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Abstract

An Austrian company manufactures products for environmental technologies as well as
products for agricultural technologies at one of their two plants, located in Slovenia. Due
to the high capacity utilization and the growing demand for the environmental technology
products, this plant increasingly represents a bottleneck. For this reason, a greenfield
layout planning for the agricultural products was carried out. However, the aim of this
project is not only the elaboration and assessment of a LEAN-compliant production
layout, but also a qualitative estimation of the impact of such a restructuring.

After the introduction, which contains information about the company and the goals of
this project, an overview of the methods and techniques used is given.

In order to be able to identify weak points and derive optimization potentials of the current
layout, the production processes, the current and planned production program and the
flow of materials were examined. This analysis serves as the basis for the subsequent
layout planning, in which the results and findings from the current state inspection are
taken into account. Several different layout variants were created and subsequently
evaluated by the entire project team. The planned annual throughput for the year 2025
and the utilization of the technologies used are then visualized for the selected variant by
means of a simulation. Since the currently high lot sizes of the company represented a
special challenge during this project, these are analyzed in depth with the use of the
simulation. As a conclusion, a qualitative estimation of production costs and usage
potentials of the existing plant is drawn.

As a result of this project, encountered problems and solutions are discussed.



Kurzfassung

Ein in Osterreich gegriindetes Unternehmen stellt in einem seiner zwei Werke in
Slowenien sowohl Produkte fur die Umwelttechnik, als auch Produkte fur die Landtechnik
her. Aufgrund der hohen Kapazitatsauslastung und der steigenden Nachfrage an
Umwelttechnikprodukten stellt dieses Werk zunehmend einen Engpass dar. Aus diesem
Grund soll fur die Landtechnikprodukte eine Greenfield-Layoutplanung durchgeflhrt
werden. Ziel der vorliegenden Arbeit ist allerdings nicht nur die Ausarbeitung und
Beurteilung eines LEAN-konformen Produktionslayouts, sondern auch eine qualitative
Abschatzung der Auswirkungen einer solchen Umstrukturierung.

Diese Arbeit gibt nach der Einleitung, welche Informationen Uber das Unternehmen sowie
die definierten Ziele enthalt, zunéchst einen Uberblick Uber die verwendeten Methoden
und Techniken.

Im Anschluss erfolgt die Analyse des Ist-Zustandes. Die Prozesse zur Herstellung der
Produkte, das aktuelle und geplante Produktionsprogramm und die derzeitigen
Materialflisse werden hier genauer betrachtet, um etwaige Schwachstellen herausfiltern
zu kdnnen und Optimierungspotentiale abzuleiten. Diese Analyse dient als Grundlage fir
die Layoutplanung, in der die Ergebnisse und Erkenntnisse aus der Ist-Analyse
berucksichtigt werden. Mehrere unterschiedliche Layoutvarianten werden erstellt, welche
im Anschluss vom gesamten Projektteam bewertet werden. Die geplante jahrliche
Durchsatzmenge fur das Jahr 2025 und die Auslastung der verwendeten Technologien
werden anschlielend fur die ausgewahlte Variante mittels einer Simulation visualisiert.
Da die aktuell hohen Losgrof3en eine besondere Herausforderung darstellen, werden
auch diese mit Hilfe der Simulation weiter analysiert. Den Abschluss des praktischen
Teils bildet die qualitative Abschatzung der Herstellkosten und der Nutzungspotentiale
im existierenden Werk.

Als Ergebnis dieser Arbeit werden die aufgetretenen Probleme diskutiert und
Losungsvorschlage gegeben.
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Introduction

1 Introduction

This thesis was created in cooperation of an Austrian company with the institute of
Innovation and Industrial Management (IIM). First, background information about the
company is given. Afterwards the problem statement and goals of this project are
explained. In the last two parts of this chapter an overview of the entire project and the
structure of this thesis is stated.

1.1 The company

The company is a technology provider for both machines and systems for the mechanical
and biological treatment of solid waste as well as for the processing of woody biomass
as a source for renewable energy. By always keeping focus on innovative technologies
and solutions that ensure a maximum value for their customers, the company has
become one of the leading technology provider in the area of waste treatment. The
enterprise was founded in 1992, in the same year as Styria, a region of Austria, started
the separate collection of biodegradable waste. Beside their plant in Styria, Austria, the
company has also several subsidiaries in Germany, Slovenia and the USA.

Within this work, we focus on the production facilities based in Slovenia, where machinery
for agricultural and environmental purpose are produced. The following Figure 1 shows
the location of this project’s industry partner’s subsidiaries. It is evident that the company
operates globally. The mentioned manufacturing facility in Slovenia is marked with a pin.

5P

e

e 9

Figure 1: Location of the company’s subsidiaries
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1.2 Task and Objectives

Currently, in one of their two plants in Slovenia parts for both environmental and
agricultural technologies get produced. The high capacity utilization as well as the rising
demand for products of environmental technologies contribute to the fact that this plant
increasingly represents a bottleneck. A greenfield layout planning for the agricultural
components should be carried out to reach the strategic goals of the company for the
year 2025 which include, inter alia, 40 million € in sales and 8% EBIT margin.

If this project is to be realized, the free area in the existing plant should be used to
manufacture products of the environmental technology line of the company.

The goals of this project can be summarized as follows:

¢ |dentification of necessary production machines / technologies for the new plant
e Greenfield layout planning with focus on
o Reduction of the current lot sizes, ranging from 20 to 40 pieces, to 5 pieces
o Production according to LEAN-concepts
o Balancing of a possible production line
o Consideration of the number of required employees
e Estimation of the changes in the production costs of the agricultural technology
products
e Showing possible potentials in the existing plant for the products of the
environmental technology line after the restructuring

Due to the high quantity of the different product variations the analysis is carried out with
nine previously chosen products of the company. Each of these products represents a
specific variation of the standard product. Another constraint that has been taken for
granted concerns the spreaders. They have to be pre-assembled and tested. An
additional condition which has been assumed as given is that any kind of welding-pre-
assembly does not take place. This fact makes it easier to analyze the manufacturing
process of the sub-assemblies. As the company tries to avoid unnecessary loss of space
in the distribution, the possibility of an “modular-system” has also been taken into account
during this work.
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1.3 Overview of the Project

To ensure a structured process during the entire project, this venture is divided into three
work packages. Figure 2 gives a short overview of the phases, including the goal as well
as some content of each phase. A detailed explanation of the phases is given at a later
point.

Analysis of current manufacturing process
Analysis of current situation and Derivation of optimization potentials

I Analysis of identification of necessary Selection of the reguired production machines for the newly
actual situation production machines / technologies planned production of agricultural technology products by the
company

Goenticld Elifiorakion 6 & producion Tayout Creation and Evaluation of different solutions

Layout- for the manufacturing of agricultural

products Detailing the selected solution concept with the support of a

simulation model

planning

Estimation of the change in the manufacturing costs for the
"I Impact of Qualitative estimation of the agricultural technology products

Restructuring production costs and the usage |dentification of possible potentials in plant 1 for environmental
potentials technology products

Figure 2: Overview of the project

Phase | starts with the analysis of the current situation in both plant one and plant two,
which are both located in Slovenia. This is necessary in order to be able to derivate
optimization potentials. Especially the impact of the change in the lot sizes are taken into
account. The goal of this part is the identification of needed production machines /
technologies for the new factory building.

Phase Il deals with the greenfield layout-planning and includes the creation and
evaluation of different solution variants. The elaborated layout for the manufacturing of
agricultural products should then also be simulated for a given demand and lot size of
each product.

The last part of the project is about the impact of the restructuring. To be able to assess
the measures, an estimation of the change in the manufacturing costs for the agricultural
technology products is carried out. Additionally, the identification of possible usage
potentials in plant one for the remaining products of the environmental line will be
executed.
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1.4 Thesis’ Structure

This project report is divided into the following chapters:

Introduction
Methodology

Practical Part
Discussion

5. Conclusion and Outlook

LN =

After providing background information about the company and the project in the first
chapter, methods used during the different work phases will be introduced in the chapter
of methodology. The corresponding subchapters also deal with the effects and causes of
different lot size problems. The third chapter deals with the detailed explanation of all
three work phases including the achieved results. The discussion of these results, as well
as advantages or disadvantages, follows in a later chapter. The fifth section, which
completes this report, contains the conclusion. Additionally, recommendations for future
works are provided.
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2 Theoretical Input

To understand the way of proceeding during the various work phases of the project, this
chapter provides explanations of all used methods. Since this chapter forms the
foundation for the practical part, it is of great importance to the entire project.

2.1 Literature Review

A literature review has been carried out continuously through the entire study. The
gathered information helps to understand the achieved results after using the different
methods, especially when analyzing the current situation of the company. By using
books, journals, dissertations and other kinds of literature, the review served as a basis
to form the structure of the report.

2.2 Factory Planning

Before the term “factory planning” is explained in more detalil, it seems to be necessary
to get an understanding about the two words that compose that term.

A “factory” is commonly referred to a commercial plant or manufacturing facility for the
production of products that is based on both machines and labor. In order to gain a
detailed understanding of a factory, it is useful to consider the aspects of location, plant
structure, factory building, production logistics, and the organization.’

“Planning” can be described as an intellectual approach towards a desired result,
including the sequence of actions required to achieve this result.?

“Factory planning” then can be defined as a systematic, target-oriented and methodized
process. Planning occurs by the usage of different tools and methods, starting with the
first idea and ending with the ramped-up production.3

Even though there are different interpretations of the term factory planning today, the
work content is generally the same. It includes a strategical part, which deals with
outsourcing, cooperation and other strategies. In addition to that, factory planning also
deals with structural aspects, considering for example site locations on the one hand, but
also the flow of materials within the sites on the other hand. The system project, as the

1 Cf. Erlach (2010), p.5
2 Cf. VDI 5200 (2011), p.4
3 Cf. VDI 5200 (2011), p.3
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last part to mention, pays attention to facilities that may contain for example stocking or
transportation systems.*

2.21 Reasons for Factory Planning

Factory planning projects differ in terms of importance, scope, and duration. These types
of projects are influenced significantly by the occasion, the area to be planned, and the
intended use of the planning results.®

The constant need for rationalization is among the most common occasion for the
planning of a factory. The increase in the volume of sales or the inclusion of new products
in the production program may also trigger a factory planning project. In contrast, the
sales volume may also decrease. This circumstance can cause the factory to be scaled
down and thus the re-planning of the factory and the adaption of all areas accordingly.®

222 Types of Factory Planning

The VDI 5200 distinguishes between the following four types of factory planning:’
a.) Development Planning

The first type refers to the so-called greenfield planning. This means that the planning
itself requires the consideration of the ground and the infrastructure but not of any building
structure.

Due to the globalization of markets and locations, an increase of the number of this type
of factory planning is recognizable.®
b.) Re-planning

If the task is to re-plan an already existing factory, factors regarding the production have
to be taken into account. The re-planning also requires the consideration of the existing
building structure.

c.) Demolition

Demolition describes the process of preparing a site for a new use if a factory is shut
down and demolished. This case can be caused by a decline in sales, the reduction of
the production depth or the outsourcing of entire production levels.®

4 Cf. Pawellek (2008), p.14

5 Cf. Wiendahl (1999), p. 9-2
6 ibidem

7 Cf. VDI 5200 (2011), p.4

8 Cf. Grundig (2012), p. 18

9 Cf. Grundig (2012), p. 19
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d.) Revitalization

Revitalization refers to greyfields, which are industrial wasteland sites. Making available
this kind of sites for industrial use again is called revitalization planning.

2.2.3 Phases of Factory Planning

As mentioned, strategic factory planning is a structured process that starts with the
preparation of the project and ends with the successful implementation in order to achieve
the company-specific goals.'® All required process steps are shown in Figure 3. Those
phases, which represented a special challenge during this project, are indicated specially.

1. Preparation
P CLEEEEEEE
1
: \ 4
1
Practical part 2. Structure Planning

3

3. Detailed Planning

4

4. Implementation Planning

¥

5. Implementation

Figure 3: Process steps of factory planning'!

In the following subchapters the different phases of a factory planning project are
described, whereby a reference is made to the known six-phase-model. Since the first
two ones had been the main tasks within this cooperation, targets and techniques needed
to meet the objectives of the first two phases are explained in detail in the following.

0 Cf. VDI 5200 (2011), p. 3
1 Based on Schuh / Gottschalk / Losch / Wesch (2007), p.195, own representation
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2.3 Preparation Phase

The preparation phase considers both aspects the target planning and the preliminary
planning.'? Both are described in the following subchapters.

2.31 Target Planning

Target planning is the first phase within the factory planning procedure. To be able to
carry out different factory planning tasks efficiently, both target specifications and
planning principles get developed during this phase.’® The aim of this part is to define
goals by respecting the strategical objectives of the company which are mainly set by the
management.’* These objectives describe improvements in the fields of e.g. Financial, -
Location- or Business Area developments.’ As the target planning affects the other
factory planning phases, a lot of influencing factors have to be considered.’® Some of the
key contents of this phase are listed in Figure 4.

Target Planning
l
| | | | |
Project Problem Criteria for Financial
Definition Description Solutions aspects

Figure 4: Key content of target planning'”

|
Objectives
(short,- middle,-

& longterm)

The result of the target planning is an opportunity study, which represents a rough task.
This study must be confirmed by the management of the company.'®

Since this project concentrates more on the application of the methods of the following
phases, the target planning is not discussed in more detail.

12 Cf. Grundig (2012), p. 41

3 Cf. Grundig (2012), p. 54

4 Cf. Wiendahl / Reichardt / Nyhuis (2015), p.374

5 Cf. Grundig (2012), p. 54

16 ibidem

7 Based on Grundig (2012), p. 56, own representation
8 Cf. Grundig (2012), p. 57
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2.3.2 Preliminary-Planning

Based on the results of the phase of target planning, the preliminary planning can start.'®
Some of the major work content is represented in the following Figure 5.

Preliminary
Planning
\ [ [ I \ | |
; Analysis of the Design of Verification of e
f;\?t?gfss'ﬁu(gﬁtgﬁ production solution boundary F::;t)sl.ligy
program concepts conditions

Figure 5: Key content of preliminary planning2°

2.3.2.1 Analysis of the initial situation

The focus of this work step is the achievement of two main goals. First of all, the analysis
of the initial situation should create the basis for further planning phases. Additionally,
there is the necessity of the identification of any kind of weaknesses in order to be able
to derivate optimization potentials.?’ Some of the methods used during the analysis are
described below.

Methods of data acquisition

Basically, two different methods can be distinguished. While direct methods are used to
collect data especially for the investigation purpose, the indirect ones are based on
already existing documents of the company.??

Surveys (e.g. questionnaires), counts, observations or image captures (pictures or
videos) can be named as some examples for direct methods of data acquisition. In
contrast to this, the analysis of machine data, production documents (e.g. bill of materials,
routing plans), production statistics or even the personnel statistics represents the indirect
methods.?3

The collected data can then be used to analyze the following “flow”-systems:?*

e Flow of materials
¢ Flow of personnel (including traffic routes within the plant)
e Flow of energy

9 Cf. Grundig (2012), p. 57

20 Based on Grundig (2012), p. 57, own representation
21 Cf. Grundig (2012), p.58

22 Cf. Homberg / Jodin / Leppin (2004), p.5

28 Cf. Grundig (2012), p. 60

24 Cf. Kettner / Schmidt / Greim (2011), p. 40
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e Flow of information

Due to the fact that the bills of materials (BOM) of each product were the main source of
information during the project, they should be briefly explained.

A BOM represents a list of parts and is necessary to make an assembly. The list should
not only show the parts needed for the finished product, but also the part number, a
description of the part, the needed quantity of the part and the information whether the
part is produced in-house or purchased. The BOMs may also include additional
information such as the price or weight of the part. If an assembly consists of several
subassemblies, each of these subassemblies should have its own bill of materials.?®

Material Flow Analysis (MFA)

The material flow can be described as a chain of all processes that are involved in the
extraction, processing and the distribution of materials within defined areas.?® The
analysis of the material flow in the area of factory planning should ensure the
achievement of two objectives. Firstly, the results of the analysis should provide an
overview about the relations of each involved object to each other. In addition to that, the
investigation should allow the drawing of a conclusion about the material flow intensity.?”
The different possibilities for both, the depiction and the evaluation of the materials flow,
are shown in Figure 6. Methods used during this project are marked in red.

Evaluation of the flow of
materials

Tabular representation Graphical representation

» Matrices » Sankey-diagram
» Flowchart

» Oriented material flow scheme

Figure 6: Methods for the evaluation of the material flow?2?

e Material Flow Matrix
This kind of matrix is also often called “from-to-matrix” in the literature. While the rows
represent the sending station, the columns show the receiving areas. The numbers show
the quantity, which is transported within a defined time period. A difference between input
and output of the same station is possible, if not all work stations are recorded during the

25 Cf. Sule (2009), p. 36

26 Cf. VDI 3300 (1973), p. 2

21 Cf. Grundig (2012), p. 119

28 Based on Grundig (2012), p.121 ff., own representation

10
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analysis.?® The same is true if two or more objects are combined in an (pre-) assembling
station (for example a welding process).

In order to find an arrangement of the different workstations, which shows a minimum
effort regarding the transportation, it is necessary to create an intensity matrix. This matrix
is the result of the multiplication of both the transport and the distance matrix. The second
one mentioned shows the distances between the stations which are in relation to each
other.30

An example for an intensity matrix is shown in Figure 7. As an example, the transport
intensity from the drilling station to the painting station is 1.550 [#*m], which is one of the
three maxima of the shown data.

Intensity Matrix

Milling

Press

Drilling

Painting

Drying

Outbound

Figure 7: Example of an intensity matrix3'

e Oriented Material Flow Scheme

This visualization technique allows a qualitative assessment of the spatial arrangement
of the different workstations. Even if the possibility of making relatively quick statements
about the material flow is given by this method, the visualization can quickly become
confusing. As one of the reasons for this, an inefficient material flow within the factory
can be named.%?

The visualization can be done in two different ways. The direct method shows the flow of
materials by using arrows that connect the center of two working areas directly. Thus, the
consideration of the transportation routes occurs only in the second method, which is
called transport-related material flow representation.3 During this project only the second
mentioned method has been used. Figure 8 shows an example of this visualization
technique.

29 Cf. Wiendahl et al (2015), p. 393

30 Cf. Grundig (2012), p. 125

31 Based on Grundig (2012), p. 126, own representation
32 Cf. Hartel (2015), p. 76

33 Cf. Grundig (2012), p.129

11
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Ml 2 CFT V] [ WE WA
P«
M2 TE
_"Q)
M3 = 5

Figure 8: Example for an oriented material flow scheme34
e Sankey Diagram

The Sankey Diagram is an important tool in the topic of MFA and can be used to identify
inefficiencies in a system.3% The main disadvantage of this kind of visualization is that the
locations of the working areas are not taken into account.’® Nevertheless, it is a
commonly used technique that represents the material flow in a directionally oriented way
within a defined time period. The arrow-strength is directly related to the number of
transportations, which in turn allows a quick conclusion about the intensities.3” An
example for a Sankey diagram is shown in Figure 9, which is based on the intensity matrix
shown on the page before.

semmm g Painting

!

\ 4

Outbound

Figure 9: Example of a Sankey Diagram38

34 Grundig (2012), p. 129

35 Cf. Schmidt (2008), p. 1

36 Cf. Hartel (2015), p. 76

37 Cf. Grundig (2012), p. 127

38 Based on Grundig (2012), p. 128, own representation

12
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The example above shows that the smallest intensity occurs between the stock and the
press, which is represented by the thinnest arrow.

Process Analysis

To be able to describe not only the flow of materials but also the communication and
value flows, a process analysis needs to be executed.®® This allows the determination of
all product elements and production stages, which influence the process structure that
needs to be developed.*°

The use of charts to visualize the activities needed to manufacture a product is an often
used practice in the field of engineering. The graphical representation enables a clear
understanding of the different processes. Another advantage of the usage of charts is the
possibility of identification of problems that are related to the production layout.*’

One of these mentioned charts is the so called “Gantt chart”, in which the time needed to
perform a specific activity is represented by horizontal bars. One of the aims is to reduce
the throughput time of a process by allocating limited resources to different activities.*?
At this point it becomes important to mention that a time based overview plan as a single
instrument for scheduling is not enough and would lead to wrong decisions. The reason
for this is that the determination of the throughput time is based only on the critical path.43

The “critical path” can be described as a sequence of critical processes. The main
indicator for this activity is that these processes have no buffer times. This means that
the difference between the earliest and the latest start date of a process equals to zero.
Therefore, it can be said that a delayed ending of a critical process delays the beginning
of all successors, and thus, the increase of the total cycle time.**

An example for a Gantt-Chart can be seen in Figure 10. The red bars represent the critical
path of the shown project. Also the buffer and the process times for each step can be
seen. The final assembly consists of two parts which get connected in a welding process.
It is also shown that this part will be finished at 4.30 pm if the starting time is 8 o’clock in
the morning.

