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1. Introduction 

 

 

 

Today, the automotive industry is the epitome of mass production, mass 

marketing and mass consumption.1 Production technology becomes more significant 

due to the ever-growing number of suppliers and competitors in the market. Increasing 

globalisation causes stronger competition among the producing companies. Markets 

convert from sales to consumer markets. Assembly with a high-value-creating portion 

and direct reference to customers gains more importance, because these days, 

customers demand recently updated and individualised products.2  

To reach a strong position in the market and to commit the customer to a 

company, efforts are taken to design specialized products for individual customer 

needs. This results in an increase of quality, functionality and numbers of variations with 

a simultaneous fluctuation of numbers of units and a reduction of batch sizes. Customer 

demands for a rise in a complexity of products are also a consequence.3 

The assembly is the last step of the product manufacturing on which the 

customer has the strongest impact. Today’s production cannot influence the market. It 

has to adjust to the demands of the market as soon as possible. The product also 

needs to be manufactured in any variation as fast as possible. Therefore, present 

companies have a fast ability to react to changing situations with flexible and innovative 

management. 

Multiplying dynamic demands, as the increasing numbers of variations, require 

maximum supply assurance. A large diversity of products has to be provided as soon as 

possible, whereas the lifespan of products is still being reduced. Flexibility is required in 

all fields of the company as well as a consequent reduction of the turnaround time.4 

More investments in new production technologies increase the production capacity, 

which leads to limitations in product innovations as a consequence. As a result, 

production technologies have to be tied down so that demands of capacity can be 

fulfilled and the manufacture is competitive. Wrong technology leads to a loss of 

advantage in the competition and a high strain on fixed costs. One-sided orientation 

towards particular areas in the competition is not sufficient for the long-term securing of 

a company. Hence, various parameters need to be optimized simultaneously. 5  

                                                 
1
 See Glauser 2005, pp. 2 

2
 See Lotter 1998, pp. 131 

3
 See Lotter 1998, pp. 131 

4
 See Lay 2001, pp 399-400 

5
 See Hartmann 1993, pp 1 
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Striving for rationalisation is influenced by the compulsion for a fast, flexible and 

economical production.6 The targets of rationalisation are to increase the production 

potential and to decrease costs, so that productivity and competition rise. 

Rationalisation can be achieved through a higher input of capital, which leads to more 

automation.7 

Hence, an urge for progressive automation arose in the past, since it seemed to 

be the only strategy to stay competitive.8 Prices of components in automotive 

technology decrease with rising productivity. Automation was introduced to increase the 

quantity, to reduce the rate of waste and to reach a steady and higher product quality. 

But companies have had more and more difficulty in reducing turnaround time and 

capital freeze and in making full use of the expensive resources and equipment.9 

Ongoing automation has caused expensive over-engineering. Therefore, deautomation 

becomes a mode for reducing the expenses of manufacture.10  

Higher automation to increase productivity is limited because of complex 

assembly processes and problems with variants and numbers. Therefore, deautomation 

is an alternative for increased product flexibility.11 

Decreasing batch sizes cannot be digested economically with highly automated 

machines. The necessary flexibility towards variations of capacity, which comes from 

variations of sales, is not given in highly automated machines. Therefore, deautomation 

leads to more flexible capacity.12  

Automation is temperamental. Therefore, deautomation is the chance for more 

availability. Furthermore, deautomation has become more popular in the last years 

because of shorter product life cycles, smaller investments and a better use of 

employees’ qualifications.  

As can be seen, a dominance of the negative effects in vehicle assembly has 

reached full attention in recent years. Consequently, a rethinking process has to start 

here, so that problems in production can be solved by an automated concept. 36% of 

the companies, which have had experiences with automated solutions, are of the 

opinion they exaggerated automation in the past.13  

This assumption will be examined for the Volkswagen AG in this master thesis. 

That is why the following task formulation in Chapter 2 has been created. 

