic buffer 

generation. 

 

2.1.3 The Volvo Library (.volvo) 

We made a custom library folder containing all the custom objects we have used to build the 

simulation model. Most of them are custom made objects build with standard library objects and 

custom written ‘SimTalk’ methods, others are just  extended standard objects (extra attributes or 

methods) and some are just preconfigured standard objects. 
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Figure 3: screenshot of the custom Volvo library (.volvo) 

 

In Table 1 the previous mentioned classification of the library objects can be found: 

Custom build objects Extended standard objects Preconfigured standard objects 

StationA 

Station 

StationL 

StationR 

FSource 

LineSupplier 

SM 

BiStation 

BiAssemble 

TwinStation 

PreAss 

PreAssembly 

Chassis 

Parts 

Transporter 

Container 

Track 

SingleProc 

Store 

Buffer 

PlaceBuffer 

Assembly 

CreateStationTable 

StackFile 

QueuFile 
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BiStationAV 

StartChassis 

StartChassisTwinL 

StartChassisTwinR 

StartChassisMix 

OutputPre 

PreAssStation1 
Table 1: classification of the library objects 

 

A. The main frame (.volvo.Frame) 

Main element or object in the library is the ‘Frame’ object which contains the actual simulation 

model. Figure 2: the complete simulation model is a screenshot of that main frame (some objects are 

left out of the picture like the ‘SimTalk’ methods that are called by the simulation and also some 

other objects that are used in the automatic generation of the assembly lines). 

Table 2 are the methods in the main frame that are called when running the simulation and 

therefore are needed to run the simulation. 

 

Name Argument(s) Return value of function 

QHowManyInContainer String identifying a buffer Integer with as value the number of parts 

that are in one container in that buffer 

QWhichTrack String identifying a buffer String with as value the path of the track to 

which the buffer belongs to. 

bufferMessage Object reference to a 

buffer 

Sends a message that a buffer has empty 

space to one of the line suppliers. It finds the 

correct line supplier by reading out the 

‘supplier’ attribute of the buffer. Then 

triggers the line supplier to call for transport. 

Finally it writes an ‘msg’ record to the log file.  

ibufferMessage Object reference to a 

buffer 

Does the same as the previous 

‘bufferMessage’ but is used during 

initialization of the simulation model. 

asktran Object reference to a 

track in the line supplier 

Sends a signal to the transporter pool and 

sets the ‘Destination’ attribute of the 

transporter that receives the signal. The 

transporter then drives to the destination 

which is a track on the line supplier. 

poolin None Writes a ‘poi’ log entry to the log file when a 

transporter enters the transporter pool 

pooluit None Writes a ‘pou’ log entry to the log file when a 

transporter leaves the transporter pool 
Table 2: methods in the main frame 

The other objects in the library can also be classified into one of these categories:  

• line suppliers 

• transportation system  

• border of line (BOL) storage buffers 
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• workstations that make up the assembly line  

• movable units (MU’s) 

• sources of the chassis’s 

We now describe each category, first in the context of the Volvo plant and thereafter how these 

components are implemented in de simulation model. 

 

B. The line suppliers 

An assembly line can only work well if the parts or components that need to be assembled are 

delivered in a systematic way. They don’t go straight from the external third party supplier to the 

line. They are first stored in warehouses and/or supermarkets, the so called line suppliers.  Pre-

assemblies can also be considered as line suppliers. Pre-assembly stations assemble parts coming 

from supermarkets and warehouses to bigger or more complex components that are needed by the 

main assembly line (like the axes of the trucks for example). The difference between warehouses and 

supermarkets is that the latter is a logistical area where kitting takes place. Warehouses only store 

parts. This differentiation is actually not relevant for the model as kitting is not implemented in the 

simulation model itself. In the model only the output buffers of line suppliers are relevant which are 

the same for warehouses and supermarkets. The first buffers bulk parts while the latter buffers kits. 

The only real difference between the line suppliers in the bulk and the kitting scenarios is the amount 

of loading stations at the line supplier.  

 

Figure 4: the 'line supplier' object 
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 In the library we created a general ‘line supplier’ object  and a supermarket object 

(‘.volvo.LineSupplier’ and ‘.volvo.SM’). In the simulation model they represent the squares with the 

five dots (see Figure 4). We use five instances of the supermarket object representing the five line 

suppliers at the Volvo plant (HBW, SBW, WOW, VOOR and KIT). The bottom part of Figure 4 shows 

the inside part of the line supplier or supermarket object.  A short explanation of it’s most important 

elements: 

• bufferMessage  

‘CardFile’ object where transport requests arrive when a buffer of a station has an empty 

space.  

• B  

Buffer where the containers are waiting for a transporter.  

• T  

Offload station. When an empty transporter passes the sensor it will move a container from 

the buffer B onto that transporter.  

• ITrig  

During initialization this function fills the buffer directly with a container instead of using a 

transporter.  

Table 3 lists the methods of the line suppliers that are called during the simulation run: 

Name Argument(s) Return value of function 

trig String code identifying 

which side of the station 

will be consumed 

Is called or triggered by the function 

‘bufferMessage’ in the main frame. It creates 

a container in the ‘B’ buffer of the line 

supplier. It sets the ‘Destination’ attribute of 

the container and the ‘Inhoud’ attribute of 

the container by calling the 

‘QHowManyInContainer’ function on the 

main frame. 

reqtransporter Object reference to a 

buffer, String identifying a 

chassis 

This method is triggered by the ‘entrance’ 

control of the ‘B’ buffer of the line supplier. It 

calls the ‘asktran’ method on the main frame. 

HowMany Object reference to a 

buffer, Integer with the 

number of parts that 

needs to be consumed 

This function sets the value of the ‘Aantal’ 

variable of the line supplier object with the 

number of containers in the ‘B’ buffer of the 

line supplier. 

logging Object reference to a 

container , Object 

reference to a buffer 

This method is called by the ‘user-defined’ 

control of the ‘TransferStation’ object (‘T’) of 

the line supplier. It is triggered when a 

container is loaded onto a transporter and the 

transporter is ready to drive to the 

destination. It writes an ‘tra’ log entry to the 

log file. 
Table 3: methods of the line suppliers 

 

 



10 

 

C. Transportation system  

The parts, pre-assemblies or kits that are needed at the line have to be transported. Strictly defined, 

an internal transportation system of a plant takes care of the transport between buffers. The origin 

buffer is always the output buffer of a line supplier (Figure 5). The destination buffer is the border of 

line (Figure 9 and Figure 10). Identical parts, i.e. parts of the same type which have the same part 

number, are transported in the case of bulk in big quantities on a pallet or in blue boxes. The current 

transportation system at Volvo consists of a combination of tuggers and forklifts. In the simulation 

model we use a generic ‘Transporter’ object (.volvo.Transporter) for as well as tuggers, as  forklifts, as 

automated guided vehicles (AGV) or EMS. We simulate those different means of transport by 

changing the speed, the length and the capacity of the ‘Transporter’ object. In the case of forklifts 

the transporter can also drive backwards and each type of transport has consequences for the 

number of transporters that are used in the simulation. The library contains a preconfigured ‘Track’ 

object (.volvo.Track) to build the roads the transporters have to drive on. 

 

Figure 5: the origin buffer of a line supplier with 3 transporters on a ‘Track’ object 

 

D. Border of line storage  

The assembly process must be a continuous process without interruptions. At the border of line 

enough parts have to be stored so that the line can keep moving  and does not need to stop because 

of a ‘missing part’. This happens when a part is needed to assemble the chassis but the part is out of 

stock at the border of line and the line has to wait until the part is transported from the line supplier 

to the border of line. When the situation of a ‘missing part’ happens while running the simulation, 

the line doesn’t stop but an error is written to the log file. 

At the Volvo plant parts are stored in all kinds of boxes and pallets while in the simulation model the 

same ‘buffer’ object (.volvo.Buffer) is used for every type of part: small, medium or big. Each part 

type has its own ‘buffer’ instance. Every station has its own collection of ‘buffers’. Their number 

ranges from 1 to 89 ‘buffers’.  EMB100 and supplier sequences  are left out of the simulation because 

some stations would end up with too many ‘buffers’, making the output or results too extensive 

while they are not that relevant for the simulation results. 
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The ‘Buffer’ object has a capacity. In most scenarios the capacity is one container but this can also be 

two or three containers. Figure 6: inside view of a twin station is an inside view of a working 

‘TwinStation’ object instance with at each side of the line the border of the line storage buffers with 

a capacity of two containers. 

 

Figure 6: inside view of a twin station 

 

E. Assembly line  

An assembly line is made out of a series of workstations or working units . The first station starts with 

an empty or bare chassis. At the last station complete trucks are leaving the assembly line. Volvo 

Trucks has three assembly lines: a twin line (one side for high volume trucks and the other side for 

low volume trucks) and a mix line. The speed or ‘takt time’ is different for the three assembly lines. 

The ‘low volume line’ moves slower than the ‘high volume line’ because that type of truck needs 

more parts to assemble. The mix line is the slowest because of the complex product mix. 
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Figure 7: object model of the assembly stations 

Figure 7: object model of the assembly stations shows the object model of the assembly stations. All 

station objects inherit properties and methods of the parent ‘Station’ object.  Only five station 

objects are actually used in the model (see Figure 8: assembly lines versus type of station object): 

• ‘BiStation’ (‘.volvo.BiStation’)      

• ‘BiStationAV’ (‘.volvo.BiStationAV’)   

• ‘TwinStation’ (‘.volvo.TwinStation’)   

• ‘PreAssStation1’ (‘.volvo.PreAssStation1’)  

• ‘BiAssemble’ (‘.volvo.BiAssemble’)   

  

 

Figure 8: assembly lines versus type of station object 

Table 4 gives  the methods on the main frame that are called when the simulation is running: 

Name Argument(s) Return value of function 

ConsumeSide String code identifying 

which side of the station 

will be consumed 

This function loops through all buffers on the 

side of the station defined by the string 

argument. For every buffer of that side that 

has parts for the chassis that triggers this 

function it calls the function 
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‘QConsumeHowMany’ and then the 

‘consumeBuffer’ function. 

QConsumeHowMany Object reference to a 

buffer, String identifying a 

chassis 

Returns an integer which value specify the 

number of parts needed for the given chassis 

consumeBuffer Object reference to a 

buffer, Integer with the 

number of parts that 

needs to be consumed 

This function consumes the number of parts 

from a container in the specified buffer. 

When a container is empty it calls the 

function ‘removeContainer’. When there are 

not enough parts in the buffer’s container(s) 

then an ‘err’ log entry is written to the log 

file. 

removeContainer Object reference to a 

container , Object 

reference to a buffer 

Deletes the specified container in the 

specified buffer object. Then it calls the 

function ‘bufferMessage’ in the main frame 

(see above).  

Transfer Integer with the index 

number of the sensor 

This moves the container from the 

transporter to the right buffer and then 

writes a ‘buf’ log entry to the log file. 
Table 4: methods in the main frame during simulation 

 

Figure 6 shows an inside view of a ‘TwinStation’ object. It has two assembly lines and each line has 

one side of storage buffers. Figure 9 and Figure 10 show respectively a ‘BiStation’ object with storage 

buffers on one side only and a ‘BiStation’ object with storage buffers on both sides. 

 

Figure 9: screenshot inside a 'BiStation' object with only left side buffers 
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Figure 10: screenshot inside a 'BiStation' object with buffers at both sides 

 

F. The movable units (MU’s ) 

The following MU’s (movable units) can be found in the library (.volvo) 

• Transporter (.volvo.Transporter) 

 

 

A standard component. Transporters drive on the tracks and pick-up and deliver 

containers.  

 

 

• Container (.volvo.Container ) 

 

 
The ‘Container’ object is a standard object extended with a custom attribute called 

”Inhoud”. Its value is the number of parts or items that are in the container. The 

standard ‘Destination’ attribute indicates to which buffer the container needs need 

to go (for example ‘.volvo.Frame.SR11.L22’ means the 22nd buffer at the left side of 

station ‘R11’).   

 

 

• Chassis (.volvo.Chassis)  

 A standard library object that is extended with two custom attributes: ‘chassisnr’, an 

identification string and ‘line’ which identifes the assembly line the chassis is going 

through. 
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G. The sources of the chassis’ 

The ‘Chassis’ movable units needs to be created before its assembly process starts at the first station. 

Because there are three assembly lines we have created one general ‘StartChassis’ object 

(‘.volvo.StartChassis’) in the library plus three derivation objects for each assembly line 

(‘.volvo.StartChassisMix’, ‘.volvo.StartChassisTwinL’, ‘.volvo.StartChassisTwinR’). In the case of the 

bulk scenario, each source reads in their own file in the input data folder which contains a list of 

chassis numbers for production. In the case of kitting the type of truck did not matter. We used the 

same kit for every type of truck. For kitting, the type of truck is relevant in the supermarket where 

the kits are composed. 

 

2.1.4 How the model works 

In this section we describe how the assembly lines and the border of line storage buffers are 

generated (the two model requirements), how the transportation system works (especially the 

message system) and  how the line suppliers are calling for transporters. 

For the automatic generation of the assembly lines not only the stations need to be created 

automatically but also the connections between them.  

 

A. Assembly line generation: creating stations  

To generate or create the stations some data is needed about those stations. A ‘table’ object called 

‘FactoryLayout’ serves as a database describing all stations. Each row presents one station and every 

row or entry holds the following information:  

• station name  

• x and y coordinates of the station’s location 

• type of station, determined by number and place of BOLs  

• preceding station  

• a boolean value indicating whether transportation tracks have to be generated  

A custom method written in SimTalk reads the ‘FactoryLayout’ table row by row thereby creating all 

the stations at their given coordinates. If necessary, transportation tracks are also created.  

 

B. Assembly line generation: creating connections  

Two types of connections need to be created:  

• Connections between the stations (see above), i.e. from the output of one station to the 

input of the next station so that the chassis can flow through the factory.  

