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Abstract 
 
In recent years the competition in the manufacturing sector has continually grown stronger. 
Globalization and increasingly demanding customers have lead to new and bigger challenges 
for the manufacturing companies. Therefore efficient planning and control systems have 
become even more important. The so-called PPC system (production planning and controlling 
system) has become an essential part of the success of a production company. It needs to 
allow for transparency when planning and controlling different projects. 
 
The basis for this research has been the VIP manufacturing company at a large special 
purpose transport units company, more precisely the department for large special purpose 
transport unit. The methods, theories and solutions for more transparency have been examined 
during the literature studies in regard to fitting a VIP production. It is important to notice here 
that a project at the large special purpose transport unit is a socio-technical system, where 
human interactions have a great impact on the success of each project. 
 
This research focused on the aspect of on-time delivery. How to create more transparency in 
PPC systems has been examined. Through a participatory research at the large special purpose 
transport unit, some key elements of a more transparent PPC system have emerged.  
 
Transparency enables the PPC system flexibility, agility and ability to change regarding the 
current project situation. 
 
The resulting key elements of a PPC system are listed in a checklist below. 
 

� Dependency 
� Time buffer 
� Critical chain 
� Bottleneck 
� Sequencing 
� Scheduling situation 
� Capacity planning 
� Master data 

 
A comparison between the key elements and the PPC system at the large special purpose 
transport unit has been made. The large special purpose transport unit’s PPC system contains 
some of the key elements, but 75% of the requirements of PPC which are listed on the 
checklist are missing. Capacity planning and master data are the only ones that are being 
recognized in Planisaware, the PPC software used at the large special purpose transport unit, 
Planisware is more of a software for storing larger amounts of data instead of really helping 
and notifying the project manager should something go wrong and/or not as planned during a 
project.  
 
One of the solutions for the activity network has been partly implemented in a project at the 
large special purpose transport unit. The goal is to get a more detailed overview of an entire 
project where all the activities have been identified. The resulting activity network of the 
transport unit layover time preparation phase proves that a VIP manufacturing company, such 
as the large special purpose transport unit, is able to fulfill the requirements of a transparent 
PPC system, even though they have a complex process and a lot of unforeseen situations 
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because of demanding stakeholders (e.g. customers). The company could represent the key 
elements in their PPC system. The whole activity network can be found in Appendix 11. 
 
An interesting result of this research is that there are plenty of existing solutions for making a 
PPC system more transparent and therefore increase the chances of a successful production. 
Presently, very few solutions are in place or being used at the large special purpose transport 
unit, even though they are struggling with the on-time delivery. 
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1. Introduction 

1.1 Background 
 
The clock strikes 9 o’clock and the traffic jam is getting worse. The meeting is scheduled for 
8 o’clock and the boss is trying desperately to find a shortcut that will get him there before the 
client has to leave. This situation is familiar to all and can take anyone by surprise. A well-
calculated time buffer can help avoid these situations. This everyday situation acts as an 
analogy for what manufacturing firms are struggling with. Time is a crucial factor for 
successful project delivery. A well-designed and efficient production planning and controlling 
system (PPC system) is a helpful tool for handling unforeseen situations and taking the right 
measures. The importance of a well-functioning PPC system is steadily growing.  
 
In recent years the competition in the manufacturing sector has grown stronger. This is not 
only because of globalization, but also due to customer’s expectations.1 A manufacturing 
company is at the mercy of global markets, which results in the fluctuation of orders, high 
numbers of product variants and varying demands of individual products. At the same time, 
product life cycles are becoming shorter and throughput time is expected to be less as a result 
of the rise in demanding customers with increasingly divergent and ever-changing 
requirements. All of this means that manufacturing companies are faced with newer and 
bigger challenges.  
 
On the other hand, it is precisely the exact fulfillment of the customer’s needs that gives a 
manufacturing company the competitive edge required to differentiate itself from other 
competitors and which leads to market success. This brings us to the conclusion that leading 
edge technology and a flexible and efficient production process are required to deliver 
customized products with the highest quality and ensure long-term competitiveness. To 
ensure this long-term competitiveness the manufacturer needs to have efficient production 
planning and control systems in place, and these must be as flexible and transparent as 
possible.  
 
Transparency enables the PPC system flexibility, agility and ability to change regarding the 
current project situation.  
 
The manufacturer needs to take advantage of the newest information technologies to get more 
transparency. Most companies implement shorter lead-time or turnaround time to be more 
competitive and reduce stock requirements. 
 
Because of these challenges, strategic decisions are made by companies in an environment of 
increasing uncertainty with production planning and controlling.2 Predicting future 
developments of markets, products and technologies are difficult. As the challenges become 
more complicated, so does the importance of production planning and controlling (PPC) 
become greater. This does not only relate to internal production, but more to the whole 
organization and production networks.3 Because of these changes through the years, IT 
requirements have become more complex. PPC systems are required to work along the entire 
supply chain and across company departments. A PPC system is the central order instance 
                                                 
1 Zäh, M.F., et al. (2006) 
2 Nyhuis, P. (2006) 
3 Schuh, G. (2006) 



 10 

that matches the application and the logistics performance of a company with market 
demands.4 Its mission is to plan the provision of services of the company efficiently and to 
control, monitor and adapt quickly in adverse situations. Furthermore PPC systems should be 
able to give a relatively timely response to unforeseen disruptions in the production process, 
or short-term contract changes. Therefore the use of computer-aided planning tools is 
increasingly gaining in importance. Computer-aided PPC software should support the 
operational performance of a manufacturing company.5 This standardizes processing, relieves 
staff from time-consuming routine tasks and creates more time for actual scheduling 
decisions. On the other hand, it is important to look at the production process, not only as a 
technical system requiring the best IT to be successful, but also as a socio-technical system.6 
Today it is essential to plan a project with the employees with all human interaction in mind. 
The PPC system should be a helpful tool, giving the right amount of information and handling 
the useful information. A well functioning PPC system increases the chances of commercial 
success. 
 
Planning is to anticipate the future, to prepare for this and then to make decisions.7 
Predictability is therefore a prerequisite for planning. Planning is thinking ahead of the 
production process and its conditions within a specific time period. In contrast to planning, 
the task of controlling is to meet the production schedule, in spite of frequent changes in order 
quantity and dates, as well as the inevitable interference from employees, equipment failure or 
delayed deliveries. The interface between planning and controlling is order release. The 
intersection of planning and controlling is defined as the tolerance range, which is the 
permitted deviation of a project's actual and planned value. The discrepancies between actual 
and planned value will inevitably show in the accuracy of planning and controlling results. 
 
The "modern" terminology of PPC was coined in the early 1980s as the overarching concept 
of material and time management in the production industry.8 Since then, the term has 
gradually established itself both in business practice and academic research and has served as 
link between the two. 
 
More on the logistic and PPC goals will be explained later on, together with production 
logistic theories. The next chapter defines the limitations of PPC. The present work analysis 
examines the importance and key elements of PPC usage by examining its application to the 
large special purpose transport unit of a manufacturing company. 
 
 

1.2 Problem statement 
 
As mentioned in the previous chapter, manufacturing companies need to take care of greater 
challenges due to the global market and its increasingly demanding customers. In the 
production of customized products there is a large number of tasks to deal with which are 

                                                 
4 Wiendahl, H-H., et al. (2005) 
5 Wiendahl, H-H. (2008) 
6 Nyhuis, P. (2008) 
7 Wiendahl, H-H. (2006) 
8 Schuh, G. (2006) 
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characterized by a low level of repetition.9 For this reason, it is often unclear which chain 
management solution is the optimal one for customized products.  
 
The marketplace tends to be turbulent and therefore the requirements for planning and 
controlling are ever changing and manufacturing companies are facing more challenges.10 
Changes in manufacturing, such as product life cycles, technological change or economic 
fluctuations occur much faster today than ten or twenty years ago. Furthermore, the demand 
for shorter delivery times with strict adherence to agreed dates make it harder for companies 
to adapt their customized products to available capacity. As a result, planning needs to be a 
prerequisite for predictability. This is more unlikely the greater the demand is fluctuating. The 
Controlling needs to be responsive and comply with the originally promised dates, despite 
unexpected changes. If this is possible, the production company will better deal with volatile 
demand. Market volatility increases the need for planning and controlling processes adapted 
to the conditions of the market and industry.  
 
To meet this requirement processes need to be transparent which is possible with the PPC 
system. Transparency in a PPC system is shown by decision support, where dependencies, 
scheduling situation, time buffer and priorities are clear. A challenge is to find a way to obtain 
these requirements and at the same time complement the type of production.  
 
Another problem is the dilemma of operation planning. For a successful manufacturing 
company there are several objectives to consider and observe, such as delivery capability and 
reliability, price and efficiency. The tendency for these objectives to conflict is generally 
known as the “dilemma of operations planning”.11 Therefore, there is not just one target 
whose value has to be maximized or minimized, rather the impact of the measures on each of 
the sub-goals has to be simultaneously considered. The fact that these sub-goals can be 
prioritized quite differently in the various stages of the production process makes the situation 
even more problematic.12 The uncertainties resulting from the problems described above, 
often lead to the so-called “vicious circle of PPC”, which is shown as a graphic below. If the 
scheduled delivery time is being missed, the employees often perceive this as the result of an 
inadequately planned throughput time. Accordingly, an extension of the planned throughput 
time seems to make sense to improve the scheduling situation and from that point, the errors 
continue. This circle becomes self-reinforcing that only stabilizes when the throughput time 
becomes considerably long. 
 