39 Cf. Wiendahl et al. (2015), p. 389
40 Cf. Grundig (2012), p. 83

41 Cf. Sule (2009), p. 103

42 Cf. Sule (2009), p. 110

43 Cf. Adam (1998), p.559

44 Cf. Fahnrich (2006), p. 20-21

13
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Process Step ~ |Duration ~ | BufferTime v |0730 0800 (0830 (0900 0930 |10:00 |1030 1100 | 1%:30 (1200 1230 1300 |1330 1400 1430 1500 1530 | 1600 | 1630
Finishing Welding 30 Min. 0Min.
Process
4 partl 146 Min. 278 Min. |
Preparation 20 Min. 278 Min. l
Laser-cutting 6 Min. 278 Min. l
Pressing 30 Min. 278 Min. l
Painting 45 Min. 278 Min. l
Dying 45 Min. 278 Min.
4 Part2 424Min.  0Min. _,--—,
Preparation 20 Min. 0Min. l
Laser-cutting 16 Min. 0Min. l
Pressing 46 Min. 0Min. l
Painting 120Min.  0Min, l
Dying 222 Min. 0Min. f

Figure 10: Example of a Gantt Chart*®

2.3.2.2 Analysis of the Production Program

The production program serves as a base for determining the scope of the production
according to factual, quantitative, temporal, and in terms of value aspects.*® In the context
of factory planning, the production program includes the definition of types and quantities
of the products to be produced.*”

During this analysis the production program has to be screened critically with respect to
both production and business management.*® The following figure gives a short overview

of criteria for both aspects.

Production Management Business Management

» Employees (Number) » Trend of product costs
» Resources (Type, Number, utilization,...) » Turnover

» Demand trends » ROI

» Customer trends » Profit

» Energy (consumption, recycling,...)

Figure 11: Aspects of interest for the analysis of the production program*®

n

One of the methods for analysing the production program is the "break-even analysis
known from cost accounting, in which costs are taken into account.’® Since the

45 Own representation

46 Cf. Grundig (2012), p. 64

47 Cf. Grundig (2012), p. 67

48 Cf. Kettner et al. (2011), p. 44

49 Based on Grundig (2012), p. 67, own representation
50 Cf. Grundig (2012), p. 69
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determination of the production costs was one of the objectives during this work, these
will be explained at this point.

Production Costs

The term “costs” can be defined as an input of values for the creation of output, which is
related to both the business purpose and the time period.>’

Based on this definition, the production costs of a product can be determined according
to Zunk et al. (2016) using the following formula:>?

Production Costs
= Direct Material Costs + Indirect Material Costs

(1)

+ Direct Manufacturing Costs + Indirect Manufacturing Costs

Different costing procedures are available for determining costs. A basic distinction can
be made between division costing and overhead costing procedures. The main difference
between these two methods is that the former do not distinguish between direct costs
and indirect costs. Since the overhead method is often used in lot-production®3, it is
discussed in more detail below.

The following Figure 12 shows a possible subdivision of the different overhead costing

procedures.
Overhead Costing
Procedures

Single Stage Methods Multi Stage Methods
» Cumulative Method » Basic Methaod
» Elective Method » Method for the Retail Trade
» Method for the Export

Figure 12: Subdivision of overhead costing procedures®

Within the framework of this project, a simplified calculation of production costs was
carried out, based on the company's calculation method. As this corresponds to the
single-stage method, the multi-stage method is not discussed in more detail.

51 Cf. Zunk / Grbenic / Bauer (2016), p.17

52 Cf. Zunk et al. (2016), p. 118

53 Cf. Zunk et al. (2016), p. 122 ff.

54 Based on Zunk et al. (2016), p. 128 ff., own representation
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Although the single-stage overhead calculation is used in practice, it has problems with
regard to inaccuracies in the results. These inaccuracies occur because no cost centre
accounting is performed. It can therefore happen that a cost unit is assigned fewer
indirect costs than it actually causes. This is, among other things, one of the reasons why
this type of procedure is more likely to be carried out in small businesses.®®

The two single-stage methods shown for determining the indirect costs differ in that point,
that the cumulative overhead calculation method uses only one overhead absorption rate.
This causes the disadvantage that the results obtained can be distorted, since it is
assumed that the indirect costs are divided equally between the different direct cost
elements. In reverse, a differentiated formation of overhead absorption rates takes place
in elective single-stage costing. Therefore, an increase of the accuracy of the results can
be observed, without losing the advantage of simplicity of this method.%¢

Since the impact of layout planning on revenue was estimated at the end of the project,
the principle of the contribution margin will be explained here.

Contribution Margin

This is the amount available to cover the fixed costs. You can specify the contribution
margin either for one piece or for an entire period. The latter one mentioned can be
calculated by subtracting the variable period costs from the revenues of the same
period.>’

2.3.2.3 Feasibility Analysis

All results of the preliminary phase have to be presented in the Pre-Feasibility-Study,
which clarifies those solutions which have an impact on the decision making.>® Some of
the main content of this analysis is shown in Figure 13. Since there was no need to carry
out this kind of analysis during this project, the individual points are not discussed in more
detail. Nevertheless, it can be seen that the content of the preliminary phase plays a
major role for the entire project as well as for factory planning in general, since there is
no possibility to carry out a feasibility analysis without information about e.g. the material
flow.%®

55 Cf. Zunk et al. (2016), p. 128 f.
56 ibidem

57 Cf. Zunk et al. (2016), p. 177
58 Cf. Grundig (2012), p. 79

59 ibidem
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Pre-Feasibility-Study

Clarification of the project goals
Specification of the production program
Determination of demands
Determination of logistical concepts
Information about expenses

vy ¥rYrweaxx

Information about profitability

Figure 13: Content of the pre-feasibility-study®°

2.4 Structure Planning

The task of this phase is the linkage of all factory elements in a functional, cost-effective
and humane way.®! The result of this association is then called the “structure of a
factory”.? The planning of this structure and thus the arrangement of the different
functional units occurs with respect to production, logistical, and organizational
boundaries.?® Functional units can be formed by production functions and logistic
functions, which can be named as the main functions.®* In addition, auxiliary areas (e.g.
maintenance, supply) or administrative areas can also be regarded as functional units.%°

241 Dimensioning

Structure Planning includes the dimensioning of the following different subsystems.6¢

e Resources (Equipment)
e Personnel

e Area

e Other Media

Due to the fact that this project only required the dimensioning of the needed areas, the
other three subsystems will only be explained briefly. Exact calculation processes can be
found in the corresponding literature.

60 Based on Grundig (2012), p. 79, own representation
61 Cf. Schulte (1984), p. 1201-1254

62 Cf. Pawellek (2008), p. 115

63 ibidem

64 Cf. Grundig (2012), p. 80.

65 Cf. Pawellek (2008), p. 115

66 Cf. Grundig (2012), p.88
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2.4.1.1 Dimensioning of Resources

‘Resources” are defined as all technical equipment or machinery that is required in
different manufacturing, assembly, and logistics processes.®’

The determination of the required resources includes both the determination of the types
of resources needed and the determination of the needed quantity of them. While the
fixing of the resource types is based on the different technological processes and is
determined by the work preparation, the estimation of the needed quantity is part of the
dimensioning phase during the factory planning project.®®

In case that there is a definitive production program and the results of the work
preparation (such as type of needed resources) are known, the required resources can
be determined by dividing the total capacity requirements by the available capacity of the
chosen equipment. The detailed calculation takes factors like set-up times, processing
times or the number of working days per year into account as well. If there is a batch
production, the values must be given according to the product and the lot.%°

Mistakes or inaccuracies during the dimensioning of the resources can cause the forming
of queues of the orders. As a result, capacities have to be sufficiently adjusted when
planning a factory.”

2.4.1.2 Dimensioning of Personnel

The determination of the required personnel occurs with respect to type (qualitative) and
number (quantitative) of employees.”"

Qualitative required personnel

To determine the right type of personnel it is necessary to create a job-related
requirements profile first. If possible, it should include all requirements and activities that
may occur during the work. The right personnel can then be chosen by use of, for
example, the profile comparison method, where the skill profile of each individual
applicant gets compared with the requirements profile.”?

67 Cf. Wiendahl et al. (2015), p.140
68 Cf. Grundig (2012), p. 89

69 Cf. Kettner et al. (2011), p.53 ff.
70 Cf. Grundig (2012), p.93

71 Cf. Grundig (2012), p. 94

72 Cf. Grundig (2012), p. 94 ff.
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Quantitative required personnel

In the context of factory planning, the number of employees needed in the future is of
major interest. The methods for the determination of the quantity of the needed personnel
can be grouped into the two categories gross and net required personnel.”?

Due to the fact that the number of employees had not to be calculated, no further details
are given but can be found in the given literature.

2.4.1.3 Dimensioning of Areas

Since the dimensioning of the areas has a huge influence on, among other things, the
investment costs, the determination of the required areas represents a core task within a
factory planning project. The basis for the calculation is an area classification in which
partial areas are defined functionally.” Figure 14 shows an extract of such a classification
according to the VDI-guideline 3644, in which a general distinction is made between
areas with and without building.”

Within the scope of this work, special attention is paid to production areas, assembly
areas, and storage areas.

* Production areas
.
g Storage areas
—| Operational areas }— %
p » Inspection areas
R F + Other areas
—| Building service areas ‘

| Areas without —  Material flow areas
building

—| Parking space areas ‘

] Reserve areas |
Structural

— —| Free space areas ‘
Building site
area
areas

Gross ground Production
plan areas

“~ Built-up areas

Outer Main Storage areas

dimiansion operational
areas areas Srane
areas
areas

Figure 14: Extract of the area classification”®

Net ground
plan areas

Special areas

Gross areas Office areas

78 Cf. Grundig (2012), p.95 ff.
74 Cf. Grundig (2012), p.100
75 Cf. VDI 3664 (2010), p. 6
76 Cf. VDI 3664 (2010), p.7
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Even though there are different methods to determine the required area, only those two
that were used during the project are explained below.

Unless otherwise indicated, the reference given in point a.) refers to all formulae given

within this subchapter.

a.) Method of functional area survey for mechanical workshops?’

In this method, the workshop area Awa is formed in a simplified manner from the following
partial areas:

e Production area Ar

e Area for the interim stock AzL

e Area for transport and traffic At
e Additional area Az

By percentage additions to the production area, the other three mentioned are
determined. Thus, the production area serves as a basis for calculating the entire
required workshop area.”®

If the machine workspace is Awua, then the production area is calculated according to the

following formula:
2
Ap = ZAMA @)

Figure 15 shows the definition of the machine workspace.

77 Cf. Nestler (1968)
78 Cf. Grundig (2012), p. 103
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. Bua R
e By e
r Y 3
i
s AmG Aysa...machine workspace [m?]
Ay .area of the machine base [m?]
b L~ Byy...width of the machine [m]
o |5 e = Ty...depth of the machine [m]
= Bisa---width of the machine workspace [m]
y v Tiea-..depth of the machine workspace [m]
B = Z;.. distance measure for operation and safety [m]
N G e A Z5. . distance measure for maintenance [m]
b M e e P S ]

Figure 15: Structure of the machine workspace”

While the distance measure for operation and safety is expected to be one meter, a
surcharge of 0.4m is assumed for the maintenance. Taking into account these two values,
the machine workspace can be calculated as follows:

With this formula the machine workspace for every machine can be calculated, if the
dimensions of the machines are known. Therefore, this is a prerequisite that must be met
to use this method.8°

As mentioned, the other sub-areas are considered with percentage additions.
Investigations have shown that the area for the interim stock and the area for transport
and traffic each account for 40% of the production area. The additional area, on the other
hand, is included in the calculation with a 20% allowance. Thus, the workshop area
according to Nestler (1968) can be calculated as follows:

For the determination of the area, it is not necessary to know the arrangement of the
individual machines. In addition to that, the required equipment can be accommodated
within the calculated area, as long as it does not exceed the normal level .8’

79 Cf. Grundig (2012), p. 104
80 Cf. Grundig (2012), p.105
81 Cf. Kettner et al. (1984), p. 78
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b.) Calculation of the assembly production area

In general, a distinction can be made between the following types of assembly areas:??

e Assembly on the ground

e Work at assembly benches

e Work in testing areas

e Work on conveying equipment

o Work at workbenches

o Workstations on machines and plant

All six types are shown in Figure 16, in which also the position of the assembly unit or the
machine is shown.

== ¥
——._

[4] (5] (&)
Aesambly unit B wiorkbench Siaging area
Agsambly Moans of
Working area - bench - transport
| I achinelplant Machine/plant servicing area

Figure 16: Six types of assembly areas?®®

Since only type 1 was of interest during this project, the calculation of this area will be
discussed in more detail.

Type 1 is characterized by the fact that the assembly unit is located directly on the ground.
In addition to that, it can be seen that an access to the unit is possible from all sides.8

The use of Formula 58° allows the calculation of the required floor space for the assembly
area type 1.

82 Cf. Rockstroh (1982), p. 56
83 Schenk et al. (2010), p.111
84 Schenk et al. (2010), p.111
85 Schenk et al. (2010), p. 112
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AAAl —_ AAU +AWB +ASA +AR (5)
Apag---@ssembly area type 1 [m3]
Ayy...assembly unit floor space [m?]
Ay workbench floor space [m?]
Ag,-..staging area floor space [m3]
Ag...residual floor space [m?]

The dimensions of the area are design dependent. Assuming that there is one primary
working side, up to three secondary working sides are possible. This leads to a further
division of the assembly area type 1 into six different assembly area types. All of them
can be seen in the next figure.®

-4 -4
H S
= |

) ”F;njmary wc;l'ciing s'irdri; ié fhe s}dé on whlcih {he méjont} '
of tasks are to be carried out

Secondary working side is the side on which workers
only carry out tasks intermittently

Figure 17: Sub-types of the assembly area type 187

Due to the fact that the employees in the assembly area of the company the layout was
planned for has to have access to the unit from all sides, type 1/6 has been used during

this project.

To calculate the required floor space for the assembly unit, Formula 68 can be used.

86 ibidem
87 ibidem
88 Schenk et al. (2010), p.113
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Apy = (g + 1+ 1) Wy +wy +wy) = f1 + Nyy (6)
lay- - -length of the assembly unit [m]
Way...width of the assembly unit [m]
Ik, Wy W, __assembly area additions [m]

fi...plus factor according to the number of workers
Ny, .number of assembly units

The area of the assembly unit depends on the dimensions of the unit that is to be
assembled. Additionally, this formula considers also the number of employees, that are
working in the area and the number of units that are to be assembled. The plus factor f1
can be taken from tables. Its range is usually between 0.5 and 1.8°

The additions for the assembly area, which depend on the different sub-types, can be
seen in the following Table 1.

Ay |
12 1 <13 0385 12 06
>13<3 16 16 06
13 1 <13 06 12 085
>13<3 06 16 16
1/4 2 <13 0385 0383 12 06
>13<3 16 16 16 06
1/5 1 1 =13 085 12 083
=13<3 16 16 16
1/6 1 2 <13 085 085 12 083
=13<3 16 16 16 16

Table 1: Additions for the assembly unit area®®

The workbench floor space Aws for the assembly area type 1 gets calculated as follows®':

AWB =1.2 % NAU * NWAU (7)

It can be seen that also the workbench area considers the number of the assembly unit.
In addition to that, the number of workers per assembly unit Nwau is taken into account
as well.9

89 ibidem
%0 ibidem
91 Schenkt et al. (2010), p. 113
92 ibidem
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To calculate the staging area Asa® the areas of both the large and the small / medium
parts have to be taken into account.%

Asa = (ALp + Aysp) * Nyy (8)

Ayp...area of the large parts [m?
Ayze.. 2T€a Of the medium and small parts [m#

The last sub-area that is necessary to determine for the assembly area type 1 is the
residual area Ar which can be calculated as follows®:

1
N

2.4.1.4 Dimensioning of the other media

As a rule, the dimensioning of any “other media” (such as waste disposal) is handled by
a special project developer. However, the factory planning team has to provide a detailed
scope of tasks as a basis to meet all requirements.®

24.2 Structuring

The results of the structure planning phase lead to an idealized solution concept, which
can be called “ideal layout”. This layout is the basis for the following planning of the real
layout. The planning of the structure is, inter alia, possible through the determination of
workplace, space and internal building structures. The goal of this phase is an
arrangement of workplaces within areas and an arrangement of areas within buildings
that is both spatial and functional.®”

A distinction between the following objects that have to be arranged can be made:%

e Workplace level: considers elements of the workplace and the equipment which
are in the immediate workplace environment

e Area level: workplaces, production islands, elements of logistics, ...

e Building level: Areas, workshops, production stages

Basically, it can be said that the design of solutions in the context of the structure planning
is significantly influenced by the material’s flow. The reason for this is the fact that these

98 Schenk et al. (2010), p.114
9 ibidem
9 ibidem
9% Cf. Grundig (2012), p. 108
97 Cf. Grundig (2012), p. 112
%8 ibidem
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flows make up between 15 and 60% of the costs of production. Therefore, the
arrangement of the objects is taking the operations and work sequences of the individual
products into account.%®

In order to design the ideal layout, both the material flow and the manufacturing form
must be known.'® Since the material flow has already been discussed in an earlier
chapter, only the production forms will be explained in the following subchapter. Before
describing the different forms of manufacturing it is useful to understand what types of
manufacturing exist in general. A short overview is given accordingly.

2.4.2.1 Manufacturing types

A company’s manufacturing type can be derived from the production program. Possible
forms of manufacturing can then be deduced.'"!

Basically, companies can be divided into single-product companies and multi-product
companies. Based on this, a classification can be made between single-item production,
serial production, batch production, and mass production.'%?

In the following the types are to be described. Since the lot sizes posed a special
challenge during this project, the corresponding manufacturing type and its challenges
will be explained in more detail.

a.) Single-item production

This is the production of individual products. Although the number of products to be
produced may differ from one, in general it is talked about a few products. This type of
manufacturing often follows the “make-to-order” principle, meaning that an attempt is
made not to build up a stock.'%3

b.) Mass production

Mass production refers to the production of large quantities of identical or similar
products. In order to avoid a lack of materials, a precise planning of the material flow is
necessary. The effort of this planning is great, but it only has to be done once.'%

c.) Batch production

This manufacturing type is similar to the mass production. A similarity of the products,
which exists because of different conditions, is present. It can be caused by the use of

99 Cf. Grundig (2012), p. 114 ff.
100 Cf. Grundig (2012), p. 115
101 Cf. Dolezalek (1973), p. 129
102 Cf. Gutenberg (1983), p. 109
103 Cf. Dolezalek (1973), p. 129
104 Cf. Dolezalek (1973), p. 131
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the same raw material, or the presence of the same work sequences of different
products.'%

d.) Serial production

The production of several different products occurs in temporal succession. However,
same products are combined in each case. Therefore, the change of a series leads to an
interruption of the production. 06

The interruption occurs due to the fact, that the change of the lot requires a re-equip.
This, in turn, causes a reduction of the performance. Many companies are confronted
with this problem, above all because serial production is the most common used
manufacturing type in the mechanical engineering industry."”

In the following the term lot size will be discussed in more detail. In addition to that, the
calculation of the optimal lot size is shown.

The Lot Size

Normally, the lot sizes are not based on the customer demand and represent therefore
an optimization potential. However, the achievement of the goals depends not only on
the size of the lots, but also on their sequences.'%

The problem of the lot sizes can also be considered from a cost technical point of view.
First of all, costs that are independent from the lot size have to be defined. These are
called lot-fixed costs. In contrast to this are those costs that increase with a rising lot size.
These are the costs for storage and the costs of interest. The ideal situation is reached
when the costs per produced quantity is at a minimum. This amount is called the optimum
lot size. 109

In the following the classical calculation formula according to Harris (1913) is presented.
This formula is applicable only if the following listed conditions are fulfilled:'1°

e Demand per time unit is known and constant

e No storage incapacities of materials

¢ No bottlenecks regarding the liquidity

e Any kind of discounts are not taken into account
e Only one storage is used

105 jbidem

106 Cf. Dellmann (1980), p.45

107 Cf. Dolezalek (1973), p. 130

108 Cf. Erlach (2010), p. 18

109 Cf. Pack (1964), p. 9

110 Cf. Arnolds / Heege / Tussing (1996), p. 64

27



Theoretical Input

¢ No dependencies between different products

The goal of the optimum lot size is the minimization of both the costs of ordering and the
costs of warehousing. While the first ones decrease with increasing lot sizes, the costs
for warehousing increase the higher the lot size becomes."

This situation is illustrated in the following Figure 18.
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Figure 18: Cost curves for the Harris formula''?

The formula according to Harris to compensate the costs which are mentioned above is
as follows: "3

Optimal Lot Size = 200 * Annual Demand * Fixed Order Costs
PRIEROTSRE ™ [Price per Unit x Cost Rate of Interest and Inventory (10)

Since the individual lot sizes of the products which had been analyzed during this project
were specified by the company, other calculation methods are not discussed in more
detail.

2.4.2.2 Manufacturing forms

A manufacturing form describes not only the spatial arrangement of the workplaces, but
also the organizational structure and procedure of the production.!'* A distinction can be

1 Cf. Arnolds et al. (1996), p. 66
12 Based on Arnolds et al. (1996), p. 66, own representation
113 Cf. Arnolds et al. (1996), p. 65
114 Cf. Henn et al. (1999), p. 9-66
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made between manufacturing forms in parts production processes and those in assembly
processes.!"®

The fundamental manufacturing forms in parts production processes according to
Dolezalek (1973) are the following:

a.) Stationary production

As the name already implies, the product is stationary. This means, that all work on the
product is done in the same place.''® Both the labor force and the necessary work
equipment are mobile."”

b.) Workshop production

The use of workshop production means that all machines that carry out the same
activities are spatially grouped. However, a workshop manufacturing may also be present
if machines of the same size or with the same required environmental conditions are
grouped together. This form is also characterized by the missing of a constant material
flow. Major disadvantage are the high space requirements for an intermediate storage at
the machines and the difficult overview of both the production process itself and the work
pieces.!8

c.) Group production

Here, functionally cooperative machines and manual workstations are locally
combined.'” A comparison with the workshop production shows that not only the
transportation efforts are lower, but also that there is a better overview of the production.
Based on this, it can be concluded that the possibility of shorter cycle times exists.'?°

d.) Flow production

The individual workstations are arranged in such a way, that they correspond to the
production sequence of the product. In addition to that, a flow production is also
characterized by a clocking (timely balance) of each machine. The second one mentioned
represents the biggest challenge of the flow production. The cycle time corresponds to
the longest production time of a component. Therefore, all stations with lower processing
times show loss times."?!