• Connections between the tracks of the transport system 

To create all necessary connections the information in the ‘FactoryLayout’ table is not sufficient. This 

table stores only info about a station’s predecessor. Extra connections are needed to make the 
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simulation model work:  feeder lines, merging of two lines, connectivity of the end stations to the 

‘sink’ objects of the simulation model. These remaining connections are put in a separate table 

named ‘Connections’.  A ‘SimTalk’ method reads this table to create the remaining connections.  

 

C. Border of line buffer generation  

The buffers at the border of line are created dynamically. To assign buffers to the stations we need to 

have the information about what trucks need which parts at which station. This information is 

generated by the Python program in a whole lot of ASCII text files. In this section we explain this 

process starting with a brief overview of the raw input data as it is retrieved from the Volvo 

databases. Next we tell more about the files that are generated by the Python program. 

There are two kinds of text files with raw input data for the Python program. One is a text file that 

contains a list of parts with one line for each part. Each line contains 11 fields separated by a tab 

character. Five fields are extracted by the program and used to generate the output files 

(respectively station id, part number, package type, quantity per package/box and the line supplier). 

The file is an exported file from Volvo’s  internal parts database. 

The other kind of file is the part requirements list. These files contain a list of chassis’ and the parts 

they need. There are multiple lines per chassis. Each line contains  10 fields of which 5 fields are 

extracted and used by the program (respectively chassis number part 1, chassis number part 2, part 

number, quantity needed and station name). 

The program creates a tree after reading in the input files. Then it uses that tree to generate the 

buffer text files.  Figure 11 shows how this is done. 

Create empty tree 
for Each Line in Parts Requirements List do 

Parse station name 
Add truck, station, part to the tree 

end for 
for Each station in the tree do 

Count parts 
Write number of parts to file 
for Each part in the station do 

Create buffer output file 
for Each truck do 

Write truck and number to the output file 
end for 

end for 
end for 

Figure 11: program algorithm in pseudo code 

 

There are three kinds of output files or buffer files. The first is one or more text file(s) for every 

station which tells the station how many buffers there are at every side.  Each station can have 2 to 4 

sides of buffers (right, left , rear or front).  So for one station this can range from 1 up to 4 files. For 

example: consider the station ‘A01’, the following text files can exist: 
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• SA01.A.aantal.txt (number of buffers at the back) 

• SA01.V.aantal.txt (number of buffers at the front) 

• SA01.L.aantal.txt (number of buffers at the left) 

• SA01.R.aantal.txt (number of buffers at the right) 

  

The next type of buffer file are text files with data about the line supplier for the part types the 

buffers are storing. Those text files contain 4 lines of data, respectively the name of the line supplier, 

the part number, the quantity in 1 box or pallet and the capacity of the buffer (the number of 

boxes/pallets). There is one such file for each buffer. 

For example: consider the station ‘A01’, the following text files can exist: 

• SA01.A1.sup.txt (supplier info for the first buffer at the back) 

• SA01.V1.sup.txt (supplier info for the first buffer at the front) 

• SA01.L1.sup.txt (supplier info for the first buffer at the left) 

• SA01.R1.sup.txt (supplier info for the first buffer at the right) 

                           

The last type of buffer files are text files with information about the consumption of parts. Each line 

of that file contains respectively the chassis number of the truck and the number of parts it needs. 

There is one such file for each buffer. 

For example: consider the station ‘A01’, the following text files can exist: 

• SA01.A1.txt (assembly information for the first buffer at the back) 

• SA01.V1.txt (assembly information for the first buffer at the front) 

• SA01.L1.txt (assembly information for the first buffer at the left) 

• SA01.R1.txt (assembly information for the first buffer at the right) 

  

Every station object has the same method  ‘createbuffer’ which is called by the ‘init’ method of the 

station. The ‘init’ method is called every time the model is (re)initialized. The ‘createbuffer’ method 

Number of 
buffers 

Line supplier 

Part number 

Quantity per box/pallet 

Capacity of the buffer 
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reads in the ‘station’ files with the number of buffers for the station and then creates that number of 

buffers. Then for each buffer it reads the line supplier files and the assembly information files of the 

buffer. 

 

D. How the transport messaging system works 

Figure 12: scheme of the transport message system is a scheme of how the transport messaging 

system works, i.e. what is happening on a programmatically level when a buffer space becomes 

available (when a container is removed from the buffer). Containers are removed from a buffer when 

all parts in that container are consumed so that an empty space becomes available. The 

‘removeContainer’ method in a station object calls the ‘bufferMessage’ method on the main frame 

which triggers the ‘trig’ method in one of the line suppliers. This method calls the ‘reqtransporter’ 

method but also creates the new container that has to be transported from the line supplier. The 

‘reqtransporter’ method calls the ‘asktran’ method on the main frame which calls the transporter 

pool for a transporter who drives to the line supplier where the container is waiting for the 

transporter. 

 

Figure 12: scheme of the transport message system 

 

2.1.5 Output of the model 

There are three kinds of output generated while running the simulation model: 

• Log messages that are written to a log file 

• Analysis of the statistics of the objects in the simulation model after running a scenario 

• Visualizations (see video of simulation runs) 
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A. The log file 

Figure 13 gives an overview of the different types of messages that are written to the log file: 

‘msg’ 

 

10:03.0000,.volvo.Frame.SR21.L11,msg This entry is logged when a buffer has 

empty space and sends a message to the 

line supplier. The entry contains 

respectively the simulation time of the log 

entry, a string that identifies the buffer 

and finally a code identifying the type of 

message 

‘tra’ 

 

10:42.2778,.volvo.Frame.SR21.L11,tra This entry is logged when a transporter is 

loaded and ready to transport the 

container to the right destination buffer. 

The entry contains respectively the 

simulation time of the log entry, a buffer 

string and the type of message. 

‘buf’ 14:03.3402,.volvo.Frame.SR21.L11,buf This entry is logged when the empty space 

in a buffer is refilled. The entry contains 

respectively the simulation time of the log 

entry, a buffer string and the type of 

message 

‘err’ 14:03.3402,.volvo.Frame.SR21.L11,err This entry is logged in case of a ‘missing 

part’. A part is needed at a station when a 

new chassis arrives but the buffer of that 

part is empty or lacks the needed 

quantity.  

‘pou’ 

 

10:04.0000,141,pou This entry is logged when a transporter is 

called and become active instead of 

waiting in the transporter pool. The entry 

contains the simulation time of the log 

entry, the number of transporters left at 

the transporter pool and the type of 

message. 

‘poi’ 

 

7:01:44.8287,66,poi This is the opposite of the previous entry 

type. This is logged when a transporter 

become inactive and starts waiting for 

calls in the transporter pool. The entry 

contains the simulation time of the log 

entry, the number of transporters now in 

the pool and the type of message. 
Figure 13: different types of messages written to the log file 

 

The ‘log’ file, which is nothing more than a plain ‘.csv’ text file, is then further analyzed by a macro 

enabled MS Excel 2007 (‘*.xlsm’)  file containing custom written macro’s. This file is called the 

‘LogAnalyzer’ (‘LogAnalyzer.xlsm’).  The code of the macro is added to the appendix of this 

document. The ‘LogAnalyzer’ groups the log entries of all transportations (one completed transport 
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has a ‘msg’ entry, a ‘tra’ entry and a ‘buf’ entry in the log file. They are grouped so that their time 

intervals can be analyzed. The macro also creates the therefore needed pivot tables automatically.  

B. Analysis of the statistics of the objects in the simulation model 

While running the simulation all objects in the model collect statistics of what they are doing (for 

example how many parts are going in and out, how long the object was in a waiting state or in an 

active state, …). We have made some custom methods which collect these statistics automatically by 

looping through all the objects. 

 

C. Visualizations 

One of the advantages of simulation is the fact that you are seeing what is happening. For example, 

in some scenarios we did not have to look at the output to see something is not working. In the case 

of AGV for example we saw that there were too many vehicles on the factory floor to make this a 

successful scenario. See the included video files for the visualizations of the simulation runs of the 

different scenarios. 

 

2.1.6 How to use the model 

When opening the simulation model double-click the ‘Frame’ object in the library to open the 

window that holds the actual simulation model. Double-click the ‘EventController’ object in the 

window frame (see Figure 14). The ‘Reset’ button resets the simulation model which means that all 

the statistics of all objects are reinitialized and that all the movable units on the model are deleted 

(transporters, chassis’ and containers). When pressing the ‘Init’ button, the model reads the input 

files to generate the buffers at the BOL and creates the transporters in the transporter pool. The 

‘Start’ and ‘Stop’ buttons are respectively to start and stop the simulation run. 

 

Figure 14: screenshot of the model 'EventController' 
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Important is the setting of the log file. On the main frame there is a ‘LogFile’ object. When 

you double-click the icon, a dialog pops up (see Figure 15) where you can specify the name 

and location of the log file. When running different scenarios it is advisable to set up 

different log file. 

 

 

Figure 15: screenshot of the log file dialog 

 

A. The ‘Parameters’ dialog for setting up scenarios 

On the main frame we created a custom ‘Dialog’ object called ‘Parameters’. When double-clicked, a 

new dialog pops up where one can set the value of the following parameters (see Figure 16 from top 

to bottom): 

• path to the folder containing the input files for dynamic buffer generation 

• number of transporters 

• takt time of the ‘Mix’, ‘Low Volume Line’ (LVL) and ‘High Volume line’ (HVL) 

• enable time-shift 

• number of loading stations at the line suppliers 
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Figure 16: screenshot of the 'Parameters' dialog 

Time-shifting changes the timing of the consumption of the border of line storage buffers. It only 

applies in the case of kitting. When time-shifting is disabled, all kits at a station are removed or taken 

away from the buffers immediately when a chassis is entering that station. When it is enabled, kits 

are taken away from the buffers kit per kit with a delay between two kit removals. That delay is the 

total time a chassis is in a station divided by the number of kits in that station. For example when 

there are 7 kits and the chassis stays 7 minutes in a station then kits are taken away kit per kit each 

minute. Time-shifting distresses the transportation system. It spreads the queuing at the loading 

stations in the supermarket. Keep in mind that in the case of tugger transportation time-shifting is 

not applicable because tuggers in most cases will transport all kits in one-time. 

You can change these parameters for setting up different scenarios.  In fact, those are not the only 

parameters you can modify to set up new scenarios. You can change some settings in objects that are 

in the library. The most important one is the ‘Transporter’ library object. Figure 17 shows a 

screenshot of the ‘Transporter’ properties dialog which pops up when you double-click the 

‘Transporter’ object in the library. 
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Figure 17: screenshot of the 'Transporter' properties dialog 

When you want to use other types of transport, you can change the following properties of the 

‘Transporter’ object: the length of the transporter (for example, tuggers are longer then AGVs), the 

speed of the transporter (EMS carriers are faster than AGVs), deceleration and acceleration. 

 

B. Generate the input files with the Python program 

Before the python program/script can run, Python needs to be installed on your system.  

To start the Python program, open a command shell and browse to the folder containing the 

program file by using the ‘dir’ DOS command. Then start the program by executing the following 

command: “Python Volvo.py”. A new dialog pops up (see Figure 18: screenshot of the Python 

program).  

To add a parts database click the ‘Browse db’ button, select a database file and click the ‘OK’ button 

of the file dialog. Then click the ‘Add’ button to add the database. You can add multiple database files 

to the program. 

To add a parts requirement file click the ‘Browse truck’ button, select a part requirement file and 

click the ‘OK’ button of the file dialog. Then click the ‘Add truck’ button to add the parts requirement 

file. Multiple files can be added to the program. 

As soon as a database or parts requirement file is added, the number of parts is shown in the case of 

a database or the number of chassis’ is shown in the latter case. If all files are added, click the 

‘Process’ button. This will set up the data tree in the program. Wait until this process is finished and 



24 

 

then finally click the ‘Write files’ button to write the buffer files. These files are written to a folder 

named ‘buf’ that will be located in the same folder of the program. If the folder already exists, it will 

back it up. It is recommended that once the ‘buf’ folder and the buffer files are created to rename 

the folder with a name that refers for the scenario they will be used in. 

 

Figure 18: screenshot of the Python program 

 

2.2 Input data 

2.2.1 Volvo specific input data 

The layout of the Volvo Trucks factory in Ghent, based on an AutoCAD drawing was used as input to 

develop the ‘FactoryLayout’ table (section 2.1). All distances in the model are equal to the distances 

in reality.  

As the supermarket does not exist up to today, VET has investigated what would be the most suitable 

place for it. It was decided that the green barns between the final assembly factory and the cab trim 

factory can be used as a supermarket. The total surface of this area equals around 6500 m². We have 

assumed the distance between the outbound area of the supermarket and the entrance of the final 

assembly production hall to be 150 meter. 

Based on the mock-ups executed at VET we know what workstations will be our drop-off stations. 

We have copied the list of drop-off stations at the TWIN-line  in Table 5. Some stations will only have 

unloading of full kits, others will do both loading and unloading and some stations will only load the 

empty kits. We have tried to limit the amount of loading and unloading stations as much as possible 

because the investment cost of those stations is rather high. At each drop-off station, 7 different kits 

will be dropped and connected to a chassis. This set of 7 kits will now travel along the chassis for 

several workstations until all the parts are assembled. 

HVL  LVL  

R21 – right Drop-off R11 – right Drop-off 

R21 – left Drop-off R11 – left Drop-off 

R26 - right Pick-up R16 – right Pick-up 

R26 - left Pick-up R16 – right Pick-up 

C00 - left Drop-off C00 – right Drop-off 

C07- left Drop-off & Pick-up C04- right Drop-off & Pick-up 

C12 – left Drop-off & Pick-up C08 – right Drop-off & Pick-up 

C16 - left Drop-off & Pick-up C10 - right Drop-off & Pick-up 

C17 - left Pick-up C14 - right Drop-off & Pick-up 

  C17 - right Pick-up 
Table 5: overview of the drop-off stations at the TWIN-line 

 



25 

 

Another important parameter is the line speed. Due to the economic situation, the line speed had 

varying values over the past years. For our calculations we have worked with the following takt 

times: 

• TWIN-line, HVL: 10’03’’ 

• TWIN-line, LVL: 16’45’’ 

• MIX-line: 17’12’’ 

 

2.2.2 Scenario specific input data 

We will start with giving an overview in Table 6 of the varying parameters in the different scenarios. 