                                                 
6
 See Hartmann 1993, pp. 3   

7
 See Ross 2002, pp. 2 

8
 See Lay 2001, pp. 399 

9
 See Hartmann 1993, pp. 3 

10
 See Lay 2001, pp. 399 

11
 See Alber 1999, pp. 426 

12
 See Lay 2001, pp. 403 

13
 See Lay 2001, pp. 400 
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2. Task formulations 

 

 

 

This master thesis analyses the Volkswagen assembly lines of the Golf A5 

manufacture in the mother plant in Wolfsburg, the Touran manufacture in the Auto 5000 

GmbH in Wolfsburg as well as the Golf A5 manufacture in Uitenhage in South Africa - 

all with regard to the level of automation. The target of the analysis is the determination 

of the optimal level of automation in the three production sites and therefore, the 

investigation of the potential to automate, or rather to deautomate in particular sections 

of the assembly in the prevailing production locations. The three production sites are to 

be investigated with regard to costs, quality and quantity.  

The master thesis has been set up according to the following structure: 

After the general presentation of the company Volkswagen and the presentation 

of the three examined production sites, the basics have to be described on which the 

concept will be founded. First, the general basics of automation and the level of 

automation have to be demonstrated. After that the particular basics of costs, quality 

and quantity have to be shown. Because of the complexity and the large scale of the 

project, it is advisable to explain the particular basics separated from each other. The 

basics of costs shall inform about the relevant cost and investment calculation 

epitomes. Basics about quality should explain how quality is defined and to what extent 

quality is influenced by automation and employees. The basics of quantity have to give 

an overview on production figures and indexes of different automation strategies. 

In a further step, the examinations of each production site have to be carried out. 

To enable this, the examined area has to be marked out and afterwards a suitable 

process is to be developed to determine the optimal level of automation with regard to 

costs, quality and quantity. The collected solutions have to be assessed critically and 

continuing examinations and considerations have to be carried out. 

In the next step, the solutions and results of costs, quality and quantity have to be 

combined to one total result for each production site.  

After summarising and comparing the results, recommendations that lead to 

optimal levels of automation have to be mentioned to enable an optimisation procedure, 

which is valid for any production site of the company. 

The following figure shows an overview of the procedure for obtaining the results. 
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Fig. 2.1: Procedure to obtain the results 

Source: Own presentation 

       Automation � Deautomation ? 

Costs Quantity Quality 

Golf A5 Wolfsburg Auto5000 GmbH Golf A5 Uitenhage 

Automation Deautomation 

Key figures 
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3. Presentation of the company 

 

 

 

On the 28th of May in 1937, Volkswagen was set up. Its head office is in 

Wolfsburg. Today Volkswagen AG is Europe’s biggest vehicle manufacturer. In the year 

2005 Volkswagen AG sold 5,243,000 vehicles worldwide. This means a motorcar share 

on the world market of 9.1%. The company made a turnover of € 95,300,000 and a 

profit of € 1,120,000 after tax.1 As can be seen in Fig. 3.1, the motorcar business is 

divided into the two 

brands of Volkswagen 

and Audi with a 

product range from 

small motorcars to  

luxury models and 

sports vehicles. Volkswagen has got 44 production sites in 18 countries worldwide and 

a workforce of 345,000 (179,000 in Germany).2 Volkswagen AG has a range of 92 

different vehicles company-wide from small motorcars up to trucks in different 

derivatives. Volkswagen alone has a range of 28 different vehicle types.3 

In the mother plant in Wolfsburg, the Golf A5, Golf Plus and Golf A4 Variant are 

produced on three different assembly lines. The Touran is produced in the Auto5000 

GmbH on one assembly line, which is integrated in the mother plant in Wolfsburg. The 

Auto5000 GmbH was set up in 2001, where compared to the Volkswagen basic pay, 

5,000 people were employed for a gross wage of DM 5,000. The working hours are 35 

hours per week for 5 days, which is clearly longer than the 28.8 hours per week for 4 

days, which is the standard pay scale calculation of Volkswagen.4  

The mother plant has a size of 6 km². It is the biggest automotive factory in the 

world. The maximum plant capacity is about 4,000 units per day.5 

In the plant in Uitenhage the Caddy, the Golf A1 (City Golf), the Golf, the Jetta A5 

and the Polo A04 are produced as well as 3 versions of the Volksbus in 3 model ranges 

and the VolksLkw.  

