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Abstract  

The aim of this thesis is to develop and evaluate both the manufacturing 

concepts and real layouts. The manufacturing parts of a business unit at 

Witzenmann GmbH is currently distributed over three separate locations. This 

leads to high lead times, high inventory, and a huge amount of transport. The 

report provides a guideline for factory planning in general, with focus on 

material flow, and uses the project at the company to plan a new factory. The 

report describes the different steps followed in the master thesis work, the 

results obtained thereof, discussion and recommendations.  

The report is organized as follows: firstly, an overview of the used methods, e.g. 

the process analysis, material flow analysis, layout planning and the value 

benefit analysis is provided. Following this, a frame of reference, including 

information about systematic factory planning and production concepts, is 

presented. The results of the used methods indicate the influences of space 

calculation methods, manufacturing concepts, and layout design on the material 

flow within a factory.  

Lastly, the discussions of the results show areas of improvements regarding the 

used manufacturing concepts, the systems for supply and disposal, and the 

layout design. The conclusion chapter reflects on the work done with future 

recommendations.  

Keywords: factory planning, material flow, material flow analysis, layout 

design, manufacturing concepts   

 

 

 

 

 

 

 

 



Sammanfattning  

Syftet med avhandlingen är att utveckla och utvärdera både tillverkningskoncept 

och layouter. Tillverkningen av delarna i en affärsenhet hos Witzenmann GmbH 

sker för närvarande på tre olika platser. Detta leder till höga ledtider, hög 

lagerhållning och en stor mängd transporter. Examensarbetet ger riktlinjer för 

fabriksplanering i allmänhet, med fokus på materialflödet, och använder 

företagsprojektet som bas för att designa en ny fabrik. Denna rapport beskriver de 

olika faserna under arbetets gång, resultaten som har erhållits samt innehåller 

diskussionsavsnitt och rekommendationer. 

Rapporten är strukturerad enligt följande: Först en översikt av den använda 

metodiken tex beskrivs processanalys, materialflödesanalys, layoutplanering och 

värdefördelningsanalys. Därefter presenteras ett teoretiskt ramverk som 

inkluderar information om systematisk fabriksplanering och produktions-

koncept. Resultaten från de använda metoderna indikerar att materialflödet inom 

en fabrik påverkas av beräkningsmetoder för golvyta, tillverkningskonceptet och 

layoutdesignen.  

Till sist pekar diskussionen av resultaten på följande förbättringsområden: de 

valda tillverkningskoncepten, systemen för tillförsel och borttransport av material 

samt layoutdesignen. Avslutningskapitlet innehåller en reflektion om det 

genomförda arbetet med rekommendationer för framtida arbete  

Nyckelord: fabriksplanering, materialflöde, materialflödesanalys, layoutdesign, 

tillverkningskoncept  
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Zusammenfassung 

Das Ziel der Thesis ist das Entwickeln und Beurteilen von 

Fertigungsformen und materialflussorientierten Layouts. Die 

Verteilung der Produktion eines Geschäftsbereiches der Witzenmann 

GmbH auf drei Werke führt zu hohen Durchlaufzeiten, hohen 

Beständen und hohen Transportaufkommen. Die Thesis beschreibt 

einen Leitfaden zur allgemeinen Fabrikplanung mit Fokus auf den 

Materialfluss. Die verschiedenen Phasen der Fabrikplanung, welche 

für die Masterthesis relevant sind, werden erklärt, deren Ergebnisse 

werden im Laufe der Arbeit präsentiert, und Empfehlungen werden 

diskutiert. 

Die Masterthesis beinhaltet einen Überblick der verwendeten 

Methoden, wie zum Beispiel die Prozessanalyse, Materialflussanalyse, 

Layoutplanung und Nutzwertanalyse. Die Ergebnisse der 

durchgeführten Methoden zeigen die Beeinflussung des 

Materialflusses durch die Rechenmethode, die gewählte 

Fertigungsform und die Layoutgestaltung. 

Die Diskussion der Ergebnisse weist auf Optimierungspotenziale 

bezüglich der gewählten Fertigungsform und der Layoutgestaltung auf. 

Das Schlusskapitel rundet die Thesis mit einer Zusammenfassung der 

Erkenntnisse ab. 

Stichwörter: Fabrikplanung, Materialfluss, Materialflussanalyse, 

Layoutgestaltung, Fertigungsformen  
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1 Introduction 

This chapter sets the scene for the study about factory planning. First, 

the company is introduced, followed by background information and 

the problem statement. Furthermore, possible limitations, expected 

results, and the structure of the thesis are presented. 

1.1 Witzenmann GmbH 

This thesis was written in cooperation with Witzenmann GmbH at its 

headquarters in Pforzheim, Germany. Witzenmann GmbH is the 

world’s leading manufacturer of flexible metal elements including 

metal hoses, metal bellows, and automotive components (Witzenmann 

GmbH, 2017a). The company was founded in Pforzheim in 1854 and 

developed from a manufacturer of jewellery to a company in the metal 

hose and expansion joint industry (Witzenmann GmbH, 2017a). The 

broad range of products are designed to decouple vibrations, 

compensate for thermal movement, and aid installation (Witzenmann 

GmbH, 2017a). A product portfolio is visualized in Figure 1.  

 

Figure 1: Product Portfolio of Witzenmann GmbH (Witzenmann GmbH, 

2017b) 
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The company’s business is spread over different industries, like 

automotive, industrial, aerospace, as well as further markets 

(Witzenmann GmbH, 2017a). The 24 subsidiaries of the organization 

are distributed over 19 countries and deliver the European, American, 

and Asian markets. 

The supervision of this thesis is done by the central department 

for “Business Process Management”, which embraces the consulting 

and supervision at national and international subsidiaries. This 

consulting includes the introduction of business process management, 

lean management, productivity management, industrial engineering 

and resource efficiency management. 

1.2 Background and Problem Statement 

Factory planning is part of an organization’s long-term planning. The 

fundamental areas are: production equipment, material flow, and 

organization of production and its processes. There are four distinct 

kinds of planning cases for a factory. The first planning case is the 

planning of a new factory. This case is called “Green Field”- project 

because a completely new building is going to be built – at an unbuilt 

property. The second case includes the re-planning of already existing 

buildings – the so called “Brown Field”- projects. Already existing 

buildings are therefore restructured and it may happen that parts of the 

building will be renewed. The third case is the revitalization of already 

existing but empty buildings. This case is a variant of a brown field 

project. The fourth planning case is the removal of existing facilities. 

In reality, the most common are the green and brown field cases. 
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The planning of the factory is influenced by many obstacles. 

These obstacles are for example: changing processes, innovative 

technologies, adaptability, globalization, and sustainability (Loos et 

al., 2012). One trend is to have shorter processes. This is due to highly 

customized and shorter product life cycles (PLC). It affects the 

planning of the factory because a faster and a more effective approach 

is required to adapt to changing processes. Innovative technologies, for 

example additive manufacturing or industry 4.0, can challenge the 

planning of future factories. These technologies do not only affect the 

manufacturers but also its suppliers. Different and changing 

regulations, manufacturing techniques, and space requirements need to 

be considered in the planning phases of the factory. Once the factory is 

already planned and build, it should be able to adapt to changes. This 

is crucial before the actual factory is build. Another influencing trend 

is the globalization. Increasing dynamics of markets and the integration 

of emerging markets into production networks all over the world 

indicate the need to include local location factors and regulations of the 

respective country. Sustainability is another obstacle, which is 

influencing the planning of future factories. Therefore, the three 

dimensions of sustainability – economical, environmental, and social 

– need to be considered (Hauff 1998). The planning of a factory 

according to these three dimensions means to build a factory for the 

current and future generations. 

Due to these obstacles, it became a necessity for organizations 

to be flexible, innovative, and adjustable. This implies a high 
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importance of factory planning to remain competitive. The planning of 

the factory is therefore essential and it should be planned thoroughly. 

The manufacturing of the business unit “Production 

Commercial Vehicles /Engine” (nfm) at Witzenmann GmbH is 

currently distributed over three different locations in the area of 

Pforzheim, Germany. The main plant includes the production of 

bellows, bellow assemblies, and a laser center. In the second plant, 

conduit systems are produced. The production at the headquarters of 

the company is focused on the production of hose lines that are 

transported to the main plant and assembled to the bellow assemblies. 

Furthermore, products manufactured at the headquarters are also part 

of conduit systems and therefore transported to that plant as well. 

However, some final production steps of other assemblies and other 

plants are done in the headquarters, too. Many cross-locational 

processes are depended on each other. Furthermore, semi-finished, 

finished parts, or air are transported between the plants. This leads to 

high lead times, high inventory, and a huge amount of transport. For 

the transport between the plants, an external logistics service is used, 

which results in high logistics costs in total. Due to the distribution of 

the plants, each plant requires maintenance and production controlling 

departments as well as production engineers. 

In this situation, a future orientated design of production is not 

possible due to excessive costs and limited areas. This indicates a low 

flexibility to adapt to changes in demands. Furthermore, out of three 

plants, two are rented which leads to annual costs for rent as well. This 

is the reason for the need of a new and future-orientated factory, which 
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merges the three locations into one. Therefore, the planning of the new 

factory is a mix of both green-field and brown-field projects because a 

new building is going to be built by using already existing processes 

and production equipment. 

Research questions that should be answered at the end of this 

study are the following: 

• How does the choice of the calculation method influence 

the actual space? 

• How does the choice of manufacturing concepts influence 

the material flow? 

• How does layout design influence the materials flow in 

terms of transportation, movement of resources, handling 

of materials, expandability, and flexibility? 

1.3 Possible Limitations and Expected Results 

The primary goal of the project is the evaluation of manufacturing 

concepts and layouts that ensure an optimal material flow. For that, the 

three locations shall be merged together at one location. The remaining 

production of hose lines and exhaust gas line shall be restructured at 

the headquarters. Secondary goal of the internal project is to develop 

an implementation plan for the new building, in which the required 

times and capacities of the reorganization need to be planned. 

An economic and future orientated focus of the merging of the 

locations is required to ensure a new factory that is flexible to changes 

in future. However, the scope of this project does not include the 
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planning of other areas at the headquarters. The project’s focus is the 

elaboration of manufacturing and layout concepts that ensure an 

optimal material flow within the new building. 

1.4 Thesis’ Structure 

This thesis report is divided into the following six chapters: 

Introduction, Methodology, Frame of Reference, Results, Discussion, 

and Conclusion.  

The first chapter Introduction provides general background 

information about the project and the structure of the thesis. 

Methodology, as the second chapter, introduces methods which are 

used and required during the project. In the third chapter, a frame of 

reference is presented. This includes information about systematic 

factory planning and production concepts. The fourth chapter deals 

with the results that are achieved by the used methods. These results 

are later discussed in the fifth chapter. The discussion provides 

advantages and disadvantages of the results. The sixth chapter 

concludes this thesis report with a summary of the study and the main 

findings. Furthermore, suggestions for future work are provided.  
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2 Methodology 

This chapter contains descriptions of the methods used when 

conducting the research. Information in the field of research is gathered 

by using various approaches like e.g. literature reviews, interviews, and 

benchmarking. 

2.1 Literature Review 

A literature review was conducted to collect information in the field of 

the study. This information forms a fundament for the work and 

provides the necessary knowledge. The literature review was 

conducted continuously throughout the study, considering different 

kinds of literature, e.g. books, journals, or scientific articles. Based on 

the literature review the structure of the study was created. 

2.2 Interviews 

During the study, face-to-face interviews were conducted. Interviews 

are used to ask questions to and receive answers from the interviewee. 

In this study, semi-structured and unstructured interviews were carried 

out. 

Semi-structured interviews were conducted to increase the 

knowledge and to gain information form experts in the field of the 

study. This kind of interview is characterized by an interview guide, 

which contains open questions and topics that need to be discussed in 

the interview (Robert Wood Johnson Foundation, 2006a). Generally, 

this guide is followed but can be adjusted to the conversation. The 
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design of open questions aims to open up the conversation between the 

interviewee and interviewer. Depending on the conversation new 

questions or topics might occur that extend the interview. The 

interview’s outcome is the gathering of qualitative data which is 

reliable and comparable (Robert Wood Johnson Foundation, 2006a). 

In addition to that, unstructured interviews were conducted to 

increase the understanding in the field of study. Once a basic 

understanding was gained from the literature review, more information 

for a better understanding are gathered by unstructured interviews 

(Robert Wood Johnson Foundation, 2006b). These interviews tend to 

have open questions and they are conducted multiple times. 

2.3 Benchmarking 

The comparison of different companies, products, processes or 

methods is called benchmarking. In this study, benchmarking is used 

to define influencing factors on the material flow within a factory. In 

this case especially the layouts of different factories are compared and 

analyzed. The chosen factories of BMW, Smart, Nissan Sunderland, 

and Toyota will be the scope of the benchmark.  

2.4 ABC Analysis 

In order to be able to ensure an optimal material flow in the new 

factory, the flow of material needs to be based on class-A materials 

because of the influence – around 80 percent – to the overall 

production. Considering the amount of the materials per year, an ABC-

Analysis was performed. The outcome of this analysis shows the 
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classification of the materials. Based on this classification, the 

alignment of machines in the layout can be planned to ensure an 

optimal flow of class-A materials. 