15 Cf. Grundig (2012), p. 133

116 Cf. Dolezalek (1973), p. 133
7 Cf. Grundig (2012), p. 135

118 Cf. Dolezalek (1973), p. 135
119 Cf. Henn et al. (1999), p. 9-66
120 Cf. Dolezalek (1973), p. 138
121 Cf. Dolezalek (1973), p.139
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These four manufacturing forms are shown graphically in the following Figure 19.

Manufacturing Form ' Arrangement Principle

Equipment = O

Stationary Production Y<—» , _ Employes
Product - :]"(:.
Milling R
e ao
R [ v e o
Workshop Production O &= g O
O—<_1 h Drilling

* 4 Machines
Group Production KSR v G

Buffers

Flow Production

Machines

Figure 19: Manufacturing forms122

In the following, those manufacturing forms in assembly processes according to Grundig
(2012) will be explained, which reflect the assembly processes of the company the layout
is planned for:

e.) Row assembly

The assembly stations are arranged in a stationary manner, which creates a flow
direction. With this type of manufacturing form, it is permissible to skip individual
assembly stations, if necessary. This is the case, for example, if a specific product does
not require an operation step.’?3

f.) Assembly in cycle lines

This type of assembly line avoids the occurrence of buffer formation. An explanation for
this is provided by the consideration of the material flow. This flow is bound to the
specified cycle time. The cycle line assembly requires a synchronization of the individual
workstations.'?* The total workload that is required to mount a product is the sum of the
operation times. Finding a practicable balance within the line is the aim of any type of
“assembly line balancing problem”. This can be achieved by assigning the operations to
the different station in such a way, that any kind of priority conditions or other restrictions
are fulfilled. Although there are different approaches for solving the problem mentioned

122 Based on Grundig (2012), p. 135, own representation
123 Cf. Grundig (2012), p. 154
124 ibidem
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above, one rule can generally be stated. A balancing of the line is only attainable if the
station time of neither station is higher than the cycle time. This applies in those cases,
where a fixed shared cycle time exist.'?

2.4.2.3 Designing the ideal layout

The ideal layout is also called a restriction-free layout. The reason for this is that any kind
of restrictions are not taken into account yet. This layout only displays the arrangement
of the functional units in a material-flow optimized way.'?6

A variety of data are required to plan the ideal layout. This includes, for example, the
transport matrix or the needed space per workstation.’?” This basis has already been
discussed in previous chapters. Therefore, only the models for planning the ideal layout
are mentioned in the following.

Even if there are different methods for the designing of an ideal layout, they all have the
same goal. They try to minimize the total transport intensity, which is calculated as shown
in the following:'%®

t;...number of transports between i and | [#]
e;...distance between i and | [m]

Figure 20 shows the classification of the solution methods to optimize the transport
intensity.

125 Cf. Boysen et al. (2007), p. 511
126 Cf. Grundig (2012), p. 159

127 Cf. Grundig (2012), p. 161

128 Cf. VDI 3595 (1999), p.5
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Methods for minimizing the transport intensity

Analytical Solution Methods

Graphical Solution Methods

» Diagram Method

» Graphical Triangle Method
» Scale Models Heuristic Methods Mathematical Methods

» Exchange Procedure
» Build-up Method
» Combined Methods

Figure 20: Solution Methods for the ideal layout'?®

Graphical methods are based on the visualization of the material flow. A step-by-step
improvement can be achieved by changing the arrangement of the individual stations.30
Due to the fact that neither graphical nor mathematical methods had been used during
this project, these two solution methods are not discussed in detail.

In the following the heuristic build-up method is explained, which has been used to find
an ideal layout.

Modlified trianqular method according to Schmigalla (1995)

A defined grid of equilateral triangles is used for the arrangement of the stations. Firstly,
those two operation resources with the greatest intensity are arranged centrally. These
stations are also referred to as the core of the layout.'’

Afterwards, those stations which have the highest intensity to the already placed ones
have to be determined. The placement of these is then carried out on the point that shows
the minimum of transport intensity. This step is repeated until all stations have been
worked through.'32

This method delivers an initial solution, which has to be revised in the following step of
the structure phase within the factory planning.133

Particularly noteworthy is the influence of the amount of operating resources in this
process. An increase of this amount leads not only to a decreasing possibility of finding

129 Based on Grundig (2012), p. 164 f., own representation
130 Cf. VDI 3595 (1999), p. 5

131 Cf. Arnold / Furmans (2007), p. 291

132 Cf. Grundig (2012), p. 165

133 Cf. Grundig (2012), p. 166
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an optimal layout, but also to an increasing calculation effort. These are the reasons for
a computer-aided layout planning in practice.'3*

Finally, the grid is to be dealt with briefly. Even if the name of the method contains the
word “triangle”, the possible grids are not limited to that geometrical form. Square grids
can also be used.'3® These have been the ones used for the design of the ideal layout
within this project. The reasons for this are listed in the corresponding chapter.

243 Design of Solution Variants

A spatial and realizable arrangement of units under consideration of function, material-
flow, space, practice as well as official influencing factors is called real layout.'3®

This section of factory planning deals with the revision of the ideal layout. This means,
that a planning “into the reality” occurs. Thus, this phase is based on the previously
described sub-phases within the structuring. Taking into account the real areas, different
layouts are designed firstly. Subsequently, not only the selection but also the
arrangement of various elements of logistics takes place. The final stage of this sub-
phase is the selection of a designed variant.'3’

Since the part with the logistic elements had no significance during the project, only the
other two mentioned stages are explained below.

2.4.3.1 Design of the real layout

To avoid any planning errors, restrictions have to be specified firstly. These can be
divided into governmental and operational constraints. The first of these must be
complied with by law.'38

After the specification of the restrictions, different real layouts can be developed. A
distinction between manual and computer-aided planning techniques can be made. With
the manual procedure, which can also be described as the trial procedure, variants with
different arrangements are processed by rearranging the individual objects. Computer-
aided methods use CAD-systems for the draft of layout variants.'3°

134 Cf. Arnold et al. (2007), p. 294

135 Cf. Grundig (2012), p.165

136 Cf. Schenk / Wirth / Miiller (2014), p. 341
137 Cf. Grundig (2012), p. 167

138 Cf. Schenk et al. (2014), p. 341

139 Cf. Grundig (2012), p. 175 ff.
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2.4.3.2 Selection of a variant

In this sub-phase the individual variants are evaluated by comparison. The goal is to find
the layout which delivers an overall optimum. As the evaluation is carried out under
uncertainties, it should take place within a team of experts.'40

In order to determine the preferred variant, the evaluation is carried out on the basis of
both criteria that can be quantified and criteria that cannot be quantified. For the latter,
the so-called value benefit analysis is suitable.'!

Value-Benefit-Analysis

The value benefit analysis generally considers those target figures that are of relevance
for the upper management. Firstly, the degree to which the individual target criteria have
been met by the individual variants has to be measured. This is then given as a partial
value benefit. Taking into account the weightings of the criteria, these partial values are
then combined to form an overall value for each variant. This value is then called the
value benefit.'42

The following steps are necessary to carry out the value benefit analysis: 143

Definition of evaluation criteria

Determination of weightings of these criteria
o A simplified comparison of pairs has been carried out for this purpose within
the framework of this project. The relative significance of a criterion is
determined by a direct comparison of two criteria. 44

Determination of the partial value benefit
Determination of the value benefit
o Multiplication of the weightings with the partial value benefit'4

Evaluation of the advantageousness

In addition to this method, there are of course others, such as the simple scoring method.
It represents a very simplified selection principle and is therefore not explained in
detail 146

In addition to the evaluation methods mentioned above, the factory planning also includes
profitability calculations, which, in turn, are purely monetary in nature. Based on the

140 Cf. Grundig (2012), p. 201

141 Cf. Schenk et al. (2014), p. 343 f.

142 Cf. Gotze (2006), p. 180 f.

143 Cf. Blohm / Liider / Schaefer (1995), p. 177
144 Cf. Gotze (2006), p.188

145 Cf. Grundig (2012), p. 203

146 Cf. Grundig (2012), p. 204
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available data, these calculations can be divided into static and dynamic methods.'#”
These methods are briefly explained below. However, due to a simplified calculation
during the project, no further details on various formulas or derivations are given.

Static investment calculation procedures

Static methods differ mainly in the fact, that an economic situation is considered only for
a single period. However, this decisive disadvantage of these methods also derives a
number of advantages. It simplifies not only the calculation itself, but also the
procurement of the necessary data. Some of these methods are the cost comparison
calculation, profit comparison calculation, profitability comparison calculation, and the
static amortization calculation. These methods can be used, inter alia, to make
comparisons between different alternatives.'#®

Dynamic investment calculation procedures

These methods are characterized by the consideration of different payments with a fixed
interest rate. This is the reason why these procedures reflect the reality in a much better
way than the static ones. The net present value method, the internal rate of return
method, and the annuity method are, among others, used methods. They all have in
common that each of them can be used to evaluate the absolute advantageousness of
investment alternatives.’®

The following Figure 21 shows the different methods in a simplified form.

Profitability Calculations

Static investment calculation procedures Dynamic investment calculation procedures
» Cost comparison calculation » Net present value method
» Profit comparison calculation » Internal rate of return method
» Profitability comparison calculation » Annuity method

» Static amortization calculation

Figure 21: Profitability calculations within the factory planning's°

The phases of factory planning described so far were the main tasks within this project.
Therefore, the remaining phases will only be explained briefly.

147 Cf. Grundig (2012), p. 206

148 Cf. Poggensee (2009), p. 39 ff.

149 Cf. Poggensee (2009), p. 108 f.

150 Based on Grundig (2012), p. 206 f., own representation
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2.5 Detailed Planning

The aim of this phase is to develop detailed extensions based on the results of the
structure phase and, consequently, also based on the preparation phase. The goal is to
achieve a fair interaction between people, equipment and materials at each workplace.’®’
Some selected tasks within this phase are:

Machine placement

In this phase of the factory planning project the arrangement of the machines gets
specified with respect to the different transportation routes. In addition to the required
areas and the manufacturing forms, other aspects regarding the material flows and the
production itself are taken into account. For example, any necessary conveying means
(such as a required portal crane for certain work areas) are considered."%?

Workplace design

The design of workplaces taking into account human factors not only reduces
manufacturing errors but also accidents during the use of the products. For this and other
reasons, an ergonomic design should be planned right from the start.’®3

Information and Communication technologies

Here, data preparation and data generation are taken into account. Software solutions
for planning and control have to be selected accordingly. Based on this, room allocation
is then necessary. This includes for example, the processor rooms which have to be
planned. In addition, also communication systems are to be provided. Beside telephone
and monitoring systems, alarm techniques (as an example) will also be used and have
to planned accordingly.'®*

Development of the detailed layout

During the development of the detailed layout, spatial and ground plan geometries are
depicted true to scale. However, all conveying and storage technologies are also drawn
in the detailed layout. In addition to that, the assignment of the workers to the workplaces
is also marked. After drawing in the main material flow streams, a very precise layout is
then obtained.’s®

151 Cf. Grundig (2012), p. 208 f.
152 Cf. Grundig (2012), p. 209 f.
153 Cf. Anderson (2014), p. 129 f.
154 Cf. Grundig (2012), p. 215

155 Cf. Grundig (2012), p. 216
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All results achieved so far, as well as calculations for the success of these results, have
to be documented. This is then referred as the project definition. This document forms
the basis for the next phase within the factory planning project, the implementation phase.

2.6 Implementation Planning

This phase can be described as the first one, within the implementation. In addition to the
definition of required tasks, also schedules are created, and responsibilities are
assigned. %6

An essential part of this phase is the tendering procedure, in which not only tenders are
requested, but also contracts are awarded. Care should be taken to obtain a sufficient
number of orders. Negotiations should be well documented and, ideally, signed by both
parties. After the tendering process, a decision for a provider should be made as fast as
possible, to avoid any delays in the project.’s’

Contents related to the commissioning of the factory are also taken into account during
this phase. For example, the start-up of the production is planned in advance. The reason
for this, is to be able to guarantee the first supply with material. The planning of the
personnel is also taken into account. This includes not only the recruitment but also the
qualification of the future employees.">8

The systems of project management will often be used to help with large projects. “Large”
does not refer to the size of the factory to be planned, but rather to the degree of the
complexity of a project.’®®

2.7 Implementation

This phase begins with the execution and ends with the commissioning of the factory. In
between, however, the handover takes place.'®® These three tasks will be briefly
explained here.

Execution

This involves, inter alia, the controlling and the monitoring of the companies, which were
commissioned to carry out the work during the previous phase. The execution also
includes the compliance with safety regulations and quality standards. The adherence to

156 Cf. Grundig (2012), p. 217
157 Cf. Pawellek (2008), p. 263 f.
158 Cf. Grundig (2012), p. 218 f.
159 Cf. Pawellek (2008), p. 271
160 Cf. Grundig (2012), p. 219
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deadlines plays an important role as well. Any necessary corrections are carried out
before the next sub-phase, the handover, starts. 6

Handover

This sub-phase is about, as the name already implies, the handover of complete or partial
buildings to the client, who is the owner of the factory. It is primarily about the pursuit of
administrative tasks. In addition to checking invoices, for example, a final documentation
that contains all relevant project-related records must be prepared.'62

Commissioning

The time span from the start of production to the achievement of various, defined targets
(e.g. capacity utilization, throughput, or turnover) is referred to as commissioning and can
be divided into the following phases, as shown in Figure 22.163

Pilot Phase

» Pre-production and initial material
supply

» Process testing

» Staff training

Ramp-Up Phase
Transition period
First saleable products
Production ramp-up
Comparison with project goals

» W

Series Phase

» Ordinary operation

Figure 22: Phases of commissioning'64

The achievement of the series phase and thus the stable production can be interpreted
as the completion of the project. Nevertheless, an analysis of the causes for various
deviations (such as the costs) is necessary.'6

Since this project was carried out with the help of a simulation, the use of modern tools
will be discussed as the last part of the methodology.

181 Cf. Grundig (2012), p. 220

162 jbidem

163 Cf. Grundig (2012), p. 220 f.

864 Based on Grundig (2012), p. 220 f., own representation
185 Cf. Grundig (2012), p. 221
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2.8 IT-support in Factory Planning

If one considers the facts that nowadays the life cycles of products are not only shorter
(compared to the past) but also that these products are more varied and that orders are
getting more and more adapted to the customer’s requirements, it becomes clear that the
production has to be designed more and more product and order (customer) oriented.
Flexible factory planning concepts are necessary to meet these requirements. The use
of EDP (electronic data processing) systems is a suitable tool for this. These tools can
not only be used for analysis, they are also suitable to carry out evaluations,
optimizations, and simulations.'%®

Within this project, a simulation has been used to deal with the complexity of the optimal

lot size (see chapter 2.4)

2.8.1 Dynamic Factory Planning

The use of a simulation within a factory planning project, allows consideration of process
behaviours which are both time-dependent and dynamic. Thus, if a simulation is used, it
can be called dynamic factory planning. This type of factory planning allows the
visualization of complex systems that either already exist or are to be planned. The main
advantages of a dynamic factory planning approach are the increased accuracy of the
project result and the limitation of various project uncertainties.'6”

2.8.2 Simulation in Factory Planning

Before the structure and procedure of a simulation will be discussed in the following,
different types of simulations will be introduced first.

2.8.2.1 Types of Simulation

Simulations can be applied in different areas. Accordingly, there are different types of
simulations.68

Monte Carlo-Simulation

This simulation is based on two assumptions. The distributions of the probabilities must
be known. In addition to that, successive events are independent from each other. In the
Monte Carlo-simulation static, stochastic systems are analysed. For this purpose,

166 Cf. Pawellek (2008), p. 275 f.
167 Cf. Grundig (2012), p. 239
168 Cf. Domschke / Klein / Drexl / Scholl (2015), p. 234
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sampling experiments are carried out in which different scenarios are simulated with
different parameter selection.'®

Discrete Event Simulation

This is the simulation of dynamic systems, which are described by variables that are time-
dependent. These variables change due to events. A distinction can be made between
period-oriented and event-oriented time control. With the latter, those events are skipped
which are uneventful. This leads to a saved computing time and is also the reason why
this type of discrete simulation is more common than the period-oriented simulation.'”©

Continuous Simulation

Continuous simulation, like discrete ones, also deals with dynamic systems. Systems in
which the condition variables change continuously over time are analysed. The behaviour
of the model is described by so-called feedback models, whereby a distinction is made
between positive and negative feedback.'”’

Agent-Based Simulation

Once again it is a question of the analyses of dynamic systems. The difference being,
that this simulation focuses on complex interdependencies that arise through
heterogeneous and networked interactions between the actors. As a rule, it is not
possible to determine functional relations between the behaviour of the system and the
actions of the actors. During the simulation, a period-oriented transformation of the initial
state into a final state takes place. Within this period, actions are taken by the agent.’”?

An in-depth discussion can be found in Domschke et al. (2015). The necessity of a
systematic procedure for a simulation study which was carried out will be focus in the
next paragraph.

169 Cf. Domschke et al. (2015), p. 234 f.
170 Cf. Domschke et al. (2015), p. 235
171 Cf. Domschke et al. (2015), p. 235 f.
172 Cf. Domschke et al. (2015), p. 236
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2.8.2.2 Procedure of a simulation study

In general, a simulation study is structured as follows:

Theoretical Input

i

Task Formulation

¥

Data Acquisition

¥

Model Creation

Checking and correction of
the model

¥

Simulation Planning

4

Simulation

Evaluation and parameter
modification

4

Result Application

Figure 23: Systematic structure of a simulation study'”3

First, the data must be collected and made available. This is done in the data acquisition
phase after the task formulation has been completed. Since the reliability of a simulation
study is essentially dependent on the data, attention must be paid for appropriate quality
of the data. As soon as all information is available, the model creation can begin. The
model will represent the reality in the computer. In this phase of the study, the model is

also validated and checked for correctness and meaningfulness. This is followed by
several simulation runs. These are carried out by changing the parameters, which are
changed by the planner. Although this enables the optimization of the system, it also
states that simulation systems are not optimizations systems in principle, but helpful tools

for the planning project. In order to be able to make statements about the behaviour of
the system, the results have to be interpreted at the end.'”*

173 Based on Pawellek (2008), p. 294, own representation

174 Cf. Pawellek (2008), p. 294 f.
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2.8.2.3 Simulations in the different phases of factory planning

After the more general discussion about simulations, the use of this technique in factory
planning will now be explored.

A large number of IT-systems are already used within factory planning projects. These
systems are used for analysing and planning production processes with the aim of
creating a logistics-oriented factory.'”®

In the following Figure 24 the categorization of simulation studies within the factory
planning is illustrated and explained.

Rough-Simulation

Rough-Simulation

_< Detailed-Simulation

Simulation of project
realization
Simulation of
commissioning

Level of detail

Level of abstraction

Figure 24: Categorization of simulation studies within a factory planning project'’¢

Simulation in the Preliminary-Planning-Phase

The use of a simulation in this early phase of the project allows statements to be made
about both production scenarios and strategies. Logistics principles and solution
concepts are tested. In addition to that, it is possible to determine requirements with
regard to investments.!”’

175 Cf. Pawellek (2008), p. 281
76 Based on Grundig (2012), p. 240, own representation
177 Cf. Grundig (2012), p. 241
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Simulation in the Structure-Planning-Phase

With a still high degree of abstraction, the simulation of interdependencies of operating
areas is carried out under consideration of the material flow. In addition, not only the
arrangement of the machines and/or work stations, but also the dimensioning of the
internal infrastructure can be carried out. Different system loads are taken into account
to be able to assess the factory structure. This includes, inter alia, the evaluation of the
production program, which influences the production form (see chapter 2.4.2) and thus
also, if the need arises, on the lot size.'”®

Simulation in the Detailed-Planning-Phase

Now the system behaviour is analysed. Throughput times and utilizations as well as the
flexibility of the system are checked. The influence of disturbance variables is taken into
account which allows additional statements about the failure behaviour of the system.'”®

Simulation in the Implementation-Planning- and Implementation-Phase

A cost-optimum assembly sequence of the factory is determined. Subsequently, the
optimum commissioning gets checked by simulating the start-up and ramp-up
behaviour.'8°

With this, well-known methods and techniques from the literature were explained, which
are applied in the field of factory planning and were used in the context of this project.
The application of the techniques described in chapter two occurs in the following part of
this documentation.

178 Cf. Pawellek (2008), p. 296
179 Cf. Grundig (2012), p. 242
180 Cf. Grundig (2012), p. 242
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3 Practical Part

The following chapter provides information of all three work phases of the project. The
methods described in the previous chapter were used to fulfill the required goals given
by the company. Additionally, the achieved results are explained in this chapter.

3.1 Situational Analysis

The goal of the first work phase has been the collection, evaluation, and the preparation
of the existing data of the actual production of the agricultural technology products. The
analysis has been carried out for nine products, which were chosen by the company.
These products are shown in the next subchapter.