The plant has a size of 0,5 km². The maximal plant capacity is about 450 units 

per day. The working hours are 40 hours per week for 5 days.6 

                                                 
1
 See Anon. (Volkswagen AG)  

2
 See Anon. (Volkswagen AG) 

3
 See Anon. 2006, pp. 40 

4
 See Anon. (IG Metall) 

5
 See Anon. 2006, pp. 40 

6
 See Anon. (Intranet VW South Africa) 

Segment Financial services

Business segment
Brands

Volkswagen

Brands

Audi
Industrial-vehicle Other groups Financial services

VW-Motorcars Audi VW-Indusrial-vehicle Financing Leasing

Skoda Seat Business service Insurance

Bentley Lamborghini Fleet sales

Bugatti Financing

Automobiles

 

Fig. 3.1 Structure of Volkswagen AG 

Source: Anon. (Volkswagen AG) 
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4. Basics 

 

 

 

This chapter is about the basics, which are necessary for the analysis. 

Automation means the use of artificial equipment, so that a process runs either fully or 

partly automatically, without the collaboration of people. For an assembly facility it 

means to be equipped with automats, so that it works automatically. Automation is the 

result of automating.1 It describes the self-confident controlling of functions. Thus, the 

following points are targets of automation:2 

• Reaching a continuously high manufacturing quality  

• Improving the competitive ability 

• Decreasing the production costs to stay competitive 

• Controlling the demanded numbers of variation 

• Reducing innovation cycles and turn around time 

• Developing robust production systems with higher flexibility at changes 
 
But in the recent time it has been shown that these targets cannot always be achieved 

exactly, whereas often there are demands for the automation of particular processes for 

social reasons, even though they cause high costs.3  

An assumption for automation is that the available parts have to be positioned as 

precisely as possible, so that the robot is able to work on them properly, which of course 

causes higher expenditures. Furthermore, the product, which has to be mounted, must 

be constructed for an automated mounting. The employee is able to reconcile little 

mistakes economically, like wrongly fitted parts, by using his sense, hands and 

experience. Compared with that, machines often cannot solve these problems. They 

can only report disturbances and require interventions of personnel in the usually 

automated assembly process. 

The level of automation represents the part of automated functions of a system in 

relation to the complete function of the system. The more functions of a system are 

automated, the higher the level of automation is. It is calculated by the quotient of the 

number of automated functions and the total number of functions. In order to realize 

this, all functions must be synchronized. The level of automation has to be optimally 

determined according to technical, economical and social factors. At present, fully 

automated machines can mostly be used for a very high number of units. Therefore, 

                                                 
1
 See Ross 2002, pp. 11 

2
 See Favre-Bulle 2004, pp 8-9 

3
 See Löhr 1977, pp. 47 
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hybrid workplaces give the 

possibility of adjusting the whole 

range from a low to a high level of 

automation. In the hybrid assembly 

systems (see Fig. 4.1) the 

mountings are partly automated 

and partly manual, which means 

that automated stations are 

combined with manual stations. 

Therefore, it combines the 

advantages of the manual with the 

advantages of the automated assembly. By optimising the level of automation the right 

ratio of automation and use of employees is fixed. But to avoid stress situations, the 

manual workplaces should be decoupled from the cycle of automated facilities. They 

have to fulfil the demands of human workplace design. Another advantage of hybrid 

systems is to expand the system adapted to the number of units during the whole time 

of use. So, the risk of disinvestments can be avoided.    

Furthermore, a changed level of automation has consequences for the 

qualifications of employees in the areas of burden and job-related stress as well as in 

the task structure.4 Higher automation causes the redundancy of employees, and 

redundancy depends on the workers’ qualifications. The lower the qualification, the 

stronger is the threat of automation.5 For the modification of the qualification structure 

the following different theses exist:6 

• Higher qualification thesis: Higher automation needs highly qualified 
employees, especially in maintenance, where few experts are needed for 
fastidious tasks and employees are required for acquired routine tasks. 

 

• Disqualification thesis: Higher automation evokes lower and one-sided 
qualification requests.  

 

• Polarisation thesis: A small group of highly qualified employees stands 
opposite to a large number of low-qualified personnel.  

 

The effect of qualification and automation cannot be decided in general form. Therefore, 

there is no inevitability between qualification and automation. To modify the task 

                                                 
4
 See Corsten 1995, pp. 7 

5
 See Corsten 1995, pp. 244 

6
 See Corsten 1995, pp 244-245 

 
Fig. 4.1: Ranges of application for different assembly 

concepts 

Source: Lotter 1998, pg. 103 
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structure, it will be mentioned that existing working structures would need to be divided. 