2.5 Functional Scheme 

Functional schemes are created and used in the rough planning phase 

of factory planning. These schemes visualize the functional areas and 

their material flow. This material flow is a qualitative linkage between 

the different areas. The scheme includes information required for the 

succeeding phases. It provides a rough overview of the processes and 

their linkage and form a foundation for the rough planning phase. 

Furthermore, in functional schemes the areas are not aligned according 

to the position. Therefore, it is not equal to a layout. 

2.6 Estimation of Demands 

To be able to plan a layout, space requirements need to be calculated. 

This can be done in several ways. In this study, the required space is 

calculated using two different methods. The outcome of the methods 

will be presented and discussed later in this report. The calculated 

spaces are required for both the ideal layout planning and the real 

layout planning. 

2.7 Process Analysis 

In addition to the functional scheme, a process model was created and 

analyzed. Business Process Model and Notation (BPMN) is used for 

modelling the processes. This BPMN shows the sequences of the 
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processes and the linkages between the different areas. This method is 

used to create a transparency of all processes and the flow of its 

sequences. Furthermore, the planning of the alignment of areas 

considering an optimal flow of material is possible.  

Another method used for the analysis of the processes and the 

flows is the so called Spaghetti-Chart. This diagram was used to gain 

a first overview of the processes and flows. Furthermore, it is created 

on top of the current layouts. With that, distances – especially long 

distances – between processes and agglomerations of flows are 

identified. This information is then used in the analysis of the material 

flow and its improvements.  

2.8 Material Flow Analysis 

A material flow analysis was performed to check the structure of the 

machine’s alignment. Furthermore, another target of this analysis is to 

check the possibilities of the integration of new requirements. 

Therefore, the methodology of a material flow analysis starts with the 

creation of a material flow matrix. This matrix shows the linkage 

between each station within the factory. Derived from that a 

transportation matrix can be created which shows the number of 

transports within the stations. Furthermore, a distance matrix is created. 

This matrix is considering the distances in the current situation. Based 

on both the transportation and distance matrix, an intensity matrix is 

calculated. The matrices show the “from-to” correlation between each 

workstation. According to Stephens & Meyers (2013), this is an exact 

technique of analyzing the flows. All these matrices help in 
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determining centers of gravity of transportation and material. 

Therefore, a realignment of workplaces to ensure the optimal or 

minimum transportation will be determined. 

2.9 Value Stream Analysis 

The value stream analysis (VSA) – in literature also referred to value 

stream mapping – is part of the material flow analysis. Targets of the 

VSA is the creation of transparency and visualization of functions and 

processes. Furthermore, it is used to show areas of improvement. The 

methodology of performing a value stream analysis includes the 

following steps: 

• visualizing of all processes beginning at the customer, over 

the production and the supplier, 

• outlining the material flow, and 

• showing the integration of both material and information 

flow.  

The resulting value stream will be evaluated and a new 

improved concept will be derived from that. 

2.10 Choice of Manufacturing Concepts 

The choice of manufacturing concepts takes the material flow matrix 

as a foundation for the decision making. Based on the material flow, 

certain manufacturing concepts suit or not. Therefore, the suitable 

manufacturing concepts need to be evaluated before the decision 

making process starts. Furthermore, also the type of production 
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influences the choice of manufacturing concepts. Therefore, it is 

required to consider both the type of production and the material flow. 

2.11 Layout Planning Methods 

For the planning of the ideal layout heuristic or graphical methods are 

required. These methods are used to arrange the workplaces according 

to the intensity of flows. Therefore, these methods help creating a first 

and ideal alignment, which is used in the succeeding steps. 

One of these steps is the planning of the real layout which can 

be done manually or by using a Computer-Aided-Design (CAD) – 

software or planning software. The manual method is used in the 

beginning of the real layout planning to place the workplaces in the 

layout – considering all the restrictions. However, the use of CAD-

software is preferable at a certain point of time of layout planning. In 

this project the software visTable, a planning software for layouts, 

material flows, and transports, is used. 

2.12 Value-Benefit-Analysis 

The created real layouts need to be evaluated according to specified 

criteria. This evaluation is done in form of a value-benefit analysis. The 

analysis evaluates important criteria of all variants of the real layout. 

Each criterion is weighted and the degree of fulfillment is rated based 

on a scale from one to ten. Criteria that are important will be weighted 

higher, and therefore the degree of fulfillment in this criterion can be 

crucial for the layout decision. Therefore, this analysis needs to be 

performed thoroughly to find suitable layout variants.  
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3 Frame of Reference 

This chapter aims to provide background information in the field of 

factory and production planning. 

3.1 Factory Design Process 

The process of designing a factory includes various steps to be planned 

accordingly. Therefore, a well-planned process of designing the factory 

and planning the contents of each process step is essential. Figure 2 

shows an example of a manufacturing development process which is a 

synonym for the factory design process. 

 

Figure 2: A Manufacturing Development Process (Sivard 2013) 

Figure 2 visualizes the relations of all phases in the factory 

design process. It shows that this process affects not only the different 

phases but also the results in the end – the real and the digital factory. 

The digital factory can be used to plan everything thoroughly and in 

advance. Therefore, alignments of resources, estimations of required 

spaces, and the flow of material can be planned and improved 

beforehand. With this early planning, it is possible to install the 
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equipment fast. This ensures the production to start and run as fast as 

possible because all the required planning steps were already 

performed (Sivard 2013). This degree project focuses on the phases 

factory planning, manufacturing concept, and layout. 

3.2 Factory Planning 

Factory planning is a systematic, target-oriented and structured process 

(Verein Deutscher Ingenieure 2011). In this process, methods and tools 

are used to plan the factory. Strategic factory planning can be divided 

in five main phases: preparation, structure planning, detailed planning, 

implementation planning, and the final implementation. Different 

authors describe approaches of strategic factory planning. The 

approaches of Grundig, Kettner, Wiendahl, Felix, and Verein 

Deutscher Ingenieure (VDI) are illustrated in Figure 3. The procedures 

and used methods will be explained in the following subchapters.  

 

Figure 3: Comparison of Factory Planning Approaches (Grundig 2009, 

Kettner 1984, Wiendahl et al. 2009, Felix 1998, VDI 5200) 
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3.2.1 Preparation Phase 

3.2.1.1 Target Planning 

The first procedure of strategic factory planning is called target 

planning, in which short -, middle-, and long-term targets are set 

(Kettner et al. 1984). Therefore, it is required to adjust the project goals 

to the organization’s goals (Kettner et al. 1984). 

The organization’s production potential is influencing the 

performance capability, which is determining the capability of how 

well the organization can realize the production program (Grundig 

2009). This program is specified by qualitative as well as quantitative 

factors, e.g. the locations, processes, resources, logistics, buildings, and 

the factory’s structure. The production potential is constantly adjusted 

to the changing market demands because all factors perform a life cycle 

(Grundig 2009). Performance indicators are used to characterize the 

potential of production and to identify deviations of targets. The 

contents of the target planning phase are based on these deviations or 

changes in demands. These are used to evaluate and formulate targets 

and first rough concepts (Grundig 2009). It creates a first planning 

guide for the following phases. 

The outcome of the first planning phase is similar to the content 

of a project charter which includes e.g. the project definition, problem 

statement, budget, and due dates of the phases.  
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3.2.1.2 Pre-Planning 

Once the basic information and requirements are clear, the next phase, 

pre-planning, starts. The contents and the targets of this phase are based 

on the outcome of the target planning. The analysis of the production 

potential, the derivation of production program, the choice of the 

location, and demand estimations are major contents of this phase 

(Grundig 2009). 

The analysis of the production potential is used to be able to 

identify deviations between the actual and the planned situation 

(Kettner et al. 1984). The goal of this analysis is to provide a data basis 

for the following procedures. This can be realized by performance 

indicators. A detailed knowledge and the detection of weak spots are 

further reasons to perform a potential analysis. An organizational 

scheme, which shows all areas, can be used to determine which areas 

are going to be analyzed in detail (Grundig 2009). These are e.g. 

production process, factory equipment, and product structure. 

Furthermore, flow systems, like material flow, personnel flow, energy 

flow and material flow can be included in the scheme. 

The production program determines the production’s scope 

according to the following aspects: objective, quantitative, temporal, 

and in terms of value (Grundig 2009). The evaluation of the production 

program provides a basis for the factory planning process and 

determines functions, dimensions, and structures of the production 

systems (Schmigalla 1995). Therefore, the degree of flexibility of a 

factory is an important obstacle.  
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In order to ensure an optimal material flow, the production line 

should be aligned in a way to reduce the distances and to make sure 

that the material flow is constant and if possible not reverse or crossing. 

Therefore, an ABC-Analysis is used to identify the products with the 

highest impact. The amount of these products will be equal to eighty 

percent of all products. An alignment of the workplaces according to 

the flow of class-A products ensures an optimal flow of eighty percent 

of the material. This means the ABC-Analysis is used to identify a 

ranking that can vary depending on the analyzed characteristic. 

(Grundig 2009) 

Influencing factors of the logistics level in a factory are: the 

characteristics of the products, logistical characteristics of objects and 

the logistical effectiveness of the used information technology 

(Grundig 2009). Therefore, it is required to consider the logistics 

concepts and focus on a flow-oriented design. Furthermore, some used 

or defined logistics concepts influence e.g. the layout structuring, lead 

time, inventories, and the work in progress (Grundig 2009). 
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3.2.2 Structure Planning 

The structure planning phase is divided in four parts: determination of 

functions, dimensioning, structuring, and design. In the following, 

these parts are described in detail.  

3.2.2.1 Determination of Functions 

This part of the structure planning phase determines all functions 

within the production system of an organization. Together with the 

determination of functions, needed processes, and equipment, a 

functional scheme of the production processes is created. This scheme 

visualizes the functional units and their qualitative linkage (Grundig 

2009). It ensures a visualization of the production flow within the 

factory. Moreover, the functional scheme can be created for the whole 

factory or within single workplaces. The scheme within single 

workplaces includes equipment and workplace structures, whereas the 

scheme for the whole factory includes the structure of different units, 

e.g. pre-assemblies, storages, and final assemblies (Kettner et al. 1984). 

If a scheme is well prepared, further detailed information of the 

production system is available. This information includes different 

kinds of units and the amount of these units. This can be regarding the 

area, workplace or equipment. In that way, an overview of the 

connections and the specific information about it, is created which 

helps understanding the system and planning the factory.  

Moreover, not only the material flow but also the procedures 

and the flow of the processes is an outcome of the functional scheme 
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(Schenk & Wirth 2004). In addition, information about the needed 

resources of the production system is generated. It ensures a foundation 

for the planning of the production system and the factory. This shows, 

that the creation of a functional scheme provides a foundation of 

information that will be required in the following steps of factory 

planning. 

The level of detail of the scheme can vary. It depends on the 

availability of information. If detailed processes cannot be derived, 

then only a rather rough scheme is possible. However, if the production 

program, bill of material, processes and equipment are available, a 

detailed functional scheme is possible. The steps of how to derivate a 

functional scheme are illustrated in Figure 4. 

 

Figure 4: Derivation Steps of the Functional Scheme (Grundig 2009) 

The first step defines the scope of the various products. The use 

of bill of material helps to identify the different production levels and 

the product elements (Schenk & Wirth 2004). All processes and 
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process flows for each element are analyzed in the second step. In case 

of a functional scheme for the whole factory, the process flows between 

the units are captured. In the third step, a detailed material flow 

analysis, which includes qualitative information, is performed. The 

sequence of the material flow is an example of qualitative information, 

whereas the amount of for example annual products and elements are 

quantitative information. Furthermore, units are grouped in this step. 

The principles for the grouping of units are e.g. allocation of cost 

centers, analogy of procedures and equipment, and the structure of 

storage (Grundig 2009). 

A better understanding and knowledge about the production 

flow will be established by visualizing the processing logic in the 

fourth step. This is related to the functions and units and it is illustrated 

in a structure, showing the correlations between each function. This 

visualization is a first derivation of the unit-oriented functional scheme, 

without considering areas to be true to scale (Kettner et al. 1984). In 

the following step, a rough estimation or calculation of space 

requirements is performed. This is required to be able to illustrate a 

functional scheme which is true to scale. However, this functional 

scheme is only regarding functional units and not its arrangement 

(Grundig 2009). This indicates the scheme to be not similar to a layout, 

because only the process logic and the estimated space requirement per 

unit is visualized – not the location of the units. 
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3.2.2.2 Dimensioning 

This part of the structure planning includes the dimensioning of 

equipment, personnel, space, and media. In this thesis project, the 

equipment as well as the personnel is already existing. Therefore, the 

main focus of the dimensioning part deals with the dimensioning of 

space for the new factory. In that way, the current space is analyzed 

and improved. 

According to VDI 3644 (2010), the property is divided into 

different kind of areas, that are used for different purposes. The 

overview of the areas is illustrated in Appendix 1. In case of increasing 

growth of the factory in future, reserved areas can be used to extend 

the facilities (Wiendahl et al. 2009). Production area includes all the 

spaces that are required for manufacturing, assembling, checking, and 

handling of materials (Wiendahl et al. 2015). These spaces for 

production can be estimated in different ways. In early stages of factory 

planning the estimation can be done based on key indicators that are 

either absolute or relative. If detailed information about the equipment 

is available, the space requirements can be calculated more precisely. 