We consider three main scenarios, depending on the transportation system used: EMS (Electrified 

Monorail System), AGV (Automatic Guided Vehicle) and tuggers. 

 

Scenario A Scenario B Scenario C 

Transport system EMS AGV Tugger 

Carrier speed 1,8 m/s 0,5 m/s 1,4 m/s 

Carrier length 1,5m 1,5m 11m 

Spacing between carriers 0,5m 0,5m 1m 

Acceleration 0,6m/s² 0,25m/s² 0,6 m/s² 

Deceleration 0,6m/s² 0,5m/s² 0,6 m/s² 

Loading time in supermarket 30s 30s 54s 

Off-loading time in supermarket 30s 30s 54s 

Off-Loading time at drop-off station 21s 30s 54s 

Loading time at a separate station 67s 30s 54s 

Loading time at a combined station 24s 30s 54s 

    Table 6: scenario specific parameters 

Every EMS carrier can transport exactly one kit. A tugger can tow up to 7 kits. It will be important to 

foresee enough moving space for the tugger to turn in the production hall. The loading and 

unloading times for the EMS are obtained from the supplier (Moll). The loading and unloading times 

for the tuggers are obtained from other companies. The AGV loading times are obtained from the 

feasibility study. 

Now, let’s take a closer look at the loading and off-loading mechanisms. We start with the EMS 

system in Figure 19. 
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Figure 19: EMS drop point solution 

 

At each drop-off and pick-up station there will be a lift that can bring the kits to the line-level. Each 

kit is dropped on a chain conveyor and follows the line with the same speed. In case of a combined 

station, the lift will first drop a full kit on the conveyor and will then load an empty kit in the lift. The 

lift goes up, unloads the empty kit and continues with loading another full kit. 

The loading and unloading systems for AGVs and tuggers are very similar. The tugger or AGV 

positions next to a kit that needs to be transported. Once the tugger or AGV is in place, the conveyor 

carrying the kit pushes the kit on the conveyor of the AGV or tugger. During one of the benchmarking 

visits to Daikin Oostende we have seen the system with the tuggers  working in real life. The 

differences between AGV and tuggers are the following: 

• AGVs carry one kit, tuggers tow 7 kits at a time 

• AGVs are unmanned while tuggers are manned. The positioning time will therefore depend 

on human skills, concentration, etc in case of a tugger. 

Figure 20 you can see a sketch of the working principle of tugger loading and unloading. 
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Figure 20: Tugger drop point solution 
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3 Simulated scenarios 
 

As a reminder, in Table 7 you can see an overview of all the simulated scenarios: 

EMS Scenario MOD_A 

AGV Scenario MOD_B 

Tugger Scenario MOD_C 
Table 7: overview of the simulated scenarios 

All simulations contain both the HVL and LVL. Kit deliveries to the MIX-line and pre-assemblies are 

not included. All scenarios contain a limited amount of drop-off stations due to the high investment 

cost. We always consider total kitting (a limited amount of cases can be transported on the kitting 

carts). 

All the simulation logs and analyzed results of the data used in this report can be found on an 

accompanying CD-rom. 

 

3.1 Scenario MOD_A 

In this scenario we investigate the behavior of an electrified monorail system (EMS) that only 

transports kits. As a consequence of the mock-ups done concerning the drop-off points at the line;  

we have introduced a limited amount of drop-of points in order to limit the total cost. The kit is 

attached to the line and is running at the same speed of the truck. 

A. Standard case 

As a starting scenario we have decided to work with the following parameters: 

• Amount of transporters: unlimited 

• Amount of loading stations: 28 

• Amount of buffers at the line: 1 

• EMS speed: 1,8 m/s 

• TAKT time: real takt time as described before 

For all the above mentioned parameters the working interval, upper or lower boundaries and ideal 

values are investigated in future paragraphs. 

The results of the standard run can be found in Table 8: 

Average of Diff_Msg_Tra 1’05’’ 

Average of Diff_Tra_Buf 4’30’’ 

Average of Diff_Msg_Buf 5’35’’ 

Max of Diff_Msg_Tra 2’41’’ 

Max of Diff_Tra_Buf 6’27’’ 

Max of Diff_Msg_Buf 8’16’’ 
Table 8: MOD_A: results of the standard run 
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The first three rows in Table 8 give the average time between two logs in the model. These logs can 

either be a message-log (Msg), a transport-log (Tra) or a buffer-log (Buf). More information about the 

logging can be found in section 2.1.5. The last three rows give the maximum time between the logs. 

The total duration of the simulation is 72 hours, out of which 12 hours were deleted in order to 

achieve a steady state model. This leads to a total transported volume of 20440 kits. 

The maximum allowed time that can be used to replace a kit is 10’03’’. This is the takt time of the 

high volume line (HVL). In our standard case, the maximum time used to replace a kit is 8’16’’. As a 

consequence, no errors occurred. 1’47’’ is the margin that is still left for unexpected interruptions. 

Let’s now take a closer look at the loading times of the individual workstations: 

 

Figure 21: MOD_A: histogram of the loading times of the standard run 

We see that the majority of the kits are loaded in a very short time period. Nevertheless we also see 

that peaks up until 2’’41’ exist. This means that in most of the cases a fast response is possible but 

that we will have to be careful with peak loads and corresponding waiting times. 

Another interesting graph is the histogram of the amount of tuggers that are in use. In Figure 22 one 

can see how often (y-axis) it happened that a certain amount of transporters (x-axis) are in use. The 

maximum amount of carriers that are used at the same moment is 113. One can also see that it is 

rather rare that less than 30 carriers are used at the same moment. 
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Figure 22: MOD_A: histogram of the amount of transporters in use of the standard run 

Now that we have an overview of several working limits, we will investigate the impact of varying the 

amount of loading stations, the amount of EMS carriers, the EMS speed, the takt time and the 

influence of introducing time shifts. 

 

B. Variation in the loading stations 

Now that we have investigated the standard case, we will search for the working boundaries 

concerning the amount of loading stations. We will gradually decrease the amount of loading 

stations till the delivery is too slow to follow the takt time. At that moment, error messages will be 

generated. 

We start with scenario MOD_A.1. The ‘1’ in the scenario name refers to the amount of buffers at the 

line. 

 

Figure 23: MOD_A.1, variation of loading stations and one buffer at the line 
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If we decrease the amount of loading stations we see that the replenishment time will gradually 

increase until the moment we are working with only 14 loading stations. At that point, the maximum 

replenishment time is bigger than 10’03’’. Therefore the first errors occur (79 kits out of 20440 kits 

are delivered too late). 

In a second step we will further decrease the amount of loading stations while working with a buffer 

of 2 kits at the line. In this way more inventory will be stored at the line and therefore the 

replenishment can be done in a bigger time slot: 2 times the takt-time: 20’06’’. The results of varying 

the amount of loading stations while having two buffers is shown in Figure 24. 

 

Figure 24: MOD_A.2, variation of loading stations and two buffer at the line 

Now we can decrease the amount of loading stations until we only have 5 stations left. The 

maximum replenishment time at that point equaled 17’08’’ and is lower than 20’06’’. Decreasing the 

amount of loading stations to 4 would lead to extremely high replenishment times and a huge 

amount of errors: 4349 out of 20440 kits are not delivered on time. 

As a conclusion we can say that an extra buffer helps us in overcoming the peak loads that are often 

released when both the high volume line and the low volume line release their replenishment orders 

at the same time. It is a trade-off between capacity at the line and capacity at the loading stations.  

An overview of the spare capacity of the loading stations can be obtained by interpreting the 

utilization table.  
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C. Variation in the amount of EMS carriers 

Another very interesting investigation is the importance of the amount of carriers. We wil look at the 

impact of limiting the amount of carriers. Now the trade-off will be between the amount of carriers 

and the replenishment time. For all other parameters we use the settings used in the standard case. 

Again, the calculations were done for both 1 and 2 buffers at the line. Figure 25 shows the scenario 

with one buffer. 

 

Figure 25: MOD_A.1: replenishment time versus amount of EMS carriers, one buffer at the line 

In the standard scenario the maximum amount of carriers that was used at one point was 113. Now 

we see that we can easily decrease the amount of carriers to 95 without increasing the 

replenishment time. In fact, the maximum amount of kits that are requested at the same time is 91 

kits. This happens when both the high volume line and the low volume line release their 

replenishment orders at the same time. As soon as we have less than 91 carriers, the replenishment 

08:16 08:16

11:59

15:07

100 95 90 80

Scenario MOD_A.1

Max of Diff_Msg_Buf Takt Time: 10m03s

# EMS carriers

# Loading stations Utilization (%) 

28 12% 

21 16% 

16 22% 

14 25% 

12 29% 

10 34% 

8 43% 

6 57% 

5 69% 

4 86% 

Table 9: utilization of the loading stations 
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time increases drastically. More time will be needed for the replenishment and thus a second buffer 

will be necessary. In Figure 26 the results of a simulation with two buffers at the line can be seen. 

 

Figure 26: MOD_A.2: replenishment time versus amount of EMS carriers, two buffers at the line 

We now see that all the kits can be delivered on time as long as we have 75 EMS carriers, which is 

less than the 91 carriers we need when we only have one buffer. 

 

D. Variation in the EMS speed 

The standard case was calculated using the technical specifications obtained from the supplier. As a 

part of our robustness analysis the influence of a varying EMS speed was investigated (Figure 27 ). 

 

Figure 27: MOD_A.1: variation of the EMS speed 
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One can conclude that in the standard case the EMS speed can decrease until 1,4m/s before 

significant problems will appear.  

E. Variation in the line speed 

In order to anticipate future changes it is extremely important that the system is still usable under 

faster line speeds. Therefore we have investigated the influence of a takt time decrease. This results 

in the following takt times: 

Line/decrease (%) 5% 10% 15% 20% 

HVL 9’32’’ 9’02’’ 8’32’’ 8’01’’ 

LVL 15’55’’ 15’05’’ 14’14’’ 13’24’’ 
Table 10: overview of the simulated takt times 

If we consider the starting situation with 28 loading stations, no restriction in the amount of carriers 

and a carrier speed of 1,8m/s we see that the takt time can decrease up to 15% without causing late 

deliveries in the system (Figure 28). 

 

Figure 28: MOD_A.1: replenishment times for decreased takt times 

Originally a decrease of 20% was set as a required safety margin for future changes. Therefore we 

have decided to further investigate the situation of a 20% decrease in takt time. In this scenario we 

will have to work with two buffers. We now decrease the amount of loading stations in order to 

investigate the working limits of this new situation. The results can be seen in Figure 29 
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Figure 29: MOD_A.2: 20% lower takt time, influence of the amount of loading stations 

 

F. Time-shift of the kits delivered to the same workstation 

At this moment all the kits in a workstation are requested at the very same moment. On top, all the 

kits at one single line (either HVL or LVL) are also asked at the same time. As a result, big peak loads 

are released in the supermarket and at the loading stations. As a first step we will now release all the 

kits in a workstation evenly spread during the takt time. This will have two results: 

• The request for kits will be more evenly spread in time 

• There will be less stock at the line 

As we can see in the results underneath, the impact is stunning! The amount of loading stations 

needed to run this scenario has decreased drastically (Figure 30). As well the amount of carriers that 

is needed to run the scenario is significantly less. The result for the calculations using 8 loading 

stations can be seen in Figure 31. 

 

Figure 30: MOD_A.1: influence of the amount of loading stations with one buffer and a time shift 
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Figure 31: MOD_A.1: influence of the amount of carriers with one buffer at the line, a time shift and 8 loading stations 

 

Under the above mentioned parameters, 70 carriers are sufficient to supply all the kits on time to the 

assembly line. 

While taking the time-shift into account, we will now research a takt time decrease. The results can 

be found in Figure 32 

 

Figure 32: MOD_A.1: influence of a time shift on the replenishment times in case of decreased takt times 

A takt time decrease of 20% can now be handled without any problems. We can even see that the 

maximum difference between a MSG-log and a BUF-log does not increase in the investigated interval 

[0% - 20%].  
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G. Time-shift of kits delivered to different drop-off stations 

In all previous scenarios, all the drop-off stations send a request for the first kit at the same moment. 

Depending on the transport time to the specific drop-off stations we can request the kits earlier in 

order to have some extra available replenishment time. The moment we can send this ‘early 

message’ depends from drop-off station to drop-off station and is related to the minimum time the 

system needs to replenish a kit. Of course, this replenishment time is related to the distance from the 

supermarket to the drop-off station. Besides gaining extra time to replenish, we can also make sure 

the kits are requested at different times. As a consequence we are again reducing our peak loads. 

This reduction will lead to a decreased capacity need at the loading stations and a decreased need of 

buffers at the line. 

The concept explained above is visible in Figure 33. On the first, black line we see the messages that 

are send in the simulation model (for more explanation see section 2.1.5). The red line indicates the 

normal takt time. The green line indicates the total replenishment time that we have on hand if we 

release early messages. In blue one can see the time that is gained by releasing this early message. 

The maximum of this time is equal to the minimum of the time between a transport from the loading 

stations and its arrival at the buffer, which depends on the individual workstation.  

 

 

 

 

Figure 33: explanation of the early message concept 

 

In Table 11 we give an overview of all the drop-off stations and the time that can be saved by sending 

an early message. 
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Drop-off station Max. time-shift for 

early message 

Drop-off station Max. time-shift for 

early message 

HVL  LVL  

    

R21 – right 3’13’’ R11 – right 2’59’’ 

R21 – left 3’21’’ R11 – left 3’13’’ 

C00 - left 2’26’’ C00 – right 2’16’’ 

C07- left 3’09’’ C04- right 2’42’’ 

C12 – left 3’37’’ C08 – right 3’04’’ 

C16 - left 4’06’’ C10 - right 3’25’’ 

  C14 - right 3’46’’ 
Table 11: maximum time-shift for early messages for all drop-off stations 

The ‘maximum time-shift for an early message’ is minimum 2’16’’ for workstation C00 – right and 

maximum 4’06’’ for workstation C16 – left. 