With higher automation, the movement of tasks is combined with specialisation.7  

 After this short description of automation and the level of automation, the 

following chapter will give an introduction of the costs. 

 

 

4.1 Basics of costs  

 
This chapter describes the basics of the costs as well as their definitions and 

methods. The description of all existing methods of cost calculation will not been carried 

out. Advantages and disadvantages of the individual methods have been discussed 

sufficiently in literature. Hence, only the basics of costs and the methods are discussed, 

which are necessary for this thesis.  

 

4.1.1 Basics and definitions 

 

Costs are the assessed use of commodities and business services to produce 

and sell operational outputs as well as to keep up the capacities that are necessary to 

do this.8 

The main task of cost calculation is to record all arising costs and outputs over 

a period of time and to determine the trading results from them. The cost model has to 

be created in as much detail as possible, but also as simply as possible and problem 

neutral.9 The aim of every company is the principle of minimising costs in the 

production, which means the production that causes the least costs is optimal. 

In the cost calculation there is a difference between direct expenses and 

general expenses. Direct expenses can be assigned to individual units of account 

depending on what caused the costs. In contrast, general expenses cannot be 

subdivided according to that principle, because they have to be assigned to many 

periods or cost centres. Besides, there are unreal general expenses, which can be 

subdivided into individual outputs, but this has not been done because of 

straightforwardness and economy.10 By growing automation there is a postponement 

from direct to general expenses, because of decreasing wage-direct expenses and 

increasing capital costs, but also control, supervision and maintenance costs.11   

                                                 
7
 See Corsten 1995, pp. 245 

8
 See Hartmann 1993, pp. 7 

9
 See Hartmann 1993, pp. 34 

10
 See Haberstock 2002, pp. 57 

11
 See Hartmann 1993, pp. 36 
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Apart from the mentioned 

distinction it is possible to subdivide 

costs into variable costs that grow 

with the produced number of units 

either proportionally or 

progressively or even digressively, 

and into fixed costs that do not 

react to changing activities or 

produced quantities.12 Besides, 

there are costs staying unchanged 

and jumping to a higher level. 

These costs are called jump fixed.13 In Fig. 4.2 on the following page proportionally 

variable and fixed costs are shown depending on the capacity utilisation rate of the 

machines. 

Fixed costs stand the continuation of the company in the form of imputed 

depreciation, imputed interest charge and costs for equipment, rooms and cyclical   

inspections of machines. Variable costs can be costs for remaining maintenance, 

energy for machines and operating supplies.14  

To calculate the total costs, the fixed and variable costs have to be added up: 

ncCCC)n(C varfixvarfixtot ⋅+=+=      [€] (1) 
Ctot = total costs [€] 
Cfix = fixed costs [€] 
Cvar = variable costs [€]  
cvar = variable costs per unit [€/unit] 
n = number of units [unit] 

 
With increasing automation, the proportion of variable costs decreases and the 

remaining block of fixed costs increases. However, with a large block of fixed costs, 

statements about economically practical behaviour are not possible, because the effects 

of alternatives cannot be made visible. The changes in the block of fixed costs cannot 

be put down to its influences.15 Hence, high automation makes it more difficult to 

identify high causal agents of costs and to lower them. 

                                                 
12

 See Fichtmüller 1996, pp. 41 
13

 See Corsten 1995, pp. 84 
14

 See Fichtmüller 1996, pp. 41 
15

 See Kaiser 1993, pp. 26 
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Fig. 4.2 Cost course depending on the capacity 

utilisation rate 
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 For deducing rationalisation potentials, 

the costs per unit are relevant, because of the 

dependence between costs and amount of 

production.16 Costs per unit can be achieved by 

dividing the total costs by the amount of 

production. With increasing activity the fixed 

costs per unit decrease, as can be seen in Fig. 

4.3. This effect is called digression of fixed 

costs. The total costs per unit have a 

reciprocal course. 