There are different approaches for the calculation of the required 

space– bottom-up or top-down (Schenk et al. 2010). The top-down 

approach starts with the calculation of the site space and then breaking 

down into spaces for departments and finally the spaces required per 

workplace. The calculation of space for each workplace in the 

beginning is typical for the bottom-up approach. Based on the 

workplace area the space for department and site space is calculated. 
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Firstly, the method of the functional calculation of the 

workplace area in production is based on the dimensions of the 

equipment (Kettner et al. 1984). Space for transport, intermediate 

storage, and other additional area is included in the calculation. The 

formula for the calculation is the following. 

𝐴 =  𝐴𝑂 + 𝐴𝐼𝑆 + 𝐴𝑇 + 𝐴𝐴 

This calculation shows that the production area (A) is the sum 

of the operating area (AO), the area for intermediate storage (AIS), the 

area for transport (AT), and the additional area (AA) (Grundig 2009). 

Required area for equipment is calculated by the multiplication of 

width (WE) and depth (DE). Furthermore, additional factors 

considering the safety and usage of the equipment need to be added to 

the width and depth of the equipment to calculate the operating space 

AO. This is illustrated in the following formula (Verein Deutscher 

Ingenieure 2010). 

𝐴𝑂 =  ∑ ( (𝑊𝐸 + 0.8) ∗ (𝐷𝐸 + 0.4))
𝐸

𝑖=1
 

Therefore, the operating area AO is defined as the sum of all 

equipment areas. Statistical studies prove the need for plus factors for 

the other areas that are listed in Table 1 below. 

Table 1: Derived Plus Factors for other Areas (Grundig 2009) 

Area Plus Factors 

AIS 40 % of operating area AO 

AT 40 % of operating area AO 

AA 20% of operating area AO 
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These factors lead to the following changes in the first formula 

(Kettner et al. 2010). 

𝐴 =  𝐴𝑂 + 0.4 ∗ 𝐴𝑂 + 0.4 ∗ 𝐴𝑂 + 0.2 ∗ 𝐴𝑂 = 2 𝐴𝑂 

Another method for the calculation of the area is using 

generalized plus factors. This method is performed in two stages. The 

first stage calculates the workplace area of the equipment based on the 

equipment’s floor area (AEF). According to Schenk & Wirth (2004) the 

formula for the calculation of the equipment’s workplace area is: 

𝐴𝐸𝑊 = 𝐴𝐸𝐹 ∗ 𝑓𝐺. 

Areas for maintenance, provision of material, handling of the 

equipment, disposal, and supply are considered in the plus factors fG 

(Grundig 2009). These factors vary depending on the equipment’s floor 

area and are listed below (see Table 2). 

Table 2: Plus Factors of Equipment's Floor Area (Schmigalla 1995) 

According to Equipment’s 

floor area 

Plus factor 

fG 

Remarks 

Woithe Small to large 5.8 … 3.8 Workshop structure 

Small to large 3.8 … 2.4 Object structure 

Rockstroh > 0.5 … 1.0 

> 1.0 … 2.0 

> 2.0 … 3.0 

> 3.0 … 4.0 

> 4.0 … 12.0 

> 12.0 … 16.0 

> 16.0 

6 

5 

4.5 

4 

3 

2.5 

2 

Floor area (in m²) 
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In the second stage of this method the production area is 

calculated based on the results of the first stage – the equipment’s 

workplace area (AEW) (Schmigalla 1995). The calculation is illustrated 

below. 

𝐴𝑃 = 𝐴𝐸𝑊 ∗ 𝑓𝐴 

Similar to the first stage, areas for quality check, intermediate 

storages, disposal and supply, transport and production control are 

considered as a plus factor (Grundig 2009). The quantified plus factor 

fA is listed in Table 3. 

Table 3: Plus Factor fA based on Workplace Area (Grundig 2009) 

According to Kettner Rockstroh 

fA 2.0 1.55 …1.80 

In this phase, it is not required to know the arrangement of the 

equipment. The calculated area is sufficient to place all equipment 

inside the factory (Kettner et al. 1984). Both described calculation 

methods ensure results that are more reliable than a key indicator based 

method. However, based on the used method, differences in results can 

be recognized (Grundig 2009).  
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3.2.2.3 Structuring 

Planning of the structure is part of the ideal planning of the factory. 

The outcome of the previous steps form the basis for the alignment of 

all units in the layout. This is done according to the process operations 

which can be characterized by different structural layouts. The 

necessary steps in this phase are the following three: analysis of the 

material flow, determination of manufacturing concepts, and creation 

of the ideal layout (Grundig 2009). 

Planning of the structure can be focused on the general structure 

of the factory. Here, the areas for production, logistics and 

administration are aligned (Grundig 2009). Another focus can be the 

structure and determination of the following levels: workplace, area, 

and building. These are visualized in Figure 5 (Grundig 2009).  

 

Figure 5: Structuring Levels 
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The building level includes the structuring of areas and its 

processes. The alignment of the workplaces, manufacturing cells, or 

handling equipment is part of the area’s level, whereas the workplace 

level includes the structuring of all elements of a workplace and its 

equipment. 

Material Flow Analysis 

In the process of planning a factory, the material flow planning focuses 

on the two levels area and building (Kettner et al. 1984). In these 

internal levels, it is important to create an optimal flow of material with 

short transport distances, which are neither reverse nor crossing. (Klug 

2010). The optimal case is a linear flow of material. Planning the 

material flow within the building level is either material flow oriented 

or building oriented (Kettner et al. 1984). This is visualized in Figure 

6.  

 

Figure 6: Material Flow at Building Level (Kettner et al. 1984) 
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The material flow can be analyzed on macro or micro level. The 

macro level considers the material flow between areas, whereas in the 

mirco level the material flow within an area and its workplaces is 

analyzed. Material flow analysis aims to illustrate all relations between 

areas and workplaces (interconnection of material flow) and to detect 

the material flow’s center of gravity – considering the different 

relations (intensity of material flow) (Grundig 2009).  

The planning of a virtual factory in advance enables to detect 

areas of improvement, change between the different alternatives, and 

to simplify planning processes (Klug 2010). This shows that logistics 

and the planning of it influences the digital factory, its planning 

processes, and the real factory. 

In case a current factory or production system is existing, the 

material flow analysis aims to check the current alignment in the layout 

and how new requirements can be integrated (Grundig 2009). A 

technique to visualize the material flow is the use of “from-to” 

matrices (see Appendix 2). This matrix illustrates the qualitative and 

quantitative relations between different areas. In the next step, a 

transportation matrix is derived from the material flow matrix. For this 

matrix, the lot sizes and the number of transports between areas are 

required. Furthermore, the creation of a distance matrix in combination 

with the transportation matrix is used to identify the intensity of the 

material flow (Grundig 2009). 

The higher the amount of material flow above the matrix’s 

diagonal (Appendix 2), the higher is the linearity. In case of reverse 
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flows the linearity decreases. The material flow matrix helps to identify 

reverse flows and therefore it shows areas to be differently aligned in 

the layout (Grundig 2009). In that way, the direction of the flow can be 

corrected and improved. The flow intensity can be corrected by 

changing and adjusting the transportation regarding lot sizes, different 

choices of containers or the usage of conveyors between workplaces 

(Grundig 2009). 

According to Grundig (2009) there are different ways of 

visualizing the material flow. One approach is a value stream. The 

value stream illustrates all value adding and non-value adding parts of 

the material flow and therefore a transparency of all processes is 

created (Rother & Shook 1999). 

Various factors like production process, production technology, 

building dimensions, storage, and transportation of material influence 

the material flow (Franzius 1972). Due to the influence on the costs, 

material flow is a primary factor of the structuring phase (Grundig 

2009). If the material flow is not planned accordingly, it results in high 

transportation costs. Furthermore, the longer the transportation of the 

material from one workplace to another, the higher is the lead time of 

the product. The importance of the material flow analysis increases, 

with the amount of interconnected processes (Grundig 2009). Since the 

alignment of the areas is according to the processes, it results in the fact 

that the alignment of the areas is based on the material flow (Klug 

2010). This alignment will lead to minimum transportation costs, an 
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overview of the material flow processes, and the use of logistics 

elements that ensure a better handling of materials (Kettner et al. 1984). 

Manufacturing Concepts 

Another part of the structuring is the evaluation and choice of the 

manufacturing concepts (MC). These concepts can be divided in two 

categories: production of parts, and assemblies. An overview of 

manufacturing concepts in these categories is illustrated in Appendix 3. 

The choice of the manufacturing concept is based on different factors. 

For the production of parts, these factors include the type of production 

or the structure of the material flow. 

Based on the type of production, different manufacturing 

concepts are suitable or not. The overview of which manufacturing 

concept suits or partially suits to what kind of production is visualized 

in Figure 7. According to this illustration, almost all listed 

manufacturing concepts are suitable for medium-batch production. 

However, the stationary production and the continuous flow are not 

applicable for that. Furthermore, for mass production the only 

applicable manufacturing concept is the continuous flow production. 

This establishes an optimal and linear flow of material. It results in low 

lead times, low transportation efforts and high productivity. 
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Figure 7: Overview of Suitable Manufacturing Concepts based on Type of 

Production (Grundig 2009, Schenk & Wirth 2004) 

An ABC-Analysis can be used to find out the type of production 

for the range of products. It is possible that special product ranges can 

have different types of production (Grundig 2009). Ergo, the 

manufacturing concepts may vary. However, this kind of selection is 

not as detailed and the choice based on the material flow. 

The choice of manufacturing concepts that is based on the 

material flow uses the material flow matrix as basis for further 

evaluations. Depending on the relations between the workplaces, 

suitable manufacturing concepts can be derived. The overview of 

applicable manufacturing concepts is shown in Figure 8. 
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Figure 8: Overview of Suitable Manufacturing Concepts Based on Material 

Flow Matrix (Schenk & Wirth 2004, Grundig 2009, Engelhardt-Nowitzki et 

al. 2007) 

According to Wirth (1990) and Rudolph & Wirth (1986), the 

structural types of material flow systems is divided in: Point Structure, 

Line Structure, and Network Structure. 

Figure 8 shows the correlation between the material flow 

matrix, the type of structure and the manufacturing concepts. The 

qualitative analysis of the material flow makes it possible to allocate 

manufacturing concepts which are based on the structural type 

(Grundig 2009). The quantitative analysis of the material flow, that 

includes the transportation and distance matrix, illustrates the required 
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logistics elements to convey the parts and products between the 

different workplaces (Grundig 2009). 

Another approach of choosing a manufacturing concept based 

on the material flow is to calculate the material flow interconnection. 

This interconnection can be calculated with the variable c, the degree 

of cooperation. This variable describes the sum of the number of 

workplaces that are linked to another workplace i in relation to m, 

which is the amount of all workplaces (Grundig 2009). The calculation 

of c is shown in the following formula. 

𝐶 =
∑ 𝑐𝑖

𝑚
𝑖

𝑚
 

All the structural types are defined by a certain value of c. This 

is graphically shown by Schmigalla (1970) in Figure 9.  

 

Figure 9: Choice of Manufacturing Concept with c-m Diagram (Schmigalla 

1970) 

Depending on the calculated degree of cooperation and the 

number of machines or workplaces the manufacturing concepts can be 
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determined. Therefore, the c-m- diagram visualized in Figure 9 is 

required. If this method is used, it is important to consider that c refers 

to one production area (Grundig 2009). 

In addition to that, the degree of coherence γ is defined as the 

relation between the average number of machines or workplaces within 

a production area (�̅�)and the sum of �̅� plus the average number of 

machines and workplaces that are part of the production outside the 

considered production area (𝑔𝑎̅̅ ̅) (Schmigalla 1970). Mihalfi 

(Schmigalla 1970) describes the formula as the following: 

𝛾 =  
�̅�

�̅�+𝑔𝑎̅̅ ̅̅
. 

The degree of coherence shows the relation of how many 

machines within the considered area are used for production compared 

to all machines that are needed to produce the final part. In that way, 

the connection to other areas is visible if the degree of coherence is 

small. 

The choice of assembly concepts depends on the structural type. 

An overview of applicable assembly concepts depending on the 

structural type is illustrated in Figure 10. The assembly concepts may 

differ in the technology level. In that way, it can be a manual or 

automated assembly (Grundig 2009).  
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Figure 10: Overview of Suitable Assembly Concepts per Structure Type 

(Grundig 2009) 

Ideal Layout 

All the previous steps are required to start working on ideal layout 

variants. The layout visualizes the alignment of machines, workplaces, 

storage areas and further equipment (Schenk & Wirth 2004). 

According to VDI 2383 (1989), aim of layout planning is the optimal 

alignment of units to ensure a continuous flow without interruptions. 