 

H. Emergency replenishments 

The success of an emergency replenishment depends on several factors: 

• Loading time: the loading in itself does only take around 30 seconds. Important here is the 

moment the loading can start. On one hand you want the emergency loading to take place as 

soon as possible but on the other hand you don’t want the normal loading schedule to be 

influenced too much. A possible solution can be that a spare loading station is used in case of 

emergency. In this way the disturbance in the normal system is as small as possible. 

 

• Transportation time: the influencing factor on the transportation time is of course the 

distance between the supermarket and the workstation. We have seen that the closest drop-

off station, C00, is supplied in on average 2’17’’ (transport + unloading)  and the furthest 

drop-off station needs 4’07’’ (transport + unloading) to be supplied. A possible solution to 

decrease the transport and handling time is to send a blue-color by bike to the line with the 

emergency part. Nevertheless it is questionable if this person will be faster than the EMS 

system. 

 

• Discovery time: the moment when the missing part is discovered will determine the amount 

of time that is available to replenish the part. The worker can notice a missing part in the 

beginning of his cycle, some minutes before he actually needs to assemble that part. On the 

other side it can happen that the part can be assembled out of the normal assembly 

sequence. If not, which means that the next part cannot be assembled before the missing 

part is assembled, the time available to do the emergency replenishment will decrease 

drastically. 
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3.2 Scenario MOD_B 

In this scenario, the delivery of the kits is done by Automatic Guided Vehicles. The following 

parameters were taken into account for the standard scenario: 

• Amount of transporters: 270 

• Amount of loading stations: 28 

• Amount of buffers at the line: 3 

• AGV speed: 0,5 m/s 

• TAKT time: real takt time as described before 

After one simulation we already saw that this scenario would not be possible due to the low speed of 

the AGVs. Underneath you can see some screen shots of the simulation model. Figure 34 shows the 

transport of kits between the supermarket and the assembly line. 

 

Figure 34: MOD_B: screenshot of the simulation model, supply between supermarket and production line 

 

In Figure 35 you can see the transport of empty carriers away from the assembly line. 
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Figure 35: MOD_B: screenshot of the simulation model, transport of empty carriers 

 

Despite the investment in 270 AGVs and in a 3-kit-buffer, the model could not supply the kits on 

time. The congestion was sometimes so big that several areas got blocked for a longer period. 

Therefore it was concluded that AGVs are not suitable for the specific internal logistical situation at 

VET. 

 

3.3 Scenario MOD_C 

This scenario is very similar to the previous scenarios. Again we are talking about total kitting with a 

limited amount of drop-off stations. The drop-off stations will be the same as in scenario A. The only 

difference is the mean of transportation: we now investigate the use of tuggers to transport the kits 

to the line. 

 

A. Standard case 

As a starting scenario we have used the following parameters: 

• Amount of transporters: 30 

• Amount of loading stations: 8 

• Amount of buffers at the line: 1 

• Tugger speed: 1,4 m/s 

• Takt time: real takt time as described before 

The results of the stardard run are shown in Table 12. 
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Average of Diff_Msg_Tra 0’30’’ 

Average of Diff_Tra_Buf 4’33’’ 

Average of Diff_Msg_Buf 5’03’’ 

Max of Diff_Msg_Tra 0’30’’ 

Max of Diff_Tra_Buf 6’15’’ 

Max of Diff_Msg_Buf 6’45’’ 

Table 12: MOD_C: results of the standard run 

The total amount of transports is 4255 in this scenario. This number is a lot less compared to 

scenario MOD_A. This is due to the fact that one transport delivers 7 kits. In total 29785 kits are 

delivered to the line. 

If we compare these results with the EMS standard run we see that the time between the 

replenishment signal (Msg) and the moment the kit is loaded (Tra) is smaller in scenario C. The 

reason is that for the standard scenario all the tuggers can be loaded at the same moment. No time is 

lost due to extensive waiting. If we compare the transport time (time between Tra and Buf) we can 

see that both scenarios are doing almost as good. The difference between the scenarios is that 

scenario A is faster in transporting the kits but is slower in unloading the kits at the workstation. For 

scenario C all 7 kits are off-loaded at the same moment. 

Each tugger is operated by an employee. Therefore it is very vital to have an overview of the amount 

of drivers needed to operate all the tuggers (Figure 36).  

 

Figure 36: MOD_C: histogram of the amount of tuggers in use in the standard run 
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B. Variation in the amount of loading stations 

The loading and off-loading of the tuggers is done by using an automatic system. Therefore, the 

amount of loading stations is not unrestricted. We have investigated the use of a limited amount of 

loading stations, in the scenario of one buffer and enough tuggers. An overview of the results can be 

seen in Figure 37 

 

Figure 37: MOD_C.1: variation of loading stations and one buffer at the line 

 

We can conclude that 4 to 5 loading stations will be enough. Here it is important to remind that one 

loading station consists of 7 small loading stations that can each load one kit. One big loading station 

loads one tugger that carries 7 kits at once. 

 

C. Variation in the amount of tuggers 

As we are using manned tuggers, a high operating cost is attached to each and every tugger that is in 

use. Therefore it is important to limit the amount of tuggers that are used in the model. We have 

researched the working limits for our scenario in relation to the amount of tuggers that are needed. 

The results can be seen in Figure 38. 
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Figure 38: MOD_C.1: variation in the amount of tuggers, one buffer at the line 

Once every 50’15’’, the High Volume Line (HVL) and the Low Volume Line (LVL) will simultaneously 

ask for their kits. In total the HVL has 6 drop-off stations and the LVL 7. In the graph we see that 

having more than 20 tuggers will not make any positive difference on the delivery times. In fact, no 

more than 19 tuggers are needed in order not to have any disturbances due to a limited amount of 

tuggers. This equals a scenario where first both the HVL (6 tuggers) and LVL (7 tuggers) ask 

simultaneously for their kits, followed by another request from the HVL (6 tuggers) 10’03’’ later. By 

the time the LVL is asking for new kits (after 16’45’’) the first tuggers are already back. 

As we are interested in the minimum amount of tuggers needed it is interesting to see that we are 

able to manage the replenishment as long as we have 15 tuggers or more. 

Due to the fact that staff is rather expensive, we will now simulate the same situation with 2 buffers. 

We see that it is possible to manage the supply with 13 tuggers instead of 15. Again, this result seems 

logic: when HVL and LVL ask for replenishments at the same time, 13 kits are needed simultaneously. 

If we only have 12 tuggers, one of them will have to do two replenishments in one takt time of 

16’45’’. 
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Figure 39: MOD_C.2: variation in the amount of tuggers, two buffers at the line 

D. Variation in tugger speed 

De average speed of a tugger is highly influenced by several factors. Human interaction, the 

experience of the driver and the amount of tuggers driving at the production floor are only some of 

the influencing factors. In order to make sure our system is robust enough to overcome these 

influences it is important that we execute a robustness analysis of the tugger speed. In our standard 

case we have calculated with a value of 1,4m/s. The maximum time needed to supply a kit was 6’45’’. 

We now see that the time increases step by step without exceeding the takt time of 10’02’’, as long 

as the speed is at least 1m/s. 

 

 

Figure 40: MOD_C.1: variation of the tugger speed 
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E. Variation in takt time 

The next evaluation is related to an increased line speed (or decreased takt time). An overview of the 

results can be seen in Figure 41. 

 

Figure 41: MOD_C.1: variation in takt time 

We conclude that the system can handle a decreased takt time up to 20%. Of course this will go hand 

in hand with an increased need for tuggers and loading stations. 

 

I. Time-shift of kits delivered to different drop-off stations 

The same investigation will be done as for the EMS scenario. In Table 13 we give an overview of 

all the drop-off stations and the time that can be saved by sending an early message in the case 

of tugger transport. 

Drop-off station Max. time-shift for 

early message 

Drop-off station Max. time-shift for 

early message 

HVL  LVL  

    

R21 – right 4’50’’ R11 – right 4’41’’ 

R21 – left 4’52’’ R11 – left 4’42’’ 

C00 - left 3’24’’ C00 – right 3’28’’ 

C07- left 4’10’’ C04- right 3’44’’ 

C12 – left 4’47’’ C08 – right 4’12’’ 

C16 - left 5’15’’ C10 - right 4’22’’ 

  C14 - right 4’50’’ 
Table 13: maximum time-shift for early messages for the tugger scenario 

The ‘maximum time-shift for an early message’ is minimum 3’24’’ for workstation C00 – left and 

maximum 5’15’’ for workstation C16 – left. We can conclude that the time-shift for tugger transport 

07:53 07:50 07:50
07:53 07:52

10:03
09:32

09:02 08:32 08:01

0% 5% 10% 15% 20%

Scenario MOD_C.1

Max of Diff_Msg_Buf Takt Time

Decreasing takt time



46 

 

can be bigger than the time-shift for transport via EMS. This is due to the fact that transport via an 

EMS system is faster. 

 

F. Emergency replenishments 

Just as in scenario A, the success of an emergency replenishment depends on several factors: 

• Loading and off-loading time: both take around 54s. Often, both those times together 

already represent a high percentage of the time available to do the emergency 

replenishment. Therefore it will most probably be beneficial to load the part or the kit 

manually.  

 

• Transportation time: the influencing factor on the transportation time is of course the 

distance between the supermarket and the workstation. We have seen that the closest 

loading station, C00, is supplied in on average 3’24’’ (transport + unloading) and the furthest 

workstation needs 5’15’’ (transport + unloading) to be supplied. This means that the 

transport times are higher for tuggers than if we use the EMS system. 

  

• Discovery time: the moment when the missing part is discovered will determine the amount 

of time that is left to replenish the part. The worker can notice a missing part in the 

beginning of his cycle, some minutes before he actually needs to assemble that part. On the 

other side it can happen that the part can be assembled out of the normal assembly 

sequence. If not, which means that the next part cannot be assembled before the missing 

part is assembled, the time available to do the emergency replenishment will decrease 

drastically. 
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4 Conclusions 
 

We will now give some general conclusions and guidelines that will be important when implementing 

a new transportation system at Volvo Europe Truck: 

• AGVs are not suitable for the specific logistic situation at VET (a high demand of kits 

combined with a centralized supermarket with a certain distance to the line). 

• Priority rules will be very important in deciding on the loading sequence. 

o HVL should get priority over the LVL 

o Within a series of 7 kits, the kits need to be transported in the correct order and thus 

should be loaded in the correct order (either in the tugger or on the EMS) 

o Workstations further away should get priority over workstations close-by the 

supermarket 

• Decreasing peak loads by introducing a time-shift between the kits delivered to one 

workstation (for the EMS system) and a time-shift between the kits delivered to the different 

workstations (for tuggers and EMS) has a huge positive impact on the need of spare capacity 

in the loading stations and at the buffers. 

• The EMS system is a faster transport system but loses more time during the unloading at the 

line compared to the tugger option where all kits are unloaded at the same time. 

• The system can handle a higher line speed up to certain limits. We have seen that the 

capacity of the system is not the restricting parameter. Due to the increased line speed, the 

takt time is smaller and therefore the replenishment needs to be done faster. Unless we 

decide to have extra buffer space at the line, the takt time decrease is limited. 

• A cost calculation will need to be made to decide on the exact amount of loading stations, 

carriers, buffers at the line, etc. in order to have the most cost-efficient system, taking into 

account the needed capacity safety. 
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ABSTRACT

In this paper we describe the use of a commercial dis-
crete event simulation package (Siemens 2008) combined
with a custom program, written in the programming
language Python (Martelli 2006). Combining these two
makes it possible to automatically generate a model for
assembly line logistics simulation. The different stations
of the assembly line, their connections and the storage
near the assembly line were generated within seconds. A
huge amount of time was saved in comparison to manual
generation.

INTRODUCTION

In the truck assembly industry, in-plant transportation
should be handled in the most cost-efficient way. Taking
into account the fact that forklifts fail when it comes to
efficiency, the truck industry started investigating the
use of automatic transportation systems such as over-
head conveyors or Automated Guided Vehicles.
Implementing an automatic system on factory scale re-
quires extensive research. Cottyn et al. (2008) executed
a feasibility study to investigate the possible gains and
necessary investments. They suggested to build a sim-
ulation model to discover possible pitfalls of the system
and to be able to dimension more in detail the amount
of drop-off stations, pick-up points and carriers.
In the digital factory concept, the product and process
planning can be designed and improved on all levels, by
using various simulation processes. A broad overview of
applicable areas for simulation is given by Kühn (2006).
In order to create a simulation model that is easily
adaptable and flexible in use for the particular problem
of simulating the in-plant logistics processes for truck
assembly, two problems were encountered:

Modeling the assembly line A factory can contain
a huge amount of workstations, which can change

very often. Therefore, it was decided that the gen-
eration of the workstations in the model should be
automatic and very flexible. In this way, different
factories or subparts of one factory can be easily
generated and simulated. A big increase in model
flexibility can thus be obtained.

Modeling storage buffers at the border of line
The huge diversification of the customers needs
results in a huge variety of parts. These parts need
to be stored at the line, in order to be consumed
when the corresponding chassis passes the worksta-
tion. The parts can be bulk fed or brought at line
in kits (Limère and Van Landeghem 2009). In each
situation, the amount and configuration of buffers
will be different. An automatic generation of these
buffers could drastically decrease the modeling
time.

In the next paragraph, we present the solution method.
Thereafter, preliminary results of a practical case study
in the truck industry, using the proposed method, are
given.

METHOD

Simulation environment

Two options exist for implementing simulations:

• develop a dedicated computer program that imple-
ments a specific simulation problem

• use a commercial simulation package to model the
simulation problem at hand

In an effort to try and combine the advantages of both
approaches, we propose to use a commercial simulation
package1 to simulate the plant (Siemens 2008), while
generating large parts of the model via a custom pro-
gram. This program is written in the programming lan-
guage Python (Martelli 2006); ASCII files are used to
interface between the two distinct environments.

1Tecnomatix Plant Simulation



Python is an interpreted, high-level programming lan-
guage. Like all scripting languages, Python code resem-
bles pseudo code. Python’s syntax is clear and readable.
The way Python’s syntax is organized imposes some or-
der to programmers. Experts and beginners can easily
understand the code.