 
 

                                                 
9 Zäh, M.F., et al. (2006) 
10 Wiendahl, H-H. (2006) 
11 Nyhuis, P., Wiendahl, H-P. (2009)  
12 Nyhuis, P., Wiendahl, H-P. (2009)  
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important to look at the humans (stakeholder and organization) and to see how their work can 
be made simpler. Once again, the key is to look at the whole system from a socio-technical 
point of view. The grouping is shown as a graphic below.  
 

 
Figure 2: Typical stumbling blocks of PPC15 

The causes that are mainly stakeholder and organization related are inconsistent 
responsibility, unclear processes and interfaces, missing or contradictory logistic objectives, 
divergent interests of stakeholders and lack of understanding of logistics. The causes that are 
mainly software and function related are inadequate software ergonomics, inappropriate data 
models, insufficient data quality and faulty PPC functions. When it is clear what causes can 
bring out the symptoms, it is easier to mitigate against them. This has to be remembered when 
using and trying a new PPC system.  
 
With these common difficulties of PPC in mind, there are clear problems to be addressed at 
the large special purpose transport unit. The main problem is that there is no fully integrated 
system being used, where you can plan and control the process of production.16 The current 
system does not clearly show the dependencies and relationships between the activities, and a 
critical path analysis has not been performed. As a consequence, a lot of redundancy arises 
and manual interaction is needed. In addition a protocol for the revision process is missing. 
The PPC system is not transparent enough.  
 
Another problem at the large special purpose transport unit is that there are too many 
employees involved in planning and controlling a project. All the different tasks of the 
engineering department are managed more or less separately, even though they are related and 
dependent on each other. For a project manager this system is too complicated to have total 
control of the production process. Therefore it is hard to know as a project manager whether a 
project will be delivered on time. More transparency would help the project managers to get a 
better overview and a basis for successful planning and controlling projects.  
                                                 
15 Wiendahl, H-H. (2008) 
16 Karras, O. (2012) 
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For planning and controlling a project one easily quantifiable parameter is being used at the 
large special purpose transport unit: working hours. This is treated in isolation and not related 
to any value chain or activity network. Because of the low transparency and no clear 
dependencies, it is difficult to see what lies behind a problem and what impact it has on other 
activities. The recognition and accounting for the activities’ interdependencies is crucial for a 
more advanced understanding of complex inter-organisational relations.17   
 
These problems at the large special purpose transport unit can be connected to the theories of 
the vicious circle of PPC and the stumbling blocks of PPC, e.g. low transparency is one of the 
symptoms of a stumbling block. The goal is to get more transparency and thus to have a better 
control of emerging problems. 
 
 

1.3 Relevance of the research and questions 
 
In order to attain and maintain a competitive edge it is necessary to constantly improve and 
revaluate products and processes.18 
 
The goal of this master thesis is to research how to improve the on-time delivery and 
performance of projects. Further on it is important to have greater knowledge of delayed tasks 
in comparison with the fixed dates. Achieving these goals would provide the project planners 
a better overview of the whole project process and would give planning and controlling more 
transparency. As a result it would be easier to meet the high expectations of the customer and 
to be in a good position to meet the requirements of the market.  
 
A project at the large special purpose transport unit is a socio-technical system, where 
unpredictable influences control the process. Because of that it is essential to plan the project 
with transparency. The purpose of this master thesis is to find out how the PPC system should 
be built to get more transparency in project planning and controlling at the large special 
purpose transport unit. It is important to know what is essential for a PPC system to be more 
transparent. Therefore the key elements of PPC have to be established and well defined. The 
main questions addressed in this thesis are as follows: 
 
� What chain management solutions in production logistics are there? Are these solutions 

useful at a VIP production? 
� Which ones are preferred in terms of transparency? 
� What makes a PPC system useful? What are the key elements of a PPC system? 
� Can the large special purpose transport unit use an activity network to increase 

transparency? How many activities are there and what are the dependencies?  
� What key elements does the PPC system at the large special purpose transport unit have 

and which are missing? 
� What suggestions are there for future research? 

 
In Section 1.2 the problems, such as the stumbling blocks of PPC, were described. Is it 
possible to avoid these problems and stumbling blocks by following the key elements of PPC 

                                                 
17 Lazzarini, S. G., et al. (2001) 
18 Nyhuis, P., Wiendahl, H-P. (2009) 
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and introducing more transparency into the system? It is important to note that new software 
cannot solve the PPC problem by itself. The stumbling blocks of PPC are linked to 
configuration errors in the PPC system as a whole.19 To prevent stumbling blocks it is 
necessary to look at the system in a socio-technical way.20 On the other hand problem-solving 
processes must be tailored to the problem at hand, implying the need for a description of 
problems that can inform process adaptation.21 A problem is ill structured when the solver 
lacks an effective solution procedure, does not know how to address it. Well-structured 
problems may be difficult to solve, but there is little uncertainty in deciding what to do to 
solve them. Building an activity network of all the activities in the process would lead to a 
better overview of the whole process and the existing problems. Is an activity network a good 
solution for the large special purpose transport unit? A goal in this research is to develop a 
system where existing problems are easy to detect and recognized and therefore also easier to 
handle. The planning and controlling system at the large special purpose transport unit, with 
no fully integrated system, is not sustainable. In the next chapter the methods for this research 
are described in more detail.  
 
 

1.4 Methodology 
 
Methods being used in this research are: 
 

� Literature study 
� Participatory research 
� Iterative discussions with employees (e.g. project managers) and supervisor 

 
The research begins with an overall literature study about PPC and the existing methods and 
theories. The existing chain management solutions for production logistics are being studied. 
The reason for this is to create an overview of the research area and to get a better 
understanding of PPC, especially in the production logistics environment. Furthermore, those 
solutions which are useful to a VIP manufacturing company are under examination. A 
precondition for this is a literature study about VIP manufacturing, which has been compared 
to plant construction. These literature studies are summarized in Chapter 2 Theoretical 
framework.  
 
From the literature studies a few theories and methods have been chosen and others 
completely excluded through a suitability analysis. Some theories and methods are not 
suitable for a VIP project at the large special purpose transport unit. These suitability analysis 
and other limitations are explained in more detail in the Section 1.5 about limitations. 
 
The next step is the participatory research where the following research questions will be 
answered in conjunction with employees at the large special purpose transport unit. Most of 
the participants are project managers doing different transport unit interior projects. 
 
What makes a PPC system useful?  
What are the key elements of a PPC system? 

                                                 
19 Wiendahl, H-H., et al. (2005) 
20 Wiendahl, H-H (2008) 
21 Smith, G. F. (1988) 
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Participatory research is a useful activity since the employees get the best knowledge about 
their own VIP manufacturing process. Furthermore the employees know best about what they 
are struggling with in their daily project work. The results of this research, which is how to 
get more transparency into the PPC system and avoid common problems, will be used in their 
continuing work for project success improvement. Therefore the goal is to get more 
transparency into the large special purpose transport unit’s PPC system.  
 
Through the knowledge gained from the literature study and iterative discussions with the 
employees, the necessary tools and functions in a PPC system will be defined. These 
functions are gathered in a mind map and categorized in some main categories. The main 
categories are the key elements of a PPC system. The key elements can also be seen as a 
checklist and a summary of Chapter 2, the theoretical framework. This checklist will be 
compared to how a project at the large special purpose transport unit is being planned and 
controlled. Because of this comparison it is possible to see which key elements are being 
recognized and which ones are being excluded.  
 
Furthermore, input on the chain management solution activity network is being examined. 
The general activities on a project are being gathered through data collection. The missing 
activities, which have not been defined and therefore can’t be found in data, are established 
through observations and discussions with the employees. When all the activities in a project 
are set, the dependencies and organization of the activities and workplaces will be positioned 
into an activity network. This is to be combined with further discussions and adjustments 
together with employees. The results will be shown as an activity network of a project at the 
large special purpose transport unit. More precisely the activity network is showing the 
process for the transport unit layover time preparation of the furniture construction planning 
phase. This planning phase, together with the transport unit layover time preparation is to be 
presented in Chapter 3 large special purpose transport unit. The whole activity network can be 
found in Appendix 11. Using the activity network method would bring more transparency into 
a project.  
 
The result of the research by using these chain management solutions is to show which key 
elements are unavoidable, to create more transparency into a PPC system. In addition 
requirements of a PPC system are being developed and which allow more transparency in the 
daily project work. These key elements and requirements are focusing on a VIP 
manufacturing company as the large special purpose transport unit. This increase of 
transparency makes it possible to avoid the common stumbling blocks of PPC which have 
been examined in Section 1.2 Problem statement and allows more flexibility. This will be 
discussed at the end, together with suggestions of further research.  
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already be found in commercial software.23 One focus in this research is to look at the project 
as a socio-technical system, where errors, such as delays, emerge from dependencies and 
statistical fluctuations. Therefore the importance of a time buffer is essential in this research 
and the best approach compared to static and deterministic ones. Building an activity network 
out of a project at the large special purpose transport unit will be examined as the tool for 
scheduling enough time buffer for the activities and to make the dependencies clearer. This 
will result in more transparency when planning and controlling a project. 
 
In the chapter about the large special purpose transport units company the production type 
studied in this master thesis is described in more detail. The production at the large special 
purpose transport unit is recognized as the same type of production as a plant manufacturer’s 
production. Therefore all the common characteristics of a plant manufacturer are taken into 
account when choosing and researching different solutions.  
 
This research is solely focusing on the large special purpose transport unit. The other 
engineering departments are excluded and not mentioned further. 
 
 

1.6 Structure of the thesis 
 
Chapter 2 examines the concept logistic. These definitions are basic information for this 
research and therefore have to be researched. This chapter also concerns chain management. 
Its main contribution is to supply the most important objectives of chain management. First of 
all the term chain management is defined, since it is used in a specific sense in this master 
thesis.24 Subsequently, the different components of chain management, such as dependencies 
in an activity network and critical path analysis, are described. Further on, the term 
production logistics and its theories and methods, which have been chosen for this research, 
will be examined in the same chapter. Chapter 2 comprehensively describes the results of the 
literature study, which gives a clear overview of the basis of this research.  
 