Figure 11 is modelling the systematic approach of layout planning. In 

that, the first step is called analysis, which includes all required 

analysis described above. Based on these analysis, the ideal layout can 

be planned without considering any restrictions. This ideal layout then 

is used to evolve the real layout, which is considering all restrictions 

regarding building, regulations and flow. The last step of layout 

planning is the creation of the detailed layout. This type of layout 

includes all equipment within the different areas, the structuring of 
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resources and the ergonomic design of workplaces. All these steps are 

described in the following subchapters. 

 

Figure 11: Procedure of Layout Planning 

A guideline for layout planning includes basic principles. The 

first principle is the differentiation between three levels: site layout 

planning, rough layout planning and detailed layout planning (Schenk 

& Wirth 2004). A site layout includes different buildings and unused 

areas. Based on the site layout a rough layout is created considering the 

areas for the different units and for example storage areas inside the 

building. The detailed layout includes all machines and workplaces and 

the paths for transportation. It that way, the level of detail of the layout 

increases step by step (Grundig 2009). 

The second principle is the development of various variants for 

the layout (Schenk & Wirth 2004). Therefore, different requirements 

can lead to the development of multiple layout versions. Out of all 

developed layouts, the most optimal one will be chosen. However, it 

should be clear which factors are important to reach the target of the 
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project. Possible factors are for example the area, the flow systems, or 

the worker (Schenk & Wirth 2004). 

Methods used for ideal layout planning can be divided in 

analytic, heuristic, or graphical methods. Analytic methods provide 

exact solutions but the relation to reality is restricted (Grundig 2009). 

Heuristics methods however include procedures of manual checks. For 

example, the alignment of the machines can be tried out with changing 

the position of papers manually. Another method that can be used is to 

place the workplaces or machines with the highest intensity of material 

flow first. Then other machines related to these are placed step by step 

– also based on the intensity (Schmigalla 1995). An example of this 

method is illustrated in Figure 12. The arrows visualize the different 

material flow intensities between the areas. 

 

Figure 12: Example of Heuristic Method for Ideal Layout Planning 

An example for the graphical method is the circle method by 

Schwerdtfeger (Grundig 2009). In this method, all machines or 

workplaces are aligned in circles. Based on the material flow intensity 
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the alignment of machines will be optimized to ensure minimal 

distances between machines (Grundig 2009). 

The aim of the ideal layout planning is the visualization of the 

optimal alignment of units - based on the material flow and its intensity. 

However, in this stage external restrictions like transportation paths, 

supports inside the building or disposal are not considered (Kettner et 

al. 1984). Based on the choice of manufacturing or assembly concepts, 

an abstract design of the layout is chosen as well. An example of an 

ideal layout, which shows different areas, the required spaces and the 

material flow connections to the other areas, is attached in Appendix 4. 

This example of an ideal layout is visualizing the heuristic example in 

Figure 12. 
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3.2.2.4 Design 

The design of the ideal layout and the real building area are the 

foundation for the creation of the real layout. In that process, the ideal 

layout will be placed over the real area and adjusted to restrictions. 

These restrictions can be regarding building, regulations, flows, 

transportation paths or logistics principles (Kettner et al. 1984). Due to 

the different restrictions and material flow guidelines, different 

variants of the real layout are created (Schenk & Wirth 2004). 

Moreover, the amount and variety of layout variants should be large 

enough to ensure a well basis for the final layout (Tompkins et al. 

2010). This transformation process from ideal layout to real layout is 

illustrated in Figure 13.  

 

Figure 13: Development of Real Layouts (Grundig 2009) 

In that way, the level of detail of the real layout is higher 

compared to the ideal layout. Furthermore, a different focus can be 

chosen for the layout: area-oriented or workplace-oriented (Grundig 

2009). The area oriented layouts are characterized by the areas that are 

placed in the layout, without considering the different workplaces. The 
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other focus, workplace oriented, considers the workplaces and the 

design of it. The difference between these two types is the degree of 

detail. Workplace oriented layouts are detailed layouts, which will be 

discussed in the following subchapter “Detailed Planning”. Area 

oriented layouts are the first rough real layouts.  

There are many restrictions that need to be considered while 

planning the real layout. In case of existing building dimensions, 

related restrictions can be regarding the shape of the building, or the 

location of building supports, the transportation paths inside and 

outside, windows, and doors. Further restrictions can be related to the 

alignment of zones, like production zone, storage zone, transportation 

zone, or administration zone (Grundig 2009). Another restriction is the 

material flow itself. With the aim of establishing an optimal material 

flow within the building, the alignment of areas and workplaces needs 

to be related to the flow of material. Furthermore, supply and disposal 

areas need to be considered – especially for certain machines that need 

specified resources (Wiendahl et al 2015). Example for this are the 

disposal of water tanks, or the supply and disposal of gases for welding 

areas. Moreover, regulations can vary between countries and locations. 

Therefore, the regulations need to be considered in this step. Example 

for regulations can be the standardized width of transportation paths 

for forklifts (Kettner et al 1984). 

The real layouts can be created manually or with the use of 

software. A manual method is the alignment of areas on paper. This 

alignment can be changed by pushing areas to different positions. 
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Software related layout planning is using computer-aided design 

(CAD) software like AutoCAD, Autosketch, or Inventor. Furthermore, 

simulation tools can be used for the visualization and simulation of the 

material flow within the building. Examples for these kind of 

simulation tools are PlantSim or ExtendSim. 

Different logistics elements can be used to transport or store 

materials within the factory or within areas. Therefore, the choice of 

logistics elements can influence the layout (Grundig 2009). The aim of 

the choice of logistics elements is the continuous material flow within 

and between areas (Grundig 2009). Due to this, there is an 

interdependence between the logistics elements and both the material 

flow and manufacturing concepts. The choice of logistics elements is 

based on evaluation criteria illustrated in Figure 14. 

 

Figure 14: Evaluation Criteria for Transportation Systems (Grundig 2009) 
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Figure 14 visualizes which kind of transportation system is 

suitable for various criteria. Based on this, the choice of logistic 

elements is performed. The same kind of criteria needs to be considered 

for storage systems. These evaluation parameters for storage systems 

are attached in Appendix 5. With the choice of logistics elements, the 

variants of the layout are planned more in detail and investment costs 

become measurable (Grundig 2009). 

Considering all restrictions and logistics elements, the 

procedure of planning the real layout includes the creation of multiple 

variants. The evaluation of layouts will lead to the need of a decision 

of the final real layout. In each step of the layout planning, a decision 

of the layout is required to prevent many different variants to appear, 

to keep the transparency of the layouts, and to use the time required for 

layout planning effectively and efficiently. The selection of variants 

can be done with either a value-benefit analysis or a scoring method 

(Grundig 2009). The value-benefit analysis is using weighted factors 

for decision making. These factors need to be measurable and clear 

(Grundig 2009). The sum of the weighted factors should be a fixed 

number, like for example 100, which is distributed over all factors. All 

layout variants are rated in each factor by using a rating scale (Grundig 

2009). The rating is then multiplied with the factor’s weight. The sum 

of all rated factors results in the total amount for the respective layout. 

The decision for one layout variant is based on the total points. A 

sample value-benefit analysis is illustrated in Appendix 6. With the 

decision of the real layout, the structure planning of the factory is 

completed.  
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3.2.3 Detailed Planning 

Contents of the detailed planning are the hook-up of equipment, the 

design of the workplaces, the alignment of storage and transportation 

systems, the systems for disposal and supply, and the development 

from the real layout to the detailed layout. This subchapter explains the 

relevant areas of detailed planning for the project. 

The aim of the equipment’s hook-up is to find technical and 

economical solutions to ensure a good interaction of humans, 

materials, and machines (Kettner et al. 1984). Furthermore, a flexible 

alignment and design of machines should be established to be able to 

react to changes in requirements and demand. The connection of the 

static base load and the dynamic developing forces lead to the need for 

foundations to be able to reduce vibrations (Grundig 2009). These 

vibrations can lead to disturbances related to humans, surrounding, or 

the machine. Measures to reduce or eliminate vibrations can be 

regarding the source or the transfer of vibrations (Kettner et al. 1984). 

Primary measures are used to reduce the intensity of vibrations at the 

source or to fully eliminate the vibration. Secondary measures aim to 

avoid the transfer of vibration to the surrounding or back to the 

machine. Vibrations influence the processes of the machines, which 

can then lead to parts with quality issues. Furthermore, not only the 

produced parts but also the machine itself and the building structures 

can be affected by the vibrations (Kettner et al. 1984). In order to avoid 

the transfer of vibrations, the use of intermediate elements can solve 

issues of vibration. These elements can be elastic or load bearing. 
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The design of workplaces considers the climate, noise, lighting, 

alignment of elements, and the design in terms of color. Processes can 

require different requirements regarding climate. Therefore, all 

requirements need to be collected and the climate conditions need to 

be determined (Grundig 2009). The ventilation of rooms is divided into 

natural and mechanic ventilation (Grundig 2009). This is why, areas 

should be clustered according to the needed ventilation. This clustering 

can be regarding heating, air conditioning or cleanroom technology 

(Kettner et al.1984). 

The noise level of machines needs to be considered. Humans 

can bear only a certain level of noise. Therefore, regulations are used 

to control the permissible noise level. Noise is a measurable and 

physical indicator that can influence the health of humans (Grundig 

2009). The aim is to avoid noises, or at least to minimize them (Kettner 

et al. 1984). 

The choice of colors is connected to the lighting of the room. 

Colors have different impacts on humans and therefore need to be 

chosen carefully (Kettner et al. 1984). For a more detailed overview 

about colors and their influence on humans and areas see Appendix 7. 

Furthermore, colors are used as indicators for example for good parts 

(green) or scrap (red). In that way, the meaning of the different colors 

is important. The lighting of workplaces depends on both regulations 

and guidelines, as well as on the needs of the workers. 

Regulations for the design of the workplace aim to establish 

safety at the workplaces. Therefore, the alignment of equipment and 
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objects is specified in guidelines, where a certain distance between 

equipment is fixed. However, these distances should neither lead to the 

waste of space nor to restrictions of handling the equipment (Grundig 

2009). Furthermore, equipment and objects can be classified in 

continuously used and seldom used objects (Grundig 2009). Depending 

on the classification the regulated distances between objects may 

differ. Moreover, the adherence to minimal distance is essential for 

operating or maintaining the machines. The alignment of the 

equipment considers the transportation paths, supply and disposal of 

goods, and safety requirements (Grundig 2009). The design of the 

workplace includes therefore the following areas: work organization, 

workplace design, layout of workplaces, design according to safety 

regulations, and the choice of color for the workplaces and rooms 

(Grundig 2009). 

The alignment of transportation and storage systems as well as 

the planning of the transportation paths is part of the detailed planning. 

The planning of the transportation paths includes the personnel and 

material flow within the factory (Wiendahl et al. 2009). As a rule of 

thumb, the transportation paths should be aligned in a way to ensure 

easy supply and disposal of materials and to utilize the space in an 

optimal way (Wiendahl et al. 2009). Furthermore, regulations 

regarding transportation paths should be considered. 

Transportation systems and storage systems should be planned 

thoroughly according to required spaces, dimensions, and the usage of 

these systems. Furthermore, the ground floor of the factory should be 
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marked in a way to visualize storage, transportation, and operation 

areas (Grundig 2009).  

The planning of supply and disposal techniques considers the 

connection of supply and disposal of workplaces with the alignment of 

equipment (Grundig 2009). Examples for media to be planned are 

energy, gas, compressed air or water. Furthermore, the way how the 

media will be supplied or disposed needs to be planned. For example, 

overhead or underground, horizontal or vertical, and manual or 

automatically. The aim of the planning of supply and disposal 

techniques is to establish a network within the factory (Grundig 2009). 

Another part of the detailed planning phase is the creation of a 

detailed layout. In this step of layout planning, the layout is planned 

more in detail – considering the exact dimensions and alignment of 

equipment (Grundig. 2009). Furthermore, small container like a 

dustbin, impact protections and the placing of administrative areas is 

included in the detailed layout planning (Wiendahl et al. 2009). The 

planning of the detailed layout is performed to ensure a factory which 

is able to adapt to changes in layouts (Wiendahl et al. 2009).  

All outcomes of the performed steps of detailed planning 

include documents like layouts, calculations, descriptions and 

explanations. These documents can vary and need to be stored. The 

project documentation is required to ensure access to all needed 

information.  
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3.2.4 Implementation Planning 

The implementation planning focuses mainly on project management 

tasks like defining work packages and responsibilities, or the planning 

of the time schedule and budgets (Hallin & Karrbom Gustavsson 

2012). The first step in this phase is the check of all documents and 

planning outcomes of the previous phases to ensure a well-founded 

basis for the implementation (Kettner et al. 1984). In addition to the 

project management tasks, the creation and submission of 

authorization and building applications is part of the implementation 

planning (Schenk & Wirth 2004). Furthermore, to send requests for 

quotations a list of demands is created in this phase. The received 

quotations are evaluated and the decisions for the respective companies 

are made. Once this is through, the companies will be included in the 

implementation planning as well as later in the implementation phase. 

Furthermore, the planning of the movement and the installation 

planning of the equipment is part of this phase. In this step, the time 

schedule for the installation of the machines, equipment, and rooms is 

planned (Grundig 2009). The planning of the movement of the 

equipment from the existing factory to the new factory is part of this 

phase as well. The target is the step by step planning without 

interruptions and disturbances for the production (Kettner et al. 1984). 
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3.2.5 Implementation 

The contents of the implementation phase are divided in three parts: 

implementation, handover, and the initial start-up (Grundig 2009). 