Model Components

A production plant as described in the introductory sec-
tion can be divided into objects belonging to four cate-
gories:

• line supplier

• transportation system

• border of line (BOL) storage

• assembly line

Line supplier
A line supplier is an entity that delivers parts to the
transportation system. These entities can be ware-
houses, pre-assemblies or supermarkets. A supermarket
is a logistical area where kitting takes place.

Transportation system
The transportation system takes care of the transport of
“parts” between buffers. The origin buffer is always the
output buffer of a line supplier. The destination buffer
is the border of line. Identical parts, i.e. parts with the
same part number, are put in a container. The trans-
portation system transports this container over trans-
portation tracks.

Border of line storage
The border of line (BOL) is modeled as different buffers.
The parts stored in these buffers are ordered2 (FIFO
queues). On the transportation track inside the sta-
tion an “offload” point is present where the container
on transport can be moved to a buffer.

Assembly line
An assembly line is modeled as a series of connected
stations. A station is where the assembly of the trucks
takes place. A station receives a partially completed
chassis from the preceding station. At the station parts
are added on to this chassis. These parts are retrieved
from BOL buffers locally to that station. After a fixed
amount of time (the takt-time), the chassis is moved to
the next station.

2Parts are ordered in a container, and containers are ordered
in the buffer.

Figure 1: Relation Buffers and Suppliers

Model generation

Two types of objects are automatically generated: sta-
tions and buffers. To automatically generate an assem-
bly line not only the stations need to be created but also
the connections.

Assembly line generation: creating stations
Added functionality can be programmed in Plant Sim-
ulation by using so-called “methods” Siemens (2008).
Methods are like functions: they can have input, out-
put, program logic and can perform various tasks.
In Plant Simulation data objects exist such as tables and
queues. A table object called FactoryLayout is created.
This table is a database describing all stations. For each
station there is an entry with the following information:

• station name

• x and y coordinate of the station’s location center

• type of station, determined by number and place of
BOLs

• preceding station

• a boolean value indicating whether transportation
tracks have to be generated

A method was written which uses the FactoryLayout
table as input. For each entry in the FactoryLayout
table, a station at the given coordinates is created. If
necessary, transportation tracks are also created.

Assembly line generation: creating connections
Two types of connections need to be created:

• Connections between output of one station to the
input of the next station to model the flow of the
chassis through the factory.

• Connections between the tracks of the transport
system:

– The tracks need to form a closed loop



Input

Buffer layout

   Python program

Model

   Plant Simulation Method

Figure 2: Data flow

– Junctions to reach the drop-off points inside
the stations need to exist

Not all connection information can be stored in the Fac-
toryLayout table. This table only stores the stations
predecessor. Examples of extra connections are: feeder
lines, merging of two lines, connectivity of the last sta-
tion to the exit of the factory. The remaining connec-
tions are put in another table called Connections. An-
other “method” uses this table to create the remaining
connections.

Buffer generation
The buffers from the border of line as well as the assign-
ment of these buffers to the different parts is dynamic.
It varies between different simulation runs.
One of the goals of the eventual model is to explore dif-
ferent “kitting” combinations. Each combination has its
impact on the buffers. A suitable model therefore needs
to be dynamic in buffer allocation. To assign buffers
to the stations we need to have the information about
what trucks need which parts at which station. We need
to process this information and calculate the buffer as-
signment. This buffer information is then fed into the
model.
Information about the trucks is needed. A Python pro-
gram transforms this into output which contains infor-
mation about the buffer layout. A Plant Simulation
“method” will use this buffer layout information to cre-
ate the model. (See Figure 2)
During the simulation, parts will be consumed at the
stations. As a consequence buffers need to be refilled.
Some parts will come from a pre-assembly, others will be
a kit from a supermarket and some can just be retrieved
from a warehouse. Thus, information is needed on the
in-plant origin of the different parts.

Input: The Python program requires the following in-
put:

Figure 3: Example tree

• Parts Requirements List: A file describing for each
truck all the parts needed for assembly and the sta-
tion where the assembly takes place

• A file describing the in-plant origin for each part

Output: The external3 program written in Python
transforms this information into the layout of the
buffers. It generates the following output:

• for each station: the number of buffers;

• for each buffer: a partnumber, supplier and the
number of parts to be assembled for each truck.

Algorithm: The algorithm to calculate the buffer lay-
out consists of two phases. In phase 1 the input is parsed
into a tree. In phase 2 the tree is written out into indi-
vidual files which will serve as input for Plant Simula-
tion.

Algorithm 1 The two phases
Create empty tree
for Each Line in Parts Requirements List do

Parse station name
Add truck, station, part to the tree

end for
for Each station in the tree do

Count parts
Write number of parts to file
for Each part in the station do

Create buffer output file
for Each truck do

Write truck and number to the output file
end for

end for
end for

We use the following I/O files:

“Stationname”.“L/R”.txt contains the number of
buffers at this station. (Some stations have a left

3External to Plant Simulation



and right side indicated by an extra character L or
R).

“Stationname”.“L/R”“buffernumber”.txt is the
table stating the quantity used for each different
truck.

“Stationname”“buffernr”.supplier.txt is a file
with the in-plant supplier’s address and the
partnumber for that buffer.

Inside the station there is a “method”, configure, which
configures the station. This method looks for the
files “Stationname”.“L/R”.txt and creates the necessary
number of buffers. For each buffer it reads the file “Sta-
tionname”.“L/R”“buffernumber”.txt. It also reads in
the partnumber and supplier. This information is needed
by the model during simulation.

CASE STUDY

We implemented these two techniques to create models
for the supply chain logistics for a large European truck
factory.

Assembly line layout

The FactoryLayout table consists of over 100 entries.
Each entry represents a station of the assembly line.
Three different Plant Simulation station objects are
used. The connections table consists of 64 extra connec-
tions. Some tracks and warehouses are manually placed
in the model. Generation of the model takes less than
a minute on a standard desktop.

Buffer layout

Using the information of 1264 trucks assembled at the
plant, the Python program created 7865 files in a few
minutes. The Python program created a file for each
station and two files for each buffer in the stations.

Future usage of the model

After creating and validating the model, simulations will
be run in order to study lead times, queues, waiting
times, possible problems and the influence of unexpected
circumstances such as breakdowns, shortage of materi-
als, etc.

CONCLUSIONS

We have successfully created an interface between a
commercial simulation package (Plant Simulation) and
a scripting language (Python).
Within Plant Simulation we are able to generate the
factory layout in a very flexible and cost effective way.

Using the scripting language Python we are able to dy-
namically create a model (buffer configuration) using a
few input files. This would have not been possible using
a conventional approach without resorting to an exter-
nal programming language.
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ABSTRACT 

 

This paper describes the results of a large project executed 

in the automotive industry. The goal of the project was to 

simulate different transportation systems (EMS, AGV and 

tugger) in order to compare their performances. In our 

simulation, we focused on investigating the following 

parameters: amount of loading stations, equipment and 

operators needed, storage place at the line,… 

 

INTRODUCTION 

 

The internal logistics within most production plants are 

currently based on forklifts. They transport the different 

goods throughout the factory. Forklifts are proven to be 

flexible because their duties can easily be adapted to 

changing situations and environments. But on the 

downside, they are also very inefficient and prone to 

accidents on the work floor. For all these reasons, we 

wanted to investigate if alternative transportation systems 

could be used to provide all parts to the assembly lines. 

First, a feasibility study was carried out. This study pointed 

out that only replacing the transportation system is not very 

cost effective. Therefore, alternative material flow and line 

delivery strategies needed to be investigated (Cottyn et al., 

2008). Rough calculations in the feasibility study also 

showed which strategies were not worthwhile investigating 

and which were. This paper describes the results of a case 

in the automotive industry, where the best fitting line 

delivery system was designed using a detailed simulation 

model in Plant Simulation, a software package of Siemens 

PLM Software.  

 

LITERATURE REVIEW 

 

This paper deals with the selection of the most appropriate 

materials handling equipment for the supply of parts to an 

automotive assembly line. The Material Handling Industry 

of America defines material handling as follows (MHIA, 

2011): 

 

Material Handling is the movement, storage, control and 

protection of materials, goods and products throughout the 

process of manufacturing, distribution, consumption and 

disposal. The focus is on the methods, mechanical 

equipment, systems and related controls used to achieve 

these functions. 

 

In contrast to logistics, material handling thus focuses not 

so much on the organization of flows but on the mechanical 

equipment, systems and related controls. Material handling 

contributes a big percentage into product value (Le-Anh, 

2005). Tompkins et al. (2003) indicate that material 

handling represents between 15% and 70% of the total cost 

of a manufactured product, and between 20 and 50% of 

total operating expenses in manufacturing. 

 

In this paper we will focus on one aspect of material 

handling, i.e. the movement of materials within a 

manufacturing plant. The main purpose of this research is 

the wish of our case company in the automotive 

manufacturing industry to evolve towards a forklift free 

factory. Cottyn et al (2008) explain the advantages and 

disadvantages of forklifts. The number of forklifts is always 

strongly over-dimensioned because of transport 

fluctuations, the performance of the forklifts is depending 

on the traffic in the plant and the factory lay-out and finally, 

because it still is manual transport, the human factor is 

vulnerable to social disruptions. Thus the flexibility that 

forklifts offer causes a great loss of efficiency. Moreover, 

the greatest driver to go forklift free is the issue of worker 

safety (Neumann et al., 2007 and Gecker, 2004). Forklift 

injuries are numerous and are a number one reason to avoid 

them on the shop floor. For this reason, a study is carried 

out to investigate some possible alternative Vehicle-Based 

Internal Transport systems (VBIT). 

 

In Figure 1, a classification is given for internal transport 

equipment. We will focus on motor-driven mobile internal 

transport equipment for horizontal movement.  

Internal transport 

equipment

Cranes
Stationary 

equipment

Mobile 

equipment

Horizontally 

moving

Horizontally & 

vertically moving

Manual Motor-driven

Figure 1: classification of internal transport equipment 

(adapted from De Koster, 1995) 



 

 

 

 
Scenario A Scenario B Scenario C 

Transport system EMS AGV Tugger 

Carrier speed 1,8 m/s 0,5 m/s 1,4 m/s 

Carrier length 1,5m 1,5m 11m 

Spacing between carriers 0,5m 0,5m 1m 

Acceleration 0,6m/s² 0,25m/s² 0,6 m/s² 

Deceleration 0,6m/s² 0,5m/s² 0,6 m/s² 

Loading time in supermarket 30s 30s 54s 

Off-loading time in supermarket 30s 30s 54s 

Off-Loading time at drop-off station 21s 30s 54s 

Loading time at a separate station 67s 30s 54s 

Loading time at a combined station 24s 30s 54s 

Table 1: different transportation systems 

Complex expert systems exist for the material handling 

equipment selection problem based on analytical methods, 

knowledge-based methods, or hybrid approaches (e.g. 

Mirhosseyni and Webb, 2009; Welgama and Gibson, 1995). 

However, in our research we want to do a parametric analysis 

to investigate the impact of three different systems, i.e. an 

Electrified Monorail System (EMS), Automatic Guided 

Vehicles (AGV) and tuggers. A simulation model is used to 

predict the behavior of the real-life situation and to generate 

new insights. 

 

INTERNAL LOGISTICS FLOW 

 

Bulk versus kit 

In the situation as it is today, parts can be delivered by the 

supplier in two different types of packaging: blue boxes and 

pallets. These packages are respectively stored in the plant in 

the small box warehouse (SBW) and the high bay warehouse 

(HBW). When needed, these boxes and pallets are brought to 

the line, where there is an inventory of parts. This line 

delivery strategy is called bulk feeding. 

In this paper, we investigate the possibility of bringing the 

parts to the line in kits. This means that, for every vehicle, a 

number of carts is made, containing every single part that 

needs to be mounted on that vehicle. These kits are then 

brought to the line in the sequence they need to be mounted 

on the vehicle. The assembly of kits is done in an area which 

we call the supermarket.  

 

Transport systems 

In the current situation, most line delivery is done by forklifts 

and partially by tuggers. In this paper we investigate if other 

transportation methods can be used. A feasibility study 

showed that a number of alternative transportation systems 

might bring a solution for the different problems that are 

linked with the use of forklifts: 

 Electrified Monorail System (EMS): The Electrified 

Monorail System consists of an overhead track that 

runs along the different lines and pre-assemblies and 

connects them to the supermarket. On those rails a 

number of individual powered carriers transport the 

material. At each drop-off point, a drop-off station is 

installed. To limit the number of drop-off stations at 

the line, this transport system is only used in 

combination with full kitting. 

 Automatic Guided Vehicle (AGV): The automatic 

guided vehicle is a mobile robot that is able to 

follow markers or wires in the floor. AGV‟s consist 

of a pull unit with a certain number of carts behind 

it.  

 Tugger: Like the AGV, a tugger also consists of a 

pull unit and some carts behind it. The main 

difference with AGV‟s lies in the fact that tuggers 

are driven and loaded and unloaded manually by an 

operator. 

 

Table 1 gives an overview of the different transportation 

systems and their main parameters used in the case study. 

Every EMS carrier can transport exactly one kit. A tugger 

can tow up to 7 kits. It will be important to foresee enough 

moving space for the tugger to turn in the production hall. 

The loading and unloading times for the EMS are obtained 

from the supplier. The loading and unloading times for the 

tugger are obtained from measurements at another company. 

The AGV loading times are obtained from the feasibility 

study. 

 

MODEL GENERATION 

 

For the generation of our model we have chosen to combine 

the commercial simulation package (Siemens Plant Design) 

with a free-to-use programming language (Python). More 

details about the simulation model are described by Govaert 

et al. (2009). Using this method, we were able to generate the 

factory lay-out in a very flexible and cost effective way. 

In order to load all the kits on the transport carriers in the 

supermarket, a certain amount of loading stations are 

simulated. The kits are then transported to the assembly line 

by using one of the above mentioned transport systems. At 

the assembly line the kits are unloaded at a drop-off station. 

Due to the high investment cost, we will try to limit the 

amount of drop-off stations. The unloaded kits are then 

stored in a buffer. The amount of buffers indicates the 

amount of similar kits at the line (a similar kit contains 

similar parts but for a different chassis number). In our 

simulation both one and two buffers at the line are simulated. 