Chapter 3 describes the large special purpose transport unit, including project tasks and how a 
project is organized throughout the planning phase. This presents the organization, where the 
research has been done and the form it takes. In this chapter the planning software Planisware 
is presented with its advantages and disadvantages. This is the software being used at the 
large special purpose transport unit together with SAP.  
 
Chapter 4 includes the analysis and results. A PPC checklist with all the necessary key 
elements for a more transparent PPC system is being presented. Further on, this chapter will 
consist of a comparison between the methods and theories and the reality at the large special 
purpose transport unit. For this comparison, the developed checklist with the key elements of 
PPC system has been used. Furthermore, this chapter contains the activity network of the 
transport unit layover time preparation phase at the large special purpose transport unit that 
has been built during this research. 
 
Chapter 5, the final chapter of this master thesis concludes with a discussion about the 
research and the results. Furthermore are recommendations for future research formulated. 

                                                 
23 Wiendahl, H-H. (2008) 
24 Corresponding to the German word: Netzplantechnik 
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2. Theoretical framework 
 
This research began with literature studies. The results and the gathered information are 
summarized in this chapter which is divided into three different parts, namely, logistic, chain 
management and production logistics. 
 

2.1 Logistic goals 
 
Since the 1980s the importance of the logistical success of a company has been rising 
steadily.25 To have a logistic goal and to achieve it has become an essential factor for being 
successful on the global market. Therefore it is important to understand the basics about 
logistics. Overall it can be recognized that the importance, scope and complexity of logistics 
has grown faster than hypotheses and theories necessary for its explanation and definition. 
This is because logistics have only recently been given scientific treatment: comprehensive 
publications on business and technical logistics were first published in the mid 1990s. 
 
Nonetheless, many different definitions of logistics have emerged since then. For this master 
thesis the definition of logistics from the Council of Supply Chain Management Professionals 
(CSCMP) is used: 
 
The process of planning, implementing, and controlling procedures for the efficient and 
effective transportation and storage of goods including services, and related information from 
the point of origin to the point of consumption for the purpose of conforming to customer 
requirements. This definition includes inbound, outbound, internal, and external movements.26 
 
The output of the logistics process is the on-demand provisioning of goods to the customer.27 
Therefore it is possible to review logistics service through the delivery service, which is 
divided into four different criteria: delivery time, reliability, quality and flexibility. Delivery 
time is the time between order placement and order delivery. It is the throughput time needed 
for the processes until the product can be delivered to the costumer. Delivery reliability is a 
measure of compliance with the delivery time agreed with the customer. It can be expressed 
as percentage of late deliveries or as average delay. Delivery quality can be seen as a measure 
of kind, quantity and state of the product according to the delivery contract. Delivery 
flexibility is the ability to respond to customer needs in case of order placement, deliver 
modalities and information about current deliveries.  
 
The goal for a company would be to optimize the delivery service, but it is complicated.28 
Delivery service may have a big impact on the demand behavior of the customer, but it is 
difficult to quantify or formalize this effect. 
 
As a summary, the goals or tasks of logistics are29: 

� The right quantity 
� With the right objects 

                                                 
25 Nyhuis, P. (2008) 
26 CSCMP (2010) 
27 Kuhn, A. (2008) 
28 Kuhn, A. (2008) 
29 Stich, V., et al. (2002) 
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them in reference to the goals. 
With the logistic goals in mind the PPC goals are: 
 

� On-time production 
� High and uniform capacity utilization 
� Short lead time 
� Low storage and workshop stocks 
� High flexibility 

 
 

2.2 Chain management 

2.2.1 Introduction  
 
This chapter describes the term chain management33, also recognized as activity network, 
arrow network or net chain. For this master thesis the word chain management is used. The 
definition of chain management in this research: 
 
Chain management includes the planning and management of all activities involved in 
production and all logistics management activities. The chain is a network of activities where 
the dependencies and logical relationships between the activities are shown. The network is 
known as activity network. 
 
According to DIN 6990034, chain management includes: 
 
All methods of analysis, specification, planning, controlling, monitoring operations on the 
basis of the graph theory, in which time, cost, resources, and other factors can be 
considered." 
 
Chain management makes it possible to display the agreed and confirmed dates for each 
customer. By using chain management, it is easier to get an overview of the whole project or 
production process. It is possible to see the logical relationships between activities, the time 
plan and potential delays. Furthermore it is possible to identify the critical path and potential 
bottlenecks. Chain management and its activity network is the basis for further project 
controlling and monitoring. The customer requirements can be illustrated through the activity 
network and it is therefore important to have a time buffer when scheduling the activity 
network. At a later stage the dependency between the activities and the critical path analysis 
will be described, as well as forward and backward scheduling.  
 

2.2.2 Dependency 
 
When creating an activity network it is important to consider and to understand the logical 
relationship between the activities. A dependency or relationship is a directed link of activities 

                                                 
33 Correspornding to the German word: Netzplantechnik 
34 DIN (1987) 
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that may include minimum and maximum allowable time differences and overlap times.35 The 
relationship is always between exactly two nodes. There is no path with “triple-dependency”. 
An item can have multiple relationships, but each of these relationships leads to exactly one 
other element. The relationship is presented as an arrow between two nodes and therefore 
defines the predecessor (activity from which the dependency starts) and the successor 
(activity in which the dependency ends).  
 

 
Figure 5: Activity and dependency in a simplified activity network 

A project always contains different dependent activities and therefore it is important to 
identify those. An everyday example would be baking a cake, considered as a project. To 
bake a cake, two eggs need to be bought the day before. Due to a simple human error the 
purchase of the eggs was forgotten and moreover, the shop was closed that following day. 
The baking of the cake was dependent on the purchase of these two eggs, and consequently 
this error resulted in a delay. To avoid this kind of delay, a time buffer would have proven 
beneficial. The closing date of the shop should have been easily accessible information and 
therefore the eggs purchase could have been scheduled two days earlier instead of only one. 
This kind of time buffer is explained in more detail in Section 2.2.4. 
 
Link Types 
 
There are different means of treating the relationships of activities in an activity network, both 
in terms of dependency types and in terms of the modelling of time differences and overlap 
times. In the figure below is the different link types for showing dependencies illustrated.  

 
Figure 6: Four different link types36  

1. End-Start relationship (es) = Activity j can start, as soon as activity i ends. 
2. Start-Start relationship (ss) = Activity j can start, as soon as activity i starts. 
3. Start-End relationship (se) = Activity j can end, as soon as activity i starts. 
4. End-End relationship (ee) = Activity j can end, as soon as activity i ends.  
 
The End-Start relationship (es) is the most common one and also known as normal series.37 In 
the enterprise software SAP, used for operations and customer relations, it is possible to 
                                                 
35 Projekt Magazin (2012) 
36 Zimmermann, J., et al. (2006) 
37 Corresponding to the German word: Normalfolge (Müssigmann, N. (2006)) 
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eliminate Start-Start (ss) and End-End (ee) relationships and make them into an End-Start 
relationship (es).38 SAP is being used at the Large special purpose transport unit and the link 
type End-Start relationship (es) is used in this research when building activity networks.    
 
Key data 
  
As mentioned before, time differences and other key data can be illustrated in an activity 
network. In the figure below the different key data, which can be present in a network is 
shown. 

  
Figure 7: Key data of an activity39  

anj = activity node with number j ann
40 

ESTj = earliest start time of node j 
LSTj = latest start time of node j 
EETj = earliest end time of node j 
LETj = latest end time of node j 
etj = execution time of node j 
TBj = total buffer of node j  
 
As mentioned above, it is possible to build activity networks in SAP. A screenshot of an 
activity network in SAP, showing key data of activities and the link type between the 
activities can be found in Appendix 1.  
 

2.2.3 Forward scheduling and backward scheduling 
 
There are two different ways when scheduling an activity network and setting the different 
key data of the activities, forward scheduling and backward scheduling. The most important 
thing when scheduling a project is to get enough time buffer for every activity.  
 
Forward scheduling 
 
Identifying the earliest possible start and end time are also called forward scheduling.41 The 
scheduling begins at the project start and continues until the end of the project. It is assumed 
that an explicit start and an explicit end activity are modeled in the project plan. 
 
The different steps during forward scheduling can be found in Appendix 2. 
                                                 
38 SAP (2012) 
39 Müssigmann, N. (2006) 
40 Corresponding to the German words: FAZ, FEZ, SAZ, SEZ, d, GP (Müssigmann, N. (2006)) 
41 Müssigmann, N. (2006) 
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Backward scheduling 
 
Backward scheduling is applied to calculate the latest starting time, which is the time by 
which an activity must have started, as well as the latest ending time, which is the time by 
which a task must have been completed.42 The scheduling begins at the end of the project and 
continues until the beginning of the project and is based on the assumption that an activity [...] 
to be completed no later than, before his successor can begin. 
 
The different steps during backward scheduling can be found in Appendix 3. 
 
With forward and backward scheduling every important time point of an activity can be 
calculated.  
 

2.2.4 Time buffer 
 
Chain management is a very flexible way to model and illustrate complex project processes 
because of its different link types and key data of the activities.43 Time buffer is important for 
synchronising different activities and allows the project manager to be flexible.  
 
The time or duration between two activities is the “free time buffer”, also known as the Free 
Float (FFj) in the activity network.44 The total time buffer (TBj), also known as the total float 
of an activity, applies to the whole project. This denotes the maximum time that is available 
for displacement or expansion of an activity without causing any delays for the whole project. 
Even though an activity may use its entire time buffer, the project will not be delayed. How 
the time buffer is calculated can be found in Appendix 4. 
 