Implementation deals with the controlling of the work, the monitoring 

of the implementation status, and the final check and approval. Work 

that is related to the implementation is considered to be building, 

installing, moving, and facilitating activities. 

The handover takes place after all is implemented and 

approved. In this process, approval documents and certificates of the 

handover are created (Kettner et al 1984). This creates an increased 

administrative effort including the creation, check and approval of 

bills, final accounting of the planned and realized project, and the 

documentation of the project. The focus of this phase is to ensure 

secure processes. For that, interim and final checks are required 

(Kettner et al. 1984). Only if all checks are ok, the handover is 

completed and the start-up phase begins. 

The duration of the start-up process varies between different 

projects because the process is only finished if the targeted indicators, 

e.g. quality, turnover, or utilization of machines are met. A necessity 

in the implementation phase is the establishment of a project 

controlling to capture the costs, time and quality of the progresses 

(Grundig 2009). Furthermore, all documents need to be collected and 

stored to ensure a good project documentation. 
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3.3 Production System 

This subchapter provides basic information about the production 

systems and philosophies of Ford and Toyota.  

3.3.1 Fordism 

The production method invented by Ford intended to reduce costs of 

manufacturing together with the increase of production output (Koren 

2010). A characteristic of mass production is the manufacturing of 

standardized products because it reduces the costs and therefore the 

price for the product is reduced. As an effect of the price reduction the 

customer demand and sales volume increases. 

A basic principle of the mass production is the manufacturing 

of interchangeable parts (Koren 2010). The existence of parts that 

could be used at any station made it possible to maintain the production 

output. Processes that were performed parallel were put into a 

sequential order to establish a flow of products and processes. 

Furthermore, each of these processes consisted of roughly the same 

amount of work steps (Koren 2010). Another characteristic of mass 

production is the use of moving assembly lines, where the workplaces 

are stationary but the product is moving. The order of processes and 

the moving assembly line reduces the lead time and the costs (Koren 

2010). 

From 1913 until 1980 the production was characterized by mass 

production. In the mid 1980’s a paradigm change to lean 

manufacturing by Toyota happened. 
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3.3.2 Toyotism 

The term Toyotism describes the philosophy and the production system 

established by Toyota. The aim is the continuous improvement through 

reduction of waste to increase the efficacy, provide quality, and at the 

same time respect the worker and develop its potential (Monden 1994). 

Furthermore, the establishment of flexible production standards, which 

is based in changing demands, is targeted. The Toyota production 

system (TPS) was established to increase the quality by using methods 

of continuous improvement and elimination of waste (Womack & 

Jones 2013). The foundation of TPS includes values, knowledge and 

methods of standardization and continuous improvement which are 

known by all workers throughout the company. The philosophy of TPS 

encourages the workers to find new improving ideas. 

To reduce waste, the balancing of lines and the establishment 

of a flow within the factory is targeted. This flow is influenced by 

logistics and production. Therefore, one column is called Just-in-Time 

(JIT) (Monden 1994). JIT includes the use of canban to establish a flow 

of the needed material in the needed quantity, at the needed place, and 

in the needed time. In that way, waste in form of waiting time and 

inventory is reduced or eliminated if the production flow is balanced. 

The second column is called Jidoka. The term Jidoka stands for the 

automation, detection, and prevention of defects and its control (Liker 

2006). This column builds on quality which is established through 

standardized processes, defect prevention and fast defect detection. 
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The Toyota Principles 

There are in total 14 Toyota principles that can be divided into four 

categories: philosophy, processes, people, and learning. The first 

principle belongs to the category philosophy and describes the decision 

making which should be based on long-term strategies (Liker 2006). 

This is the foundation of all processes which affects the choice of 

processes and therefore the results. To provide the intended results, a 

flow should be created which then reduces the waiting time within 

processes. Furthermore, to eliminate overproduction, pull processes 

are used (Womack et al. 1990). The combination of pull systems in a 

continuous flow reduces waste and increases productivity and efficacy. 

Moreover, the standardization of these processes and the use of visual 

control ensures quality at first glance (Liker 2006). The third category 

people includes principles to ensure that the philosophy is understood 

and taught to other people. Furthermore, people are encouraged to help 

not only workers of the company but also suppliers to continuously 

improve their processes (Liker 2006). The fourth category learning 

means to understand the processes and find solutions based on the 

leanings of the processes (Womack et al. 1990). Only if processes are 

fully understood, a philosophy of continuous improvement can be 

established. 
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4 Results 

This chapter provides the results of the used methods. For that, the 

chapter Frame of Reference and the interviews provide the necessary 

information about the approach.  

4.1 Preparation Phase 

The results of all performed methods are structured according to the 

phases of factory planning. The performed ABC-Analysis provides 

information about the distribution of products based on the number of 

products produced in one year. The graph of the analysis is visualized 

in Figure 15.  

 

Figure 15: ABC-Analysis based on the Amount of Article Numbers per Year 

In total, there are 413 article numbers considered in the capacity 

planning of the respective business unit. These are presented in the 
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horizontal axes in Figure 15. Out of 413, only 53 articles, categorized 

as A-products, produce 80% of all products. This is a rounded 

percentage of 13% of all considered article numbers. These products 

are critical for the material flow and value stream analysis. This is due 

to the influence on the output. If the processes of these 53 products are 

aligned in an optimal way, then the material flow of 80% of the 

produced products is planned accordingly. 

4.2 Structuring Phase 

4.2.1 Creation of Functional Scheme 

According to Grundig, (2009) the first method of the rough planning 

phase is the visualization of the functional scheme of respective areas 

and processes. This functional scheme visualizes the relations between 

areas, processes, or workplaces. With that, a qualitative material flow 

is visualized – with and without considering the required spaces for all 

areas. The functional scheme based on the different areas of the 

respective business unit at Witzenmann GmbH is visualized in Figure 

16. Bellows are either produced and supplied to the bellow assemblies, 

the laser center, or shipped directly to the customer. The produced hose 

lines are both connected to the bellow assemblies or to the production 

of conduit systems. The creation of this functional scheme helps 

understanding the interconnections of the areas. However, according 

to Grundig (2009) the functional scheme is different than a layout, 

because the alignment of the entities is not considered – only their 

connection is. 
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Figure 16: Functional Scheme - area oriented 

Based on this qualitative visualization of the interconnections, 

it is required to estimate the needed spaces for all entities. A first rough 

estimation of the required space is performed by taking the currently 

used spaces for each area. The functional scheme that is true to scale is 

is illustrated in Figure 17. 

 

Figure 17: Functional Scheme True to Scale 

This figure shows the functional scheme true to value. It does 

not yet include improvements or combinations of different entities, 
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which means that the number of machines is taken as it is in the current 

situation. Furthermore, the different colored arrows show the output 

and the respective connections of and between the areas. 

4.2.2 Analysis of the Processes 

Together with the functional scheme, a Business Process Modelling 

and Notation (BPMN) is performed. Both methods visualize the 

connections. However, the BPMN considers the sequence of processes 

within each area. In order to get a better understanding of the process 

the BPMN is illustrated in Figure 18 – and as a large scale attached in 

Appendix 8. 

 

Figure 18: BPMN of the Business Unit "Production Commercial Vehicles / 

Engines" 

This BPMN is extending the functional scheme by including 

the process sequences. Furthermore, the information which processes 
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of different areas are connected to each other is visualized in the BPMN 

as well. 

In addition to the BPMN, Spaghetti-charts are created to show 

the flow within the existing production areas. In the following, the 

spaghetti-diagram of each of the three respective plants is visualized 

and explained. Furthermore, the Spaghetti-charts visualize 

agglomerations of material flows. These diagrams give a first 

impression about the complexity of the thesis project. 

The flow within the production area at the headquarters is 

visualized in Figure 19. The different colored flows visualize the 

different kind of hose lines that are produced. Within these kinds, there 

are many variants available. Therefore, the complexity is increased. 

 

Figure 19: Spaghetti-chart of Production of Hose Lines 
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Looking at the Spaghetti-chart, the visualized flow of material 

gives the impression of a network structure. However, the results of the 

material flow analysis will be presented later in this chapter. 

The second location, which is the main plant for the business 

unit, includes the areas bellow production, bellow assemblies and laser 

center. These areas and the flow of material is shown in Figure 20.  

 

Figure 20: Spaghetti-chart of Bellow Production, Bellow Assemblies and 

Laser Center 

The red arrows illustrate the flow of the bellow production. 

These flows seem to have a line structure of material flows. In contrast, 

the bellow assemblies – visualized in blue arrows – has a network 

structure appearance at the first glance. The flows of the laser center 

are represented by the black arrows. Here, the laser center appears to 
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be rather autonomous, in line structures, and with little interaction with 

other areas. 

The production of the conduit systems is placed in location 2. 

The Spaghetti-chart in Figure 21 is showing the flows inside the plant. 

According to the distribution of flows in this figure, a network structure 

can be assumed. Later in this chapter, the structures of the material flow 

as well as the manufacturing concepts are discussed. 

 

Figure 21: Spaghetti-chart of Production Area of Conduit Systems 

Knowing all relations, equipment, and processes of the business 

unit ensures a planning foundation. Based on that, the following steps 

are performed. 



58 

 

4.2.3 Determination of Space Requirements 

For the functional scheme, true to value the existing spaces for the areas 

where taken as the basis. However, it is required to use calculation 

methods to ensure that the space in the new factory is used efficiently 

and that the available space is sufficient. Therefore, an extract of the 

results of the calculation methods is visualized in the following figures. 

These results show that different calculation methods result in different 

demands of space. This is due to the use of varying factors for each 

calculation. The calculation methods include a stepwise approach: first 

the machine space and additional space, then the space for the area, and 

then the total production space for all areas. Figure 22 shows the 

calculated space requirements by using plus factors according to 

Rockstroh (Schmigalla 1995). 

 

Figure 22: Calculation Method using Plus Factors by Rockstroh [in m²] 

These results show the required total production area, as well 

as the separation of the different areas and the spaces for those. In 

addition, the calculation result of the functional method is shown in 

Figure 23. A significant difference between these calculation methods 
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is the space for the bellow production and the production of conduit 

systems. 

 

Figure 23: Functional Calculation Method [in m²] 

The new building which will be built in future will have a 

production area of rounded 4020 m². Comparing the available space 

for production in the new factory with the results of the calculation 

methods above (see Figure 22 and Figure 23), it is obvious that 

synergy effects need to be detected and analyzed to reduce the total 

required space. In that way, the existing space can be used more 

efficient. Those synergy effects will be discussed in chapter 5. 

4.2.4 Analysis of Material Flows and Manufacturing Concepts 

The basis for the material flow analysis are the information gained 

from the process analysis. After that, the first step is to transform the 

qualitative material flow to a quantitative one by considering the 

amount of materials which are moved between workplaces and areas. 

A “from-to”- matrix helps to illustrate these relations. In the following, 
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the different production areas, their matrices, and the used 

manufacturing concepts are presented. 

Conduit System Production 

The production of conduit systems is placed in one location. The 

qualitative and quantitative flows of material of this area are visualized 

in Figure 24 (see also Appendix 9).  

 

Figure 24: Current Material Flow Matrix of the Conduit Systems Production 

The current matrix of the conduit systems is categorized as a 

line structure – and to some extent also a network structure. Line 

structures exist if one workplace is receiving from one previous 

workplace and sending to one succeeding workplace. If relations 

between workplaces exist where one workplace is receiving or sending 

to more than one workplaces, it is characterized by a network structure. 

After the material flow is recorded, the structure of it can be 

improved in a way to reduce the reverse flows. The matrix of conduit 
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systems shows one reverse flow. This flow is from a workplace to the 

intermediate storage. Otherwise, flows are neither crossing nor reverse. 

The production of conduit systems is linked to both the hose 

line production as well as the bellow assemblies. The hose line 

production for example sends welded semi-finished products to the 

production of conduit systems. These products will get isolated at the 

conduit systems production. Furthermore, marked and labelled 

connection parts are transported from the headquarters to the conduit 

system production as well. 

Besides the analysis of the material flow, another influencing 

factor is the choice of the manufacturing concept (MC). Currently, the 

MCs within the conduit systems show characteristics of a workshop 

manufacturing. This can be seen in the material flow matrix as well as 

in the spaghetti chart (see Figure 21), and the value stream mapping 

(see Appendix 10). Starting from bending, cleaning, over welding, 

leakage checking, and isolating, each of these steps are grouped 

according to the kind of process type. Furthermore, between the 

processes the material is stored in intermediate storages. 

Hose Line Production 

The production of hose lines is located at the headquarters of 

Witzenmann GmbH. The material flow and its interconnection in this 

area are visualized in Figure 25. The current state shows characteristics 

of a network structure. Furthermore, many reverse or crossing flows 

are discerned. 
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Figure 25: Current Material Flow Matrix of Hose Line Production 

The improved material flow matrix is restructured and 

illustrated in Figure 26. The effect of the restructuring of the material 

flow matrix is the decreasing number of reverse flows. However, all 

reverse flows cannot be eliminated fully in this step. Other ways of 

improving the flow needs to be considered further to decrease those. 