Per drop-off station, 7 different kits will be unloaded, which 

will then travel along the assembly line for several 

workstations. 

 

 



 

 

MODEL OUTPUT 

 

There are three kinds of output generated while running the 

simulation model: 

 Log messages that are written to a log file 

 Statistics of the objects in the simulation model after 

running a scenario 

 Visualizations 

There are four kinds of log messages: 

 Msg: This entry is logged when a buffer has an 

empty space and sends a message to the line 

supplier.  

 Tra: This entry is logged when a transporter is 

loaded and ready to transport the container to the 

right destination buffer.  

 Buf: This entry is logged when the empty space in a 

buffer is refilled.  

 Err: This entry is logged in case of a „missing part‟. 

A part is needed at a station when a new chassis 

arrives but the buffer of that part is empty or lacks 

the needed quantity. 

 

RESULTS 

 

In Table 1 you can see an overview of all the simulated 

scenarios: 

EMS Scenario MOD_A 

AGV Scenario MOD_B 

Tugger Scenario MOD_C 

Table 1: overview of the simulated scenarios 

For all scenarios a takt time of 10‟03‟‟ was considered. 

 

Scenario A 

In this scenario we investigate the behavior of an electrified 

monorail system (EMS) that only transports kits. As a 

consequence of mock-ups done concerning the number of 

drop-off points at the line, we have introduced a limited 

amount of drop-of points in order to limit the total cost. The 

kit is attached to the line and is running at the same speed of 

the truck. 

 

A. Standard case 

As a starting scenario we have decided to work with the 

following parameters: 

 Amount of transporters: unlimited 

 Amount of loading stations: 28 

 Amount of buffers at the line: 1 

 EMS speed: 1,8 m/s 

For all the above mentioned parameters the working interval, 

upper or lower boundaries and ideal values are investigated 

in future paragraphs. 

The results of the standard run can be found in Table 2: The 

first three rows in Table 2 give the average time between two 

logs in the model. These logs can either be a message-log 

(Msg), a transport-log (Tra) or a buffer-log (Buf). The last 

three rows give the maximum time between the logs. 

 

Average time between Msg-Tra 1‟05‟‟ 

Average time between Tra-Buf 4‟30‟‟ 

Average time between Msg-Buf 5‟35‟‟ 

Maximum time between Msg-Tra 2‟41‟‟ 

Maximum time between Tra-Buf 6‟27‟‟ 

Maximum time between Msg-Buf 8‟16‟‟ 

Table 2: MOD_A: results of the standard run 

The total duration of the simulation is 72 hours, out of which 

12 hours were deleted in order to achieve a steady state 

model.  

The maximum allowed time that can be used to replace a kit 

is the takt time. In our standard case, the maximum time used 

to replace a kit is 8‟16‟‟. As a consequence, no errors 

occurred. 1‟ 47‟‟ is the margin that is still left for unexpected 

interruptions. 

The loading times of the individual workstations are shown 

in Figure 2. 

 

Figure 2: MOD_A: histogram of the loading times of the 

standard run 

One can see that the majority of the kits are loaded in a very 

short time period. Nevertheless we also see that peaks up 

until 2‟41‟‟ exist. This means that in most of the cases a fast 

response is possible but that we will have to be careful with 

peak loads and corresponding waiting times. 

Another interesting graph is the histogram of the amount of 

carriers that are in use. In Figure 3 one can see how often (y-

axis) it happened that a certain amount of transporters (x-

axis) are in use. The maximum amount of carriers that are 

used at the same moment is 113. We can also see that it is 

rather rare that less than 30 carriers are used at the same 

moment. 

 

Figure 3: MOD_A: histogram of the amount of tuggers in use 

in the standard run 
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Now that we have an overview of several working limits, we 

will investigate the impact of varying the amount of loading 

stations, the amount of EMS carriers and the EMS speed. 

 

B. Variation in the loading stations 

Now that we have investigated the standard case, we will 

search for the working boundaries concerning the amount of 

loading stations. We will gradually decrease the amount of 

loading stations till the delivery is too slow to follow the takt 

time. At that moment, error messages will be generated. 

We start with scenario MOD_A.1. The „1‟ in the scenario 

name refers to the amount of buffers at the assembly line. 

 

Figure 4: MOD_A.1, variation of loading stations and one 

buffer at the line 

If we decrease the amount of loading stations we see that the 

replenishment time will gradually increase until the moment 

we are working with only 14 loading stations. At that point, 

the maximum replenishment time is bigger than 10‟03‟‟. 

Therefore the first errors occur (79 kits are delivered too 

late). 

In a second step we will further decrease the amount of 

loading stations while working with a buffer of 2 kits. In this 

way more inventory will be stored at the line and therefore 

we can do the replenishment in a bigger time slot: 2 times the 

takt-time: 20‟06‟‟. The results of varying the amount of 

loading stations while having two buffers is shown in Figure 

5. 

 

Figure 5: MOD_A.2, variation of loading stations and two 

buffer at the line 

Now we can decrease the amount of loading stations until we 

only have 5 stations left. The maximum replenishment time 

at that point equaled 17‟08‟‟ and is lower than 20‟06‟‟. 

Decreasing the amount of loading stations to 4 would lead to 

extremely high replenishment times and a huge amount of 

errors: 4349 kits are not delivered on time. 

As a conclusion we can say that an extra buffer helps us in 

overcoming the peak loads of replenishment orders that are 

often released. It is a trade-off between capacity at the line 

and capacity at the loading stations.  

An overview of the spare capacity of the loading stations can 

be obtained by interpreting the utilization table.  

 

 

 

 

 

 

 

 

 

C. Variation in the amount of EMS carriers 

Another very interesting investigation is the importance of 

the amount of carriers. We will look at the impact of limiting 

the amount of carriers. Now the trade-off will be between the 

amount of carriers and the replenishment time. For all other 

parameters we use the settings used in the standard case 

(28LS = 28 loading stations). 

Again, we have done the calculations for both 1 and 2 buffers 

at the line. We will start with 1 buffer in Figure 6. 

 

Figure 6: MOD_A.1: replenishment time versus amount of 

EMS carriers, one buffer at the line 

In the standard scenario the maximum amount of carriers that 

was used at one point was 113. Now we see that we can 

easily decrease the amount of carriers to 95 without 

increasing the replenishment time. In fact, the maximum 

amount of kits that are requested at the same time is 91 kits. 

As soon as we have less than 91 carriers, the replenishment 

time increases drastically. More time will be needed for the 
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Table 3: utilization of the loading stations 



 

 

replenishment and thus a second buffer will be necessary 

(Figure 7). 

 

Figure 7: MOD_A.2: replenishment time versus amount of 

EMS carriers, two buffers at the line 

We now see that all the kits can be delivered on time as long 

as we have 75 EMS carriers, which is less than the 91 carriers 

we need when we only have one buffer 

 

D. Variation in the EMS speed 

The standard case was calculated using the technical 

specifications obtained from the supplier. As a part of our 

robustness analysis we investigated the influence of a varying 

EMS speed (see Figure 8). 

 

Figure 8: MOD_A.1: variation of the EMS speed 

We can conclude that in the standard case the EMS speed can 

decrease until 1,4m/s before significant problems will appear.  

 

E. Time-shift of the kits delivered to the same 

workstation 

At this moment all the kits in a workstation are requested at 

the very same moment. As a result, big peak loads are 

released in the supermarket and at the loading stations. As a 

first step we will now release all the kits in a workstation 

evenly spread during the takt time. This will have two results: 

 The request for kits will be more evenly spread in 

time 

 There will be less stock at the line 

As we can see in the results underneath, the impact is 

stunning! The amount of loading stations needed to run this 

scenario has decreased drastically (Figure 9). Also the 

amount of carriers that is needed to run the scenario is 

significantly less. The result for the calculations using 8 

loading stations can be seen in Figure 10. 

 

Figure 9: MOD_A.1: influence of the amount of loading 

stations with one buffer and a time shift 

 

Figure 10: MOD_A.1: influence of the amount of carriers 

with one buffer at the line, a time shift and 8 loading stations 

Under the above mentioned parameters, 70 carriers are 

sufficient to supply all the kits on time to the assembly line. 

 

F. Time-shift of kits delivered to different drop-off 

stations 

In all previous scenarios, all the drop-off stations send a 

request for the first kit at the same moment. Depending on 

the transport time to the specific drop-off stations we can 

request the kits earlier in order to have some extra available 

replenishment time. The moment we can send this „early 

message‟ depends from drop-off station to drop-off station 

and is related to the minimum time the system needs to 

replenish a kit. Of course, this replenishment time is related 

to the distance from the supermarket to the drop-off station. 

Besides gaining extra time to replenish, we can also make 

sure the kits are requested at different times. As a 

consequence we are again reducing our peak loads. This 

reduction will lead to a decreased need of capacity at the 

loading stations, buffers at the line,… 

The concept explained above is visible in Figure 11. On the 

first, black line we see the messages that are send in the 

simulation. The second line indicates the normal takt time. 

The third line indicates the total replenishment time that we 

have on hand if we release early messages. The forth line 

indicates the time that is gained by releasing this early 

message. The maximum of this time is equal to the minimum 

of the time between a transport from the loading stations and 
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its arrival at the buffer, which depends on the individual 

workstation.  

 

Figure 11: explanation of the early message concept 

The „maximum time-shift for an early message‟ is minimum 

2‟16‟‟ and maximum 4‟06‟‟. 

 

Scenario B 

In this scenario, the delivery of the kits is done by Automatic 

Guided Vehicles. The following parameters were taken into 

account for the standard scenario: 

 Amount of transporters: 270 

 Amount of loading stations: 28 

 Amount of buffers at the line: 3 

 AGV speed: 0.5 m/s 

After one simulation run we already saw that this scenario 

would not be possible due to the low speed of the AGVs.  
Despite the investment in 270 AGVs and in a 3-kit-buffer, 

the model could not supply the kits on time. The congestion 

was sometimes so big that several areas got blocked for a 

longer amount of time. 

Therefore it was concluded that AGVs are not suitable for the 

specific internal logistical situation at our automotive 

company. 

 

Scenario C 

This scenario is very similar to the previous scenarios. Again 

we are talking about total kitting with a limited amount of 

drop-off stations. The drop-off stations will be the same as in 

scenario A. The only difference is the mean of transportation: 

we now investigate the use of tuggers to transport the kits to 

the line. 

 

A. Standard case 

As a starting scenario we have used the following 

parameters: 

 Amount of transporters: 30 

 Amount of loading stations: 8 

 Amount of buffers at the line: 1 

 Tugger speed: 1,4 m/s 

The results of the standard run are shown in Table 4: 

 

 

 

 

 

 

Average time between Msg-Tra 0‟30‟‟ 

Average time between Tra-Buf 4‟33‟‟ 

Average time between Msg-Buf 5‟03‟‟ 

Maximum time between Msg-Tra 0‟30‟‟ 

Maximum time between Tra-Buf 6‟15‟‟ 

Maximum time between Msg-Buf 6‟45‟‟ 

Table 4: MOD_C: results of the standard run 

If we compare these results with the EMS standard run we 

see that the time between the replenishment signal (Msg) and 

the moment the kit is loaded (Tra) is smaller in scenario C. 

The reason is that for the standard scenario all the tuggers can 

be loaded at the same moment. No time is lost due to 

extensive waiting. If we compare the transport time (time 

between Tra and Buf) we can see that both scenarios are 

doing almost as good. The difference between the scenarios 

is that scenario A is faster in transporting the kits but is 

slower in unloading the kits at the workstation. For scenario 

C all 7 kits are off-loaded at the same moment. 

Each tugger is operated by an employee. Therefore it is very 

vital to have an overview of the amount of drivers needed to 

operate all the tuggers.  

 

Figure 12: MOD_C: histogram of the amount of tuggers in 

use in the standard run 

B. Variation in the amount of loading stations 

The loading and off-loading of the tuggers is done by using 

an automatic system. Therefore, the amount of loading 

stations is not unrestricted. We have investigated the use of a 

limited amount of loading stations in the scenario of one 

buffer and enough tuggers (Figure 13). 

 

Figure 13: MOD_C.1: variation of loading stations (one 

buffer) 
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We can conclude that 4 to 5 loading stations will be enough. 

Here it is important to remind that one loading station 

consists of 7 small loading stations that can each load one kit. 

One big loading station loads one tugger that carries 7 kits at 

once. 

 

C. Variation in the amount of tuggers 

As we are using manned tuggers, a high operating cost is 

attached to each and every tugger that is in use. Therefore it 

is important to limit the amount of tuggers that are used in 

the model. We have researched the working limits for our 

scenario in relation to the amount of tuggers that are needed. 

The results can be seen in Figure 14 

 

Figure 14: MOD_C.1: variation in the amount of tuggers, one 

buffer at the line 

As we are interested in the minimum amount of tuggers 

needed it is interesting to see that we are able to manage the 

replenishment as long as we have 15 tuggers or more. 

Due to the fact that staff is rather expensive, we will now 

simulate the same situation with 2 buffers. One can see in 

Figure 15 that it is possible to manage the supply with 13 

tuggers instead of 15.  

 

Figure 15: MOD_C.2: variation in the amount of tuggers, two 

buffers at the line 

D. Variation in tugger speed 

The average speed of a tugger is highly influenced by several 

factors. Human interaction, the experience of the driver and 

the amount of tuggers driving at the production floor are only 

some of the influencing factors. In order to make sure our 

system is robust enough to overcome these influences it is 

important that we execute a robustness analysis of the tugger 

speed. In our standard case we have calculated with a value 

of 1,4m/s. The maximum time needed to supply a kit was 

6‟45‟‟. 

We now see that the time increases step by step without 

exceeding the takt time of 10‟02‟‟, as long as the speed is at 

least 1m/s. 

 

Figure 16: MOD_C.1: variation of the tugger speed 

 

G. Time-shift of kits delivered to different drop-off 

stations 

The same investigation will be done as for the EMS scenario. 