Through the key data of an activity and the link type between the activities, the time buffer 
between different activities can be shown in different ways. Below is a figure illustrating the 
time buffer (T) through different link types. 

                                                 
42 Müssigmann, N. (2006) 
43 Müssigmann, N. (2006) 
44 Projekt Magazin (2013) 
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The critical chain of this activity network is between the start activity, activity number 1, 
activity number 2 and the end activity, because this is the longest lead-time. Furthermore the 
activities are critical, since they have no time buffer at all. This means no activity can be 
delayed, because then the whole project would be delayed. Besides the total time buffer of all 
the activities, there is no free time buffer (FFj) between the activities. 
 
This activity network is particularly critical, because the critical chain has no time buffer at 
all. If one more activity needs to be added to the critical chain, because of unforeseen tasks, 
then the time buffer will be negative. A negative time buffer is the time that has to be saved so 
that the successor is not delayed.49 Activities with negative buffer become bottlenecks in the 
system. Bottlenecks are explained in more detail in the next chapter. Below is the activity 
network with another activity in the critical path. It is assumed that the dates of the “End” 
activity are fixed and agreed with the customer.  
 

 
Figure 11: Negative time buffer 

The negative time buffer and therefore also the bottlenecks need to be eliminated to avoid 
delays in the project.50 To eliminate this negative time buffer and the bottlenecks an 
adjustment of the activities is necessary. There are three different adjustment methods to 
choose from; intensity, quantity and scheduling. These adjustment methods increase the 
capacity of the activities. 
 

� Intensity adjustment attempts to increase power output of the equipment and / or 
acceleration of the process, which increase the capacity 

� Scheduling adjustment is caused by overtime, flexible working hours (weekends) or 
multi-shift work, so the equipment can be used longer  

� Quantity adjustment, the increase of capacity due to activation of similar but 
temporarily decommissioned equipment 

 
The best adjustment method is decided through project-based planning. An alternative is to 
combine more than one adjustment method. If no method shows positive results, than there is 

                                                 
49 Microsoft Office (2013) 
50 Hansmann, K.-W. (2006) 
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a need for discussion, since the project cannot be proceed as planned. This shows that a 
project is a socio-technical system where discussions are of key importance. 
 
Different types of chain management dependencies 
 
The recognition of and accounting for dependencies is crucial for a more advanced 
understanding of complex inter-organisational relations.51 There are three types of 
interdependence: pooled, sequential and reciprocal.52 Pooled interdependence is the simplest 
type, which occurs when each activity makes a discrete, well-defined contribution to a given 
task. This is the sae construction as an activity network. Sequential interdependence refers to 
serially structured activities, which can be compared to theory behind chain management. 
Reciprocal interdependence is the most complex type, involving simultaneous, on-going 
relationships between activities in which each input is dependent on the other activity’s output 
and vice-versa. This shows an iterative process, where some activities have to be done several 
times. Below is a figure showing all different types. 

 
Figure 12: Representation of types of interdependence53 

The reciprocal interdependence can be found at the large special purpose transport unit, since 
there are many interfaces in a project, where one employee’s input is dependent on another’s 
output. For example, furniture needs to be designed in such a way for the electrician to be 
able to plan the electric system inside the furniture. Consequently, employees are mutually 
dependent on each other’s choices and actions. This type of working needs deep and 
intertwined relationships between employees, which suggest a situation of strong social ties 
and dense networks. It is also possible that these strong social ties and dense networks 
facilitate cooperation and decrease transaction costs as a result. This shows how complex the 
projects at the large special purpose transport unit can be and that it is a socio-technical 
system. 
 
 

2.3 Production logistics 
 
This chapter describes the different production logistics theories that have been used for this 
master thesis. There exist other theories for production logistics than those being described 
below, but they have been classified as not suitable for the kind of production related to in this 
master thesis. In the Section 1.5, the limitations of the master thesis are described more 
detailed.  
 

                                                 
51 Lazzarini, S. G., et al. (2001) 
52 Lazzarini, S. G., et al. (2001) 
53 Lazzarini, S. G., et al. (2001) 
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2.3.1 Fundamentals of production logistics 
 
PDCA – Plan Do Check Act 
 
PDCA is a model that looks at the different activities in production separately and then 
allocates them to different analytical levels (Figure 13a).54 These activities can also be put 
into an activity cycle, the so-called PDCA-cycle (Figure 13b).  The three different levels are 
the execution level, which is the physical production, the control level, where the planning 
and controlling of the production is taking place and the reflection level, which enables the 
development of the production system. The PDCA-cycle summarizes the execution, control 
and reflection activities together in terms of a general process and describes it 
consequentially. Through these levels and PDCA-cycle it is possible to get a performance 
feedback.  
 

 
Figure 13: PDCA cycle55  

PDCA cycle is a model that emphasizes the cyclical and iterative nature of planning and 
control and corresponds to the practical experience.56 A forecast naturally includes the risk of 
not foreseeing everything completely. Unforeseen situations, such as new or changed 
customer requirements, staff shortages or missing parts, require each new decision. This can 
also lead to decisions already made and already communicated to the customer, such as 
delivery promises, having to be revised. It is therefore advantageous would be to have a PPC 
system where unforeseen situations can be recognized and as soon as possible be responded. 
The form this may take is outlined later on.   
 
Coordination attributes 
 
Cycle-based planning and controlling compares actual to the desired system behavior in order 
to detect and respond to deviations.57 To make this comparison possible comparison values 

                                                 
54 Wiendahl, H-H. (2011) 
55 Wiendahl, H-H. (2011) 
56 Wiendahl, H-H. (2011) 
57 Wiendahl, H-H. (2011) 
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are needed. There are coordination attributes, which can define the required comparison 
values. These coordination attributes are listed below: 
 

� Basic date58 (customer target date) 
Start and end date from the activity network, which are agreed with the customer.59 
 

� Target date (technical date) 
Date, which should illustrate the technical flow. A target date is being calculated for 
every activity. Calculation: target-start date + transit time at the workplace + activity 
duration = target-end date. Target date can deviate from the basic date. If this is the 
case, the basic date is in danger. 
 

� Realized date60 (actual technical date) 
Date, which illustrates the up-to-date technical flow. It is calculated as the target date, 
with the difference that the realized date is newly calculated every day. 
 

� Planned date (capacity date) 
Date, which is up to date and illustrate the flow in consideration of capacity. The 
difference to the realized date is the consideration of capacity. 
 

� Actual date (feedback date) 
Date, which illustrates the actual behavior of the flow and the logistic production.  

 

 
Figure 14: Coordination attributes 

Closed loop control of PPC 
 
Closed loop control of PPC (the same idea as the PDCA model) gives a process more 
flexibility and agility. To ensure the implementation of the PPC goals, closed loop control 
must be established.61 PPC, based on the strategic goals and the demand, develops a 
production program and enforces its implementation in the areas of procurement, production 
and distribution. The logistical steps of implementation are documented by data collection. 
The following monitoring and controlling system compares the planned target with the actual 
target and feeds back deviations at the PPC system or the strategic target planning. In this 
way, closed loop control responds promptly and effectively to differences between target, 
planned and actual dates and goals.62 It is important to note that logistics monitoring and 
                                                 
58 Corresponding to the German word: ECK-Termin (SAP Dictionary (2012)) 
59 Karras, O. (2003) 
60 Corresponding to the German word: OPT-Termin  
61 Wiendahl, H-P., et al. (2003) 
62 Corresponding to the German words: Soll-, Plan- und Ist-Termine (SAP Dictionary (2012)) 
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Figure 16: Bottleneck theory  

This theory is an indication of how different activities and processes in a production process 
or a project react to a bottleneck. The bottleneck can be an effect of a delay within dependent 
activities or a simple reaction of statistical fluctuations.  
 
As an example, these statistical fluctuations can be visible through sick employees. Suppose 
an activity requires at least two employees. If one of them becomes sick and is not replaced 
(capacity missing), this activity becomes a bottleneck causing delays and growing stocks. 
 
Another example is if the order quantity is changed during the process, which means a greater 
number of activities must be processed in the same amount of time. The two cases are 
illustrated below. 

 
Figure 17: Bottleneck theory examples 

These two examples above show that delays and change of production depend on the time. It 
is essential to notice the importance of time, further emphasizing the importance of the time 
buffer. 
 
The theory of constraints, established by Dr. Eliyahu M. Goldratt, underlines the impact and 
role of a bottleneck in a manufacturing company and points out that by identifying them, it is 
possible to reduce their influence, but also to better control the flow of materials.65 In 
Appendix 7 can more information about theory of constraints be found. 
 
                                                 
65 Goldratt, E. (2004)  
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Dealing with bottlenecks 
 
The five focusing steps, which can be found in Appendix 7, developed by Goldratt are a good 
way to identify bottlenecks. This methodology can be applied to the production planning, 
capacity planning and scheduling to know how to deal with the constraints.66 A constraint is 
similar to, but not identical to, a bottleneck. 
 
In the last chapter about chain management the three adjustment methods for bottlenecks in 
an activity network were presented. The three methods are intensity, quantity and scheduling 
and are described more detailed in the critical chain Section 2.2.5. 
 
One way to deal with bottlenecks is to look at the scheduling and to differentiate the dates 
into target, planned and actual dates.67 Their distinction makes it easier to detect bottlenecks 
and also shows the need for looking forward when planning something to choose the right 
controlling interventions.68 This strategy, with target, planned and actual values, is also called 
coordination attributes and has been examined in the Section 2.3.1. 
 