 

Figure 26: Improved Material Flow Matrix of the Hose Line Production 
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As mentioned above, the hose line production is connected with 

the production of conduit systems. The transported materials are from 

both the plants. Furthermore, hose line production is connected to the 

bellow assemblies. Hose lines, which are produced in the headquarters, 

are transported to the plant where the bellow assemblies are located. 

These hose lines are assembled together with bellows and connection 

parts. Another connection to the bellow assembly is the transport of 

labelled connection parts from the headquarters to the main plant of the 

business unit. This is due to only one available machine for labelling 

those parts. That machine is located at the headquarters. 

Like the MCs of the conduit system, the hose line production 

shows characteristics of a workshop manufacturing concept. The 

workplaces are clustered according to the processes. Therefore, the 

flow between each workplace is interrupted. This is characteristic for 

the manufacturing in workshops. Due to the interruptions of the flow, 

the additional handling of material is increased. 

Bellow Production 

The production of bellows is one out of three areas which are located 

in the main plant. The flow of material seems to have a line structure, 

which can be seen in the material flow matrix in Figure 27. Here, the 

materials are transported to one workplace and received from one 

workplace. The sequence of processes of the production of bellows 

starts with the cutting of boards, the welding of cylinders, forming the 

bellows, cutting the bellows, drying, and bulging the bellows. These 

processes are brought into a line structure. Improving the matrix shown 
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in Figure 27 is not applicable anymore. This is due to the already 

existing line structure without reverse flows. 

 

Figure 27: Current Material Flow Matrix of Bellow Production 

The production of bellows is connected to both the bellow 

assemblies and the laser center. These three areas are currently located 

in the same plant. However, the connection to the laser center is 

minimal. 

As the production of bellows shows a line structure, the 

currently used MC is a serial production. However, after several 

sequential processes, the flow is interrupted for manual checks and 

manual handling. 

Bellow Assemblies 

The bellow assembly’s area includes five cells. These cells are partly 

interconnected. Figure 28 shows the material flow matrix of this area 

(see Appendix 11). According to the matrix, there is a line structure 

within the cells. However, between the cells there is a network 
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structure. This network structure shows the interconnection between 

the different cells.  

 

Figure 28: Current Material Flow Matrix of Bellow Assemblies 

Looking at the current matrix in Figure 28, reverse flows 

between cells can be improved. The analysis of the processes has 

shown that the third cell is not only in this matrix but also in the layout 

located before the fourth cell. However, parts from the fourth cell are 

delivered to the third and not the other way around. Therefore, the 

change of the location and alignment of the third cell is required. 

Furthermore, the fifth cell is forming connection parts which 

are used in the first and fourth cells. Also, here the location can be 

improved. The utilization of the second cell is constantly decreasing, 

which results in a cell that is only rarely used for assembly of bellows. 
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This cell is not going to be planned in the new factory. The improved 

material flow matrix is shown in Figure 29.  

 

Figure 29: Improved Material Flow Matrix of Bellow Assemblies 

This improved matrix shows a rearrangement of cells. This 

rearrangement leads to the elimination of reverse flows between and 

within cells. Therefore, the layout design needs to consider the change 

of alignments of cells. 

The bellow assembly cells are not flexible. Therefore, each cell 

is only applicable for the manufacturing of specific bellow assemblies. 

This is characteristic for the group production. 
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Laser Center 

Production at the laser center is mostly autonomous and not much 

connected to other areas. However, there are some relations to the 

bellow production and bellow assemblies. Located in one plant, the 

transportation costs are low compared to connections across plants. At 

the laser center, the production is performed in cells. The used 

manufacturing concepts in this area are flexible production cells. In 

total, there are four of those flexible cells. In Figure 30 the material 

flow within the laser center is illustrated.  

 

Figure 30: Current Material Flow Matrix of Laser Center 

This matrix shows a line structure within the cells. One 

workplace (AI) is mobile and can be placed before each cell. This is 

why this workplace is related to all cells in the matrix. 

Manufacturing Concepts 

The efficiency of the design of workplaces is influenced by the used 

manufacturing concept. Therefore, the concept should be chosen that 
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suits the material flow and the type of production. An overview of 

suitable manufacturing concepts per area according to the material 

flow and type of production is visualized in Figure 31 (see also 

Appendix 12). The figure shows the structure type, production type, 

and the suitable manufacturing concept for each area. The suitable 

manufacturing concepts are derived based on the material flow and the 

type of production according to Grundig (2009), Schenk & Wirth 

(2004), and Engelhardt-Nowitzki et al. (2007). 

 

Figure 31: Overview of Suitable Manufacturing Concepts 

The shown suitable concepts represent the optimal case. 

Manufacturing concepts that suit best to the area of conduit systems 

are workshop production, group production and production islands. 

This is characteristic for the line and network structure of the material 

flow matrix. 

Flexible production systems and production sections are 

suitable manufacturing concepts for the production of hose lines. This 

is due to the network structure in the material flow matrix. Considering 
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the material flow matrix and the type of production of the bellow 

production, the optimal manufacturing concept would be the 

production in continuous flow. 

The bellow assemblies are characterized by a network structure, 

however, within each cell there is a line structure. Therefore, the 

suitable manufacturing concepts of the bellow assemblies are flexible 

production lines, flexibles production systems, and production islands. 

The laser center, as a rather autonomous area, shows 

characteristics of the material flow and type of production that leads to 

the conclusion of optimal manufacturing concepts as the following: 

serial production and flexible production line. 
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4.2.4 Planning of the Layout 

4.2.4.1 Ideal Layout 

Based on the material flows and their calculated intensities, the ideal 

layout is created. A first variant of an ideal layout is visualized in 

Figure 32. On the left side the heuristic method by Schmigalla (1995) 

is used to align the workplaces according to the material flow 

intensities. The result of this method is then visualized on the right side. 

Here, the areas are visualized as blocks and their interconnection is 

visualized with red arrows. This figure is attached as Appendix 13. 

 

Figure 32: Ideal Layout - Variant 1 

According to the intensities and connections between the 

production of hose lines and conduit systems, these two areas should 

be ideally placed close to each other. Same applies to the production of 

bellows and the bellow assembly.  

This is also seen in the second variant of the ideal layout. The 

intensities between the workplaces do not change but the alignment of 

workplaces does. In that way, the second variant in Figure 33 shows 

another possibility of the alignment of areas (see Appendix 14). 
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Figure 33: Ideal Layout - Variant 2 

Compared to the first variant, the alignment of areas is different. 

For example, the areas bellow production and laser center are not next 

to each other. Furthermore, both the laser center and the bellow 

assembly are located differently. 

The two ideal layouts do not consider restrictions regarding 

building, process or product. It only shows the ideal arrangement of 

areas according to the material flows. In the next step, all restrictions 

are collected and the planning of the real layout will be based on these 

restrictions. 

4.2.4.2 Real Layout 

In the optimal case, the ideal layout suits perfectly with the restrictions 

regarding building, process, and products. However, adjustments to the 

ideal layout are required due to specific restrictions. These restrictions 

can be regarding the shape of the building. It is mentioned in chapter 

3, that the flow of the material can be either building-oriented, or 

material flow-oriented (Kettner et al. 1984). In this project, the shape 

of the building is already decided, so the material flow must be adjusted 

to the building.  
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Furthermore, the supply and disposal of for example gases or 

water can restrict the planning of the layout. In this project, the tanks 

of one cleaning machine consist of 9000 liters of water. Currently, a 

truck is entering the plant to change the water. Therefore, the 

restrictions are either to ensure that a truck can enter the production 

area, or that the change of water can be done from the outside of the 

building. This would mean that the cleaning machine should be placed 

next to the wall. 

The gas for the welding workplaces can be either stored in 

batches in the storage or close to the workplaces, or it could be stored 

centrally outside the building. If the gases are stored outside the 

building, the supply of it can be in pipes. Therefore, the welding 

workplaces should be either stored close to each other, or close to the 

wall – like the cleaning machine. 

Not only the supply of material but also the disposal of scrap 

should be planned and considered. Workplaces with great amount of 

scrap need to be planned accordingly. Therefore, different strategies of 

how the disposal of scrap will be, need to be developed. One strategy 

can be the direct disposal from workplace to a container which is 

placed outside the building. However, this would mean that also these 

workplaces should be placed next to the wall.  

Some workplaces require a flexible amount of space for the 

provision of material. This demand of material can vary between the 

different variants of products to be manufactured. Therefore, while 
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planning the layout, these extra spaces for certain workplaces need to 

be considered. 

Moreover, some products have certain quality features that 

require a clean room, special humidity values, or special lights. In case 

clean rooms are required, the alignment of the areas needs to be 

planned according to those restrictions. This can lead to a completely 

new alignment of areas – which can differ from the ideal layout.  

Furthermore, the search and detection of synergy effects 

between the different areas helps reducing the number of machines and 

workplaces. Therefore, a study of possible synergy effects is required. 

Considering all workplaces and machines, similarities can be detected. 

For example, forming and calibrating machines are currently used in 

all the three plants. In total, there are 15 equal machines. Furthermore, 

the manual welding cabins are available in each plant as well. 

However, the utilization of these cabins is not at maximum level. In 

addition, there are in total five manual welding cabins. These can be 

reduced to the amount of two. Moreover, similar or even same welding 

robots are used in two different plants. It needs to be checked whether 

positive synergy effects are existing and if it is possible to utilize those. 

Collecting all restrictions is important to be able to plan the real 

layout accordingly. For the creation of real layouts, the software 

VisTable is used. This is a software which is used for factory planning, 

layout planning, and material flow planning. All the methods used 

before, can be done with the software as well. In the following, the 

different variants of real layouts are shown and described. In all layout 
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variants, the colored blocks are categorized according to the respective 

area. Orange blocks illustrate the machines and workplaces of the 

bellow production, brown blocks represent the hose line production, 

blue blocks show the cells of the bellow assembly, and green blocks 

visualize the workplaces of the conduit system production. 

Furthermore, all purple blocks are separated in a clean room and 

represent the cells of the laser center. 

Due to the connection between the conduit system production 

and hose line production, these areas are placed close to each other in 

the first layout variant, which is shown in Figure 34. Moreover, the 

cleaning machine of the conduit system is placed in front of the wall to 

ensure that the exchange of water is possible from outside the building.  

Furthermore, the bellow production is aligned in a way, where 

a continuous flow of material is not possible. However, in case a new 

forming press will be added to the equipment of the bellow production, 

a continuous flow will not be easy to be realized. In the first variant, 

the bellow production is interrupted two times. One is after the welding 

of the cylinders, second is after the cutting of the bellows.  

The bellow assembly cells are aligned in a way to ensure a good 

flow of material between the cells. The first cell only connected to the 

cell that is forming the connection parts. The formed connection parts 

are further linked to the fourth cell, which is pre-assembling the bellow 

assemblies. Therefore, the cell which is forming the connection parts 

is placed in the layout in a way to have a short distance to both the first 

and the fourth cell. 
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Figure 34: Real Layout - Variant 1 

According to VisTable, the transportation distances per year 

will be 5067 kilometers. This includes not only the transportation by 

forklift, but also the manual transportation, trolleys, and any other 

means of transportation. In the layout, colored arrows on the 

transportation paths illustrate the paths of each mean of transportation. 

Therefore, the material flow and the transportation effort takes the 

paths to use into consideration. Generally, all means of transportation 

are possible on each transportation path. However, the horizontal path 

in the middle is not as wide as the other paths. Therefore, it can be used 

for manual transport or trolley only. 
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In Figure 34, there are unused spaces. These are kept free for 

new machines that are planned to be installed in future. On the top left 

side, there is space for another bending machine. This type of machines 

requires a lot of space. Moreover, next to the bellow assemblies in the 

right bottom, there would be space for a new machine for spooling the 

hose lines. The free space to the left of the bellow production can be 

used for a tube cutting machine. 

In the second layout variant, illustrated in Figure 35, the 

transportation paths are different – compared to the first variant. The 

conduit system is again aligned on the top in front of the wall. 

Additional space for a new bending machine is planned as well. 

The bellow production is placed on one island. Here, there is 

the possibility to create a continuous flow. However, for that a new 

oven is required to ensure this kind of flow. The production of hose 

lines is also aligned in an island next to the bellow production. 

Additional space for a new spooling machine is kept free. The flow in 

this island is not continuous but in lines. 

Both the bellow assemblies and the welding cabins are located 

on the bottom at the wall, which is separating the production area from 

the storage and the clean room. Here, also space for a tube cutting 

machine is kept free. In that way, all planned machines for future can 

be included in the layout.  
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Figure 35: Real Layout - Variant 2 

The calculated annual transportation distances with VisTable 

will be 3174.2 kilometers. In all layout variants, it includes not only 

the transportation by forklift, but also the manual transportation, 

trolleys, and any other means of transportation. 

Another variant of the layout is visualized in Figure 36. In the 

third layout variant, the bellow production is placed along the wall and 

a continuous flow of material is established. Next to the bellow 

production both the bellow assembly and the conduit systems are 

located. Below the conduit system, the production of hose lines and the 

welding cabins are placed. 
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In this layout variant, the space of one island is kept free. 