To carry out the analysis, the necessary data had to be prepared first. The following list
shows the required data base.

e Product structure, including the assemblies for each of the selected products

e Actual production data of the selected products (production program, order
structure including order forecasts for the next years)

e Order times and current target times (lead times, work schedules, and process
sequences)

e Actual deployed technologies and capacities or utilizations of them (machinery /
manual workstations and machine data)

e Layout from the factory (CAD)

The procedure of the analysis can be seen in the following Figure 25. After finishing the
data collection and preparation of the data sheets, it was possible to carry out the analysis
of the production program. Afterwards the flow of materials and the processes needed to
produce the products were analyzed, and an estimation of the capacity utilization was
carried out. These insights gained from these four main tasks served as a base for both
the identification of optimization potentials and the derivation of a catalogue of
requirements. The last part of this work phase was about a voting on the required
manufacturing machines that are needed in the new plant to produce the products of the
agricultural line. For this purpose, checklists have been created, which are shown at the
end of this chapter.
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Data collection & Preparation |

Production Program Analysis |

Material Flow Analysis |

Process Analysis & Identification of the current deployed
Technologies

Capacitiy Estimation |

Identification of Optimization Potentials & Derivation of a
Catalogue of Requirements

000000

Voting on the needed manufacturing machines for the new
plant with the use of checklists

Figure 25: Procedure during the situational analysis

311 Analysed Products

Not all of the products that are manufactured in Slovenia were taken into account during
this project. As already mentioned, analysis has been carried out only for the agricultural
product line of the company. For this reason, the company has compiled a list of those
products that should be used for the analysis. The list of the products can be seen in

Figure 26.

Product Category 1 Product Category 2
Product Line 1 Product Line 2 Product Line 3 Product Line 4 Product Line 1 Product Line 2
» Product 1 » Product 2 » Product 4 » Product & » Product 7 » Product 9
» Product 3 » Product 5 » Product 8

Figure 26: List of products for the analysis

It can be seen, that within the products that have to be analysed also a distinction can be
made between two different product categories. These two categories differ in
possibilities of usage and basic structure of the finished products. It is also noticeable
that more than half of the products that have been analysed, are part of the first product
category. These products simply show a higher demand than the others. At this point it
should also be mentioned that the assembly process (see chapter 2.4.2.2) of the products
six and nine is fundamentally different than the process from the remaining products.
While the mentioned two products are assembled in a raw assembly station, the others
are mounted within a cycle line. Two reasons can be named for this. The products six
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and nine do not only differ in the larger dimensions, also the demands for these are
considerably smaller compared to the other seven products (see chapter 3.1.3).

3.1.2 Data Collection & Preparation

Most of the data has been collected by the use of an indirect data acquisition method. In
particular, the bill of materials provided a large information base throughout the entire
project. These lists contained not only the number and type of required components, but
also the process sequences of each component and the associated setup and processing
times. To use the data, that has been provided by the company effectively, it was
necessary to structure the bills of materials firstly, meaning that the data sheets had to
prepared for the specific purposes. The following Figure 27 shows the basic structure of
the products. The first level is the finished product, in this case the product one. The
second level shows one of the main subassemblies of the finished goods needed to
produce the final product. The levels three or higher, in turn, can be either again
subassemblies, single components of the subassemblies or raw materials which are
necessary to produce the level two assemblies.

PI'Od UCt 1 Level 1 =final product
L SUbframe Level 2 = main-subassembly

L Bea m Level 3 = Raw material, sub-subassembly,
component

Figure 27: BOM structure of the products

3.1.3 Production Program Analysis

The goal of this analysis was to gain knowledge about the order structure, including also
the order distribution for the years 2019 and 2025.

During the production program analysis, the current and the planned quantities were
taken into account. The analysis has been carried out only for the nine products
mentioned in the previous chapter. Due to the high differences regarding the quantity and
lot size of each product, the table shown on the next page shall give an overview about
the changes within the years 2019 and 2025.
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Productl Product2 Product3 Product4 Product5 Product6 Product7 Product8 Product 9

Quantity 2019 [#] 139 177 166 113 225 78 154 92 96
Current Lot size [#/Lot] 26 27 26 36 21 3 38 19 3

Quantity 2025 [#] 285 400 360 355 500 135 315 185 165
Planned Lot size [#/Lot] 5 5 5 5 5 5 5 5 5

Table 2: Changes in quantities and lot sizes for each product

An increase of the total amount of products to be produced by 118% is expected. To put
it more precisely, an increase from 1240 to 2700 pieces is anticipated.

The stated quantity for 2025 is based on a forecast of the company. It can also be seen
that a lot size of five for each product is expected for 2025. This information was also
provided by the enterprise and served, like the other data given in the table, as a basis
for further calculations. The result of the first analysis can be seen in Figure 28. While the
grey bars show the quantity for 2019, the amount of products for 2025 is represented by
the orange ones. The actual lot sizes are shown by the bars on the right side of the

products.

PRODUCT 1 PRODUCT 2 PRODUCT3 PRODUCT 4 PRODUCT 5 PRODUCT 6 PRODUCT 7 PRODUCT 8 PRODUCT 9
PRODUCTS

QUANTITY

W2019 W2025 M Current Lot size

Figure 28: Result of the production program analysis

314 Material Flow Analysis

The basis for the greenfield layout planning is an overall analysis of the current situation.
This also includes the analysis of the material flows within production site. Therefore, a
complete workflow scheme has been created and the flow of materials has been
visualized.
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3.1.4.1 Procedure

The data collection occurred by using both direct and indirect methods of data acquisition.
Especially those data gathered via observations or surveys were helpful in determining
weaknesses regarding the material flow. After the required data was collected, the
product structure was analyzed. Each of the products has been structured on the way
described in Figure 27. This made it possible to differentiate main assemblies from
individual components and to determine the required number of production stages.
Afterwards, the working plans were examined. This included the detailed analysis of both
the work processes and the work sequences. This provided not only insights about the
working areas which are in relation to each other, but also made it possible to create a
transportation matrix for each product. The material flow analysis (MFA) was finalized by
visualizing the material flows with both a Sankey diagram and an oriented material flow
scheme.

3.1.4.2 Assumptions

Due to the fact that no accurate information regarding type and number of the
transportation containers was available in the company, the following assumptions had
to be made:

e The production program for the year 2019 served as a basis for the transportation
matrices

e Before the parts get to the welding line, an intermediate storage takes place

e One transport per container for the small parts

e Large parts were considered as single transport directly to the welding line

e Three transportations of bulk goods per lot size take place into the welding line

3.1.4.3 Results

a.) Transport Intensity Matrix

To create the intensity matrix, the creation of both the transportation and the distance
matrices had to be done firstly. Both can be seen in Appendix A. Those cells that are
filled yellow represent entries between workspaces that are in relation to each other. To
figure out the total number of transportations between work stations during the year 2019
the transportation matrices for each product was created in a first step. Afterwards the
sum of each cell was calculated which lead to the total number of transportations.

Table 3 shows the intensity matrix for the plant 1 in Slovenia for the year 2019.
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Table 3: Intensity matrix for the year 2019

In order to be able to make a comparison between the developed layouts and the current
state in the second work phase, the total intensity number was calculated. This is the sum
of all cell entries of the intensity matrix and amounts to 1. 966.189 [#*m] in the year 2019.

b.) Sankey Diagram

Based on the transportation matrix a Sankey diagram, which can be seen in Figure 29,
has been created. It can be seen that nearly all work stations are in relation to each other.
This fact made it very difficult to define a clear flow direction. Nevertheless, it can be seen
that especially the laser, the press brake, the welding line, the line where pre-assembly
occurs, and the stock itself show a very high quantity of transportations for the year 2019.
The mentioned work places are specially marked in the following diagram.

_ ~1500 Transportations / Year s ~1000 Transportations / Year

~500 Transportations / Year

Figure 29: Sankey diagram for the current situation
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c.) Oriented Material Flow Scheme

Since the Sankey Diagram shows the flow of materials without considering the locations
of the single work stations'®, it was helpful to visualize the material’s flow with another
technique, too. Figure 30 shows that the current material flow does not follow a precise
pattern. This can be justified by the number of work stations that are related to each other.
As a result, the entire process seems to be more complex than well-regulated. It was also
possible to identify a node, which is marked in the following figure as an intersection.

A—~1 500 Transportations / Year

~1000 Transportations / Year ~500 Transportations / Year

Figure 30: Oriented material flow scheme for the current situation

The use of the two different visualization techniques was not only helpful to derivate
optimization potentials, they also served as a basis to arrange the different work stations
in the new plant.

For better legibility, both diagrams shown above are enlarged in Appendix B.
d.) Top 10 Transportation Relations

One result of the material flow analysis was the identification of the top 10 transportation
relations which are represented in Figure 31. It can be seen that most of the
transportations are done from the stock to the welding line. The reason being that all parts
pass an intermediate storage process, as already mentioned in the assumptions. In
second place is the number of transports from the laser to the press brake. The fact, that
the storage plays a major role in the processes can also be seen when having a view on

181 Cf. Hartel (2015), p. 76
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places three and four. Additionally, the ranking shows that the welding stations have a
huge impact to the flows of materials, since those stations are placed three times in the
top ten relations.

=m
1 Stock Welding line 1948
2 Laser Press Brake small 1683
3 Laser Stock 1419
4 Press Brake small Stock 1363
5 Plasma Manual Grinding 1144
6 Press Brake small Welding station 859
T Bandsaw small Manual Grinding 743
8 Stock Welding station 689
9 Welding station Welding line 613
10 Bandsaw small Stock 586

Figure 31: Top ten transportation relations

3.1.4.4 Optimization Potentials

After finishing the MFA, it was possible to deviate optimization potentials with respect to
the flow of materials in plant 1. These potentials can be summarized as follows:

e Relief of the identified node (see Figure 30)
o The MFA has shown that 8.029 transportation occur through the
intersection in the year 2019
e Arrangement of working areas with high dependencies to each other
o Reduction of transportation distances
e Provision of sufficient resources for the transports in the new plant
o Considering also the number of gantry cranes
e Structuring the transport containers
o Note: Currently partially different components in a single transportation unit

3.1.5 Process Analysis

After finishing the MFA, the analysis of the processes for each product has been carried
out. Goal of this phase was the obtainment of knowledge about actual cycle times,
process sequences, and the current technologies used. In addition, vulnerabilities at the
item level should be identified.

3.1.5.1 Procedure

Firstly, again the needed databases had to be prepared. The required bases for the
process analysis were mainly production documents, such as the product structure or the
work schedules for each product. Subsequently, the processes for all products had been
visualized. Taking into account both the actual and the planned lot sizes two Gantt-charts
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for every product had been created. The process analysis has been completed by the
identification of critical components and working stations.

3.1.5.2 General Results

General results of the situational analysis of the processes can be summarized as
follows:

e 18 Gantt-Charts
o 9 Products
o Current lot size, planned lot size
e |dentification of the critical path, depending on the different lot sizes
e Clocking components, depending on the different lot sizes
¢ |dentification of work places with remarkably high setup times
e Derivation of recommended actions

3.1.5.3 Assumptions

Also for the process analysis some assumptions had to be made. These were necessary
mainly because of the high number of single components of the products. The
assumptions are listed below:

e The production of all level three components starts at the same time
o As already mentioned, these components are those needed for the
production of the main sub-assemblies (level two assemblies required for
the final product)
e The setup times of the work stations are based on the data sheets of the received
bills of materials
e Both the stitching and welding process have the same setup and processing times
in the welding line for the agricultural products

3.1.5.4 Results

By creating the Gantt- charts it was possible not only to identify the critical paths but also
the critical components of each product and the critical machines. An extract from the
Gantt chart of the product 1 is shown in the following figure. This Gantt chart consists of
the final product and the main sub-assemblies. Since the number of single components
for each assembly is very high, they are not shown in this representation. While the dark
grey bars show summary tasks, which means that two or more process steps are
summarized into one big process, the blue ones represent single process steps. The red
bars show the critical path. It can be seen that the base for this path is a component
needed for the plateau. Therefore, the buffer time, which is shown in the last column, for
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the plateau equals to zero. Also the duration needed for the production can be seen in
the third column.

Vorgangsname ~ Dauer w Pufferzeit v 5:00 12:00 18:00 200 9:00 16:00

4 1Product1 2445,1 Min. 0 Min.
> 1.1Plateau Stufe 3 1227,1Min. 0 Min.
1.2 Plateau Heften 300Min.  OMin. h
1.3 Plateau Schweifen 300Min.  0Min.

> 1.4 unterrahmen Stufe 3 88L,9Min.  321,2 Min.
1.5 Unerrahmen Heften 312 Min. 321,2Min. l
1.6 Unterrahmen SchweiBen 312 Min. 321,2Min.

1.7 Erster Takt 118 Min. 0 Min. l

1.8 Bordwand Stufen 3 380,6 Min.  944,6 Min.
1.9 Bordwand Heften 132 Min. 0 Min. 1
1.10 Bordwand SchweiBen 132 Min. 0 Min. l

1.11Zweiter Takt 118 Min. 0 Min. l
1.12 Dritter Takt 118 Min. 0 Min.

Figure 32: Extract from the Gantt chart of product 1

The Gantt- charts for all products with respect to the changes in the lot sizes between the
years 2019 and 2025 can be seen in Appendix C.

The next page summarizes the results of the process analysis. The first column shows
the individual products. Since the results were created as a function of the different lot
sizes, these are shown in the second column. The third one then shows the critical
components that are based on the critical paths of the respective Gantt-charts.
Afterwards, the critical workstations / machines needed to produce the components are
listed. In order to be able to make concrete statements, the entire process time has been
divided into setup and processing time for these machines. The percentage of each time
is shown within the square brackets. To see how great the influence of the critical
component actually is, the time proportion of the component with respect to the total cycle
time of the products was determined last. This percentage is shown in the last column.
The figure also shows the influence of the different lot sizes. For example, in the case of
product 2, it can be seen that different critical components arise, when the lot size
changes.
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Critical Components

Critical Workstations Setup | Processing [min] nm‘irfg %‘;‘gg%%g['f,}:fd to

5 Rear locking pin Bandsaw 9 [36%] | 162 [64%]
Walding Station 49,4 [18%] | 220,2 [82%] 48
Product 1
- . Bandsaw 9 [10%] | 84,2[90%]
28 Reaiekncon Welding Station 49,4 [4%] | 1145 [96%] A
5 Milling machine 90 [83%] | 18 [17%]
Rear central locking system Radial drilling machine 42.1[52%) | 38,4 [48%] 36
Product 2 Bandsaw 6 [42%] | 84 [58%]
Manual plasma 4 [2%] 218,7 [98%]
A Base piale Press brake 27 [12%] | 191.1 [88%] &l
5 Welding station 60 [22%)] | 212,7 [78%]
Rear closure s 0 114 [100%] 9,3
Product 3
Welding station 60[5%] | 1106 [95%]
28 et Laser 0 592 [100%] 6
Welding Station 28,2 [59%] | 19,5 [41%]
Bandsaw 4 [32%] | 8,4 [68%]
Product 4 9 Tube Hydraulic Press 9 [75%] | 3 [25%] 28
Turning machine 7 [39%] | 11,1 [61%]
Radial drilling machine 30 [63%] | 18 [37%]
- ’ Bandsaw 4 [2%] 162 [98%]
& Spealeaney Welding Station 337 [4%] |827,2 [96%] ak
g d 0, 0,
5 Longitudinal girder Wekg:;gsslfllon 61‘(2] [8%] 7;3 a %?Séd;]/ul 126
N Press brake 20 [44%]| 25.2[56%] ‘
) ! Welding Station 61,2 [2%] |3108 [98%]
21 Longitudinal girder Plasma 0 272,1[100%] 14,5
Press brake 20 [16%]| 105,8[84%]
Welding Station 56,2 [25%] | 167,1[75%]
Hydraulic Press 18 [58%] | 12,9[42%)]
5 Brace Plasma 0 11,4[100%] 51
Manual Grinding 0 12,6[100%]
Press brake 10 [44%] | 12,6[56%)]
Product 7
Welding Station 56,2 [4%] | 1270 [96%]
Hydraulic Press 18 [25%] | 54,2[75%] 56
38 Brace Plasma 0 86,6 [100%] -
Manual Grinding 0 95,7 [100%]
Press brake 10 [9%] | 95,7[91%]
Bandsaw 06 [40%] 144 [60%)]
5 Chain strip Eccentric Press 312 [65%] 168 [35%] Eh
Manual Grinding 0 80,1[100%]
Product &
Bandsaw o6 [15%] | 547.2 [85%]
19 Chain strip Eccentric Press 312 [33%] | 6384 [67%] 6,5
Manual Grinding 0 304,4 [100%)]
3 Lateral Reinforcement Press brake small 56 [72%) | 22 [28%] 2
Product 9
5 Lateialeninieent Press brake small 56 [60%] | 36,6 [40%] 29
Wehglng Station 76 [12%] | 545,4 [88%]
3 Mounting bracket s g 8 3;14 Hgg:ﬂ 10,8
0
Turning machine 14 [41%] 20 [59%]
Product 6
Welding Station 76 [8%] 909 [92%]
10,
5 Mounting bracket S L ot [hos 12,9

Manual Grinding
Turning machine

0
14 [30%]

6.6 [100%]
33 [70%]

Figure 33: Results of the process analysis
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3.1.6 Capacity Estimation

During this work phase the capacities for the years 2019 and 2025 with current as well
as planned quantities and lot sizes had been considered. By doing so it was possible to
identify weaknesses in the technology level.

3.1.6.1 Procedure

In comparison to the other evaluations in the situational analysis, the evaluation of the
capacities and utilizations of the machines and work stations did not require any direct
data collection. The only data base needed was the work schedules for each product.
After analyzing them with respect to the demands for 2019 and 2025 as well as the
current and planned lot sizes it was possible to make statements for each working station
and to identify critical machines and manual workstations.

3.1.6.2 Assumptions and Boundary Conditions

e During the analysis only the 9 agricultural products were taken into account

e Theincreasing demand from 1.240 to 2.700 products had been considered as well
(see chapter 3.1.3)

e For 2025, a lot size of 5 pieces was again accepted for each product

e Critical are those work stations that have an overall equipment efficiency (OEE)
above 75%

3.1.6.3 Results

The analysis of the capacities and utilizations served as a basis for both the identification
of critical machines and the selection of machines and workstations needed in the new
plant for the production of the agricultural products.

The following two tables show the utilization of the machines and the workstations,
respectively. The first two columns show the different stations and the current number of
shifts used for the production of both environmental and agricultural products. The next
ones show the results for 2019 and 2025 based on the current lot sizes. The green lights
signalize that the utilization and thus the OEE is below the described 75%. Therefore,
those stations are not critical. As a logical consequence, red lights signal those
workstations that require special attention, as they have to be considered as critical for
the strategic planning. Additional information has been provided for the year 2025. The
columns after the lights is about the working time for each station. The calculation was
carried out by considering the lot sizes and is composed as the sum of the required set-
up and working times. Afterwards the utilization is indicated. The calculation respects the
number of both shifts and identical work stations. The basis was 220 working days per
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year. This number has been provided by the company and takes into account both public
and employees’ holidays as well as possible sick leaves. The number of productive hours
that can be worked per shift was assumed to be 7.5. With reference to the working days
per year and the hours per shift, the possible working hours per year could be calculated.
These can be found in the following Table 4.

# of Shifts Possible Hours

1 0-1.650
2 1.651 - 3.300
3 3.301-4.950

Table 4: Possible working hours per year

To make it easier to explain, one hundred percent utilization equals three shifts multiplied
by the number of identical work stations.

To clarify the influence of the different lot sizes, additionally the theoretically required
number of shifts for the year 2025 had been calculated and listed in the last column of
both figures.

a.) Utilization of the machines

| Current Lot Size | | Planned Lot Size

2025 [hr] 1%] 2025 2025 [hr] 1%] 2025
Eccentric Press 1 O) O) 1005 20 1 () 1947 39 2
Hydraulic Press 1 O) C) 2063 42 2 O) 33648 68 2
Press Brake small 3 () () 5196,7 105 >3 () 67974 137 >3
Press Brake big 3 () () 26423 53 2 ® 35401 72 3
Bandsaw small 1 C) () 20405 41 2 ) 2646,9 54 2
Bandsaw big 3 C) () 2587,1 52 2 : O) 2929,1 59 2
Manual Plasma 1 () @, 14238 14 1 () 1704,5 17 2
Plasma 2 () () 2239,3 45 2 ‘ () 22393 45 2
Laser 3 ) () 3398,1 69 2 O 33981 69 2
Pillar Drilling Machine 1 1 ) ) 8327 17 1 () 1065,4 22 1
Conventional lathe 3 () () 21553 44 2 () 2504,7 50 2
Conventional Milling 1 () () 526,9 1 1 ) 806,5 186 1
CNC big 1 O) O) 153,9 3 1 ‘ () 1539 3 1
Pillar Drilling Machine 2 1 () ) 8139 16 1 C) 9783 20 1
Radial Drilling Machine 1 2 () () 1116,7 23 1 O) 14004 28 1
Radial Drilling Machine 2 2 ) C) 5342 11 1 ) 730 15 1

Figure 34: Utilization of the machines

It can be seen that among all the machines only the small press brake is a critical one.
This means that steps must be taken to meet the requirements of increasing quantities
and reduced lot sizes. How these steps may look like will be described in chapter 3.2.6,
which is about the greenfield layout planning and the simulation.
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b.) Utilization of the manual work stations

Current Lot Size Planned Lot Size

Work Station # "' W"’"‘ Working Time [l utiization #shifts rnqulred for Working Time # shifts required for
2025 [hr] %] 2025 [hr] m 2025
Manual Grinding () O) 38106 38 3 3810,6 3

LaserCell 1

4249 9 1 ) 4835 10 1

Welding Stations

(currently 6) 17322 117 >3

44070,9 297 >3

Sub Frame 2
Stitching & Welding

7051,5 142 >3 80914 163 >3

Plateau 72717 147 >3 8038,5 162 >3

Stitching & Welding
6769,6 137 >3 6964 140 >3
Walls

6503,2 131 >3 6503,2 131 >3

Pre-Assembly

5167,5 104 3

Trough 51675 104 3

Sub Frame 2 2 6645 134 >3

6645 134 >3

Figure 35: Utilization of the work stations

It can be seen that nearly all manual work stations are critical. Especially the welding
stations have a very high utilization. Currently six of them are used for the production of
both environmental and agricultural products. To calculate the shifts and the utilization it
has been assumed that only three are used for the agricultural products. Also for the
manual workstations the steps needed to meet the different requirements are described
in chapter 3.2.6.