Another way to deal with bottlenecks is to observe capacity planning, with the goal to get the 
most out of the production performance by controlling capacity. As in Goldratt’s bottleneck 
philosophy, production is conceptually divided into three parts: the area in front of the 
bottleneck, the area of the bottleneck itself and the area behind the bottleneck.69 The 
subdivision is shown as a graphic below.  

 
Figure 18: Subdivision of the production by the bottleneck theory70  

The bottleneck work system is generally operated at maximum capacity.71 It is important for 
the capacity control to ensure the supply with the right amount of work at the area before the 
bottleneck. At the area after the bottleneck, however, it is important to control the backlog 
and to prevent a break of the material flow. This way of dealing with bottlenecks is 
particularly suitable for companies operating under very high investment costs or 

                                                 
66 Lödding, H. (2008) 
67 Corresponding to the German words: Soll-, Plan- und Ist-Termine (SAP Dictionary (2012)) 
68 Wiendahl, H-H. (2011) 
69 Goldratt, E. (2004) 
70 Lödding, H. (2008) 
71 Lödding, H. (2008) 
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technological restrictions. These companies often try to influence the demand and adjust it to 
the production capacity through price adjustments. 
 
The main principle of dealing with bottlenecks is to release a new order as soon as the 
production line between the stock and the bottleneck work system falls below the planned 
capacity level. The next order to be released is based on a priority rule. There are different 
priority rules. The main principle is shown as a figure below.  

 
Figure 19: The main principle of dealing with bottlenecks72 

Funnel Model and Throughput Diagram 
 
Key tools to model the logistic goals of a company are the Funnel Model and the resulting 
Throughput Diagram. These are two models recognized among experts and commonly used 
for describing production processes.73 They have become one of the most important tools for 
describing the complex production processes in manufacturing and are especially useful for 
visualizing the processes in a transparent way.74 Furthermore it has become a helpful tool in 
planning, because it can illustrate the processes and therefore be a general model for the 
production flow.  
 
In the Funnel Model the throughput behavior of any production related capacity unit could be 
comprehensively described through the input, work in process (WIP) and output.75 Each 
capacity unit independent of whether it has to do with an individual workstation, a cost center 
or the entire production can be represented as a funnel. At the funnel opening there are the 
outgoing orders, which symbolizes the output rate. This one can vary within the limits of the 
maximum capacity. A workstation can be a single machine, a group of machines or a place 
where particular type of work is done.  
 
The Funnel Model and the Throughput Diagram are illustrated below. 

                                                 
72 Lödding, H. (2008) 
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Figure 20: Funnel Model and Throughput Diagram of a workstation76 

The events of the Funnel Model can be transferred to the Throughput Diagram. This means 
that completed orders with their work content in planned hours are cumulatively plotted over 
their completion dates, the so-called output curve.77 On the other hand, plotting the incoming 
orders with their work content over the input rate develops the so-called input curve. A 
system with a relaxed state, observed over along period, has input and output curves, that run 
parallel to each other. The Throughput Diagram accurately describes the dynamic system 
behavior qualitatively and chronologically. Furthermore the impact of logistical objectives on 
each other is shown and it is possible to express them mathematically. 
 
More about Funnel Model and Throughput Diagram can be found in Appendix 8. 
 
Flow-oriented planning 
 
With both the Funnel Model and Throughput Diagram, the purpose is to get a flow-oriented 
way of planning. This flow-oriented planning strategy produces a uniform order flow.78 With 
a flow-oriented planning strategy the causes of inventory and backlog, which are visible in the 
Throughput Diagram, can be identified. Furthermore adjustment of the capacity can be done 
early, which makes it more flexible. The figure below shows the idea of flow-oriented 
planning. 
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Figure 21: Uniform order flow79  

The goal of flow-oriented planning is to harmonize the production flow through the funnels.80 
Thereby stagnation avoidance is possible through inventory or WIP control. The demand 
defines the funnel opening of each workstation. In that way demand-driven production is 
accomplished through backlog control.  
 
Sequencing 
 
The idea behind sequencing is to find a way to determine which order should be processed 
next in a workstation.81 Each order is following a priority rule and the order with the highest 
priority will first be processed. One of the priority rules can be found in Appendix 9 and is 
called slack time rule. The goal of sequencing is to achieve as low differentiation as possible 
between the actual sequencing and the planned sequencing.  This is to provide a high level of 
on-time delivery and a high service level. The impact of sequencing on the logistic goals 
achievement is higher, the higher the inventory is at a workstation and the more orders are 
queuing. Therefore it is important to have a sequencing system that works. 
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3. Large special purpose transport unit 

3.1 Introduction 
 
This chapter is an introduction to the large special purpose transport unit. The information and 
knowledge in this chapter has been collected during the six months internship right before this 
master thesis and discussions together with employees. Some definitions and theories, like 
plant manufacturer, have been collected through literature studies.  
 
The product and its market of the large special purpose transport unit are being examined. 
Furthermore project organisation, including tasks and workplaces, are described. Finally, the 
cons of the planning software Planisware (the software used alongside SAP) are discussed. 
 
The large special purpose transport unit is part of the Completion Center, which is part of the 
VIP & Executive Transport Solutions department at Large special purpose transport units 
company (TU).82   
 
 

3.2 Product 
 
Since the large special purpose transport unit is part of the VIP Services at TU, the customers 
can be recognized as demanding and with high expectations. The product division’s 
customers today include heads of state, governments and private transport unit operators.83  
 
The high expectations of the customer can not only be applied to the final quality of the 
product, which in this case are the interiors of the transport unit, but also how and when the 
product is produced, delivered and assembled into the transport unit. Every customer is 
individual and has their own individual desires of the product, which is an additional 
challenge for VIP Services.84 It is not only about the high quality of the product; it must also 
be produced bespoke to the customer’s wishes and as a consequence the production process 
must also be agile. This means that each product is produced for the first time, every time. 
Furthermore, changes in the production process are very common, since the customer and the 
designer revise the design during the production process. This can be as simple as a change of 
furniture, which can increase weight. However, since weight is such an important factor on an 
transport unit, there may be knock-on consequences: structural engineers may need to revisit 
all of their work to reflect the revision. The operational time and volume of a product depends 
on the size of the transport unit, but the operational time can be up to few years and the 
volume can be up to hundreds of different parts. 
 
The Completion Center, including the large special purpose transport unit, can be recognized 
as a plant manufacturer, because products are produced according to customer 
specifications.85 Additionally, most parts of the customer order needs to go through the 
engineering departments before the order can be purchased and produced, which is also a 
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84 Karras, O. (2012) 
85 Schuh, G. (2006) 



 38 

typical attribute of a plant manufacturer. However volume is low, with only a few units being 
produced per year and demand is irregular. 
 
The design of a transport unit interior, as at the large special purpose transport unit, is relevant 
to a socio-technical system. The duality of structure and flow that can be discerned at multiple 
system levels along several dimensions, like physical, behavioural, informational, and 
organizational, lies at the very heart of the complexity of socio-technical systems.86 It is not 
only affected by physical structure and flow (for example, the right design shall be ready and 
“physically” handed over on time), but also by the structure and flow of information; in other 
words, the right information reaching the right people in a project at the right time. Pertinent 
information should therefore be easily accessible. The success of a project depends on 
interaction and communication between humans. 
 
All these factors show that the production of a product at the large special purpose transport 
unit is very complex with a large scope for change at any point during the process. The large 
special purpose transport unit comes up against different kinds of stumbling blocks. Firstly, 
there are several stakeholders: the customer, engineers, the designer and authorities. All these 
stakeholders need to be kept informed about various details of the product, which makes good 
communication during the production process very important. Together with communication 
between the stakeholders, a well-structured and transparent PPC tool is essential in an 
organisation like the large special purpose transport unit. Only under these preconditions it is 
possible to avoid stumbling blocks, like lack of understanding and insufficient resources. 
 
 

3.3 Project  
 
This chapter is an introduction to how a project at the large special purpose transport unit is 
organized; using a general project will be used as an example.   
 
The customer will bring their transport unit and have TU install the majority of the interior.87 
The transport unit contains up to 300 different interior parts, which have to be described in 
specifications, design principles and design drawings. Finally the parts are manufactured or 
assembled in either the workshop at TU or by an external supplier. This results in a complex 
production process with a lot of scheduling and logistics. 
 

3.3.1 Project task and goal 
 
The large special purpose transport unit is responsible for all interior parts to be assembled in 
the customer’s transport unit. They are not responsible for any technical systems. Because of 
that, the large special purpose transport unit needs to work closely together with the other 
engineering departments, since an interior part is often dependent on a technical system. For 
example a simple cabinet may require several cables for lights and ventilation. The large 
special purpose transport unit’s task is to plan, develop, construct and control the different 
interior parts. 
 
                                                 
86 Bots, Pieter W.G.  
87 Karras, O. (2012) 
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Workplaces and stakeholders 
 
There are different stakeholders and roles at the large special purpose transport unit during a 
project, which are all working closely together. Some of the most important roles are listed 
below:88 
 

� SPM = Senior Project Manager 
� PME = Project Manager Engineer 
� PDE = Principle Design Engineer (coordinator for the design engineers) 
� DE = Design Engineer (specification and certification engineer) 
� PPE = Principle Product Engineer (coordinator for the product engineers) 
� PE = Product Engineer (design engineer) 
� Structural engineer 
� Planner/Controller 
� Material expert 
� Mock-Up producer 
� DMU expert = Digital Mock-Up expert 

 
Among the workplaces are these engineers working closely together. Other stakeholders, who 
are also working on a project, are customer, designer and authorities.  
 

3.3.2 Project-planning phase 
 
The project planning phase overview for the large special purpose transport unit is divided in 
several general fields, such as interiors, seats or flammability. All these fields represent 
workplaces with different activities along the project phase. The project phases contain 
different milestones, where CDR and PDR are the two most important ones. Preliminary 
Design Review (PDR) is the first meeting with the customer, where the first design drawings 
are being presented.89 Customer Design Review (CDR) is the second customer meeting, 
showing the rest of the design drawings. The design is then fixed after the CDR.  
 