However, if there will be a new bending and tube cutting machine, then 

the flow will be not optimal due to a distance between the connected 

machines. However, it would be possible to move the production of 

hose lines to the free island. In that way, new machines would be closer 

to the other workplaces. As calculated in VisTable, the annual 

transportation effort of this layout variant would be 3226.3 kilometers. 

 

Figure 36: Real Layout - Variant 3 

Figure 37 illustrates another real layout variant. The bellow 

production is placed in the top lane in front of the wall. Here a 

continuous flow could not be realized. Furthermore, on the top right 
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side, the cleaning machine of the conduit system is located. This 

ensures a supply and disposal of water from outside the building.  

Furthermore, the hose line production workplaces are aligned 

similar as in the second variant. This ensures a flow of materials within 

one island of the production area. Here, space for a future installation 

of a spooling machine is considered. The conduit system production is 

located on the right, and space for a second bending machine and the 

tube cutting machine is kept free. 

 

Figure 37: Real Layout - Variant 4 
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In the bottom lane of this layout variant, the bellow assemblies 

are aligned. Here, the cells are placed to ensure a directed flow not only 

within one cell but also across the cells. 

The total transportation effort per year add up to 3175.9 

kilometers. In addition to the free spaces for the bending, tube cutting, 

and spooling machine, there is some more space for additional 

workplaces for isolating the conduit systems. The isolating workplace 

is located at the bottom on the right side. However, the flow of the 

conduit system is not optimal in this layout variant. The flow of 

material of this area can be optimized in aligning the workplaces 

differently. This alignment would lead to less space for new and 

additional machines tough. 

In the following three layout variants the transportation paths 

are the same like in the first variant. However, the alignment of the 

workplaces is different. Especially the location of empty spaces in the 

layout is varying. 

The fifth variant of the layout is visualized in Figure 38. As in 

the first variant the production of conduit systems is places in the top 

lane at the wall to ensure a supply and disposal of water and welding 

gases. However, the space for another bending machine is not 

available. At least not right next to the existing bending machine. 

In the second line from the top is the production of hose lines. 

Here, space for the installation of a new spooling machine would be 

available. In addition, there is available space next to the bellow 
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production. However, the available spaces are not sufficient to install 

all the machines that are planned in the future. 

 

Figure 38: Real Layout - Variant 5 

The alignment of all workplaces, as illustrated in Figure 38, 

leads to the annual transportation effort of 4601.9 kilometers. In all 

layouts, the highest amount of transportation is performed by forklift. 

This is due to the distances from and to storage and production area. 

Furthermore, the storage of coils and tubes is places on the left 

side within the production area. This ensures short distances to the 

point of use.  
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In the sixth variant, the conduit system is distributed over two 

lanes. In one lane, the bending and cutting of the tubes is located, in 

the second lane the cleaning machine, welding workplaces and the 

workplaces for isolating are located. This is illustrated in Figure 39. 

Furthermore, all the majority of welding workplaces are located in the 

top lane next to the wall. This ensures a supply of welding gases from 

outside. Furthermore, the distance between the bellow production and 

welding workplaces is higher. However, the bellow assemblies, which 

include welding workplaces, is located next to the bellow production. 

The alignment of the bellow assemblies is considering the required 

distances of welding workplaces and bellow production. 

 

Figure 39: Real Layout - Variant 6 
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Also in this layout variant, free spaces are kept for future 

investments. In that way, a new bending, tube cutting and spooling 

machine can be included in the production and in the layout.  

Considering all material flows in this layout variant, the overall 

transportation effort per year will be 3762.2 kilometers. The 

distribution of empty spaces in Figure 39 would indicate empty areas 

in between. Therefore, the seventh layout variant shows an alignment 

of machines to avoid empty space. However, still there is one island in 

between that is empty. This layout variant is presented in Figure 40. 

 

Figure 40: Real Layout - Variant 7 
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The empty island in the layout can be used for placing the future 

spooling machine of the hose line production. In that way, this machine 

will be close to the area and the material flow will not get worse with 

the installation of the new machine. 

The difference between the sixth and seventh layout variant is 

the location of the existing bending machine, and therefore the flow 

orientation of the conduit system production. Furthermore, the 

alignment of the bellow assemblies is changed. 

Future machines can be added to the layout. The bending 

machine can be placed next to the cutting workplace of the conduit 

system. In that way, multiple machine work would be possible. 

Moreover, the tube cutting machine can be placed vertical next to the 

new bending machine. This would result in a change of walking paths 

though. However, this is not going to be a critical change. 

In the layout in Figure 40, the annual transportation effort 

would be 3583.5 kilometers. Changing the alignment of the bellow 

assemblies like it is in Figure 39 would result in a transportation effort 

of 3528.3 kilometers.  

An eighth variant of the real layout is presented in Figure 41. 

This layout is similar to the third variant. The production of bellows is 

located in front of the walls. With the bending of the line around the 

corner, a continuous flow of bellows is possible. However, for the 

continuous flow a new oven is required. Next to the bellow production 

there are the assembly workplaces of the hose line production and the 
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isolating workplace from the conduit system. In that way, the bellow 

production is separated from welding workplace.  

 

Figure 41: Real Layout - Variant 8 

The bellow assembly cells are all located in one island of the 

production area. These cells are still located close to the bellow 

production. If bellow assemblies need to be processed in the laser 

center, then these can be either transported directly or stored in the 

storage close to the clean room. This layout design has an annual effort 

of transportation within the factory of approximately 3017.5 

kilometers. 
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A similar layout variant is shown in Figure 42. In this layout, 

the alignment of the hose line production as well as the one of the 

conduit system production is different to the eighth variant. With this 

alignment of areas and workplaces, the annual transportation effort 

aggregates to 2981.4 kilometers. This is the layout variant with the 

smallest transportation effort per year. 

 

Figure 42: Real Layout - Variant 9 

Furthermore, no welding workplace is placed next to the bellow 

production. In that way, the processes adhere to quality attributes 

regarding cleanliness. In this layout, space for planned machines in the 

future is kept free. Moreover, the arrangement of the workplaces of the 
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hose line production is close to each other. In case a new spooling 

machine will be installed, the flow of material will not be harmed. This 

is due to the space that is kept free. Same applies for the installation of 

a new bending machine because planned space for that is kept free next 

to the cutting workplace of the conduit systems. In that way, multiple 

machine work could be realized. 

A comparison of all the layout variants is shown in Figure 43. 

In this, the layouts variants are compared regarding the following 

criteria: annual transportation effort, expandability, separation of 

welding workplaces, and the alignment of machines. The layouts can 

be grouped into three main variants, which are: the first group includes 

the variants 1,5,6,7, the second the variants 2 and 4, and the third the 

variants 3,8,9. 

 

Figure 43: Comparison of Real Layout Variants 
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Comparing all the layouts, the most efficient regarding 

transportation effort per year will be the ninth layout variant. The 

layout with the highest effort of transportation is the first variant.  

Regarding the criteria expandability, the fifth and sixth layout 

variant does not have enough space to install all the planned machines 

that will be required in future. Furthermore, these are the layouts with 

the second and third highest transportation effort per year.  

Separation of welding workplaces from the bellow production 

is due to quality criteria regarding cleanliness. Therefore, the ninth 

layout variant shows that there is no welding workplace right next to 

the bellow production. Moreover, four more layout variants provide an 

alignment in which the bellow assembling is not directly bordering any 

other welding workplace. 

One target of the layout planning is to place the large machines 

next to the wall and not in the middle of the factory. Therefore, the 

second layout variant does not reach the target. This is because of the 

alignment of the bellow production in an island. 

Further criteria for the evaluation of the layout variants are: 

structuring of workplaces, flexibility, land utilization, and an optimal 

material flow. All criteria are weighted according to the importance. 

The criteria and their importance is gathered through interviews with 

the supervisors of this thesis. All layouts are evaluated and the results 

are presented in chapter 5. 
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4.3 Detailed Planning Phase 

There are many restrictions for the planning of the real and detailed 

layout. These restrictions are regarding supply and disposal, the design 

of workplace, and the planning of the installation of all equipment in 

the new factory.  

Therefore, the planning of the real layouts already considered 

most of these restrictions. This is seen in the alignment of the machines, 

e.g. the cleaning machine which is always placed next to the wall to 

ensure an easy handling of supply and disposal of water. Furthermore, 

the supply of welding gases can be done from outside via tubes that are 

fitted in the building’s ground floor. In that way, it will not be critical 

to align the welding workplaces. However, due to some quality 

attributes, welding workplaces should not be placed next to the 

production of bellows. This is required to ensure a clean area in the 

bellow production. However, an extra clean room is not needed for 

that. 

Another part of the detailed planning phase is the creation of 

detailed layouts with the software which includes the detailed 

workplace alignment. One detailed layout is visualized in Figure 44. 

This is the detailed layout of the ninth real layout variant. The layout 

shows all the machines, a storage with the racks and load carriers, 

paths, and doors. 
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Figure 44: Detailed Layout of the Ninth Real Layout Variant 

Chapter 2, the Frame of Reference, explains the contents of the 

detailed planning phase. Further restrictions and details regarding 

climate, lighting, coloring, noise level, storage system, and 

transportation system are not scope of this thesis report.  
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5 Discussion 

The previously described results will be interpreted and discussed in 

this chapter. Different variants will be compared to form a basis for 

decision making. 

5.1 Space Requirements 

In the results chapter, two different methods for calculating the 

required space are used. The results of each of the methods differ. A 

comparison of the results and the relation to the available space of the 

new factory is shown in Figure 45. 

 

Figure 45: Comparison of Calculation Method Results 

The total available production area adds up to 4020 m². 

Viewing the results of the calculation methods, the available space is 

less than the calculated space requirements. The plus factor calculation 
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method results in a space that is 160 % of the available space in the 

new factory. Especially the bellow production and the hose line 

production require a huge amount of space. Compared to the functional 

calculation, the plus factors result in more required space for 

production.  

However, also the functional calculation methods result is 110 

% of the total available production area of the new plant. Both the 

calculation methods consider all already existing equipment. This 

equipment includes huge and old machines that are not planned to 

move to the new factory. Still, the aim is to place all currently existing 

workplaces in the new factory to reduce the internal transportation 

effort across plants. 

Furthermore, Figure 45 shows that the choice of calculation 

methods influences the required spaces for production. In case the 

building is already planned, the results of the space calculation can be 

much higher than the actual space. If the building is not yet planned, 

the calculation method can have a huge influence in the size of the 

building. In this project, the difference between the calculated results 

are in total 2042.96 m². This difference is as high as the required spaces 

of three to four areas of the respective business unit at Witzenmann 

GmbH. Furthermore, this difference of calculation results makes up 

50% of the actual available production area in the new building. 

Therefore, the influence of the calculation method should not be 

underestimated. 
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The reason of the differences in calculated space requirements 

and the available space can be due to similar or same workplaces that 

are currently distributed over three plants. Therefore, the detection of 

synergy effects can help in reducing the required space. 

5.2 Utilization of Synergy Effects 

The detection of synergy effect can be either performed only within the 

respective business area or also across the business areas of 

Witzenmann GmbH. 

Within the nfm business unit, certain workplaces or type of 

machines are used across the plants. Figure 46 shows the distribution 

of equipment that is available more than once within the nfm business 

unit. Each of the three plants has at least one manual welding cabin 

which is not maximal utilized. These cabins require a certain amount 

of space. Moreover, forming machines are used in all the plants. In 

total, there are 15 similar machines for forming. 

This distribution shows that there might be synergy effects that 

can be used. The utilization of all machines has to be checked. The 

results of this check can lead to the restructuring of processes. In that 

way, one or more machines can be reduced. However, if the utilization 

of all equipment shown in Figure 46 is at maximum, it will not be 

possible to reduce the number of machines.  

Considering the manual welding cabins (TIG/MAG), one of 

them that is currently located at the headquarters is not going to move 

to the new factory because of the products that are welded there. In this 
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cabin, products for another business unit are welded manually. The 

remaining welding cabins are not utilized as they could be. Considering 

the current utilization, the amount of required welding cabins would be 

two instead of five, like shown in Figure 46. This reduction of 

workplaces also reduces the required space in the new factory. 

 

Figure 46: Distribution of Equipment over the Plants 

Depending on the chosen manufacturing concepts also the 

amount of forming equipment might be reduced. However, this would 

prevent the production in continuous flows and production cells. 

Workshop production can be used for reducing the amount of forming 

equipment. The production in workshops would lead to increased 

material handling and transportation. On the other side, 

implementation of flexible units can lead to an increased production 

flexibility. This is already the case in the laser center area. 
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Further synergy effects can be found while looking at the bigger 

picture at Witzenmann GmbH. Other business units have similar or 

same processes. Bellows are not only produced in the nfm business 

unit. For example, also the business unit “Production Automation 

Components” (fz) is producing bellows. In both fz and nfm, identical 

machines are used for production. Differences of products are mainly 

regarding the sizes. Therefore, a reorganization of business units could 

be considered in future. This reorganization can be regarding 

processes. This might lead to less number of machines that are required 

for production. In fact, it could lead to increased production capacities 

without investing in new machines. The business unit “Production 

Industry” (id) and “Commercial Vehicles /Engines” (nfm) has points 

of interaction as well. Products from id are delivered to the production 

of nfm. One option could be to include the line from id, which is 

producing for nfm, to nfm. For that, the processes and the cost of the 

changes need to be evaluated. The synergy effects between id and nfm 

were considered in this project. However, the result of this evaluation 

shows that there are not many positive effects due to different 

dimensions of products, differences in processes, and machines. 