3.1.7 Catalogue of Requirements

After finishing the current state analysis of the flow of materials, processes, and the
capacities, it was possible to create a catalogue of requirements. Based on observations,
surveys, and the results or problems encountered during the situational analysis, different
criteria have been identified, which have to be taken into account when planning the new
plant. In the following, the effects of the occurring problems are described and possible
solutions are explained.

a.) Material Supply

One problem regarding the material supply is that some workspaces do not have clearly
defined delivery areas yet. This fact leads to barred paths and restrictions on the
movement of the employees. To solve this problem, it should be ensured that the
workspaces in the new plant have a sufficient space for provision and delivery of parts
and that the transport containers are adapted to the new situation.

Another issue is that the current amount of gantry cranes is not enough. This leads to
waiting times by interrupting the ongoing processes. To avoid this, additional resources
should be provided in the new plant.

The narrow paths in the welding line currently represent a challenge. By providing wider
routes in the new hall, the waiting times for fork lifts should be reduced.
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b.) Required Space

Due to the high lot sizes, many single components of the finished parts are located on
the welding workstations. For this reason, high requirements of space in the welding line
exist. This problem can be solved by adjusting the lot sizes of individual products.

c.) Internal Logistic

The analysis of the flow of materials showed that several different components are partly
stored in a single transportation container. This results in an unmanageable number of
transport boxes and an increased logistical effort, especially during the picking process.
This problem may be avoided by unifying the transportation containers.

d.) Flow of Materials

The problem with the materials flow is that a significant number of components display
high transport distances throughout the entire facility. The resulting high transport times
should be reduced by the proper arrangement of the workstations in the new building.

3.1.8 Technology selection for the new facility

The final part of the situational analysis was a vote on the new plant's necessary
machines. The production program as well as the results of both the material flow and
the capacity analysis were taken into account to find all needed machines and work
stations for the new facility. One of the main criteria for the decision whether to invest in
a new machine or to take over the already existing ones into the new plant had been the
current set-up times as well as the current processing times of each machine. In order to
obtain a good overview of all required data, a catalogue has been compiled, in which all
important information for each machine and workstation was summarized, taking into
account not only the quantities for 2019 and 2025 but also the change in lot size. In
addition to that, the most important statements (for example regarding the lean
conformity) have been provided for every work place. To make the decision-making that
was achieved during a workshop as structured as possible, checklists were created.
Different questions were asked to get all information needed for the following work
phases. One of the major ones was the question about whether to buy a new machine or
not. If yes, then several sub-questions raised. Due to the fact that the use of a new
technology may cause a change in set-up and processing time, this information has also
been collected. Also the number of possible shifts was queried individually for each
workstation. Finally, estimates regarding the investment costs have been made. This
information is especially important for the third work phase, as it contains an estimation
of the production costs for the agricultural products after the greenfield layout planning.
An example of such a catalogue and the checklist for a machine can be seen in the
following Figure 36.
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Press Brake Y
Machine Data 2019 2025 (LS_plan.) 2025 (LS_cur.) Checklist
Utilization [hr] 22185 6206,9 44953 1) Take over of the existing machine? Yes D No D
2) Buying a new machine? Yes l:l No |:|
Set-Up [hr] 7054 3067,7 1320,1 2.1) Change in processing-time: +/- %
32 49 29 2.2) Division SetUp / Processing [%]: ~ SetUp: ___ Processing: ___ Same [_|
3) Number of shifts: max 1 | max2[ |  3possible ||
3 4) Estimation of investment costs: ~ €
55 /45
:
Catalogue of Requirements
Criterion Problem Effects Possible Solution
Material-Supply Existing Qerllvgry areas are 3 Partially blocked transport 3 Provl'ldmg‘enough spacg_for
sometimes insufficient ! routes i delivery in the new facility
General Information
» This machine can be considered as critical since three shifts are not enough to meet the requirements for 2025 LS. Lot Size .
EP.._Environmental Line
» This station is needed for all nine products and has already been revised by the Lean-Management AP...Agricultural Line
*...100% = 4950hr

Figure 36: Example of catalogue and checklist

3.1.9 Relevant decisions for the greenfield layout planning

Due to the fact that the decisions that have been made after the situational analysis have
an impact on the greenfield layout planning, is seems to be necessary to describe and
explain them before the chapter of the layout planning begins.

a.) Hydraulic Press & Eccentric Press

Both machines have been analysed with respect to the components that are processed
on them. By outsourcing the production of selected level three components the capacity
utilization of both machines should be reduced. In addition, enough space has to be
provided in the new plant for at least one hydraulic press. The reason for this is a
necessary straightening of the board walls, which represent one of the main sub-
assemblies. The calculation of the utilization in the previous chapter does not include the
times needed for this operation because the needed information has been provided after
the analysis of the current situation has already been finished.

b.) Press Brake “small”

An investment in a new machine should reduce the set-up time from over 3.000 hours to
2.000 hours for the year 2025. As already mentioned, a reduction of the lot sizes to five
for each product contributes to the fact that this machine represents a bottleneck.
Therefore, those parts that can’t be processed here shall be processed on the bigger
press brake in the future.
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c.) Band saw and drilling machines

Currently, two band saws, two radial drilling machines, and two pillar drilling machines
are used for the manufacturing for the agricultural products. However, the analysis has
shown that one of each would also be enough. Therefore, the area calculation of the new
plant, which is shown in the next chapter, only considers the required space for one of
each.

d.) Welding stations

Due to the high capacity utilization, which can be justified by the high processing times,
the number of the welding stations has to be adopted. The required space per workplace
has been specified by the company.

e.) Welding line

After all components that are needed to assemble the final product arrive at the welding
line, the first operation, the stitching, can start. Afterwards the welding occurs manually.
This is true for all subassemblies, the lower frame, board walls, and the plateau. The use
of robots in the new plant for both the frame and the plateau shall reduce the processing
time by 40%. The same is true for the two bigger products of those which had been
analysed, product six and nine. It follows, of course, that the sizes of the areas for these
work station have to be adjusted, too. The supply areas of the frame and the plateau
should be taken from the current state.

f.) Storage

The current situation is that both the raw material and the board walls are stored outside
the production facility. The aim is to place the storage locations within the new hall.
Therefore, 90% of the current area used for storing the raw materials should be
considered during the layout planning. The needed area for the board walls has to be
calculated. Additionally, the possibility of an optimized storage should be considered as
well, meaning that, for example, an increase of the area (if required) should be possible.
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3.2 Greenfield Layout Planning

After the situational analysis had been completed, the layout planning phase
commenced. The purpose of this work section is to develop a layout for the production of
the agricultural products.

In addition to the necessary databases, which were already mentioned in the previous
chapter, it was particularly important to incorporate the derived optimization potentials
and decisions made at the end of the first phase. These relate in the first instance to the
material flow to be optimized and the selection of the technologies to be used.

In the first step, the required space for work area, supply, and storage was determined.
An ideal layout has then been developed using the Schmigalla method, which has been
presented in chapter 2.4. After the structuring, which took the required areas and
manufacturing forms into account, various layout variants were worked out. After the
evaluation of these variants and the selection of those three that showed the greatest
overall optimum, the selected one was has been detailed further. At the end of this phase,
a simulation model has been created to analyse both the impact of the different lot sizes
and the production program of the year 2025 in general. The procedure within this phase
is also shown in the following Figure 37.

Procedure

Dimensioning (Space, Personnel) ‘

Creation of ideal layouts ‘

Structuring ‘

Creation of several layout variants ‘

Evaluation of the variants ‘

Detailing of the selected solution concept and
creation of a simulation model

000000

Figure 37: Procedure during the greenfield layout planning

3.21 Dimensioning

As already addressed, the first step during layout planning was the dimensioning of both
the required space and capacity. Thereby a distinction was made between machine
workstations, manual workstations and various storage areas, which can be justified by
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the fact that the different workplaces necessitate different calculation methods for the
areas.

The required data for this sub-phase were taken on the one hand from the provided CAD
layouts and on the other hand obtained by measuring the sizes of the machines on site.
This was followed by the determination of the required areas per workplace, taking into
account the decisions made at the end of the situational analysis. These led to the fact
that an exact calculation, based on the procedures presented in the methodology part,
was not necessary for all workplaces, but the empirical values of the company for the
required spaces were used. The total area required for the new factory building could
then be computed.

3.2.1.1 Area for machine workstations

Figure 38 shows the required area for each machine workstation. Based on Nestler
(1968), each area shown consists of the following sub-areas:

e Production area Ar

e Area for the interim stock AzL

e Area for transport and traffic At
e Additional area Az

As additional information, the required amount of machines was also indicated, which is
either required for the production of the products with a lot size of five, or which is
available at maximum due to different reasons, such as investment costs.

# of Workstations [l Required Area [m?]

Eccentric Press 1 36

Hydraulic Press 36

Press Brake small 30
Press Brake big 54
Bandsaw 50
Plasma 200

Laser

CNC
Pillar Drilling Machine
Radial Drilling Machine
Welding Robot Frame

208

1
1
1
1
1
1
Conventional Lathe 1 20
1
1
1
1
Welding Robot Plateau 1
1

Welding Robot big products 105

Sum Maschines - 1.121

Figure 38: Area for machine workstations

62



Practical Part

A total area of 1.121 m2is required for the machines. The two welding robots for the frame
and plateau account for the largest share. The space required for these machines was
determined by the company itself, and is based on the already existing welding robot
placed in plant 1.

3.2.1.2 Area for manual workstations

One of the biggest differences between mechanical and manual workstations is the
number of workstations. Figure 39 shows that this number differs from one, especially for
welding workstations. The indicated area therefore does not indicate the area per
workstation, but that which is required for the entire work area. Furthermore, the welding
workplaces were subdivided. This is due to the fact that the company wanted to provide
one of these workplaces with a larger area to ensure that even large components can be
welded.

In addition, supply areas had to be provided for the various welding lines, which could
not be determined using any of the methods presented in Chapter 2. These are not
discussed in more detail in the following, since the sizes of these surfaces were taken
from the current CAD layouts.

Manual Plasma 1 60
Manual Grinding 1 15
Laser Cell 1 10
Welding Station 4 120
Welding Station 1 56
Stitching Frame 1 70
Stitching Plateau 1 70
Walls 5 140
Pre-Assembly 2 140
Stitching big products 2 210
Sum Manual Workstations - 891

Figure 39: Are for manual workstations

As already mentioned in chapter 3.1.9, one of the targets of the company is the storage
of raw materials within the factory hall in the future. For this reason, the required area for
the warehouses had to be determined too.
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3.2.1.3 Area for the warehouses

No calculation methods were available for these areas either. Therefore, it was necessary
to work with assumptions provided by the company.

At this point it should be noted that the final area design of the interim storage took place
at a later point with the help of the simulation model. This means that the areas given
here served as the basis for a preliminary design.

Assumptions made and the results of the required areas for the tubes, metal sheets, walls
and the inner bearing are shown in Figure 40.

» An area of 90% of the current state is to be provided for the sheets

» Currently used area: 177 m?

—->160 m? storage area for the sheets

» An area of 90% of the current state is to be provided for the pipes

» Currently used area: 164 m?

—>145 m? storage area for the pipes

» Currently a shelving system of 25 m length and 1.5 m cantilever = 37.5m?

» Increasing the amount to 8 shelves

—>300 m? storage area for the walls

» An area of 50% of the current state is to be provided for the interim stock

» Currently used area: 400 m?

—>200 m? storage area for the intermediate storage system

Figure 40: Area for the warehouses

3.2.1.4 Total space requirement

At the end of the dimensioning, the total area required was determined. It can be seen
that a total area of 3.100 m? is required for the new building. It should be noted that this
information only refers to the machines, the material supply and any additional areas.
Required transport routes between different work areas and thus the increase in the total
requirement have not been taken into account yet.

Machines 1.121
Manual Workstations 891
g Storage 805
Material Supply 283

Sum 3.100

Figure 41: Required area for the new factory
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3.2.2 Creation of an ideal layout

An ideal layout was created with the aid of the modified triangular method according to
Schmigalla.

The following Figure 42 shows the ideal layout considering the storage and the separated
welding lines. The central position of the storage is clearly visible. This is due to the fact,
that components are delivered to the storage from almost every workstation. This
situation also corresponds to the results of the material flow analysis, which is presented
visually in Chapter 3.1.4. Since all parts are placed accordingly in different welding lines
after the intermediate storage, relations also arise here. However, it can also be seen
that high transportation intensities, represented by the thickness of the lines, exist
between the laser, press brake and the welding stations.

a...Storage k...Manual Grinding
b...Eccentric Press I... konv. Turning machine
¢...Hydraulic Press m...CNC-machine
d...Press Brake Trumpf n...Pillar drilling machine
e...Press Brake o...Radial drilling machine
f... Bandsaw 1 p... Lasercell

g...Bandsaw 2 q...Welding stations
h...Manual plasma r... Welding line lower frame
i... Plasma 5...Welding line plateau

i t.

. Laser .. Welding line board walls

Figure 42: |deal layout

The ideal layout shown served as the basis for the next phase, in which different real
layout variants were developed. Before that, however, a structuring in the broader sense
was carried out.
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3.23 Structuring

This step within the planning of different real layout variants will not be discussed in too
much detail in the following, as the most important points will be dealt with separately in
the following sub chapter. The material flow and the manufacturing forms have been
considered once again with the goal of an efficient layout planning process.

Material flow

Although the Schmigalla method used to create an ideal layout takes into account the
material flow within the factory, the external material flow has not been given any
consideration up to now, despite the fact that this also plays an important role within the
factory planning process. For this reason, the following criteria are paid attention to during
the design of the different variants:

e Since the final products have to be painted before they are delivered to the
customer, the route between the factory building and the paint shop, which is
located in a different building, needs to be considered.

e The delivery of the bulk material and the raw material, which then have to be
distributed among the different storages, is also taken into account during the
planning of the real layout. For this reason, care was taken to ensure that the new
hall was properly integrated into the company premises.

Manufacturing forms

The ideal layout identified with the method according to Schmigalla, shows the
arrangement of the workplaces optimised for the material flow, but does not takes into
account the different manufacturing forms. Considering the process steps of the
individual products, the capacity utilization of each workplace and the required area of
the workplaces, the individual stations had been rearranged during the project, resulting
in several real layout variants. In addition to that, special attention was paid to the different
types of assembly, as described in chapter 2.4. The reason for this is the necessary,
constant differentiation between small and big products during this project. Attention was
also paid to the placement of the inner warehouse, as this separates the machinery from
the assembly area in terms of process engineering.

In the next step, the different variants have been created, giving attention to all the
aspects discussed so far.

3.24 Creation of real layouts

As already mentioned, the following subchapter deals with the elaboration of layouts
which reflect the real conditions. These variants were developed by using data that has
been collected in workshops with company employees. Within this workshop, also a
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selection of layouts occurred, which had to be detailed further. For this purpose, the

already mentioned value-benefit analysis was used.

3.2.4.1 Workshops

Two workshops were carried out to find and analyse various layout variants. The
procedure during these workshops is shown and explained in the following Figure 43.

Layout Planning

Presentation

Elaboration of different layout variants within the
entire team

Presentation of the 4 variants already developed
by the IIM

Discussion

Preliminary decision for 5 variants in cooperation
with the company

Modification

lllustration of the new layouts in digital form

Presentation

Presentation of all variants and agreement on
evaluation criteria for the value-benefit-analysis

Value-Benefit-Analysis

Weighting of the criteria by pairwise comparison
and evaluation of the layouts

Figure 43: Procedure and explanation of the workshops

A total of nine rough layout variants were worked out. Five of them were selected during
the first workshop and had to be detailed further. As shown, at the end of the second
workshop, the value-benefit analysis was carried out, to find those variants that show the

greatest overall optimum.

3.2.4.2 Selection of variants

In the first step, evaluation criteria had to be determined, that serve as a basis for the

value-benefit analysis.

Definition of Evaluation Criteria

e Transport Intensity

Transport Intensities are to be reduced by suitable placement of the workstations.
The aim is to reduce transport times and thus transport costs.
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e Expandability

When assessing this criterion, particular attention is paid to machines with a high
capacity utilisation. If productivity is increased in the coming years, it should
remain possible to expand the machines and the space required for them.

¢ Required space
The different variants partly have different (estimated) areas. Since costs increase
with increasing area, the area requirement should also be taken into account when
selecting a variant.

e Warehousing Solution
The positioning of the different warehouses near the goods receipt and to the
respective machines (laser, plasma, band saw) is important. The arrangement of
the inner bearing (buffer) is also taken into account due to the high transport
intensities.

Determination of weightings for the criteria

In order to be able to determine weightings for the criteria, the mentioned pairwise
comparison method was carried out. All criteria were initially written into the columns and
rows of a matrix (see Table 5). Subsequently, all participants voted on whether they
considered the respective column-criterion as more important than the row-criteria. If this
question was answered with yes, the entry one was assigned in the appropriate cell,
otherwise zero. After all criteria have been worked through, for each criterion the row sum
has been calculated, which is shown in the penultimate column in the table below. The
weighting was then done by a simple fractional calculation, in which each row-sum has
been divided by the total sum.

[
L z
5 @ [
3 £ 5 g >
Row criterion more important than column criterion? ] ) £ s £ Z
(YES=1/ NO=0) g 2 £ 2 a 2
<) o o A =2
< X 2 b
o w I o
© =
=
Number Criterion 1 2 3 4
1 Warehousing Solution 0 0 1 1
2 Expandability 1 0 1 2
3 Transport Intensity 1 1 0 2
4 Required Space 0 0 1 1

Table 5: Pairwise comparison

As can be seen from the table above, the transport intensity is given the highest
importance with a percentage of 50%. The lowest weighting, and thus the lowest
influence in determining the value-benefit, is found in the warehousing solution and in the
required space.
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Determination of the partial value benefit

In this step, all variants have been evaluated by awarding points, with a comparison of
variants being carried out for each criterion. All participants were able to assign points
between one and five, whereby the latter can be equated with an excellent result.

Determination of the total value benefit

In the present case, the total value-benefit of a variant is obtained by summing up the
results of the multiplication of the weightings with the partial value-benefits, which were
determined in the previous step. The following Table 6 shows the result.

Criterion ‘ Weighting [%] ‘ LayoutA | LayoutB | LayoutC | LayoutD | LayoutE
Transport Intensity 50 4 4 5 3 5
Expandability 33,34 29 2,8 45 36 4.5
Warehousing Solution 8,33 3,5 3.4 2,8 3,2 4.9
Required Space 8,33 5 4 3 5 4

Value-Benefit

Table 6: Results of the value-benefit-analysis

Layout “E” was rated highest with 4.7 out of 5 points, followed by layout “C”. The variants
with the lowest points are the variant “B” and “D”, both receiving 3.5 points.

Evaluation of the Advantageousness

The variant with the highest value-benefit shows the highest total optimum. In the
following, the variant with the highest value is shown and described. The remaining ones
can be seen in Appendix D.

3.2.4.3 Real layout

The following describes the storage solutions and possibilities for expansion. Also the
material flows within the chosen layout will be discussed in more detail, after general
information has been provided.
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General information

Figure 44 shows the selected Layout “E” which represents the real layout variant with the
highest overall optimum.

S

£
o
£
<
v
=130 m

Figure 44: Real layout

The variant developed has a space requirement of around 10.400 m2. A width of all
transport routes of 4 m was taken into account, which was requested by the company for
keeping sufficient space for transporting the large components (e.g. the pipes for the
lower frame). The bars at the edge of the layout that are declared as "walls", are the
aforementioned shelving systems and not to be mixed up with the workstations.

Material flow of the small products

Those work areas and storage systems that are required for the production of the small
products are highlighted with a frame in Figure 45, shown in the following. The entire
material flow, represented by the black lines and arrows, starts with the bearings for the
pipes and metal sheets. With the laser, plasma or band saw, the work processes of the
level 3 components begin. After all work steps have been completed, the parts are stored
in the inner warehouse, named as storage. The components are then transported to the
respective welding lines. The storage area for the walls was divided into small and large
products. For this reason, a material flow is created only from the lower shelf system to
the workstations walls 1 and 2. In this case, two goods departures are also shown with
the grey arrows. Since the lower frame is no longer required in the pre-assembly stage,
the finished frames can be sent straight to the paint shop. The plateau and the walls are
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adjusted in the pre-assembly cycles and do not leave the new plant until they are finished
there. An additional area in which the finished products can be temporarily stored has
been provided and is called "Material for Paint Shop".