Below is the project phase for construction of furniture, containing five different milestones 
(e.g. EMS1), and activities (e.g. construction). This planning phase is the basis for the activity 
network approach in the next chapter. 

 

Figure 22: Project phase90  

It is important to note that the planning phase does not include every single activity that has to 
be carried out in a project, but is instead an overview of the whole project focussing on 
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milestones. A detailed breakdown of specific activities and their dependencies is therefore not 
included.  
 
Further on is the transport unit layover time preparation phase being described. 
 
Transport unit layover time preparation phase 
 
The transport unit layover time preparation phase is the first phase of a project.91 It contains 
the first preparations before the transport unit is arriving to the large special purpose transport 
units company and the first interiors are assembled and fitted to the transport unit. 
 
The goals of the transport unit layover time preparation phase is to get date stability at the 
engineering department, planning security, planning organization and early definitions of 
general project requirements. Because of these goals, the risk of greater construction 
complexity can be reduced. Furthermore observance of construction and production phase 
dates can be established. 
 
There is no detailed description of the first phase of a project at the large special purpose 
transport unit. Until now the project planning phase, presented in the last chapter, has been the 
only detailed overview of the whole project process. The lack of a more detailed process 
description has caused problems. It is perfectly normal that the design has to be changed later 
on in the project process. Based on the 1-10-100 rule, this leads to higher costs, since 
preventing a defect is less costly than correcting one.92  
 

 
Figure 23: 1-10-100 rule93 

 
In a more detailed transport unit layover time preparation phase, the general project 
coordination can be determined. The binding dates for PDR and CDR have to be set. After the 
PDR and CDRs, the management, project managers and the purchasing department review the 
project. 
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An activity network is being built out of the transport unit layover time preparation part of the 
planning phase presented above.  
 
Further is a short description of the planning software Planisware. 
 
Planisware 
 
Planisware is an Enterprise Project & Product Portfolio Management software solution that 
supports the end-to-end governance of company portfolios, from finance and resource 
planning, to the life cycle management of products, applications, and services.94 The large 
special purpose transport unit use it for scheduling and controlling the project.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
94 Planisware (2011) 
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4. Research results 

4.1 Introduction 
 
Transparency is one of the key words in this research, since it allows a PPC system to be a 
more helpful tool when panning and controlling projects.  
 
Transparency enables the PPC system flexibility, agility and ability to change regarding the 
current project situation. 
 
Several theories and methods have shown how more transparency in a PPC system can be 
achieved.  
 
This chapter contains a mind map including the key elements of PPC. The key elements have 
been made out of the theories and methods from the literature studies and the knowledge 
gained about the large special purpose transport unit through observations and discussions 
with employees. Furthermore, this chapter includes the results of the comparison between the 
PPC checklist which contain the key elements as well as project planning and controlling at 
the large special purpose transport unit which are presented here. Additionally, this chapter 
contains the activity network based on the transport unit layover time preparation of a project 
at the large special purpose transport unit. 
 
 

4.2 PPC system requirements and checklist   
 
This chapter presents a mind map, which is a general summary of the theories and methods 
described in Chapter 2, covering the theoretical framework. Through the gained knowledge 
from the literature study and iterative discussions with the employees, the necessary tools and 
functions in a PPC system has been defined. These functions are gathered in the mind map 
and categorized in some main categories. The main categories are the key elements of a PPC 
system. They support the requirements of getting a transparent and fully integrated PPC 
system. The mind map with the key elements is based on this example. The key elements can 
be seen as a checklist. It includes all the most important requirements of a PPC system and is 
compared to the PPC system at the large special purpose transport unit. In Section 4.3 is the 
comparison being evaluated. The goal of this checklist is to show how a transparent PPC 
system can be developed and how it should be applied.  
 
Below is the mind map, containing all the key elements. It is shown as a mind map to get a 
better overview and to be comprehensible. 
 



 43 

Figure 24: PPC mind map and checklist 



 44 

The key elements of a PPC system are therefore: 
 

� Dependency 
� Time buffer 
� Critical chain 
� Bottleneck 
� Sequencing 
� Scheduling situation 
� Capacity planning 
� Master data 

 
If all these requirements can be set in a PPC system, then the system enables transparency in 
project planning and controlling. This increases the chances of the project process running 
smoothly and is an important requirement of efficient planning and controlling.  
 
The checklist contains the important requirement of the time buffer, which is needed at every 
activity and every path along the process. The time buffer allows the project to be flexible if 
something unforeseen happens and affects the process. This flexibility allows the PPC system 
to be robust. Because of these factors, the PPC system is able to identify and deal with 
bottlenecks, critical paths, statistical fluctuations and stumbling blocks. 
 
When planning a project, capacity planning is an essential part. Capacity planning denotes the 
identification of the amount of workplaces and manpower needed and the management of 
these during the process. Capacity planning therefore depends on a thorough understanding of 
the process in question; as a minimum, the dependencies and requirements of the activities 
should be known, as well as the location, sequencing and the supposed duration of the 
process, activities and transit time. One important key element is to always have an up-to-date 
scheduling situation, where it is clearly shown if everything is going as planned or something 
is being delayed. Together with coordination attributes in the PPC system, closed loop control 
of PPC can be established, where different dates, such as target and realized date, can be 
compared and deviations can be recognized. Because of these attributes, flow-oriented 
planning can be accomplished, visualized through Funnel Model and Throughput Diagram. 
 
As already mentioned, if all these requirements on the checklist are fulfilled by the PPC 
system, then the PPC system allows project planning and controlling transparency. But there 
is one other important factor that should not be forgotten. In addition to these requirements in 
the checklist, it is important that the organizational requirements are also fulfilled. 
Specifically, in a socio-technical system, human interaction is just as important for success as 
the technical capability of the planning and controlling system. Together with this checklist, 
the right choice of employees is an essential requirement for a fully integrated PPC system: 
employees must be well trained and the activities in a project have sufficient resources of 
qualified and suitable manpower. 
 
In Chapter 5, the results of the research are discussed. Furthermore, the possible applications 
are discussed at the end of this research.   
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4.3 Comparison between checklist and the large special purpose transport unit 
 
This chapter contains the comparison between the checklist from Section 4.2 and the PPC 
system at the large special purpose transport unit, which was presented in Chapter 3. The goal 
is to enable more transparency into PPC system. 
 
The key elements of a more transparent PPC system are: 
 

� Dependency 
� Time buffer 
� Critical chain 
� Bottleneck 
� Sequencing 
� Scheduling situation 
� Capacity planning 
� Master data 

 
Dependency 
 
The PPC system at the large special purpose transport unit does not show the dependencies 
between activities. The activities are only listed in a processing list without any clear 
connection between them. The planning phase is the most detailed illustration of a project and 
there are no dependencies visible. 
 
In this research, the activity network has been examined. The results have shown that an 
activity network is a perfect tool for showing dependencies between different activities in a 
project. It also allows a good overview of the whole process. In Section 4.3 an example of an 
activity network, based on the transport unit layover time preparation phase at the large 
special purpose transport unit, is presented. This shows that it is possible to construct an 
activity network, but that the PPC system Planisware does not have the functionality. 
 
Time buffer 
 
The time buffer is an important element to enhance flexibility in a PPC system. The PPC 
system at the large special purpose transport unit does not have any graphically visible time 
buffer. This is clearly an important element for a project to be as prepared as possible for 
unforeseen changes in the process. 
 
In the software Planisware, it is difficult to see whether an activity or process has been 
delayed. A system is needed where time buffer is visible and calculated when planning a 
project, so that it is easier to avoid delays and the chances for on-time delivery increases. 
Another problem with Planisware is that it does not notify the project manager if something 
has been delayed. Planisware is missing some kind of progress messaging system. If time 
buffer is used during the project, this has to be notified, so that the project manager can 
reschedule the process and prevent a delay.  
 
There should be a strong focus on time buffer when planning a project. Important is that every 
activity and path has sufficient time buffer when scheduling the project. 
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Critical chain 
 
Since Planisware does not use an activity network as a PPC tool, it is not possible to identify 
the critical chain, so there is no way to perform critical chain analysis when planning a 
project. Delays to the critical chain have a severe impact on the success of a project. A PPC 
system capable of identifying the critical chain and notifying the project manager is needed. 
This would allow the project manager to plan and control the project with regard to the 
critical chain. The possibility for disturbances during the project process would decrease. 
 
As mentioned before, this research has shown that it is possible to build an activity network 
based on a project at the large special purpose transport unit. If an activity network for a 
whole project is built in the future, then it will be possible to identify the critical path as well. 
 
Bottleneck 
 
Bottlenecks can be found in almost every project and can cause huge delays. Because of this 
it is essential for a PPC system to identify the bottlenecks in the project. 
 
This results in another problem with the PPC system at the large special purpose transport 
unit. Planisware does not consider nor detect bottlenecks. This makes it even more difficult to 
deal with existing bottlenecks, because the project manager is identifying them too late. If the 
project manager can be notified as early on  as possible during the process, then ge/she has a 
much greater chance of dealing with them thus avoiding even bigger delays. 
 
There are different methods as to how to deal with bottlenecks. In Section 2.3.1 different 
methods were presented. One way to deal with bottlenecks is associated with capacity 
planning. Planisware allows the project manager to perform a detailed capacity plan in regard 
to workplaces, but whether it is possible to use the method in Figure 10 at the large special 
purpose transport unit is debatable. The process is too complex and dynamic. Another way to 
deal with bottlenecks is associated with the coordination attributes. Since Planisware does not 
have all the coordination attributes, this method does not apply. 
 