 

The following formula describes how to calculate the costs per unit:  

var
fix

tot c
n

C
)n(c +=      [€/unit] (2) 

ctot = total costs per unit [€/unit] 
Cfix = fixed costs [€]  
cvar = variable costs per unit [€/unit] 
n = number of units [unit] 

 
Lowering the costs per unit is possible by 

reducing fixed costs, by reducing variable 

costs or by increasing capacity utilisation of 

the assembly system, which is shown in 

Fig. 4.4. A reduction of fixed costs can be 

done by making a more reasonable 

purchase of assembly equipment for new 

investments or by technologically differently 

structured assembly equipment.17 Reducing 

the above-mentioned variable costs as well 

as the variable personnel costs can do a 

reduction of variable costs. If these costs are optimised already, the only possibility is to 

lower the wage costs.18 Increasing the capacity utilisation is possible by the optimisation 

of the total time used by the equipment. This time is separated into the really used time 

and the time where the machines stand idle.19 This time is called down time. Fig. 4.5 

shows the relationship of really used time and down time. As can be seen, most of the 

maximum holding time usually is down time and only a tiny part is used for production. 

                                                 
16

 See Fichtmüller 1996, pp. 42 
17

 See Fichtmüller 1996, pp. 44 
18

 See Fichtmüller 1996, pp. 45 
19

 See Fichtmüller 1996, pp. 45 
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Fig. 4.3 Costs per unit course, depending 

on the capacity utilisation rate 

Source: Fichtmüller 1996, pp. 43 
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Hence, there is much potential. But there 

is a conflict between the capacity 

utilisation and customer demands in the 

market. If no products are required, there 

is no sense for manufacturing.  

The total costs per unit depending 

on the level of automation are presented 

in Fig. 4.6. Through it, other costs factors, 

like general expenses or material costs, 

are left out for a better overall view. As 

can be seen, the direct wage costs 

decrease proportionally with the growing 

level of automation. The course of the 

costs per unit of automation investments, 

including consequence costs, runs 

progressively because in gradually increasing the level of automation, first the simple 

and economical functions will be 

automated. Further on, the expenditure 

increases over-proportionally, because 

of the rising complexity of the system. 

The necessary care of the assembly 

systems and the more detailed work 

scheduling are especially reasons for 

this effect.20 Generally, the course of the 

total costs per unit shows a minimum 

because of the contra-rotating courses 

of automation investments and wage 

costs. This is the economical optimum. Other influences, like quality or quantity, 

possibly show other optima, so that a compromise has to be found for the 

implementation of the optimal level of automation. 

 After showing the basics and the definitions of costs and their connections to the 

level of automation, the next chapter describes briefly the cost calculating systems 

before the resource attempt is explained in particular. 

 

                                                 
20

 See Fichtmüller 1996, pp. 7 
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Fig. 4.5 Sorts of down times 

Source: Fichtmüller 1996, pp. 46 
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4.1.2 Cost calculating systems  

 
Cost calculating systems are systems that enter, save and analyse costs after set 

rules have been advanced, which are aligned with the tasks of cost calculating.21 The 

partial-cost calculation sets off only a certain cost of a period against costs per units 

(cost unit=Kostenträger or unit cost=Stückkosten). Compared with that, the full-cost 

calculation reschedules all incurring costs of a period to cost units. Therefore various 

types of costs are differentiated. For the assessment of an assembly system, only the 

costs that are influenced by this system have to be included. This fact leads to the 

resource attempt, which is described in the following chapter. 

  

4.1.3 The resource attempt 

 
The resource attempt is a cost-type accounting. The term “type of costs” 

describes the naming of costs with the same features. For determining types of costs 

different features can be used, in this case the resource attempt. The advantage of this 

attempt is that the consumption of values can be shown on the basis of a few 

convincing types of costs.22 Through it, only the relevant cost parts are important for this 

thesis. That means, only a part of all incurring costs are taken into consideration.23 In 

the popular literature it is also well known as the relevant cost approach.24 For this 

thesis, relevant costs are all costs that change by changing the level of automation. The 

other costs that do not change can be excluded from the calculating, because they will 

not influence the result.  

The first step of the resource accounting is to divide the costs into different 

resources. The following six resources are necessary for the realisation of the 

assembly process:25 

• Personnel  

• Operating material 

• Material 

• Space  

• Information  

• Remaining costs 

                                                 
21

 See Haberstock 2002, pp. 171 
22

 See Hartmann 1993, pp. 75 
23

 See Hartmann 1993, pp. 74 
24

 See Fichtmüller 1996, pp. 41 
25

 See Hartmann 1993, pp. 57 



4. Basics 
 
 

13

In the following paragraphs, these six resources will be described in detail. Later on, in 

Chap. 5.1.1, these six resources will be analysed exactly. Then, the relevant parts of 

each resource will be deduced. 