Figure 45: Material flow of the small products

Material flow of the big products

The material flow for the larger products (see Figure 46 below), which is in this case
represented by blue lines and arrows, differs only slightly from that for small products.
Two shelving systems were provided for the walls of the large products, which are located
at the upper end of the layout. Here, too, a buffer place was provided where the products
can be temporarily stored after the welding process until they are transported to the paint
shop. This area is provided immediately below the planned welding robot for the large
products and is thus located at the upper left end of the layout.
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e |

Figure 46: Material flow of the big products

Expandability

As mentioned above, this criterion took particular account of workstations classified as
critical during the analysis of the current situation. This applies primarily to the small press
brake. However, since the number of band saws has been reduced from two to one, this
machine can also be classified as critical for a planned lot size of five. For this reason,
care was taken to ensure that both workstations had sufficient space for the possible
installation of an additional machine. The welding workstations of the walls are ranked
third among the critical workstations. This is due to the fact that in the future the hinges
will no longer be welded in the pre-assembly stage but at the workstations for the walls.
Figure 47 shows not only the planned additional areas, but also the capacity utilization of
all the workstations just mentioned, based on the results of the as-is analysis.
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Workstation m Utilization [%]

"~ Press Brake 6797 h
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Figure 47: Expandability of the real layout

Summary of the real layout

The special aspects of the rough layout can be summarized as follows:

¢ Compliance with the flow principle

e Centrally located intermediate storage

e Separate storage of the walls for the small and the big products
e All welding stations are in line

e Extension areas are available for critical workstations

e Separation of small and large products assembly

In addition, the change in transport intensity should be explained. During the current state
analysis, an intensity, the unit of which can be represented by “Number of Transports
Times Meters”, of 966.189 was determined for the year 2019 in the current layout. Due
to the shorter distances and the changed arrangement of workplaces in the new plant,
this number was reduced to 386.277 [#*m]. This will mean a reduction of 60% in transport
intensity in the new plant.

3.25 Detailed layout

The next step was to create the detailed layout. A CAD model is created for this purpose
in order to represent the designed layout true to scale. Figure 48 shows the final layout.
Since some work areas are much smaller than others, they are specially marked and
annotated with the legend on the right side.
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Figure 48: Detailed layout
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The most important points such as material flow, expandability and warehouse solution
have already been described in detail in the rough layout. Nevertheless, there is a clear
difference between the rough and fine layout. While in the rough layout all areas are only
displayed as blocks, in the fine layout not only all machines, but also the corresponding
shelves for tools and staging areas are displayed. The latter are represented by the small,
empty rectangles, which represent parking spaces for the pallets. Additionally, the
computer-aided presentation of the layout led to the fact that final adjustments had to be
made. These are briefly described below.

e In order to avoid returning the items, the shelves for the walls of the small products
had to be adapted. These can be seen at the lower right end of the layout. Two
shelving systems each were combined, which doubled the width of the shelves,
but saved so much length that the shelving systems were aligned with the material
provision area for the walls.

e The true-to-scale representation showed that the intended area for the metal
sheets was too large. For this reason, part of this area was provided as a storage
area for the purchased components.

e The final dimensions of the hall are 75 x 127 meters. Compared to the rough layout
(shown in Figure 44), this means a reduction of the total required area by 875 m2.

3.2.6 Simulation

In order to be able to make statements about the effects of the changed lot sizes and to
carry out a feasibility analysis, a simulation model was created. In addition to that, the
simulation serves also as a basis to identify and analyze both buffers and machines that
represent bottlenecks.

A production program for the year 2025, based on the forecast data shown in chapter
3.1.3, served as the basis for the simulation. Based on this, data sheets were created for
all products, containing all components of the products and associated work sequences.
Subsequently, several different simulation experiments were carried out to identify
bottlenecks and derive preventive strategies to avoid these bottlenecks. Based on the
results a final design of the required area for the intermediate storage was carried out.

Assumptions
e Buffer

A buffer was inserted on each work station, which works according to the “first-in-first-
out” principle. This means that those components that are first encountered at the
machine are processed first and sent to the next work station according to the work
sequences.
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e Intermediate storage

A storage block was inserted, which reflects the real warehouse of the factory. All
components are stored after the work process until all articles of a final product are
finished. The components are then removed from storage and distributed to the various
welding lines.

e Shift schedule

The shift calendar was adapted to the real conditions. Three shifts (a 8 hours), each with
a half hour break, were set. In addition, the public holidays in both Slovenia and Austria
were inserted as work-free days.

e Order control

In this simulation model, there is no intelligent order control, meaning that no products
are prioritized, but the production program is processed line by line.

3.2.6.1 Design and constraints

The entire simulation is based on the delivery list for the year 2025, in which the products
are imported as lots. For each product all components are stored in a table, whereby
attention was paid to a separation into the respective subassemblies. Each individual
component is then stored in a sub-table, in which the work processes are read in. These
were each supplemented by the step "intermediate storage" and subsequent removal
from storage in the corresponding welding line. All set-up and processing times are then
processed using so-called methods depending on the corresponding lot sizes. After
completion of the work processes within the machine park, the intermediate storage of
level 3 components takes place. For this purpose, a subprogram was written so that the
components are stored until all parts for a complete lot have been produced. The parts
are then transferred to the welding lines. The first pre-assembly cycle does not begin until
a plateau and the associated walls have been completely welded. This structure can also
be seen in the following illustration.
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Figure 49: Structure of the simulation model

Subsequently, various simulation rounds were carried out, taking into account the
findings and results of the respective preliminary rounds. These rounds are explained
below.

3.2.6.2 First simulation experiment

In the first stage, the simulation was carried out by using the technology the company
had planned to use in the new factory. Thus, the planned welding robots were taken into
account and no machine was duplicated. Additionally, the first experiment was carried
out twice, once for the planned and once for the actual lot sizes.

Throughput analysis — first round

The results are shown in the following Figure 50, with a subdivision into small and large
products. The target given refers to the number of lots that must be produced from each
product to achieve the planned throughput. The column next to it shows the number of
lots actually created, based on the simulation. For each product, the traffic lights indicate
whether the goal was achieved, with red indicating a deviation from the plan. Since the
current lot sizes are different for each product, these are indicated in the round brackets.
It can be seen that the company achieves its target with current lot sizes, whereas the
planned lot size of five for each product results in a deviation of 107 lots in total (shown
in the last line of the figure).
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Target Simulation Results Target Simulation Results
[# Lots] [# Lots] [# Lots] [# Lots]
Product 1 11 (264) 11 @ 57 47 ®
Product 2 15(27#) 15 o 80 62 o
Product 3 14 (26#) 14 @ 72 58 @
Small Product 4 10 (36#) 10 @ 71 64 o
Product 5 24 (21#) 24 ® 100 74 P
Product & 8 (38#) 8 ® 63 53 P
Product 7 10 (194) 10 @ 37 28 ®
Product 8 55 (3#) 55 @ 33 26 @
e Product 9 45 (3#) 45 ® 27 21 ®
Total - 191 191 ® 540 433 ®

Figure 50: Throughput analysis — first round

In order to be able to make a better comparison between the different lot sizes and the
resulting different setup times, the analysis of the capacity utilization for current lot sizes
takes place at a later point in this work. In the following, the focus is on the planned lot
size of five and the analysis of those workstations that lead to the deviation from the
planned throughput.

Analysis of the critical work stations — first round

During the analysis of the critical machines, not only the capacity utilization but also the
buffer load was examined more closely. The first of these will be discussed below.

Figure 51 shows the capacity utilization of both machines that were identified as
bottlenecks in the first work phase, spread over the entire year 2025. While the horizontal
axis displays the work centers, the vertical axis displays the percentage of time. This
means, that a utilization of 100% equals to 365 days per year with 24 hours per day. The
dark blue bars, making up about 30%, are those days in which no work is planned
(Saturdays, Sundays and public holidays). These are followed by the grey ones, showing
the waiting times of these two machines. The light blue bars show the mentioned 30
minutes’ brakes within each shift, making up in total about 4% of the entire year. In order
to illustrate reality as accurately as possible, a disturbance has also been set for each
machine, which amounts to 10% of the working time and is represented by the red bars.
The pure working time and the total set-up time of the two machines is represented by
the green and brown bars respectively. In addition, the respective end times of the
individual shifts are also drawn in with black lines, meaning that about 23% of the total
time are available for one shift.
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Utilization
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Shift 3
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Shift 2
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Shift 1

0,00%

Band saw Press brake

Figure 51: Utilization of the critical machines — first round

Although both machines are almost fully utilized, the planned throughput for the year
2025 cannot be achieved with the reduced lot sizes. This means that an available
capacity of over 100% is required for both machines, which would be an ideal state, not
allowing for reality. In a planning way, these machines can be identified as bottlenecks.

In order to be able to carry out an estimation of the required material supply areas, the
respective buffers were also analyzed. Table 7 shows the maximum number of pallets
waiting at the same time for the two machines shown above.

Buffer Load

Work Station # Pallets
Press Brake 32
Band Saw 61

Table 7: Buffer loads — first round

A number of pallets of 32 or 61 would mean a staging area that far exceeds the
determined ones used for the layout planning. In addition, the waiting times and thus the
total throughput times of the products would increase. For this reason, action is required
to achieve the planned throughput. Possible measures to solve this problem are listed
below.
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Possible Actions

e Adding a second press brake

e Adding a second band saw

¢ Production of some components in the already existing plant

e Purchasing specific components

¢ Increasing the lot sizes of selected products

e Reduction of both the processing and the set-up times by the usage of new
technologies

In order to achieve throughput with the planned lot size, a second band saw and a second
press brake were added to the model in the second simulation round and a new analysis
was carried out.

3.2.6.3 Second simulation experiment

Analysis of the critical work stations — second round

The same work stations as in the first round were checked again for capacity utilization
and buffer load.

B0%

Shift 3

o — |
Shift 2 | | I | | |

40% i | i |

I I

Shift 1 .—_.

2096

0%

Band saw 1 Band saw 2 Press Press
brake 1 brake 2

Figure 52: Utilization of the critical machines — second round

It can be seen that all four machines work two shifts per machine. Converted to one
machine each, this means that four shifts would have to be worked per workstation in
2025. However, the measure taken also increases waiting times for all machines, which
is represented by the grey proportion.

The buffers were also analyzed in the second round and compared with the results of the
first simulation run. This comparison is shown in Table 8.
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Buffer Load

Work Station # Pallets # Pallets
first round second round

Press Brake 32 9

Band Saw 61 17

Table 8: Buffer loads — second round

A high reduction in the number of pallets waiting at the same time on the processing
machines could be achieved by the measure taken. This fact has a positive effect not
only on throughput times, but also on the required supply areas.

A feasibility study was again carried out to check whether the planned throughput could
be achieved with a lot size of five. Figure 53 shows that all planned products can be
produced within 2025. In comparison with Figure 50, it can thus be seen that there is no
deviation from the plan and that the desired number of products can be manufactured.

Target Simulation Results
[# Lots] [# Lots]
Product 1 57 57 o
Product 2 80 80 o
Product 3 72 72 @
Small Product 4 71 71 &
Product 5 100 100 ®
Product 6 63 63 @
Product 7 37 a7 &
Product 8 33 33 [
g Product 9 27 27 ®
Total = 540 540 @

Figure 53: Throughput analysis — second round

Since the goal was reached in this round, the intermediate storage, which represents a
part of the production process, was also examined more closely. This analysis is
described below.
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Analysis of the intermediate storage — second round

In order to be able to analyse the warehouse, a storage module was added to the
simulation model, as previously mentioned. Each individual storage and retrieval order
were plotted for the year 2025 using a diagram. In order to be able to make realistic
statements, however, some assumptions had to be made. These can be listed as follows:

e The components are transported on pallets, whereby each component is stored
on its own pallet for an entire lot

e After completion of the entire work order, each component is stored until all
components for a product and lot are ready

e Each component is then transferred to the respective welding lines, whereby each
component is again transported on its own pallet

As already mentioned in chapter 3.1.4, during the analysis of the material flow the
problem arose that the company had no record of the transport containers. The
assumptions made during the simulation solved this problem as the transport of each
pallet was mapped over the year 2025. The result of the simulation of the inner bearing
is shown in Figure 54.

350
Maximum
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Figure 54: Simulation of the storage

A maximum value of 312 pallets, which have to be stored at the same time, is visible.
This is triggered by a specific product mix that occurs several times a year and is highly
dependent on the simulated production program. Nevertheless, a solution has to be found
for the high number of pallets, as a storage area for 312 pallets is not provided in the
layout yet. For this reason, all the components of a specific product were analysed in
more detail, and it was found that a large proportion of the components could also be
transported on so-called small component wagons. The company has therefore offered
to transport the components on suitable transport containers (pallets, boxes, ...).
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Commissioning after storage to the respective welding lines can then take place on small
part wagons. The result would not only be a saving in the space required for the
warehouse, but also smaller provisioning areas in the welding lines.

After the second simulation round, the results achieved were presented to the company.
This meeting also served as a workshop in which final simulation parameters were
defined in order to be able to represent reality even more accurately. The following
decisions were made:

e The rest period should be increased from 30 to 45 minutes in order to also take
coffee break times into account

e There are machines that can work without the employee being present. There are
no break times to consider for these machines. This concerns the laser, the
plasma cutter as well as all welding robots

e An investment in a second press brake or band saw is out of the question for the
company due to the costs and the long downtimes of the machine as shown
above. Instead, it will be investigated whether the use of a new, improved
technology can reduce processing and set-up times to such an extent that the
planned throughput can be achieved.

In addition, all possible strategies which could contribute to the fulfilment of the plan
throughput were discussed again and all possible positive and negative effects of the
individual options were addressed. The results of this workshop are shown in the
following Figure 55.

Effect Production costs Utilization Separatlon_of e System effort Cycle time Dependenc_y an
Strategy product lines the supplier
Purchase of additional l t l
machines

Figure 55: Effects of the strategies

Usage of the existing plant

Purchase of components

Adjustment of process
times

= =) = =)

4=| 4 =)
=)

Since no additional machines have to be invested in and thus no additional personnel
requirement arises, the production costs decrease. At the same time, the capacity
utilization of the critical machines increases because there are no such long waiting
times, compared to the second simulation round. In addition, this measure makes it
possible to strictly separate the company's different product lines, which in turn reduces
the total system effort. Another positive effect concerns the throughput times. Due to the
reduced process and set-up times, these can be reduced as well. Finally, it should be
noted that there are no additional dependencies on suppliers, as the measure taken
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means that all components can be produced in-house. For these reasons, the strategy
marked in Figure 55 was selected for the final simulation round.

3.2.6.4 Third simulation experiment

The first task was to find out by what percentage the times of the small press brake and
the band saw had to be reduced. For this purpose, it was necessary to find out how high
the total set-up and processing times of both machines are for a lot size of five. Therefore,
an additional simulation round was carried out in which the adjusted break times were
already taken into account. The demand surplus is shown in the following Table 9. Since
the ratio between setup time and machining time should remain the same, the percentage
distribution of these two times is also shown in the table.

Work Station Demand Share of Setup Share of Processing
Surplus [%] ! time [%] time [%]
Press Brake 27 (= 1.802h) 49 o1
Band Saw ! 10 (= 846h) 30 | 70

Table 9: Demand surplus of the critical work stations

For easier understanding, the example of the band saw will be explained in more detail.
A 10% reduction in the total machining time, which consists of set-up and processing
time, is required to achieve throughput. After deducting the percentage, the new total time
was again divided into setup time and machining time according to the shares shown in
the table above.

For the results of the feasibility study, see Figure 53: Throughput analysis — second
round. Reducing the times of the two critical machines results in the fact that the company
is able to achieve the planned throughput at a lot size of 5. In the following, the analysis
of the workplaces and their buffers will be dealt with.

Analysis of the critical machines — final round

Once again, the small press brake and the band saw were examined with regard to
capacity utilization. Figure 56 shows that both workstations must be operated in three-
shift production. The disadvantage of long waiting times, which occur in the second
simulation round due to the adding of redundant machines, could be avoided by reducing
processing times. A further advantage of this approach is that the required number of
employees could be reduced from eight to six.
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Figure 56: Utilization of the critical machines — final round

The band saw, the laser and the plasma cutter are the first steps in the production of the
components. Since the buffer loads of these machines can be easily controlled by the
company, the analysis of the buffers of these workplaces was not necessary. All other
workstations were examined more closely. The two workplaces with a very high number
of pallets are discussed below.

Analysis of the buffer loads — final round

Figure 57 shows the number of pallets in front of the small press brake and the manual
workstation where grinding is performed. For example, a number of 20 pallets means that
20 different components are waiting at the same time in front of each workstation for

further processing.
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Figure 57: Maximum buffer loads — final round
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Once again, the press brake shows an occupancy of 58 pallets. This number is also
higher than the result of the first simulation round. The load on the grinding station is
considerably lower. A maximum of 20 pallets can be seen here. It is also worth mentioning
that exactly these two workplaces show the maxima among all workplaces. These are
the workplaces that come after the laser or plasma machine, which, as mentioned before,
represent the first workplaces of the processes. For both machines, the pause time was
set to zero. This means, that these machines are able to work all the time and are
therefore able to process the components faster.

The high difference between the two buffer fills can also be easily explained. While a very
high proportion of the processing time on the press brake consists of set-up operations,
there is no set-up process for grinding. Due to this fact, the grinding process of the
components can not only be started faster, but also completed faster. This is also due to
the longer processing times required by the press brake.

Nevertheless, the problem of the high number of pallets must be solved for both
workstations, since the planned areas in the layout would not be sufficient. Since the
company is planning to buy a new plasma cutter that includes an automatic grinding
device that would reduce the number of components in manual grinding, the focus is
again on the press brake. The already mentioned strategy of suitable transport boxes, of
which several can be placed on a pallet, is recommended here again. It should be noted
that this action reduces the number of pallets at each workstation and also in the
warehouse.

At the end of the final simulation round, the capacity utilizations of all workstations were
analyzed. At the same time, a comparison was made between the current and planned
lot sizes.

Analysis of the capacity utilization — final round

As already mentioned at the beginning of this work, the effects of the changed lot sizes
had a special role throughout the project. For this reason, the following shows the
capacity utilization of all machines for both current and planned lot sizes. The comparison
will follow afterwards.
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Figure 59: Capacity utilization — planned lot size

Unplanned times

The unplanned times, represented by the dark blue bars at the top, are the same in both
diagrams and amount to just under 30% of the total available time, which is 365 days at
24 hours. The fact that the unplanned times do not change is a consequence of the fact
that the year 2025 was simulated in all simulation rounds. This means that neither the
weekends nor the public holidays have changed.

Break times

These times are, as already mentioned, represented by the light blue bars. It can be seen
that in Figure 59 the pause times are slightly higher than those shown for the current lot
sizes. As required by the company, these times were increased from 30 to 45 minutes in
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the last simulation round. For this reason, there is a difference of about 2% within a year
in which the machines are not operated and therefore no machining process is created.

Processing times and downtimes

The disturbance times shown in red amount to 10% of the processing time in both
simulation rounds. The latter are indicated by the green bars. Since both times do not
change despite the change in lot size, there is no change in either proportion.

Setup times

In both diagrams shown above, the brown bars represent the corresponding setup times
of the workstations. At this point, it should be noted that there are also workstations that
do not require retooling. For this reason, this proportion is zero, for example for the laser
or plasma cutter. Due to the fact that a planned lot size of 5 is much smaller than the
current lot sizes, the number of setup operations in 2025 will be much higher than it is
today. For this reason, it can be seen that the share of setup in Figure 59 is higher than
that in the previous diagram, which shows the workloads associated with the current lot
size. This is particularly evident with the small press brake. Although both the set-up times
and the machining times were shortened in the last simulation round, the Figure 59
nevertheless shows that the set-up percentage is considerably higher than the current
one for the actual lot size.

As mentioned above, in the last round of simulations, all of the company's constraints
were taken into account. Despite longer set-up times, caused by the reduced lot sizes,
and longer break times, the simulation showed that the planned throughput could be
achieved. For this reason, it was possible to complete the determination of the utilization
figures.

At the end of the simulation chapter, the number of employees required was determined.
This information is necessary to be able to calculate the cost of production for both lot
sizes, since this depends on the direct labour costs.

3.2.6.5 Required number of employees

Based on the results of the last simulation round, the utilization of all workstations was
determined and entered in the following two diagrams in the second column. As a
reminder, it should be noted that a 100% utilization corresponds to 365 days with 24
hours each. The number of shifts required for each workstation was taken from Figure 59
and takes into account not only working and set-up times, but also disturbance and break
times. The number of work stations was determined during layout planning and is entered
here again, since the number of employees depends on it. The employees per work
station are entered in the penultimate column, whereby this data is based on information
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provided by the company during the first work phase. Based on this information, it was
possible to determine the total number of employees required, whereby a distinction is
made between mechanical and manual workstations.

Number of employees for mechanical workstations

i
Eccentric Press 1.147 13 1 1 1 1
Hydraulic Press 1.876 21 1 1 1 1

Press Brake small 5.837 67 3 1 1 3
Press Brake big 3.292 38 2 1 1 2
Bandsaw 5634 64 3 1 1 3
Plasma 2.548 29 2 1 1 2

Laser 3587 41 2 1 1 2
Conventional Lathe 3278 37 2 1 1 2
CNC 2257 26 ) 1 1 2

Pillar Drilling Machine 2,738 31 2 1 1 2
Radial Drilling Machine 2.759 32 2 1 1 2
Rabot for Frame 2632 30 2 1 1 2
Raobot for Plateau 2621 30 2 1 1 2
Robot for big products 3.531 40 2 1 1 2
Sum Machines - 14 28

Figure 60: Number of employees for mechanical workstations

In the last line of Figure 60, it is highlighted that a total of 28 employees are needed for
the 14 machine workstations in 2025. Here, too, the two critical workplaces, small press
brake and band saw, are the most important. While only one or two employees are
required for the other machines, three are required for each of these two, as they are
almost fully utilized.