The theories behind Funnel Model and Throughput Diagram emerged from the bottleneck 
theory. A bottleneck consideration of a PPC system is a requirement for using the Funnel 
Model and Throughput Diagram and their positive characteristics. They are good methods for 
visualizing a complex process as transparent as possible. 
 
Sequencing 
 
A general overview of sequencing can be established through a processing list. Planisware 
has a feature comparable to a processing list. However it is hard to see if the order of any 
activities changes or if anything has to be changed manually through the project manager. The 
processing list of Planisware is rather a tool for saving a lot of data, like dates and orders. 
 
Scheduling situation 
 
A requirement for a project manager’s planning and controlling work is ensuring that the 
project manager always has up-to-date information about the project process. Coordination 
attributes are a method of enhancing the information about the project’s scheduling situation. 
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They allow the project manager a closed loop of control and therefore also fast response to 
deviations. 
 
Planisware is missing coordination attributes, like realized and target date, which would 
improve transparency. Planisware has fields for planned and actual date, which makes it 
unclear and not transparent enough. The idea behind closed loop control is not realizable with 
Planisware, since it is unable to compare coordination attributes. 
 
Since a project at the large special purpose transport unit is very complex and the number of 
activities is not very clear at the outset, forward and backward scheduling may not be 
especially helpful. Unforeseen activities that have to be added to the activity network at a later 
stage would not be unusual. Because of this, most of the activity networks would contain 
negative time buffers. Therefore the deterministic way of scheduling is inappropriate for a 
manufacturing organization like the large special purpose transport unit. It is not possible to 
exactly know all the different activities from the beginning, since a project is influenced by 
statistical fluctuations and dependencies. This also includes socio-technical factors. Another 
chain management solution would be a better choice for the company. One solution is to 
concentrate on the basic dates agreed with the customer, which are fixed. The other activities 
would then be scheduled based on the basic dates. This would make it possible to decide how 
much time buffer each activity should have, giving greater flexibility. The large special 
purpose transport unit needs a more non-deterministic scheduling methodology. 
 
Capacity planning 
 
Capacity planning is indispensable when planning a project. As mentioned before it is also an 
important tool for mitigating against bottlenecks. Planisware considers capacity planning, but 
the functionality could be further developed. An activity network can also contain capacity 
planning, which would give it a better overview than the list given in Planisware. 
 
As a starting point to avoid delays, it is necessary to ensure that every activity can actually be 
completed on time with the given resources (where sufficient manpower is concerned). If an 
activity has insufficient manpower, remaining manpower from another activity should be 
allocated to that activity. This is an important part of the planning strategy for a project 
manager. 
 
Master data 
 
Planisware is not fully integrated with SAP, which is also used at the large special purpose 
transport unit.95 All the planning dates need to be set manually in the program. A centralized 
database of these data would save the project manager’s time. Ideally, it would automatically 
process data from SAP.  
 
Planisware does not represent the information graphically; the manually-saved information is 
mainly presented in table form. Features like activity network, Funnel Model and Throughput 
Diagram would make the process clearer and more transparent.  
 
In addition, the saved information by Planisware often contains errors when scheduling a 
project. A screenshot with a typical scheduling error is shown below. 

                                                 
95 Karras, O. (2012) 



 48 

 
Figure 25: Planisware screenshot96  

The milestone “FV EMS01” is scheduled after the milestone “FV EMS02”, even though it 
should be the reverse. These errors happen regularly, which is not a good basis for efficient 
project planning and controlling. 
 
Summary of the comparison 
 
The comparison has shown that the PPC system at the large special purpose transport unit 
does not provide all the necessary features of a more transparent PPC system. Capacity 
planning and the master data function are the only required features that fulfill their purpose 
in Planisware. Even though there is some limited functionality for sequencing and up-to-date 
scheduling, they are inadequate with regard to transparency. A figure illustrating the 
distribution of these key elements is shown below.  
 

                                                 
96 TU (2012e) 
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The general activities, which can be found in the activity network, are listed below.  
 
1. Transport unit layover time preparation 
2.  Initial situation 
3.  Contract signed 
4.  1. Lay the foundations 
5.  2. Layover time preparation 
6.  3. PDR Furniture (concept presentation)  
7.   3.1 PDR preparation 
8.   3.2 PDR realization 
9.   3.3 PDR post-processing 
10.  4. CDR Furniture (concept confirmation) 
11.   4.1 CDR preparation 
12.   4.2 CDR realization 
13.   4.3 CDR post-processing 
 
Below is a general map of the activity network for the transport unit layover time preparation 
phase. It contains the main categories, which include about ten other, more detailed, activities 
each.  
 

 
Figure 27: Main categories of activities (screenshot) 

 

 
Figure 28: Relationships of main activities (screenshot) 
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Below is a screenshot of the activity network of the main categories. 
 

 
 
Figure 29: Activity network of the main categories (screenshot) 

An activity network shows workplaces (resources), dependencies, time buffer, duration, 
transit time, sequencing, critical chain and bottlenecks. Now nearly half the key features of 
more transparent PPC system are present. This shows that an activity network enables 
transparency if it is represented in a PPC system. 
 
The above figures (and the whole activity network in Appendix 11) show that it is possible to 
build an activity network out of a project at the large special purpose transport unit. It is 
important to have adequate time buffers for every path and activity, because of the many 
unpredictable and unforeseen activities along the process. Furthermore, it shows that it is 
possible to create an activity network out of the other project phases at the large special 
purpose transport unit. 
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5. Conclusion 

5.2 Discussion 
 
This research has focused on creating more transparency in PPC systems. To this end, it 
discusses the importance of sufficient time buffers in the project plan and, because every 
project is a socio-technical system, dealing with strong dependencies between different 
activities and adapting to statistical fluctuations. 
 
The results have shown which key elements should be present in a PPC system to allow 
transparency into planning and controlling projects. The large special purpose transport unit’s 
PPC system contains some of the key elements, but 75% of the requirements of transparent 
PPC, listed in the checklist, are missing. The PPC software Planisware is better suited for 
storing larger amounts of data instead of notifying the project manager if something goes 
wrong and not as planned. 
 
The resulting activity network of the transport unit layover time preparation phase proves that 
a VIP manufacturing company like the large special purpose transport unit, which has a 
complex process and typically many unforeseen circumstances, is able to fulfill the 
requirements of a transparent PPC system. The company could integrate the key elements into 
their PPC system; this is not done at present. 
 
Methods that have been used are literature studies, participatory research and iterative 
discussions. Together with the knowledge gained through the literature studies and the 
observations and discussions at the large special purpose transport unit, the participatory 
research led to useful results about the key elements of PPC. During the process information 
has been collected, interpreted and analyzed. The results have been used as a knowledge base 
for project improvement and are documented in this research for wider dissemination between 
the employees and management at the large special purpose transport unit.  
 
Important to notice and one of the main criticisms of participatory research is that they are 
often very localized and non-replicable. Also in this research are the results highly bound to 
the organization at the large special purpose transport unit and may be applicable to other 
organizations, but most likely to other VIP manufacturers. Furthermore, participatory research 
is a time-consuming method, which is an indication to that these results need further research. 
The results are showing requirements of a PPC, with the activity network as a practical 
example. What this research is missing are real implementation results, which need more time 
for observation and analysis. This research gives a perfect input for further investigations and 
is showing that an organizational change is needed to get more transparency to PPC, which is 
obvious because of the comparison. It also contains some ideas about how this change could 
look like in regard to the activity network. A further criticism of participatory research is that 
participatory approaches frequently rely on the utterances of the local participants or the client 
and that the sample is inadequate or faulty as a result.97 With a participatory approach it is 
difficult to prove an absolute objectivity. What may be needed to verify the results are other 
people with knowledge about PPC and the projects at the large special purpose transport unit. 
Another important part about a PPC research is that the logistic goal of the company is 
definite; like in this research was focusing on time. Otherwise the investigation and 
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implementation of the PPC system is a waste of time, since it is not obvious what the PPC 
system should optimize.  
 
The interesting part of this research and its results show that is that even though the large 
special purpose transport unit struggles with problems such as planning and controlling 
projects and delivering on time, the company has not yet already used available methods of 
introducing more transparency. The results show clearly that the present PPC system cannot 
be fully transparent and that in order to increase transparency, the PPC system has to be 
changed. This research brings up some existing solutions that could be applied to the large 
special purpose transport unit and create transparency in their PPC system. There are 
numerous existing PPC tools, which present all the key elements and fulfill the requirements 
of PPC, but none are used in this case. 
 

5.3 Further research  
 
This chapter suggests areas for further research and investigation. 
 
The only solution that has been examined more thoroughly is the activity network. This 
research has shown that an activity network can be applied to a project at the large special 
purpose transport unit. This activity network can be expanded, since it only represents the first 
part of the project phase: transport unit layover time preparation phase. The activity network 
could instead be implemented for the whole project process. 
 
Other solutions described in this research, like the Throughput Diagram, could be examined 
more thoroughly, with attention given to such a solution being implemented in a PPC system 
at the large special purpose transport unit. 
 
Another suggestion for further research is to look at different PPC systems that contain the 
key elements and support transparent project planning and controlling. This research has not 
examined software systems comparable to Planisware, the PPC system used at the large 
special purpose transport unit, due the associated complexity. Despite this, some research on 
other software packages has been conducted and one software package that would include all 
the key elements is FAST/pro.98 Implementing this software package could be an interesting 
topic for further research. This IT system is in use at other TU departments and contains key 
elements, like flow-oriented planning and the Throughput Diagram. 
 