The „maximum time-shift for an early message‟ is minimum 

3‟24‟‟ and maximum 5‟15‟‟. We can conclude that the time-

shift for tugger transport can be bigger than the time-shift for 

transport via EMS. This is due to the fact that transport via an 

EMS system is faster. 

 

CONCLUSIONS 

 

After introducing the bigger picture of the problem and 

clarifying some important definitions, the specific situation 

for our automotive case company was introduced and 

discussed. The automotive factory was simulated and 

different transportation methods were investigated: first we 

discussed the results of the EMS system, followed by the 

results of AGV replenishment and we concluded with the 

results of tugger replenishment. 

 

The study of the implementation of alternative transport 

systems in an automotive company revealed that AGVs are 

not suitable for delivering kits to the line from a centralized 

warehouse. Both EMS and tuggers are a considerable 

alternative. The biggest opportunity for the company to 

decrease the investment cost is to lower the peak loads. This 

can be done by introducing a time-shift between the different 

replenishment signals. 

Based on our findings the automotive company designed a 

business case, taking into account all investment costs, 

running costs and other company specific criteria. 
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Annex C 

 

Nederlandse samenvatting van de thesis 

  



Haalbaarheid van een vorklift-vrije fabriek: een 
simulatiemodel voor een automobielbedrijf 

 
 

KERNWOORDEN 
 
Simulatie, electrified monorail system (EMS), automatic guided vehicle (AGV), tugger, kitting, Plant 
Simulation 
 

SAMENVATTING 

 

Deze thesis beschrijft de resultaten van een groot project uitgevoerd bij Volvo Europa Trucks. Het 
doel van het project was het simuleren van verschillende transportsystemen (EMS, AGV en tugger) 
om de verschillende performanties te kunnen vergelijken. In onze simulatie hebben we gefocust op 
het onderzoeken van de volgende parameters: aantal laadstations, het benodigde materiaal en het 
aantal benodigde operatoren, opslagruimte aan de lijn, etc. 

 

INTRODUCTIE 

 
De interne logistiek binnen de meeste productiefabrieken is momenteel gebaseerd op 
vorklifttransport. Deze transporteren de verschillende goederen doorheen het bedrijf. Vorkliften zijn 
zeer flexibel aangezien ze zich zeer snel kunnen aanpassen aan veranderende situaties en 
omstandigheden. De keerzijde is dat ze zeer inefficiënt zijn en ze aan de basis liggen van veel 
accidenten op de werkvloer. Omwille van al deze redenen willen we onderzoeken of alternatieve 
transportsystemen kunnen gebruikt worden om de onderdelen naar de lijn te vervoeren. Vooreerst 
werd een haalbaarheidsstudie uitgevoerd. Deze studie bracht aan het licht dat enkel het vervangen 
van het transportsysteem niet kostenefficiënt genoeg is. Bijgevolg moesten alternatieve 
transportsystemen en bevoorradingsstrategieën samen onderzocht worden. Ruwe berekeningen in 
de haalbaarheidsstudie toonden bovendien welke strategieën niet de moeite waren om te 
onderzoeken en welke wel. In deze thesis wordt de best passende strategie ontworpen, gebaseerd 
op een gedetailleerd simulatiemodel in Plant Simulation, een software pakket van Siemens PLM 
Software. 

 

INTERNE LOGISTIEKE STROOM 

 

Bulk versus kit 

In de huidige situatie kunnen onderdelen door de leverancier in twee verschillende types 
verpakkingen worden aangeleverd: blauwe dozen of paletten. Deze verpakkingen worden 
respectievelijk in het kleine dozenmagazijn (SBW) en het hoge palettenmagazijn (HBW) gestockeerd. 
Wanneer nodig worden deze dozen en paletten naar de lijn gebracht, alwaar er een voorraad aan 
onderdelen ligt. Deze lijnbevoorradingsstrategie wordt belevering in bulk genoemd. 

In deze thesis onderzoeken we de mogelijkheid om onderdelen naar de lijn te brengen in kits. Dit 
betekent dat voor elk voertuig een bepaald aantal kittingkarren wordt gemaakt. Deze kittingkarren 
bevatten elk onderdeel dat op de vrachtwagen zal moeten gemonteerd worden. Deze kits worden 
naar de lijn gebracht in de sequentie zoals ze op de vrachtwagens worden gemonteerd. Het 
samenstellen van de kits gebeurt in een afzonderlijke afdeling die we supermarkt noemen. 

 

 



 

 

Transport systemen 

In de huidige situatie gebeurt het overgrote deel van de lijnbevoorrading door vorkliften en 
gedeeltelijk door tuggers. In deze thesis onderzoeken we of andere transportmethoden kunnen 
gebruikt worden. Een haalbaarheidsstudie toonde aan dat een aantal alternatieve transportsystemen 
een oplossing kunnen bieden voor de problemen gelinkt aan het gebruik van vorkliften: 

 

 Electrified Monorail System (EMS)  

 Automatic Guided Vehicle (AGV)  

 Tugger 

Tabel 1: verschillende transportsystemen 
 

Tabel 1 geeft een overzicht van de verschillende transportsystemen en hun belangrijkste parameters 
die gebruikt werden in de case study. Elke EMS transporter kan exact één kit transporteren. Een 
tugger kan tot 7 kits achter zich meetrekken. Uiteraard zal het wel belangrijk zijn om voldoende 
bewegingsruimte te voorzien voor de tugger in de productiehal. De laad- en ontlaadtijden voor de 
EMS zijn verkregen van de leverancier. De laad- en ontlaadtijden voor de tugger komen uit 
tijdsmetingen van een ander bedrijf. De laadtijden voor de AGV komen uit de haalbaarheidsstudie 
die als voorloper van dit project werd uitgevoerd. 

 

BOUW VAN HET MODEL  

 

Voor de bouw van ons simulatiemodel hebben we ervoor gekozen om een commercieel 
simulatiepakket (Siemens Plant Design) te combineren met een vrij-te-gebruiken programmeertaal 
(Python). Via deze methode waren we in staat om de volledige fabriekslay-out op een flexibele en 
kostenefficiënte manier te ontwikkelen. Om alle kits op de transporters te laden in de supermarkt 
hebben we een bepaald aantal laadstations gesimuleerd in de supermarkt. De kits worden nadien 
getransporteerd naar de assemblagelijn via de hierboven vermelde transportsystemen. Aan de 
assemblagelijn worden de kits afgeladen via een aflaadstation. De kits worden nadien opgeslagen in 
een buffer. Het aantal buffers aan de lijn is een aanduiding voor het aantal gelijkaardige kits aan de 
lijn (een gelijkaardige kit bevat gelijkaardige stukken maar voor een ander chassisnummer). In onze 
simulaties onderzoeken we zowel het gebruik van één en twee buffers aan de lijn. Per afzetstation 
zullen 7 verschillende kits voor één chassisnummer worden afgezet. Deze kits zullen dan meelopen 
met het chassis langsheen verschillende werkstations, tot op het moment alle stuks uit deze kits 
gemonteerd zijn op het chassis van de vrachtwagen. 

 

 

 
 Scenario A Scenario B Scenario C 
Transport system EMS AGV Tugger 
Carrier speed 1,8 m/s 0,5 m/s 1,4 m/s 
Carrier length 1,5m 1,5m 11m 
Spacing between carriers 0,5m 0,5m 1m 
Acceleration 0,6m/s² 0,25m/s² 0,6 m/s² 
Deceleration 0,6m/s² 0,5m/s² 0,6 m/s² 
Loading time in supermarket 30s 30s 54s 
Off-loading time in supermarket 30s 30s 54s 
Off-Loading time at drop-off station 21s 30s 54s 
Loading time at a separate station 67s 30s 54s 
Loading time at a combined station 24s 30s 54s 

 
   



 

 

MODEL OUTPUT 

 
Er worden drie soorten output gegenereerd tijdens een simulatieronde: 

 Registratie-berichten die weggeschreven worden naar een registratiefile 

 Statistieken van de objecten in het simulatiemodel na het uitvoeren van een simulatieronde 

 Visualisaties 

Er zijn 4 soorten registratieberichten: 

 Msg: dit bericht wordt geregistreerd als een buffer leeg komt. Een bericht wordt verzonden 
naar de supermarkt.  

 Tra: dit bericht wordt geregistreerd als een transporter geladen is en bijgevolg klaar is om de 
kit naar de juiste bufferbestemming te voeren. 

 Buf: dit bericht wordt geregistreerd wanneer een lege bufferpositie opnieuw wordt 
opgevuld.  

 Err: dit bericht wordt geregistreerd bij een missend onderdeel. Elk onderdeel dat niet op het 
werkstation aanwezig is als een nieuw chassis aankomt in dat werkstation zal zorgen voor 
een error-registratie. 

 

RESULTATEN 

 
In Tabel 2 wordt een overzicht van alle gesimuleerde scenario’s weergegeven:  

EMS Scenario MOD_A 

AGV Scenario MOD_B 

Tugger Scenario MOD_C 

Tabel 2: overzich van de gesimuleerde scenario’s 

Voor alle scenario’s werd gerekend met een takt tijd van 10’03’’. 

 

Scenario A 
In dit scenario onderzochten we het gedrag van een elektrisch monorail systeem (EMS) dat enkel kits 
vervoerd. Het aantal afzetstations werd bepaald na het uitvoeren van proeven in de praktijk. In onze 
simulatie zijn we uitgegaan van een zo beperkt mogelijk aantal afzetstations om de totale kost te 
beperken. Aan de assemblagelijn wordt de kit vastgehecht aan de ketting en loopt deze bijgevolg 
mee met het chassis aan dezelfde snelheid als de lijn. 
 

A. Standaard geval 

Als startscenario hebben we besloten om met de volgende parameters te werken: 

 Aantal transporters: onbeperkt 

 Aantal laadstations: 28 

 Aantal buffers aan de lijn: 1 

 EMS snelheid: 1,8 m/s 

Voor alle vermelde parameters worden de boven- en ondergrenzen, de ideale waarden en het 
werkingsinterval onderzocht in volgende paragrafen. 
 
De resultaten van het standaard geval kunnen teruggevonden worden in Tabel 3. De eerste drie rijen 
in Tabel 3 geven de gemiddelde tijd tussen twee registraties in het model. Deze registraties kunnen 
ofwel een “message”-registratie (Msg), een “transport”-registratie (Tra) of een “buffer”-registratie 
(Buf) zijn. De laatste drie rijen geven de maximum tijd tussen de verschillende registraties. 
 



 

 

  Gemiddelde tijd tussen Msg en Tra 1’05’’ 

Gemiddelde tijd tussen Tra en Buf 4’30’’ 

Gemiddelde tijd tussen Msg en Buf 5’35’’ 

Maximale tijd tussen Msg en Tra 2’41’’ 

Maximale tijd tussen Tra en Buf 6’27’’ 

Maximale tijd tussen Msg en Buf 8’16’’ 

Tabel 3: MOD_A: resultaten voor het standard geval 

De totale duur van de simulatie is 72 uren, waarvan de 12 eerste uren werden verwijderd om een 
systeem in steady state te verkrijgen. De maximale tijd die kan gebruikt worden om een kit te 
vervangen is gelijk aan de takt tijd. In ons standaard geval bedraagt de maximale tijd die nodig is 
8’16’’. Bijgevolg worden alle kits op tijd geleverd en geeft het simulatiemodel geen melding van 
missende kits. 1’47’’ is de marge die nog ter beschikking is om onverwachte voorvallen op te vangen. 
Laten we nu eens kijken naar de laadtijden voor de kits. 

 

Figuur 1: MOD_A: histogram van de laadtijden voor het standard geval 

Men ziet dat de overgrote meerderheid van de kits op een korte tijd kunnen geladen worden. 
Desalniettemin zien we ook dat pieken tot 2’41’’ bestaan. Dit betekent dat in de meeste gevallen een 
snelle respons mogelijk is maar dat we zullen moeten opletten met piekbelasting en 
corresponderende wachttijden. 
 
Een andere interessante grafiek is het histogram van het aantal transporters die in gebruik zijn. In 
Figuur 2 ziet men hoe vaak het voorkomt (y-as) dat een bepaald aantal transporters (x-as) in gebruik 
zijn. Het maximum aantal transporters in gebruik op hetzelfde moment bedraagt 113. We zien ook 
dat het zelden voorkomt dat minder dan 30 transporters in gebruik zijn op hetzelfde moment. 

 

Figuur 2: MOD_A: histogram van het aantal transporters in gebuik op hetzelfde moment 
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Nu we een overzicht hebben van de verschillende werkgrenzen zullen we de impact van een 
variërend aantal laadstations onderzoeken alsook de impact van het aantal EMS transporters en de 
EMS snelheid. 
 

B. Variatie in het aantal laadstations 

Nu we het standard geval besproken hebben gaan we over tot het onderzoeken van de werkgrenzen 
wat betreft het aantal laadstations in de supermarkt. We zullen het aantal laadstations geleidelijk 
laten afnemen tot het moment waarbij de levertijd trager wordt dan de takt tijd. Op dat moment 
zullen kits te laat herbevoorraad worden en zullen “error”-registraties optreden. 
 
We starten met scenario MOD_A.1. De ‘1’ in de benaming verwijst naar het aantal buffers aan de 
assemblagelijn. 

 

Figuur 3: MOD_A.1, variatie van het aantal laadstations en één buffer aan de lijn 

Als we het aantal laadstations verminderen zien we dat de herbevoorradingstijd gradueel zal 
toenemen. Op het moment dat we slechts met 14 laadstations werken is de maximale 
herbevoorradingstijd groter dan 10’03’’. Bijgevolg zullen de eerste “error”-registraties worden 
waargenomen (79 kits van de 20440 kits worden te laat geleverd). 
 