Number of employees for manual workstations

The total number of employees for the manual workstations is significantly higher than
that for the mechanical workstations. This is not only due to the fact that the number of
workstations is higher, but also to the fact that the number of employees per workstation
is in most cases higher than one. Figure 61 shows on the one hand the number of
employees for the manual work areas and on the other hand the total number of
employees required for 2025 in the new factory building. The latter are highlighted with a
frame.
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R
Manual Plasma 2.607 30 2 1 2 4
Manual Grinding 4333 50 3 1 1 3

Laser Cell 1.002 " 1 1 1 1
Welding Station small 18.407 53 3 4 1 12
Welding Station big 4.970 57 3 9 2 6
Stitching Frame 4.627 53 3 1 2 6
Stitching Plateau 4600 53 3 1 2 6
Walls 10.565 a7 3 2 2 12
Pre-Assembly 9.142 52 3 2 2 12
Stitching big products 6.595 38 2 2 2 8
Sum Manual Workstations - = - 16 - 70
+ -+ -+

Sum Machines = - - 14 = 28
Total 30 98

Figure 61: Number of total required employees

In the new factory, 98 employees will be needed to manufacture the agricultural
engineering products in order to achieve the planned throughput in 2025 with a lot size
of five.

With the help of simulation, it was possible to determine to what extent set-up and
processing times had to be reduced in order to achieve the planned quantity with reduced
lot sizes. In addition, the final storage design was also based on the simulation model.
Furthermore, the effects of a smaller lot size could be shown by making a comparison
between the capacity utilization. Finally, the assignment of employees was determined,
which was also required as information in the next work phase. Thus the chapter of the
simulation could be completed.
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3.3 Impact of the Restructuring

At the beginning of this work, it was already noted that the company currently produces
both products for agricultural engineering and products for environmental engineering in
its existing plant. In Chapter 3.2, a layout planning was carried out with the aim of
manufacturing the agricultural engineering products in the new, separate hall in future.
However, the separation of the two product families also has an impact on those products
that remain in the existing facility. For this reason, the effects of layout planning, and
consequently of restructuring, will be discussed in this chapter.

First of all, it was examined how high the area gain is if those workplaces which are only
needed for the agricultural machinery products are taken out. During a workshop with the
company, the material flows for the environmental technology products were discussed.
Based on this, a simplified layout planning for the existing plant was carried out, in which
new machines and product groups were considered. The free capacities of the work
stations were then determined. The reason for this was to show the company how large
the increase in productivity could be if the project was to be realized. Finally, the
manufacturing costs for the agricultural machinery products were calculated taking into
account the different lot sizes as well as every investment needed to be done for the new
plant. The procedure during this work phase is shown in the following Figure 62.

Procedure

o Restructuring of the existing hall

o Determination of the available capacities

Determination of the manufacturing costs of all
products

Determination of investment costs and
depreciations

o Calculation of total costs

Figure 62: Procedure during the analysis of the impact of the restructuring

3.31 Restructuring of the Existing Plant

First, the current layout was examined in more detail. During the restructuring of the
current layout, the fixed points had to be considered. These are the machines that cannot
change their current position. In the following Figure 63, these areas are marked with red
rectangles at the bottom. In addition, a distinction was made between those work areas
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that are only required for environmental technology products and those that are used for
the production of both environmental technology products and agricultural technology
products. The latter are highlighted with a blue frame (indicating machine workstations)
or with blue rectangles. Manual work areas and welding workstations are highlighted in
red. At the end those areas were marked with a grey frame and black rectangles which
are only needed for the agricultural engineering products and consequently will no longer
be needed in the existing production facility.
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Figure 63: Current layout

The differentiation between the working areas shows that a large proportion of the total
area is used only for agricultural machinery products. Due to the greenfield layout
planning, this area will also be available for the company's environmental technology line
in the future. Therefore, the next step was to determine the area gain.

As mentioned in previous chapters, the welding lines are working areas for plateau, frame
and walls. Stitching, welding and material supply for all three work areas amount to a total
of 569 m2. At the beginning of the layout planning, the share of agricultural machinery
products in the storage area was assumed to be 200 m2. This means that additional 769
m? of space will be available in future for the production of environmental technology
products.

Based on the conclusions of the aforementioned workshop, individual work areas were
subsequently rearranged. The newly planned layout is shown in the following Figure 64.
The entire inner storage area was moved a few metres downwards to allow an additional
transport route into the building. In addition, a second laser was installed in the entrance
area, which the company plans to purchase. Subsequently, the small welding
workstations were moved to the centre of the hall in order to be able to provide a new,
large welding workstation in which larger parts are to be welded in future. Areas have
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also been provided for the planned new machines, one press brake and one new robot.
All new work areas are marked in the following illustration as a grey area. In the last step
of the restructuring, the machinery workstations were rearranged. A large number of the
machines highlighted in blue in Figure 63 were moved from the lower half of the layout to
the area where the welding lines used to be. This also created a curve-free transport path
in the lower part of the layout. The reason for this is explained afterwards.

...Press Brake small

... Fillar Drilling Machine

...Milling Machines

...Eccentric Press
..Lathe

...Radial Drilling Machine

QERE®OE

...Hydraulic Press.

Figure 64: Rearranged existing layout

During the restructuring of the work areas, not only the new work areas and the fixed
points were taken into account, but it was also ensured that, on the one hand, the existing
transport routes gained in width and, on the other hand, the curved path at the lower end
of the layout was more straightforward. The reason for the latter is the company's aim to
keep all forklift traffic within the factory hall as low as possible. Instead, two tugger train
systems are to be planned with the help of which the entire material transport, if possible,
will take place. These two route systems are described below.

Figure 65 shows both tugger train systems, again distinguishing between manual and
machine workstations. Since there are no welding workstations at the bottom of the
layout, the tugger train for the manual workstations, shown here in black, is considerably
shorter than the other. Both route trains begin and end at the inner warehouse. The
advantage of these systems is on the one hand the adherence to the flow principle and
on the other hand the possibility to transport several components at the same time.
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Figure 65: Tugger train systems

This allowed potentials for use to be shown to the company with regard to the available
areas in the existing factory. Since capacities are also affected by greenfield-layout
planning, they will be discussed in the next chapter.

3.3.2 Determination of Available Capacities

A large part of the workstations is used for the production of both agricultural engineering
products and environmental engineering products. As these two product lines will be
separated when the new facility goes into operation in 2025, capacity will be freed up in
the existing plant. These capacities will be analysed in this chapter.

As mentioned above, this work package did not include an analysis of the production
programme of environmental technology products. In order to assess the capacity that
will be freed up, the capacity utilisation of all workplaces in 2018 was taken into account.
With the help of the company's IT system, it was possible to divide these workloads
between the two product lines. The shares were then calculated on the basis of 4.950
available hours per year (see chapter 3.1.3). From this number of hours, which
corresponds to a single workstation in three-shift operation, the hours of agricultural
engineering were subtracted in order to determine the total capacity that would be
available purely for environmental engineering products. The following figures show
these hours in the column on the right.
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3.3.2.1 Free capacities of the machines

Agricultural Products Environmental Products
Workstations 2018 [h] [%] 2018 [h] [%] 2018 [h]

Eccentric Press 1 537 1 869 18 4.081
Hydraulic Press 1 1.068 22 1.806 36 3.143
Press Brake small 1 2283 46 1.733 35 3217
Press Brake big 1 1.493 30 2.867 58 2.083
Bandsaw small 1 1.265 26 1.209 24 374H
Bandsaw big 1 1.486 30 1.827 37 3123
Plasma 1 1.088 22 2.338 47 2612
Laser 1 1.760 36 2.995 61 1.955
Lathe 2 1.302 13 2636 27 7.264
CNC 1 570 12 3.306 67 1.644
CNC big 1 196 4 2.108 43 2.842
NC Lathe 1 22 0.4 3.851 78 1.089

Borer Mill 1 95 2 4.976 101 -26
Conventional Milling 2 388 4 2357 24 7.543
Pillar Drilling Machine 2 1.016 10 1.602 16 8.298
Radial Drilling Machine 2 996 10 2.968 30 6.932
Welding Robot ,Cloos” 1 0 8 1.666 34 3.284
Welding Robot ,IGM* 1 0 0 5.555 112 -605

Figure 66: Free capacities of the machines

Two important statements can be made on the basis of Figure 66. On the one hand, it
can be seen that the environmental technology line contributes to a higher utilization of
the machines than the agricultural technology products. On the other hand, it is evident
that almost no workplace is fully utilised, which would mean that considerably more
environmental technology products could be manufactured in the future. Exceptions are
the boring mill and the welding robot "IGM", where the free capacities are written in red.
The negative values that occur here would theoretically mean that more hours were
worked than are actually available. It is therefore a condition that is not possible in
practice. This error can be traced back to the data recording of the company. The actual
hours are continuously overwritten by the target hours. If the bills of materials are
inaccurate at the same time, it can happen that more hours are displayed than were
actually worked. This is a company problem that is currently being corrected. For this
reason, it is not necessary to say any more about the machine workstations at this point.
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3.3.2.2 Free capacities of the manual workstations

In the same way, the analysis of the manual workstations was undertaken. The results
are shown in Figure 67.

Agricultural Products Environmental Products
Working Time Utilization 2018 Working Time Utilization 2018
Workstations 2018 [n] [%] 2018 [h] [%] 2018 [n]
Manual Plasma 1 803 16 825 17 4125
Manual Grinding 2 1.288 13 1.993 20 7.907
Laser Cell 1 147 3 185 4 4.765
Welding Stations 6 9.614 19 35.803 72 13.697
Tooling Station 1 0 0 486 10 4.464
Stitching for ,Cloos” 1 0 0 1.694 34 3.256
Welding ,Hard-Facing* 1 0 0 682 14 4.268
Welding Positioner 3 0 0 3.166 21 11.684
Welding 3D 1 13 0,13 1.752 18 3.198
Welding X /AX 1 1.048 21 2471 50 2.479
Welding CR/TM 5 891 4 12.206 49 12 544
Welding New 1 4 0,01 3.235 65 1.715

Figure 67: Free capacities of the manual workstations

The same two statements as for the machine workstations also apply here. The only
exception is the fact that there are no inconsistencies in the BOMs, and therefore the
actual free capacities of all workstations could be determined.

After the company was shown on the one hand how to utilise the freed areas, and on the
other hand the potential increase in productivity with regard to the environmental
technology products was highlighted, the next step was to determine the production costs
of the agricultural technology products.

3.33 Production Costs

The aim was to determine the production costs of the nine products depending on the
different lot sizes. In the following it is also shown how the different costs arise and how
high the influence of the individual cost types is.

3.3.3.1 Costing sheet

The calculation scheme currently used by the company was used to determine the
production costs and is similar to the single-stage elective overhead calculation method
described in chapter 2.3.2. This schema is shown in Figure 68. The production costs of
the products are divided into material costs, manufacturing costs and the proportion of
costs for small materials. The direct costs for the required materials are calculated by
multiplying the number of units by an average price, the latter being different for all
products. The indirect costs are calculated using percentage surcharges, which are
dependent on the direct costs. As shown in the figure, the manufacturing costs can be
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calculated by multiplying the operating hours by the hourly rates. The company
distinguishes not only between machine and personnel hours, but also between setup
hours. Thus, this share is dependent on the different workstations. At the same time, it
consequently follows that there are different costs for the current and planned lot sizes
because the setup times differ. Any costs for small materials, such as screws and
gaskets, are again taken into account by percentage surcharges, whereby a distinction
is made between small and big products.

Cost Type Apportionment Calculation

Direct material costs Units x Average price
Material costs
Indirect material costs 7,48% of direct material costs
+
Direct manufacturing costs Operating hours x Rates
Manufacturing:costs = sesssssssssscssasessessssssnsansi st ittt s St S s
Indirect manufacturing costs 17,45% of direct manufacturing costs

.+.
44 9% of direct manufacturing costs

of the assembly stations

Costs for small MAtETIAIS: = somrmermrrrrrmmm s s s s e T S R AR e RS TR TR
Small products 27,68% of direct manufactu_rlng costs

— of the assembly station

Production Costs

Big products

Figure 68: Costing sheet of the production costs

3.3.3.2 Results

Based on the company's method, the production costs of all products were calculated for
the years 2019 and 2025 and are shown in Figure 69. Although nine products were
mentioned from the beginning, ten products are shown here. This is due to the fact that
an assembly of one of the two big products has a very high number of individual
components, which is therefore represented as a separate cost unit in the internal
controlling of the company.

It turns out that the production costs for small products with a lot size of five are higher
than those for current lot sizes. As already mentioned, this is due to the fact that setup
times are higher for small lot sizes, resulting in higher personnel and setup costs.
However, this is not the case for the big products. As indicated in chapter 3.1, the lot
sizes for these products were increased from three to five. This is exactly the reverse
case of small products, which means that the production costs for large products with a
lot size of five are slightly lower than those that would occur with current lot sizes. The
percentage change in production costs between 2019 and 2025 is indicated in the round
brackets. In order to make the comparison more transparent, the same hourly rates were
used for the costs in 2025 as in 2019.
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Product 1 26 £4.296.71 € 478162 (+11%)

Product 2 27 €5.650,02 €6.042,21 (+7%)

Product 3 26 €7.670,11 € 8.104,05 (+6%)

Small Products Product 4 36 £€5951,22 €6.293,45 (+6%)
Product 5 21 €9.116,17 € 9.553,67 (+5%)

Product 6 38 €6.922,84 €7.491,56 (+8%)

Product 7 19 €10.470,62 €10.881,26 (+4%)

Product 8 3 €15.878,63 € 14.748 86 (-7%)

Big Products Product 9 3 €12.999,08 € 11.496,07 (-11%)
ngbéfggﬁg'tgy 3 £854277 €8.27476 (-3%)

Figure 69: Production costs

Product 8 has the highest production costs of any product. This is because, due to the
large number of single components required for this products, the proportion of material
costs is much higher than for the others. Product 1 has the lowest production costs with
approximately 4.700 euros. At this point it should be noted that this is also the product
with the lowest planned turnover.

After the differences in the cost of goods manufactured due to the changed lot sizes have
been shown, the following section deals with the investments.

3.34 Investment Costs and Depreciations

In order to calculate the total costs, in addition to the production costs, the investment
costs and the related depreciations were also calculated. Since the existing hall is to be
used for the production of environmental technology products, some new machines have
to be purchased for the new factory. Since machines and plants have different imputed
useful economic lives, the investments were subdivided accordingly. The investment
costs of the machines, which were already made available by the company after the first
work phase, are shown in Figure 70 in the penultimate column. Those for the new
construction of a hall were determined on the basis of the fine layout itself, whereby 1.200
euro per square metre was calculated. This amount was also a value given by the
company and should take into account all costs incurred, including final installations.
Additional assumptions had to be made to determine the straight-line depreciation. It was
assumed that the investment date was 1 January 2025. This means that the total
depreciation for the year 2025 must be taken into account. Based on this, the depreciation
was calculated as follows:
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Investment Cost

Straigt — Line D ation =
ratg ine Uepreciation Imputed Useful Economic Live (12)

The following Figure 70 shows both the sum of the investment costs and the resulting
depreciation, which are taken into account for the year 2025. Both values are highlighted
in orange in the last row.

T
Press Brake €400.000 €50.000
Bandsaw € 100.000 €12.500
Plasma € 300.000 € 37.500
Laser € 700.000 £ 87.500
Grinding Machine € 300.000 € 37,500
Machines and Tools 8 Years CNC £200.000 £25.000
Pillar Drilling Machine €20.000 £€2500
Radial Drilling Machine €50.000 £6.250
Rabot for Frame €700.000 € 87,500
Robot for Plateau €700.000 € 67.500
Robot for big Products € 700.000 € 87.500
Tools € 200.000 €25.000
Facility 33 Years Hall € 11.520.000 € 349.090,91

Figure 70: Investment costs and depreciations 2025

The investment costs for the new factory will be slightly less than 16 million euros, with
the largest share being defined by the hall to be built. However, the total costs do not
include the total investment costs, but the annual depreciation. These costs amount to
around 900.000 euros.

3.3.5 Apportionment of the Costs

Due to the high number of 2.700 products that the company plans to manufacture in
2025, a large part of the costs incurred is made up by material costs. As a reminder,
these are dependent on the quantity. 14% of the total costs are composed of the
manufacturing costs. This means that machines and personnel cost more than 4 million
euros to achieve the planned throughput. The smallest part of the costs, which results
from the required small material, amounts to approximately 2% of the total costs. The
situation in this paragraph is shown graphically in Figure 71.
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Lot Size 5

2%

Cost Type Amount
Material Costs € 16.448.267,45

Manufacturing Costs € 4.022.607,06

= Material Costs Small Materials € 480.758,40

s Manufacturing Costs

= Small Parts Depreciation € 895.34091
Dpieciations sum €21.774.973,82

Figure 71: Apportionment of total costs for the year 2025

The last part of the project is a comparison between the contribution margin for the years
2019 and 2025, which is described below.

3.3.6 Effects on Contribution Margin

At the end of the project, a comparison between the current and future production costs
was derived. The basis for determining the production costs was the number of units
planned to be produced in 2019. Otherwise, the same procedure was followed as already
explained in this chapter. In order to be able to make a good comparison, the impact of
costs on the planned transaction volume was examined. For this purpose, the company
provided the planned sales figures for the years 2019 and 2025, which can be used to
determine the contribution margin. This is, as explained in chapter 2, the difference
between the transaction volume and the variable costs, the latter being simplified by using
the previously calculated production costs. The results of this analysis are shown in Table
10.

2019 Current Lot Size 2025 Lot Size 5
Transaction Volume € 18.563.700,00 € 39.123.000,00

Variable Costs € 9.906.516,36 € 20.879.632,91

Contribution Margin € 8.657.183,64. € 18.243.367,09

Table 10: Comparison of the contribution margin

The contribution margin increases by 9.586.183,45 euro from 2019 to 2025, whereby
only the planned lot size of 5 is considered. It should be noted again that no information
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on the fixed costs was provided by the company. Therefore, there is no calculation of
profit. The calculation therefore only shows the increase in the contribution margin, and
thus the amount that is theoretically available to cover the fixed costs. The results of this

chapter are summarised in the following graph.
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Figure 72: Impact of the layout planning

The identification of a potential increase in the contribution margin represents the final
task of this phase. This means that the project is now considered completed. In the
following chapter some encountered problems will be discussed and compared with the
already existing cognitions from the corresponding literature.
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4 Discussion

In this chapter, not only the individual outputs of some applied methods are addressed,
but also the encountered problems during the phases of factory planning.

4.1 Situational Analysis

During this phase the current state has been analyzed. Material flow, production program,
and the capacity utilization have been examined in detail, by always focusing on the
different lot sizes.

Grundig (2012) describes in his work that the investigation period of the preparation
phase of the factory planning is significantly influenced by the data situation.'® This can
be confirmed by the following fact:

The necessary data had not only to be collected, but also prepared for the purpose of the
study. In particular, the analysis of the material flow posed major challenges. The required
data about the transport containers, needed for the transportation matrix, were
incomplete, if they existed at all. This fact led not only to the situation that the entire
material flow analysis had to be revised shortly before the presentation of the interim
results, but also that assumptions had to be made in cooperation with the company, which
influenced the accuracy of the results. A delay of the entire project by a few weeks was
the consequence.

In comparison, both the production program and the capacity utilization of each
workplace could be carried out very quickly and precisely by means of computer support
on the basis of the company’s structured bill of materials.

4.2 Greenfield Layout Planning

One of the main tasks within the structure planning phase is the dimensioning of the
subsystem, followed by the structuring.'®® In the first case, a distinction is made between
static and dynamic methods.'®* The former mentioned have been applied within the
framework of this project.

The required areas were determined on the basis of the dimensions of the machines and
/ or the assembly units. Supply areas, transport areas, and any additional areas were
taken into account only by percentage surcharge factors. In the course of the greenfield

182 Cf. Grundig (2012), p. 60
183 Cf. Grundig (2012), p. 52
84 Cf. Grundig (2012), p. 88 f.
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planning, the calculated areas had to be corrected. Most of the spaces determined were
too small for the intended use and had to be corrected in an upward direction. On the one
hand, this is due to the fact that on some workstations very long parts have to be
machined, whose size is not taken into account, especially when considering the areas
for the machines.

In addition, it should be noted that the static methods are used to determine average
values. Exact calculations are only possible with dynamic methods, which are based on,
inter alia, simulation models. This fact confirms the advantages of using simulation
models already in the early phases of the factory planning procedure.'8

Once the different layout variants have been created, they have to be evaluated
afterwards. Since the results of the evaluation, and thus the selection, has to be objective
and reproducible, the usage of quantitative methods is necessary.'®” For this purpose, a
workshop lasting several hours had been performed during the project, in which not only
layout variants had been created, but also evaluation criteria had been selected. This
workshop was attended not only by Lean Management employees, but also by production
managers from various departments. One reason for this was to cover all departments of
the company and to not forget any areas. The cooperation between the institute and the
company enabled a qualitative decision making with which the company, and thus the
customer, is satisfied.

One of the requirements during layout planning was to always keep an eye on the
changing lot sizes and the associated effects. The advantages of the smaller batch sizes
are the reduced throughput times of the products as well as lower stock levels.'88
However, one of the basic prerequisites for economic efficiency is the existence of a high
degree of setup flexibility. Put simply, this means short setup times.'8® Within the scope
of this project, it was hardly possible to influence the setup times, as the current data had
to be used. Therefore, assumptions were made to reduce setup times to the extent
necessary to achieve the planned throughput. Due to the fact that the company had set
a target lot size of five for each product, it was not examined whether this was also the
optimum lot size. This leaves the question unanswered as to whether the layout that has
been worked out also represents an optimum in terms of warehousing costs.