Additionally it would be interesting to investigate how difficult it is to implement a new PPC 
system in a socio-technical environment. The research should in this case focus on the 
implementation, to find out how the users should be incorporated. The goal of this research 
would be to discover the best implementation process which runs the most smoothly as 
possible. 
 
It is important to notice that the activity network created for this research has never been used 
in a real project yet. The ability to avoid common problems, like the stumbling blocks of PPC, 
only becomes visible after a longer observation time. This makes it is necessary to fully 
research the implementation and realize it in future projects. After a successful 

                                                 
98 Technologie Transfer (2012) 
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implementation, observations would show if the desired transparency could, in fact, be 
reached. 
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Appendix 1: SAP screenshot link types 
 
The activity network contains End-Start relationship (NF = Normalfolge).  

 
Figure 30: Link types in SAP99  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
99 TU (2012e) 
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Appendix 4: Different time buffer 
 
The time or duration between two activities is the “free time buffer”, also known as the Free 
Float (FFj) in the activity network.101 The free float between for example activity number 1 
and its successor activity number 2 can be calculated as follow: 
 
FF12 = EST2 – EET1 
 
The total time buffer (TBj), also known as the total float of an activity, applies to the whole 
project. It is the maximum time that is available for displacement or expansion of an activity 
without causing any delays for the whole project. Even though an activity may use all of its 
total time buffer, the project is not getting delayed. The total buffer of an activity can be 
calculated as follow: 
 
TBj = LETj – EETj = LSTj - ESTj 

 
The total time buffer is equivalent to the difference between the latest and earliest end time or 
the difference between the latest and earliest start time of an activity anj.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
101 Projekt Magazin (2013) 
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Appendix 5: Time buffer key data example 
 

 
 
Figure 32: Time buffer key data  

 
The duration between the two activities and therefore also the time buffer (T) in the examples 
above are either minus five days or plus five days. The EST and EET are set accordingly to 
the time buffer. The equivalent Gantt chart notation is shown on the right. The two examples 
are built the same way in an activity network with an End-Start relationship, but the key data 
clarifies the actual dependencies between the activities.  
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Appendix 6: SAP screenshot critical path 
 
SAP screenshot, which shows the critical path (thick and red) in an activity network. 
 

 
Figure 33: Critical path in SAP102  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
102 TU (2012e) 
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Appendix 7: Theory of constraints 
 
In 1984 Dr. Eliyahu M. Goldratt originally published a management-oriented novel with the 
title “The Goal”. This novel underlines the impact and role of a bottleneck in a manufacturing 
company and points out that by identifying them, it is possible to reduce their influence, but 
also to better control the flow of materials.103  
 
A chain is no stronger than it weakest link. 
 
This expression can be related to the Theory of Constraints. There are five focusing steps by 
Goldratt to identify and to get focus on possible constraints in a production company. 
 
TOC – the five focusing steps: 

1. Identify the system’s constraint(s) 
2. Decide how to exploit the system’s constraint(s) 
3. Subordinate everything else to above decisions 
4. Elevate the system’s constraint(s) 
5. Warning! If in the previous steps a constraint has been broken, go back to step 1, but 

do not allow inertia to cause a system’s constraint. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
103 Goldratt, E. (2004)  
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Appendix 8: Funnel Model and Throughput Diagram 
 
The Throughput Diagram can illustrate the four most important logistic goals of a production: 
work in process (WIP), throughput time (TTP), capacity utilization and schedule variance.104 
These are illustrated over time in the diagram. From this diagram the fundamental relationship 
between mean range (Rm), WIP and mean output rate (ROUTm) can be conducted. 
 

 
Figure 34: WIP, range and output rate in the Throughput Diagram105  

 
The WIP, represented by the vertical distance between the output and input curves, 
correspond to the work content of the orders queued for processing as well as those being 
processed.106 
 
Smallest unit of Throughput Diagram is the components of the throughput time element of a 
production order. The throughput time element illustrates the throughput time of an order in a 
work system.107 Throughput time for an operation is defined as the time span an order 
requires from the completion of the previous operation or from the order’s point of input (at 
the start of an operation) until the end of the observed operation’s process.108 In the figure 
below a schedule of a production order is shown, as well as the operation related throughput 
element. The throughput time element can be divided into different component as illustrated 
in the figure.  
 

                                                 
104 Wiendahl, H-P. (1997) 
105 Nyhuis, P., Wiendahl, H-P. (2009) 
106 Nyhuis, P., Wiendahl, H-P. (2009) 
107 Lödding, H. (2008) 
108 Nyhuis, P., Wiendahl, H-P. (2009) 
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Figure 35: Throughput time components and throughput element109  

 
Post-process waiting time is the time span prior to transport. This could for example be the 
total time for finding the right driver to transport the goods. Transport time is the total time 
orders or goods are transported between places A to B. Pre-process waiting time is the total 
time after the transport and before the set up and so on.  
 
As mentioned before is this throughput diagram element the smallest unit of a Throughput 
Diagram. In order to represent the throughput time, the throughput element for each 
completed operation is plotted in addition to the input and output curves in the Throughput 
Diagram.110 This element represents the throughput of one order through the workstation. 
Based on these throughput elements, conclusions about a station’s processing behavior can be 

                                                 
109 Nyhuis, P., Wiendahl, H-P. (2009) 
110 Nyhuis, P., Wiendahl, H-P. (2009) 
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drawn. Therefore the Throughput Diagram contains of a lot of different throughput elements. 
The figure below exemplifies a Throughput Diagram with different elements. The height of 
an element illustrates the work content (WC) of an operation. WC is a measure of the planned 
time for an operation on a workstation. 
 

 
Figure 36: Throughput elements in the Throughput Diagram111 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
111 Nyhuis, P., Wiendahl, H-P. (2009) 
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Appendix 10: The complete list of activities 
 
1. Transport unit layover time preparation 
2.  Initial situation 
3.  Contract signed, budget known 
4.  1. Lay the foundations 
5.   Setup IT-catalog 
6.   Present elevations, understand Layout 
7.   Present renderings, understand design aim 
8.   Present/Understand Masterlayout  
9.   Cooperation with designer should be clear  
10.   Adjust equipment supplied by customer 
11.   Present Master Spec and adopt 
12.   IDL / Zone - and assembly group planning 
13.   Define structural groups 
14.   Define breathing zones 
15.   Adjust project assignment 
16.   Identify bottlenecks and outsourcing packages 
17.   Arrange project team and project organisation 
18.   Detailed process plan for layover time prep. 
19.   Disperse budget for layover time prep. 
20.   Create AUPA´s for layover time prep. 
21.   Generate first CS orders 
22.   Create project in IT-system 
23.  2. Layover time preparation 
24.   Materials should be clear (Confirm MFL-Item) 
25.   Execute error check 
26.   Clear IDL interfaces e.g. interior 
27.   Identify project-DP´s 
28.   Define edge standards 
29.   Handle function principles and -solutions  
30.   Provide 2D-Layout for DMU 
31.   Create crossection in 2D 
32.   Create IDL-description, deduction of CP´s 
33.   Check registrability + confirmation 
34.   CP permission status / base known 
35.   Define sound measures related to Master Spec  
36.   Definition of SAM-edges 
37.   Check layout because of body deformation  
38.   First weight estimation 
39.   Execute Check Global Load Analysis 
40.   Execute Evacuation Analyse 
41.   Create and check data models (completeness) 
42.   Execute RDC pre estimation 
43.   Execute Comp. Placement with all crafts 
44.   Create project plan level 2 (general plan) 
45.   Agree upon Mock-Up production and execute 
46.   Present project to authority 
47.   Determine CP permission status / base 
48.   Create ceiling concept 
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49.   Create floor puzzle 
50.   Determine Comp. Placement and Payyloads 
51.   Determine RDC area and present in elevation 
52.   Identify critical structural components 
53.   Estimate interface loads 
54.   Request outsourcing 
55.   Clarify production process 
56.   AUPA structure setup 
57.   Distribute budget 
58.   Master data support in IT-systems 
59.   Track PDR systems, determine results 
60.   Secure and check materials 
61.   Get material samples and determine thickness 
62.   Create RDC concept 
63.   Create Data models if not available 
64.   Create SAM-Models incl. Attachements (3D) 
65.   Identify special materials 
66.  3. PDR Furniture (concept presentation) 
67.   3.1 PDR preparation 
68.    Include WN/E input (element based) 
69.    Create elevations with cross-sections 
70.    Determine edge standards 
71.    Create layout concept for elements 
72.    Create DP´s 
73.    Determine BFE elements 
74.    Create sample and mock-up 
75.   3.2 PDR realization 
76.    Present BFE solution offer 
77.    Present DP´s 
78.    Present preparation list 
79.    Obtain material confirmation 
80. Present sample and mock-up and 

confirm production 
81.   3.3 PDR post-processing 
82.    Confirm BFE elements 
83.    Budget comparison with PDR results 
84.    Implement PDR changes and present 
85.  4. CDR Furniture (concept confirmation) 
86.   4.1 CDR preparation 
87.    Introduce CDR System-Inputs 
88. Execute detailed Component Placement 
89.    Improve RDC concept 
90.    Second weight estimation 
91.    First furniture construction (CDR) 
92.   4.2 CDR realization 
93.    Layout Freeze 
94.    Present RDC concept 
95.    Present preparation results 
96.   4.3 CDR post-processing 
97.    Implement CDR changes and present 
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98.    Create Component Specification 
99. Create project plan level 3 for every 

AUPA 
100.  Execute Kick off 1. AUPA (End of transport unit layover time 

preparation) 
101.  Collect customer confirmation for every AUPA 
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Appendix 11: The complete activity network 
 

 
Figure 37: First part of the activity network 

 
 

 
Figure 38: Second part of the activity network 
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Figure 39: Third part of the activity network 

 
 

 
Figure 40: Fourth part of the activity network 
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