 
Personnel: 

Personnel activities comprise the realization of both line activities and  planning 

activities within the assembly process. The result of this is that the labour costs take a  

part of the variable costs especially in Germany. Because of this, personnel are the 

most valuable resources. Personnel are primarily involved in mounting activities, such 

as the connecting of components, but also provision, cleaning, operating and checking, 

as well as the indirect activities, maintenance and service, as well as the disposal 

activities, planning, industrial engineering, quality assurance, controlling and logistics. 

Disposal costs are mostly listed as bonus of general expenses, which has to be broken 

down to direct expenses.26  

Personnel costs consist of wages or rather salary and social costs, which are 

also called add-on costs.27 Personnel costs essentially depend on the qualification.28 

Reference unit is the time, because the incurring wage costs for a certain operation are 

determined by work with given qualification.29 

 
Operating material: 

 Operating material describes installations for assembly and transport. These are 

connecting and operating systems, facilities and tools.30  

 Operating-material costs include all costs for running the operating material.31 

Therefore imputed depreciations are relevant, because machines are subject to a 

decline in value for various accounting periods. This decline arises from use, resting, 

abrasion or technical overhauling. Imputed depreciations should quote the real value 

consumption and therefore costs that are assigned to its causal agent. In every period a 

continuous burden is striven for, which causes a linear depreciation.32  

Besides depreciations, material costs for maintenance and service, energy costs 

for the operating material and planning costs for external companies belong to this 

                                                 
26

 See Hartmann 1993, pp. 59 
27

 See Klose 2006, pp. 24 
28

 See Hartmann 1993, pp. 75 
29

 See Hartmann 1993, pp. 86 
30

 See Hartmann 1993, pp. 59 
31

 See Hartmann 1993, pp. 77 
32

 See Klose 2006, pp 25-28 
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resource. Reference unit is the time for the duration of the machine and operating-

material use.33 

Material: 

 Material is subdivided into the following: 

• Raw material, which moves as main part into the production. 

• Auxiliary material, which also moves into the production, mainly as 
general expenses for auxiliary functions (e.g. screws). 

 

• Operating supplies, which exclusively consist of general expenses, for 
instance water, fuels, coolants and lubricants.34 

 

All these kinds of material create costs.  

Sometimes additional costs arise by special demands of automated mounting 

processes to the structure of material. For instance, special mounting-justified screws 

are needed.35  

The capital freeze of products in stock causes cost increases, too. If 

manufactured products cannot be sold because of too few customers, they have to be 

stored, which causes capital freeze. Usually, the production costs are estimated. The 

costs of capital freeze result from them combined with the calculated rate of interest. It 

is relevant for the opportunity costs of the capital freeze that arises by contributing 

capital to the company instead of investing profitably in a different way.36 Costs of 

capital freeze also arise in buffer stocks that are needed between the assembly lines. 

Reference unit of this resource material is either the weight or the number of units.37 

 
Space: 

 Space costs include the area of operating material, the space of operation, the 

area of tracks, the area for provision of material, the working area and other areas for 

service and maintenance purposes.38 They describe all costs to maintain the buildings 

and areas.39 Apart from the costs for operating material, imputed depreciations are 

relevant for the space costs, too. Reference unit is the area in m², because the 

demands of space costs can be made directly by dimensions.40 

 
Information: 

                                                 
33

 See Hartmann 1993, pp. 86 
34

 See Hartmann 1993, pp. 60 
35

 See Hartmann 1993, pp. 77 
36

 See Olfert 2003b, pp. 125 
37

 See Hartmann 1993, pp. 87 
38

 See Hartmann 1993, pp. 60 
39

 See Hartmann 1993, pp. 77 
40

 See Hartmann 1993, pp. 87 
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Information includes both software and hardware. With assembly processes 

becoming more complex, computer aids are necessary to establish software and 

hardware, and to run information processing. 

Costs for information include all costs to get the required software and hardware. 

Mostly, these costs are general expenses.41 

 
Remaining costs: 

 Remaining costs are especially the quality costs. The quality of products can 

change with the level of automation, because robots mostly contain a higher repetitive 

accuracy than people. But, robots are clearly inferior to people who are more flexible in 

recognizing mistakes and reacting to them. As can be seen in Fig. 4.7, quality costs are 

usually divided into:42 

• Prevention costs (quality planning, data analysis) 

• Appraisal costs (test, inspection) 

• Internal and external failure costs 

Furthermore, costs for the 

standstill of the operating material 

belong to this resource.  