185 Cf. Grundig (2012), p. 88 f.

186 Cf. Grundig (2012), p. 241

187 Cf. Grundig (2012), p. 200 f.
188 Cf. Konold / Reger (1997), p. 1
189 Cf. Konold et al. (1997), p. 43
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4.3 Impact of the Restructuring

After completion of the layout planning, the company's existing plant was examined more
closely. Among other things, an attempt was made in a workshop to find an optimal
arrangement of the machines placed there. In addition, a possible increase in
productivity, which is a consequence of the greenfield layout planning project, was also
investigated.

As already mentioned in the introduction of this work, the analyses of this work phase
were carried out by rough estimates based on data provided for the agricultural products.
However, since it is exactly these products that will no longer be manufactured there in
the future, it seems difficult to make any statements about the accuracy of the results
achieved.

Nevertheless, it was possible to show the company possible usage potentials, since a
very high space gain was achieved by excluding not only the welding lines for the
agricultural products, but also nearly the half of the required storage system.
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5 Conclusion and outlook

Due to the high demands of its products, one plant of an Austrian company increasingly
represents a capacity bottleneck. For this reason, a greenfield layout planning for one of
its product lines was carried out within the framework of this project.

First, the current situation was analyzed in detail. For this purpose, direct and indirect
data acquisition methods were used to collect the information needed. These were then
used to analyze the production program, the material flow, and the capacity utilization,
with respect to the current and planned lot sizes and production quantities for the year
2025. Based on the results, weak points were identified, which were taken into account
during the planning of the new facility.

The task of the second phase of this project was to create a detailed production layout.
First of all, the required areas for the work places and storage system were dimensioned.
Subsequently, different layout variants were created, whereby an ideal layout, based on
the presented theoretical methods, served as the basis. The selection of the variant with
the highest overall optimum was performed with a value-benefit analysis. A CAD program
was then used to illustrate a fine layout, taking into account any, as far as possible, real
world conditions. This layout was then mapped into a simulation model in which a
plausibility analysis was executed, considering real preconditions of the company.

Finally, the effects of the layout planning on the existing plants were considered. After
the production costs for the selected products had been estimated, a qualitative
assessment of the usage potentials of the existing factory halls was undertaken. The
information of only one product family served as a basis for this.

At this point it should be noted that no detailed analysis of the remaining product families
has been carried out. For this reason, it is advisable to plan a new layout for the existing
facilities as a follow-up project, which in this case would have to be carried out as a
brownfield project. This new and detailed analysis would lead to an increased
transparency of the results of the last work phase.
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Figure 73: Sankey-Diagram
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Figure 75: Gantt-Chart Product 9_Lot size 3
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Figure 76: Gantt-Chart Product 9 Lot size 5
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Figure 77: Gantt-Chart Product 1_Lot size 26
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4 Product 1 1495,6 Min. 0 Min.
» Plateau Stufe 3 277.6 Min. 0 Min. \_l
Plateau Heften 300 Min 0 Min i h
Plateau SchweiRe 300 Min. 0 Min.
» Unterrahmen Stufe 3 188,9 Min. 64,7 Min. \_l
Unerrahmen heften 312 Min. 64,7 Min_ h
Unterrahmen schweilen 312 Min 647 Min_
Erster Takt 118 Min 0 Min
- Boardwand Stufen 3 76,6 Min.  188,2 Min. l
Bordwand Heften 132 Min 0 Min
Bordwand SchweiRen 132 Min 0 Min 1
Zweiter Takt 118 Min 0 Min b
Dritter Takt 118 Min. 0 Min

Figure 78: Gantt-Chart Product 1_Lot size 5
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Appendix C: Gantt Charts

TOETT
Vorgangsname v Dauer v Anfang v Ende v Anfang v||400 600 800 1G:00 | 1200 | 1400 1600 1800 2000 (2200 000 200 400 600 [&00 1000 1200 | 1400 | {600 | 1800 2000 | 22:00 | 0:00
4 Product 7 . Don 13.12.1§ Sam 15.12.1¢ 0 Min.
© Unterrahmen . Don13.12.15 Fre 14.12.18 0 Min.
Unterrahmen Fre14.12.18 Fre 14.12.18 0 Min. o
|
Unterrahmen  270Min.  Fre14.12.12 Fre14.12.12 OMin.
SchweiBen
© Transportboden 1270,2 Min. Don 13.12.15 Fre 14.12.18 459,9 Min.
Transportboden 270 Min.  Fre14.12.18 Fre 14.12.18 459,9 Min.
Heften l
Transportboden 270 Min.  Fre14.12.18 Fre 14.12.18 459,9 Min.
Schweilen
Erster Takt 120Min.  Fre14.12.18 Fre 14.12.18 0 Min. i
© Streuwerk 2625,2 Min. Don 13.12.18 Sam 15.12.15 4,9 Min.
© Sonstiges 437,5Min.  Don 13.12.1F Don 13.12.1¢ 2192,6 Min.
> Bordwand 492,5Min.  Don 13.12.1€ Don 13.12.1¢ 1591,6 Min. _l
Bordwand Hefter 153 Min.  Don 13.12.1€ Don 13.12.1€ 1591,6 Min. h
Bordwand 153Min.  Den Don 1591,6 Min.
SchweiBen 131218 131218
ZweiterTakt  120Min.  Fre14.12.18 Fre 14.12.18 0 Min. l
Dritter Takt 120Min.  Fre14.12.18 Sam 15.12.15 0 Min.
Pufferzeit
Vorgangsname ~ Dauer  ~ Anfang > ||500 600 700 | &00 900 1000 | 11:00 | 1200 | 1300 | 1400 | 1500 | 1600 1700 | 1800 1900 | 20:00 | 21:00 2200 | 2300 |0:00 | 1:00 |
4 Product 7 1200,8 Min. 0Min.
> Unterrahmen 300,8 Min. 0 Min.
Unterrahmen 270 Min. 0 Min.
Heften
Unterrahmen 270 Min. 0Min.
Schweien
> Transportboden 300 Min. 0,8 Min.
Transportboden 270 Min. 0,8 Min.
Heften
Transportboden 270 0,8 Min.
Schweien
Erster Takt 120 Min. 0 Min.
I Streuwerk 446,8 Min. 754 Min.
> Sonstiges 87,1Min.  1113,7 Min.
> Bordwand 88,7 Min.  566,1 Min.
Bordwand Hefter 153 Min.
Bordwand 153 Min.
Schweilen
Zweiter Takt 120 M 0Min. 3 1
Dritter Takt 120 Min. 0 Min. L
Vorgangsname v Dauer v Pufferzeit v|[400 | s00  &00 1000 |1200 1400 | 1600 | 1800 2000 2200 000 | 200 400 | 600 800 | 10:00 [1200 |14:00 1600 | 1800 | 2000 | 2200  0:00 200 | 400
4 Product8 2813 Min. 0 Min.
" Unterrahmen  613,1Min.  1284,9 Min. 1
Unterrahmen 246 Mi 1284,9 Min,
|
Unterrahmen  246Min.  1284,5 Min.
Schweien
© Transportboden 1898 Min. 0 Min.
Transportboden 246 Mi 0 Min.
Heften
Transportboden 246 Min. 0 Min.
SchweiBen
Erster Takt 141 Mi 0 Min.
 Boardwand 2432 Min.  1921,8 Min. —
Boardwand Hefte 183 Mi 1921,8 Min. h
Boardwand 183 M 1921,8 Min,
SchweiBen
Zweiter Takt 141 0 Min. =
Dritter Takt M41Min. 0 Min.
- Maschine 235,8Min.  2577,2Min.
» Sonstiges 1329,1 Min. 1483,9 Min.
- Streuwerk 395,3Min. 24177 Min.

Figure 81: Gantt-Chart Product 8_Lot size 19

120



Appendix C: Gantt Charts

Vorgangsname - Dauer + Pufferzeit - ||400 |&00 8:00 10:00 | 1200 | 1400 |1&00 | 1800 | 20:00 | 2200 |0:00 | 200 400 6:00 800 | 10:00
4 Product 8 1715,1 Min. 0 Min. I |
= Unterrahmen 219,8 Min.  580,3 Min. _l
Unterrahmen 246 Min. 580,3 Min. ] :
Heften l
Unterrahmen 246 Min. 580,3 Min.
Schweilen
¢ Transpertboden 800,1 Min. 0 Min. _l
Transportboden 246 Min. 0 Min. ] u i
Heften 3 1
Transportboden 246 Min. 0 Min. ] B
Schweilen :
-
Erster Takt 141 Min.
- Boardwand 147,9 Min.  919,2 Min. _l
Boardwand Hefte 183 Min. 919,2 Min. 1 ; l
Boardwand 183Min.  919,2 Min. :
Schweifen
Zweiter Takt 141 Min. 0 Min. ] l
Dritter Takt 141 Min. 0 Min. : |
© Maschine 87,1Min. 1628 Min. -
- Sonstiges 433,3 Min.  1281,8 Min. [
& Streuwerk 116,4 Min.  1598,7 Min. I
Figure 82: Gantt-Chart Product 8 Lot size 5
v Daser v Pufferzeit = 400 &00 12:00 16:00 20:00 0:00 400 8:00
Product 2 1592,8 Min. 0 Min.
> Unterrahmen  560,5 0,3 Min. 1
Unterrahmen 300 Min. 0,3 Min.
|
Unterraahmen  300Min. 0,3 Min.
SchweiRen
> Plateau 440,8 Min. 0 Min. 3
Plateau Heften  360Min. 0 Min. "
Plateau SchweiB¢ 360 Min. 0 Min. :
Erster Takt 144Min.  OMin.
> Boardwand 420,9Min.  595,9 Min. ¢
Boardwand Hefte 144 M 595,9 Min. 3
Boardwand 144 Min. 595,9 Min.
SchweiBen H'
ZweiterTakt  184Min.  OMin. 3
Dritter Takt 144 Min. 0 Min.
> Hydraulik 5,4Min. 15414 Min.
> Sonstiges 554,5Min.  1038,3 Min.
Figure 83: Gantt-Chart Product 2_L ot size 27
~  Dauer ~ Pufferzeit > ||| 500 600 7:00 8:00 2:00 10:00 11:00 1200 13:00 1400 1500 16:00 17:00 18:00 12:00 20:00 21:00 22:00 23:00 .00 100 2:00 3:00
- Product 2 1300,3 Min, 0 Min.
> Unterrahmen 170,1 Min. 98,2 Min. 3
Unterrahmen Heften 300 Min. 98,2 Min 3
Unterraahmen 300 Min. 982 Min
Schweitten
 Plateau 148,3 Min. 0 Min. ——
Plateau Heften 360 Min. 0 Min ! 3
Plateau Schweien 360 Min. 0 Min i
Erster Takt 144 Min. 0 Min i
» Boardwand 975Min. 0 Min. —
Boardwand Heften 144 Min. 6268 Min 3
Boardwand Schweien 144 Min. 6268 Min ﬂ
Zwetter Takt 144 Min. 0 Min & l
Driter Takt 144 Min. 0 Min, | ;
» Hydraulik 18,5Min. 12818 Min.
» Sonstiges 114, Min. 11854 Min.

Figure 84: Gantt-Chart Product 2_Lot size 5
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Appendix C: Gantt Charts

Vorgangsname ~  Dauer ~ | Pufferzeit ~  Vorginger ~ Ressourcennar v wueSpoife| 400 | 00 | &00  10:00 1200 1400 1600 1800 | 20:00 2200 Q00 200 400 GO0 | &00 | 10:00 1200 1400 1600 1800 | 20:()
 Product3 2281,6 Min. 0 Min.
> Unterrahmen 789,9 Min.  408,7 Min. 1
Unterrahmen Heften 303 Min. 408,7 Min. 2 l
Unterrahmen SchweiRen 303Min.  408,7 Min. 124
© Plateau 1198,6 Min. 0 Min. l
Plateau Heften 303 Min. 0 Min. 127 =
Plateau SchweiRen 303Min.  OMin. 190
Erster Takt 159 Min. 0 Min. 125;191
© Boardwand 379,7 Min.  1043,9 Min. \—
Boardwand Heften 270 Min. 1043,9 Min. 195 l
Boardwand SchweiBen  270Min.  1043,9Min. 424 ﬂ
Zweiter Takt 159 Min. 0 Min. 193;425 i l
Dritter Takt 159 Min. 0 Min. 427 -
Hydraulik 34,5 Min. 2247,1 Min.
> Sonstiges 281,2Min.  2000,4 Min.
Figure 85: Gantt-Chart Product 3_Lot size 26
Vergangsname - Dauer - Anfang  ~ Ende - Pufferzeit ~ Verganger T |l400 &00 | 800 10:00  12:00 | 14:00  16:00 | 18:00 | 20:00 | 2200 | 0:00 200 | 400
4 Product 3 1362 Min. Don 13.12.18 Fre 14.12.18 0 Min.
> Unterrahmen 234,6 Min. Don13.12.1% Don 13.12.1¢ 44,4 Min. l_l
Unterrahmen Heften 303 Min. Don Don 44,4 Min. Zz
13.12.18 13.12.18 l
Unterrahmen SchweiRen 303 Min. Don Don 44,4 Min. 124
13.12.18 13.12.18
I Plateau 279 Min. Don Don 0 Min.
13.12.18 13.12.18
Plateau Heften 303 Min. Don 13.12.1¢ Don 13.12.1€ 0 Min. 127 l
Plateau Schweilen 303 Min. Don 13.12.1¢ Don 13.12.18 0 Min. 190 :
Erster Takt 159 Min. Don 13.12.1€ Don 13.12.18 0 Min. 125;191 3 5
> Boardwand 92,4 Min. Don 13.12.18 Don 13.12.1¢ 411,6 Min. l-l
Boardwand Heften 270 Min. Don 13.12.1¢ Don 13.12.1¢ 411,6 Min. 195 1
Boardwand SchweiBen 270 Min. Don Don 411,6 Min. 424
13.12.18 13.12.18
Zweiter Takt 159 Min. Fre 14.12.18 0 Min. 193;425 1
Dritter Takt 159 Min. Fre14.12.18 0 Min. 427 .
Hydraulik 13 Min. Don 13.12.1¢ Don 13.12.1¢ 1349 Min.
I Sonstiges 69,5Min.  Don13.12.18 Don 13.12.18 1292,5 Min. [
Figure 86: Gantt-Chart Product 3_Lot size 5
Vorgangsname = | Dauer + Anfang  + Ende ~ Pufferzeit ~ \Vorginger ~ Ressourcennarr = || 4:00 6:00 8:00 1300 | 1200 | 14:00 | 1600  1&00 | 20:00 | 22:00 |Q:00 2:00
4 Product 6 1301,7 Min. Don 13.12.18 Fre 14.12.18 0 Min.
& Unterrahmen 158,5Min. Don 13.12.18 Don 13.12.1§ 273,2 Min.
Unterrahmen 420 Min. Don Don 273,2 Min. 2
Heften 13.12.18 13.12.18
Unterrahmen 450 Min. Don Don 273,2 Min. 131
SchweiBen 13.12.18 13.12.18

i Transportboden 611,7 Min.

Transportboden 360 Min.
Heften
Transportboden
Schweilen

330 Min.

Mulde Heften 480 Min.
Mulde SchweiBer 480 Min.
139,9 Min.
> Zusatzboardwanc 98,9 Min.
86,4 Min.
103,3 Min.

&> Seitenwand

> Streuwerk

- Sonstiges

Don 13.12.18 Don 13.12.18 0 Min.

Don Don 0 Min. 134
13.12. 13.12.18

Don Fre 14.12.18 0 Min. 329
13.12.18

Don 13.12.1¢ Don 13.12.1€ 821,7 Min.
Don 13.12.1¢ Don 13.12.1F 821,7 Min.
Don 13.12.18 Don 13.12.1§ 1161,8 Min.
Don 13.12.1¢ Don 13.12.18 0 Min.

Don 13.12.18 Don 13.12.18 1215,3 Min.
Don 13.12.18 Don 13.12.18 1198,4 Min.

'

Figure 87:

Gantt-Chart Product 6_Lot size 3
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Appendix C: Gantt Charts

Vorgangsname Dauer - Pufferzeit - || 400 6:00 800 10:00 [ 1200 | 14:00 | 1600 | 1&00 | 20:00 200 | 400 6:00 8:00 1
< Product 6 1683,5 Min. 0 Min. ]
> Unterrahmen 241 Min. 572,5 Min. _l
Unterrahmen 420 Min. 572,5 Min. ;
Heften : l
Unterrahmen 450 Min.  572,5 Min. ;
Schweilen :
i Transportboden 993,5 Min. 0 Min. _
Transportboden 360 Min. 0 Min. : I
Heften
Transportboden 330 Min. 0 Min.
Schweilen
Mulde Heften 480 Min. 1203,5 Min. ]
Mulde Schweier 480 Min. 1203,5 Min. ]
- Seitenwand 226,6 Min.  1456,9 Min. |
© Zusatzhoardwane 152,9 Min.  1530,6 Min. [ —
i Streuwerk 137,5 Min. 1546 Min. |
- Sonstiges 157,6 Min.  1525,9 Min. (—
Figure 88: Gantt-Chart Product 6_Lot size 5
Vorgangsname ~ Dauer ~  Pufferzeit > || 400 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00 8:00 10:00 12:00 14:00 16:00 1
< Product 4 2176 Min. 0 Min.
> Unterrahmen 1027 Min. 0 Min. _
Unterrahmen Heften 330 Min. 0 Min.
Unterrahmen SchweiBen 330 Min. aMin.
i Plateau 724,9Min.  182,1 Min. _l
Plateau Heften 390 Min. 182,1 Min. l
Plateau SchweiRen 390 Min. 182,1 Min.
Erster Takt 163 Min. 0 Min.
© Boardwand 377,9Min.  1184,1 Min. —
Boardwand Heften 144 Min. 1184,1 Min. h,
Boardwand Schweilien 144 Min. 1184,1 Min. ﬂ
Zweiter Takt 163Min.  OMin. &
Dritter Takt 163 Min. 0 Min.
© Hydraulik 28Min. 2148 Min. ]
© Sonstige 1605,1 Min. 570, Min.
Figure 89: Gantt-Chart Product 4_Lot size 36
Vorgangsname - Dauer - Puffemst v s00 600 700 800 1000 1100 1200 100 1400 (1500 1600 | 1700 | 1300 | 1300 000 100 200 300 400 500 |00
4 Product4 1458,4Min. 0Min.
> Unterrahmen 187,8Min. 1216 Min. —
Unterrahmen Heften 330 Min. 121,6 Min. l
Unterrahmen Schweien 330 Min. 121,6 Min.
 Plateau 189,4Min.  0Min. —
Plateau Heften 390 Min. 0Min. ;
Plateau Schweifen 390 Min. 0Min. i
Erster Takt 163 Min. 0Min.
© Boardwand 88,5Min. 7559 Min. Iq
Boardwand Heften 144 Min. 755,9 Min. l
Boardwand Schweien 144 Min. 755,9 Min. ﬁ
Zweiter Takt 163 Min. 0Min.
Dritter Takt 163 Min. O0Min.
> Hydraulik 73Min. 14511 Min.
© Sonstige 277Min. 1181, Min.

Figure 90: Gantt-Chart Product 4_Lot size 5
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Appendix C: Gantt Charts

n + Dauer v Pufferzeit v ||400 800 1200 1600 2000 (00 400 | 300 1200 | 1&00 |20:00 | (:00 400  &00 1200 | 1600 |20:00  0:00 | 400 | 800 | 1200 | 1600
Product 5 5113,9 Min. 0 Min. I - - - - - - - -
- Unterrahmen 3661,9 Min. 0 Min.

Unterrahmen 366 Min. 0Min.

Heften
Unterrahmen 366 Min. 0 Min.
SchweiBen

- Plateau 964,5 Min.  2565,4 Min.

Plateau Heften 432 Min. 2565,4

Plateau Schweifte 432 Min. 2565,4 Mi ﬂ

Erster Takt 240 Min. 0Min. |
- Boardwand 537,9 Min.

Boardwand Hefte 300 Min.

Boardwand 300 Min.

SchweiRen

Zweiter Takt 240 Min. 0Min.

o

Dritter Takt 240 Min. 0Min. %
Hydraulik 16,3 Min. 5097,6 Mil
- Sonstige 158,6 Min.  4955,3 Min.
Figure 91: Gantt-Chart Product 5_Lot size 21
Vargangsname > Daver - Pufferzeit ~||400 | 600 | B00 | 10:00 1200 1400 | 1600 |18:00 |20:00 | 2200 |[(:00 200 400 | 600  &00  10:00 | 1200 | 1400 | 1600 | 16:00 | 20:00
4 Product 5 2393,3 Min. 0Min. L /]|
& Unterrahmen  941,3Min.  0Min. _
Unterrahmen 366 Min. 0 Min. i
Heften l
Unterrahmen 366 Min. 0 Min. _
Schweilen
© Plateau 232,9Min.  576,4 Min. _l
Plateau Heften 432 Min. 576,4 Min. l

Plateau Schweif¢ 432 Min. 576,4 Min.

—

Erster Takt 240 Min. 0 Min. i
© Boardwand 148,1Min.  1165,2 Mi _l

Boardwand Hefte 300 Min. 1165,2 Min. l

Boardwand 300 Min. 1165,2 Min.

Schweien

Zweiter Takt 240 Min. 0Min.
Dritter Takt 240 Min. 0 Min.

Hydraulik

2389,4 Min.

- Sonstige 56,9Min. 2336, Min. -

Figure 92: Gantt-Chart Product 5_Lot size 5
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Appendix D: Layout Variants

Appendix D: Layout Variants

Figure 93: Layout C

Freie Flache

Figure 94: Layout A
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Appendix D: Layout Variants
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Figure 95: CAD- model
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