In een tweede stap zullen we het aantal laadstations verder laten afnemen waarbij we werken met 
een buffer van 2 kits. Op deze manier zal er meer voorraad aan de lijn gestockeerd worden waardoor 
we eveneens een grotere herbevoorradingstijd hebben: 2 keer de takt tijd of 20’06’’. 
De resultaten met betrekking tot het variëren van het aantal laadstations met twee buffers aan de 
lijn worden in Figuur 4 getoond: 

 

Figuur 4: MOD_A.2, variatie van het aantal laadstations met twee buffers aan de lijn 
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In dit geval kunnen we het aantal laadstations laten afnemen tot we slechts 5 stations over hebben. 
De maximale herbevoorradingstijd op dat moment bedraagt 17’08’’ en is dus lager dan 20’06’’. Het 
aantal laadstations laten afnemen tot vier zou leiden tot extreem hoge herbevoorradingstijden en 
een groot aantal “error”-registraties: 4349 kits van de 20440 kits zouden niet op tijd geleverd 
worden. 
 
Concluderend kunnen we zeggen dat een extra buffer helpt in het opvangen van de piekbelasting van 
de herbevoorradingsorder die uitgestuurd worden. Het is steeds afwegen tussen extra bufferruimte 
aan de lijn en extra laadcapaciteit aan de laadstations. 
Een overzicht van de belastingsgraad van de laadstations kan bekomen worden door het 
interpreteren van de volgende tabel. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

C. Variatie in het aantal EMS transporters 

Een ander interessant onderzoekspad is het belang van het aantal transporters. We zullen de impact 
van het beperken van het aantal transporters onderzoeken. Nu zal er een afweging moeten gemaakt 
worden tussen aantal transporters en de herbevoorradingstijd. Voor alle andere parameters 
gebruiken we de waarden zoals deze ingesteld werden voor het standaard geval. 
 
Opnieuw hebben we de berekeningen gedaan voor zowel 1 als 2 buffers aan de lijn. In Figuur 5 
starten we met 1 buffer aan de lijn. 

 

Figuur 5: MOD_A.1: herbevoorradingstijd versus aantal EMS transporters, één buffer aan de lijn 
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In het standard geval was het maximaal aantal transporters in gebruik op een welbepaald moment 
113. Nu zien we dat we het aantal transporters eenvoudigweg kunnen vermindering tot 95, zonder 
een toename van de herbevoorradingstijd. In realiteit is het maximum aantal kits die op hetzelfde 
moment worden aangevraagd gelijk aan 91. Van zodra we minder dan 91 carriers hebben zien we dat 
de herbevoorradingstijden drastisch vermeerderen. Meer tijd zal nodig zijn om de herbevoorrading 
uit te voeren. Bijgevolg zal een tweede buffer aan de assemblagelijn noodzakelijk zijn (Figuur 6). 

 

Figuur 6: MOD_A.2: herbevoorradingstijd versus aantal EMS transporters, twee buffers aan de lijn 

We zien nu dat alle kits op tijd kunnen aangeleverd worden tot zolang we beschikken over 75 EMS 
transporters. Dit is minder dan de 91 transporters die we nodig hadden in het geval van één buffer. 
 

D. Variatie in de EMS snelheid 

De snelheid in het standaard geval was vastgelegd uitgaande van de technische specificaties 
verkregen van de leverancier. Als onderdeel van onze robuustheidsanalyse onderzoeken we nu de 
invloed van variërende EMS snelheden (zie Figuur 7). 

 

Figuur 7: MOD_A.1: variatie in de EMS snelheid 

We kunnen concluderen dat onder de standaard parameterwaarden de EMS snelheid nog mag dalen 
tot 1,4m/s alvorens problemen zullen optreden. 
 

E. Tijdsverschuiving van kits aangeleverd aan hetzelfde werkstation 

Op dit ogenblik worden alle kits in een workstation op hetzelfde moment aangevraagd. Als resultaat 
hiervan worden grote piekbelastingen op de supermarkt en de laadstations losgelaten. Als eerste 
stap zullen we nu de afroeping voor alle kits voor een werkstation evenredig over de takt tijd 
verdelen. Dit zal leiden tot de volgende twee resultaten: 

 De afroep van kits zal meer evenredig over de tijd verspreid zijn 

 Er zal zich minder voorraad aan de lijn bevinden 
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Zoals we kunnen zien zijn de resultaten verbluffend! Het aantal laadstations nodig om dit scenario te 
laten lopen is zeer sterk verminderd (van 16 laadstations naar 5 laadstations (Figuur 8).  Ook het 
aantal transporters nodig om het scenario te laten lopen is significant minder. Het resultaat van de 
berekeningen met 8 laadstations kan gevonden worden in Figuur 9. 

 

Figuur 8: MOD_A.1_Tijdsverschuiving: invloed van het aantal laadstations met één buffer aan de lijn 
en een tijdsverschuiving 

 

Figuur 9: MOD_A.1_Tijdsverschuiving: invloed van het aantal transporters met één buffer aan de lijn, 
een tijdsverschuiving en 8 laadstations 

Onder de hierboven vermelde parameterwaarden zijn 70 transporters voldoende om alle kits naar de 
assemblagelijn te herbevoorraden. 
 

F. Tijdsverschuiving van kits aangeleverd aan verschillende afzetstations 

In alle voorgaande scenario’s zenden alle afzetstations een verzoek tot herbevoorrading van de 
eerste kit op hetzelfde moment. Afhankelijk van de transporttijd naar de respectievelijke 
afzetstations kunnen we de kits iets vroeger aanvragen zodat we extra beschikbare 
herbevoorradingstijd verkrijgen. Het moment waarop we dit “vroege verzoek” kunnen versturen 
hangt af van afzetstation tot afzetstation en is gerelateerd aan de minimumtijd dat een systeem 
nodig heeft om de kit te herbevoorraden. Uiteraard is deze tijd gelinkt aan de afstand tussen de 
supermarkt en het afzetstation. Naast het winnen van extra herbevoorradingstijd kunnen we er ook 
voor zorgen dat de kits op verschillende tijdstippen afgeroepen worden. Bijgevolg kunnen we 
opnieuw onze piekbelasting verminderen. Deze belastingsvermindering zal opnieuw leiden tot een 
verminderde capaciteitsbehoefte aan de laadstations, minder buffers aan de lijn, etc. 
 
Het net uitgelegde concept is grafisch voorgesteld in Figuur 10. Op de eerste, zwarte lijn zien we de 
registraties zoals ze worden opgenomen in het simulatiemodel. De tweede lijn toont de normale takt 
tijd. De derde lijn geeft de totale herbevoorradingstijd weer indien we gebruik maken van de 
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tijdsverschuiving voor de kits afgeleverd aan verschillende afzetstations. De vierde lijn is een 
weergave van de tijd die we winnen door het uitsturen van dit “vroege verzoek”. Het maximum van 
deze tijdsverschuiving is gelijk aan het minimum van de tijd tussen het transport vanaf het 
laadstation en de aankomst in de buffer aan de lijn. Deze tijd is uiteraard verschillend van 
werkstation tot werkstation, gezien de verschillende afstand tot de supermarkt. 
 

 

Figuur 10: uitleg van het “vervroegde verzoek” concept 

De maximale tijdsverschuiving voor een vervroegd verzoek ligt tussen de 2’16’’ en 4’06’’, afhankelijk 
van het werkstation. 
 

Scenario B 
In dit scenario wordt het transportsysteem Automatic Guided Vehicles (AGV) verder onderzocht. De 
volgende parameters werden gebruikt voor het standaard geval: 

 Aantal transporters: 270 

 Aantal laadstations: 28 

 Aantal buffers aan de assemblagelijn: 3 

 AGV snelheid: 0,5 m/s 

Reeds na één simulatieronde zagen we dat dit scenario niet zou leiden tot een bruikbare oplossing 
vanwege de lage snelheid van de AGV’s. Niettegenstaande het gebruik van 270 AGV’s en drie buffers 
aan de lijn was het model niet in staat om de kits op tijd aan de lijn te krijgen. De congestie was soms 
zo groot dat verschillende gebieden geblokkeerd raken voor een bepaalde tijd. 
 
Bijgevolg besloten we dat AGV’s niet geschikt zijn voor de specifieke interne logistieke situatie bij 
VET. 
 

Scenario C 
Dit scenario is heel gelijkaardig aan de voorgaande scenario’s. Opnieuw spreken we over volledige 
kitting met een beperkt aantal afzetstations. De afzetstations zullen dezelfde zijn als in scenario A. 
Het enigste verschil is het transportsysteem: we zullen nu het gebruik van tuggers onderzoeken om 
de kits te vervoeren naar de assemblagelijn. 
 

A. Standaard geval 

Als startscenario werden de volgende waarden gebruikt: 

 Aantal transporters: 30 

 Aantal laadstations: 8 

 Aantal buffers aan de assemblagelijn: 1 

 Tuggersnelheid: 1,4 m/s 



 

 

De resultaten voor het standaard geval worden voorgesteld in Tabel 5: 

Gemiddelde tijd tussen Msg en Tra 0’30’’ 

Gemiddelde tijd tussen Tra en Buf 4’33’’ 

Gemiddelde tijd tussen Msg en Buf 5’03’’ 

Maximale tijd tussen Msg en Tra 0’30’’ 

Maximale tijd tussen Tra en Buf 6’15’’ 

Maximale tijd tussen Msg en Buf 6’45’’ 

Tabel 5: MOD_C: resultaten voor het standaard geval 

Als we deze resultaten vergelijken met het EMS standaard geval zien we dat de tijd tussen een 
herbevoorradingssignaal (Msg) en het moment dat een kit in het systeem geladen is (Tra) kleiner is in 
scenario C. De reden hiervoor is dat in het standaard scenario alle tuggers op hetzelfde moment 
kunnen geladen worden. Er gaat dus geen tijd verloren aan extensief wachten. Als we de 
transporttijd (tijd tussen Tra en Buf) vergelijken dan zien we dat beide scenario’s het bijna even goed 
doen. Het verschil tussen scenario A en C is dat scenario A sneller is in het transporteren van de kits 
maar trager in het afladen van de kits aan het afzetstation. Voor scenario C worden alle 7 kits op 
hetzelfde moment afgezet. 
 
Aangezien elke tugger bestuurd wordt door een operator is het van cruciaal belang om een goed 
overzicht te hebben van het aantal operatoren die nodig zijn om het geheel aan te sturen.  

 

Figuur 11: MOD_C: histogram van het aantal benodigde tuggers in het standaard geval 

B. Variatie in het aantal laadstations 

Het opladen en afzetten van de kits op de tuggers gebeurt via een automatisch systeem. Bijgevolg is 
het aantal laadstations niet oneindig groot. We hebben de invloed van een beperkte hoeveelheid 
laadstations onderzocht, voor het geval met één buffer aan de lijn en voldoende tuggers (Figuur 12). 

 

Figuur 12: MOD_C.1: variatie in het aantal laadstations (één buffer) 
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We kunnen concluderen dat 4 tot 5 laadstations voldoende zullen zijn. Hier is het wel van belang om 
op te merken dat één laadstation bestaat uit 7 kleinere laadstations die elk één kit kunnen laden. Een 
groot laadstation kan dus één tugger met 7 kits simultaan laden. 
 

C. Variatie in het aantal tuggers 

Aangezien we bemande tuggers gebruiken moeten we een hoge operationele kost in rekening 
brengen voor elke tugger die in gebruik is. Het is dus van groot belang om het aantal tuggers in het 
model te beperken. We hebben de werkingslimieten betreffende het aantal tuggers onderzocht. De 
resultaten zijn weergegeven in Figuur 13. 

 

Figuur 13: MOD_C.1: variatie in het aantal tuggers, één buffer aan de lijn 

Aangezien we geïnteresseerd zijn in het minimum benodigde aantal tuggers is het interessant om te 
zien dat we de herbevoorrading succesvol kunnen afwerken tot zolang we beschikken over 15 
tuggers of meer. 
Aangezien personeel duur is, zullen we nu een gelijkaardige simulatie uitvoeren maar met 2 buffers 
aan de lijn. Men ziet in Figuur 14 dat het mogelijk is om te herbevoorraden met 13 tuggers in plaats 
van 15.  

 

Figuur 14: MOD_C.2: variatie in het aantal tuggers, twee buffers aan de lijn 

D. Variatie in tuggersnelheid 

De gemiddelde snelheid van een tugger wordt sterk beïnvloed door verschillende factoren. Menselijk 
interactie, de ervaring van de bestuurder en het totale aantal tuggers op de productievloer zijn 
slechts enkele van de beïnvloedende factoren. Om ervoor te zorgen dat ons systeem robuust genoeg 
is om deze invloeden te overwinnen is het van belang om een analyse uit te voeren op de 
tuggersnelheid. In ons standaard scenario rekenden we met een snelheid van 1,4m/s. De maximale 
tijd nodig om een kit te herbevoorraden was 6’45’’. We zien nu dat de benodigde tijd stap voor stap 
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toeneemt zonder de takt tijd van 10’03’’ te overtreffen tot zolang de snelheid minstens 1m/s 
bedraagt. 

 

Figuur 15: MOD_C.1: variatie van de tuggersnelheid 

 
G. Tijdsverschuiving voor kits afgeleverd aan verschillende afzetstations 

Hetzelfde onderzoek als voor het EMS scenario werd uitgevoerd. De maximale tijdsverschuiving voor 
een vervroegd verzoek ligt tussen de 3’24’’ en 5’15’’. We kunnen concluderen dat de 
tijdsverschuiving voor tugger transport groter is dan de tijdsverschuiving voor transporten via EMS. 
Dit is een gevolg van het feit dat een EMS systeem een hogere transportsnelheid behaalt. 

 

CONCLUSIES 
 
De studie over de implementatie van alternatieve transportsystemen bij Volvo Europe Trucks (VET) 
heft aan het licht gebracht dat AGV’s niet geschikt zijn voor het herbevoorraden van kits naar de 
assemblagelijn vanwege hun trage snelheid. Zowel EMS als tuggers zijn wel een waardig alternatief 
voor de momenteel veelgebruikte vorkliften. De grootste opportuniteit bij het invoeren van een 
alternatief transportsysteem om de kosten te drukken is het verminderen van de piekbelastingen. De 
meest efficiënte methode om de piekbelastingen te gaan reduceren is het invoeren van een 
tijdsverschuiving tussen de verschillende herbevoorradingssignalen. Gebaseerd op deze bevindingen 
heeft VET een business case ontworpen waarbij ze alle investeringen, onderhoudskosten en 
potentiele besparingen in rekening brengen. 
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