Utilizing synergy effects is influencing the layout design, the 

material flow within the factory, and to some extent the manufacturing 

concept. Due to this, the evaluation of each synergy effect is inevitable. 

The decision for the changes must be made by the management. 
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5.3 Choice of Manufacturing Concepts 

Based on the material flow matrix, conclusions regarding the 

manufacturing concepts can be drawn. For that, Figure 47 is 

illustrating the overview for each area, considering the structure type 

of the material flow, the production type in the area, suitable MCs 

according to those, and the currently used MC. Figure 47 is also 

attached as Appendix 15. 

 

Figure 47: Overview of Suitable and used Manufacturing Concepts 

In three out of five areas, the currently used MC is not a suitable 

MC according to the material flow and production type. Therefore, 

changes in the manufacturing concepts of the hose line, bellow 

production, and bellow assembly is recommended. 

The currently used manufacturing concepts in the hose line 

production is the workshop production. Furthermore, the material flow 

indicates a chaotic connection between the different workplaces. This 
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leads to long distances between workplaces and increased work in 

progress. Suitable Manufacturing concepts for this area would be 

flexible production systems or production sections. Flexible 

production systems would allow to have several machines that are 

flexible in terms of products. In that way, the variety of different 

machines will be decreased, whereas flexibility will be increased. 

However, to implement a flexible production system, tools and 

machines are required that are not yet existing. 

The characteristics of the bellow production indicate that a 

production with a continuous flow will be the most suitable. 

Nevertheless, the serial production is currently used. In order to 

implement a continuous flow, the cylinder welding has to be directly 

connected to the bellow forming unit. Moreover, a drying oven that 

supports the one-piece flow is required. 

The material flow matrix in the bellow assembly area indicates 

a group production. However, this group production is regarding the 

cells. Within the cells there is a serial production. Similar to the hose 

line production, recommended manufacturing concepts are: flexible 

production lines, flexible production systems, and production islands. 

In that way, the flexibility of the bellow assembly areas would be 

increased. The flexible production lines or cells can be like the ones in 

the laser center. 

A deviation between used and suitable manufacturing concepts 

indicates a less optimal material flow. Therefore, it can be concluded 

that the choice of manufacturing concepts is not only influencing the 
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layout design but also the material flow within the factory. To improve 

the material flow, the evaluation of manufacturing concepts is required. 

Adjustments of the existing manufacturing concepts and the layout 

design will then lead to an optimized material flow. 

5.4 Layout Planning and Design 

In the layout planning phase, multiple variants of the real layout are 

created. Therefore, an overall analysis of all layout variants is required. 

This evaluation is performed by a value-benefit analysis. The results of 

this analysis are shown in Figure 48 on the next page. 

The basis for this analysis are criteria that are collected by both 

the supervisors of this project and the literature. All layouts are 

evaluated according to the following criteria: 

• Directed material flow,  

• Flexibility, 

• Expandability, 

• Structure planning of manufacturing concepts,  

• Separation of welding workplaces from the bellow 

production, 

• Alignment of large machines in front of the wall, 

• Transportation effort, and 

• The utilization of the area. 

The rating scale of this analysis is from one to ten, where the 

rating one means not fulfilled and ten stands for completely fulfilled. 
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Figure 48: Value-Benefit Analysis of Real Layout Variants 
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The most important criteria for the layout design is to have a 

material flow that is neither reverse nor crossing. Therefore, the criteria 

is weighted with 35 out of 100. The second and third ranked criteria 

are flexibility and expandability. Both are obstacles of factory planning 

and need to be considered to be able to adjust to changes in demand. 

Flexibility is weighted with 15, and expandability is weighted with 12 

out of 100. This indicates the three most important criteria for the real 

layouts. These three together make up 62 % of the total weight. 

The other 38 % of the weight are distributed over the criteria 

structure planning, separation of welding, alignment of machines, 

transportation effort, and utilization of area. 

The results of this analysis, illustrated in Figure 48, indicate 

that the ninth layout variant has the highest value benefit of all layouts. 

In this variant, the material flow is neither crossing nor reverse. 

Furthermore, the available space for future machines makes the layout 

flexible and expandable. However, the planning of doors and roller 

doors should be adjusted to the alignment of the machines. This is 

particularly affected by the arrangement of the bellow production. The 

free space for future machines indicates that the area is used efficiently. 

Therefore, also the transportation efforts are minimal. 

The layout with the lowest score is the third variant. This 

variant reaches only 70% of the score of layout variant nine. Although 

the material flow is neither crossing nor reverse, a continuous flow can 

not be implemented in this layout variant. However, the utilization of 
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available production area is high. Space is used efficiently and area for 

new machines is provided. 

The results of the value-benefit analysis uncover the 

importance and influence of layout planning and design. Looking at the 

different ratings for each layout variant, it shows that the layout is 

influencing the material flow and with that also the transportation 

within the factory. The more optimal the material flow, the less 

additional transportation is the result. However, it might happen that 

an optimal material flow leads to a higher transportation effort per year. 

This is seen in the fifth layout variant. Furthermore, multiple handling 

of material due to intermediate storages is affected by the layout 

design. 

Moreover, there is an influence on the flexibility and 

expandability of the factory. Depending on the alignment of machines, 

the expandability of the factory is restricted due to space issues. This 

shows that the utilization of the available space is important, too. The 

more efficient the utilization of space, the more flexible and 

expandable is the layout. 

In addition, the ability to move the machines to another place 

inside the factory is influenced by the layout. This is related to the 

flexibility of the factory. The rearrangement of machines depends on 

the widths of the transportation paths, the location of doors, and the 

availability of space. 

This indicates how important a well profound layout planning 

and evaluation within the factory planning process is.  
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5.5 Areas of Improvement 

During the thesis work, some areas of improvement are observed. 

These improvements are to establish or improve the flow. 

Characteristic of Toyotism is the elimination of waste to 

establish a flow with a balanced pull production (Womack et al. 1990). 

The optimal flow is a continuous flow. In order to establish a 

continuous flow of material in the bellow production minimum two 

improvements are required. The first is to connect the cylinder welding 

machine with the bellow forming unit. In that way, manual handling is 

reduced and a one-piece flow is established. Furthermore, another kind 

of oven that is integrated in the production line is required to gain a 

continuous flow from cylinder welding till end of production line. The 

oven however, should have the capacity and ability to dry the bellows 

in a certain time. This might require a large oven – depending on what 

is available on the market. This improvement idea is connected to the 

manufacturing concept described before. 

Furthermore, the choice of manufacturing concepts for the 

areas bellow assemblies and hose line production can be improved. It 

would optimize the material flows within the areas and within the 

whole factory. This particularly includes the production area of hose 

lines. Currently, there is a chaos of production and the processes are 

complex. Standardized and flexible machines will help to reduce the 

complexity and remove the chaos. 

As the flow within a factory can either be building-oriented or 

material-flow oriented, an evaluation of the different building 
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structures in the beginning would have been beneficial for the material 

flow. Due to the fact, that the building structure was already decided 

before this thesis project started, a detailed evaluation was not part of 

the scope. However, the benchmarking of the factories of BMW, 

Smart, Nissan Sunderland, and Toyota have shown, that the structure 

of the building affects not only the expandability of the factory but also 

the material and information flow, the supply, and disposal (Bührer 

n.d.). 

The structure of the new building at Witzenmann GmbH 

indicates a block structure. Advantages of this kind of building 

structure are short transportation distances and the optimal utilization 

of the factory’s area (Kampker 2012). However, this kind of structure 

leads to a less optimal information flow within the factory (Kampker 

2012). Especially the information flow between direct and 

administrative areas is affected by that. This is due to the far location 

of administrative areas. It indicates the need to focus on the information 

flow within the factory and to ensure the flow to be consistent and 

directed in both ways. 

Another area of improvement is the collaboration across the 

business units. It seems each business unit is autonomous and 

information or communication is not as good as it could be. Especially, 

if the type of machines and products are almost the same. Collaboration 

within the business units might lead to restructuring of the business 

units in future. This collaboration and reorganization might lead to 

increased production capabilities.  
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6 Conclusion 

This chapter summarizes the main findings of the thesis report and 

provides suggestions for future areas of improvement and research. 

A profound factory planning with the consideration of all 

hurdles is important. Therefore, the focus of this thesis report is the 

planning of material flow –oriented layouts within the process of 

factory planning.  

The goal is to evaluate manufacturing concepts and layout 

variants for the new factory at Witzenmann GmbH. Therefore, the 

material flow oriented planning of five areas within the business unit 

“Production Commercial Vehicles / Engine” is the scope of the report. 

Furthermore, the research questions regarding the influence of layout 

design, calculation method, and choice of manufacturing concepts are 

answered. 

In order to gain an overview of all processes and relations, a 

process analysis is performed. With that, the connection between the 

five areas is detected. Furthermore, the analysis of the material flow of 

a-class products is required to understand the material flow more in 

detail and to be able to plan the layouts. This analysis further includes 

the analysis of the transportation and its intensity. The results of the 

material flow analysis are the basis for the evaluation of manufacturing 

concepts and layout variants. Characteristics of the material flow 

matrix’s structure give some indication about suitable manufacturing 

concepts. Furthermore, the intensities of transportation are the basis for 
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the planning of the ideal layout. In that way, an alignment of machines, 

considering the material flow, is possible. The first ideal layout serves 

as the foundation for the real layout. However, restrictions are not 

considered for that. The combination of the ideal layout with the 

building structure and all restrictions form variants for the real layout. 

Multiple variants of the real layout are developed to ensure a profound 

evaluation. 

The results show the material flow matrices and the 

characteristics of them. The structure type of the five areas is either a 

line structure, network structure or a mix of both. Furthermore, another 

outcome of the actions taken is the difference between suitable and 

currently used manufacturing concepts. This difference influences the 

material flow within the factory. Consequently, the material flow 

within the factory will not be optimal, if manufacturing concepts, 

which are not suitable for this kind of production and material flow, 

are chosen. In this project, the manufacturing concept of three out of 

five areas is not suitable or not the optimal one. 

Depending on the chosen calculation method for the required 

spaces in the new factory, the amount of space is varying. The study 

shows that the more information about the equipment and the materials 

is available, the more precise can be the calculation of space 

requirements. Both space requirements and manufacturing concepts 

influence the layout planning and the material flow within the factory.  

The evaluation of all real layout variants indicates the 

influences on transportation, material flow, handling of material, 
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flexibility, and expandability. Moreover, the output of the production 

is also affected by the layout design. Therefore, a thoroughly planned 

layout is essential to ensure a directed material flow. This material flow 

is further influencing the transportation and handling of material. 

In the subchapter 5.5, areas of improvement are collected. 

These improvements are beneficial for the material flow, layout, and 

manufacturing concepts. The establishment of a continuous flow in the 

bellow production is possible by connecting the welding machine with 

the bellow forming unit, and by investing in a new oven that enables a 

one-piece flow. 

Further improvement is regarding the alignment and connection 

of the cells in the bellow assembly. Currently, the flow of material 

between the cells is reverse and crossing. Therefore, the rearrangement 

of cells as shown in the layout variants improves the flow of material. 

Another area is the communication and collaboration of all 

business units. A study is recommended to analyze similar processes 

and equipment. This study might lead to changing business units which 

enables a higher production capacity now and in future. 

This thesis report provides a guideline for factory planning in 

general and uses the project at Witzenmann GmbH to plan a new 

factory. The report describes the different steps and its results. 

Therefore, a profound information about the respective business unit is 

handed over to the company.  
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Appendix 

Appendix 1: Division of Operating Areas According to VDI 3644 (Wiendahl 

et al. 2015) 
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Appendix 2: Example of a Combined Material Flow, Transportation, 

Distance and Intensity Matrix 
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Appendix 3: Overview of Manufacturing Concepts 
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Appendix 4: Example of Ideal Layout based on Heuristic Method 
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Appendix 5: Evaluation Parameter for Storage Systems (Grundig 2009 

p.200) 
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Appendix 6: Example of Value-Benefit Analysis 
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Appendix 7: The Impact of Colors (Kettner et al. 1984) 
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Appendix 8: BPMN of the Business Unit "Production Commercial Vehicles / 

Engines" 
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Appendix 9: Matrix of Conduit System Production Including Material Flow, 

Transport, Distance and Intensity 
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Appendix 10: Value Stream Mapping of the Conduit System Production 
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Appendix 11: Material Flow Matrix of Bellow Assemblies 
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Appendix 12: Overview of Suitable Manufacturing Concepts 
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Appendix 13: Ideal Layout - Variant 1 
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Appendix 14: Ideal Layout - Variant 2 
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Appendix 15: Overview of Suitable and Currently Used Manufacturing 

Concepts 

 