The result of the resource 

accounting is the drawing up of all costs 

that can be expected, subdivided into 

resources.43  

 

4.1.4 Cost comparison calculation as static method of the investment calculation 

 
To assess the automation concepts economically the investment calculation is 

relevant as well. In the literature, different methods, which are divided into static and 

dynamic methods, are explained in detail. Static methods are focused on a moment, 

dynamic methods on a period of time.44 

Large investments, like choosing, getting and building up assembly lines in the 

automotive industry, considerably influence profitability, solvency, security and 

independence of the company. The following points of the investment decision have to 

be considered:45 

                                                 
41

 See Hartmann 1993, pp. 60 
42

 See Tomys, pp. 37 
43

 See Hartmann 1993, pp. 112 
44

 See Klose 2006, pp. 50 
45

 See Staehlin 1992, pp. 12 
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• long-term capital freeze 

• increased fixed costs 

• complexity of the obtaining and reporting of data   

So, investments have a long-term effect with respect to future planning, because 

the expected use does not directly occur at the same time of the investment decision, 

but later. The return on the capital employed comes back to the company only by 

revenue and depreciations. So, there is a danger of disinvestments, if the revenues do 

not cover the applications. The decision to invest is the more uncertain the more long-

term it is designed for, because fluctuations on the market and therefore, forecasts, are 

getting more uncertain.46        

 Dynamic methods take several periods into consideration, static methods only 

one. The period of time cannot be chosen arbitrarily, but has to be adjusted to the useful 

life.47 To carry out a cost comparison calculation, the costs of the different investment 

objects are compared with each other. The investment object, which causes the lowest 

costs, can be chosen. Proceeds are not, and should not be, taken into consideration. 

Because of this, it is left open, if the most reasonable solution makes profit. The 

following preconditions have to be fulfilled for using the cost comparison calculation:48 

1. Objects have to have earnings at the same level. 

2. The production quality of the objects has to have the same level. 

3. The objects have to be served for rationalisation investments. 

4. Objects have to have different investment alternatives  

The more extensive the cost comparison is (including all capital and running 

costs) the better the result is. 

The cost comparison can occur per period or per output unit. In the cost 

comparison calculation, the methods of cost calculation are used.49 

 

 

 

 

 

 

 

                                                 
46

 See Klose 2006, pp. 52 
47

 See Götze 2002, pp. 50 
48

 See Olfert 2003a, pp. 83 
49

 See Olfert 2003a, pp. 84 
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4.2 Basics of quality 

 
In this part quality and all related aspects are explained. Quality is a key factor for 

a secure existence and a future, if it is integrated into all the processes in the 

company.50 So today, quality is rated as a top priority competition factor.51 

 

 

4.2.1 Definition of quality 

 
 Definition according to DIN 55350:52 

Quality is the sum of all properties, which an object or activity has to 

perform to be suitable to serve a particular aim. 

 A more detailed definition, which can be used for the assembly area, is:53 

Quality is the total sum of the features of a unit regarding its suitability to 

fulfil specified pre-requisites. This unit refers to products and processes as 

well as to services where the demands of the customer on the product 

have to be fulfilled. The customer places specified and required demands 

on the product, which also include process and service. 

The quality characteristics of a manufactured product are: 

An assembled product is only of high value and marketable if it fulfils 

determined quality demands.54 Therefore the demands of product quality 

have to be looked at while planning the assembly system. 

 

4.2.2 Quality Control 

 
 Quality Control is the comparison of target quality with the actual quality to 

identify discrepancies (trouble spots).55 So if differences are identified, selection or 

rectification and research into the causes are necessary to enable conclusions to be 

drawn. 

Sources of defect are generally differentiated in:56 

• Situation-dependent error causes 

� Machine-dependent 

� Material-dependent 

� Method-dependent 

                                                 
50

 Tomys 1995, pp. 5 
51

 Favre- Bulle 2004, pp. 385 
52

 DIN 55350 1993, 5520 
53

 DIN/ISO 8402 1992, pp. 14 
54

 See Löhr 1977, pp. 44 
55

 See Corsten 1995, pp. 153 
56

 See Corsten 1995, pp. 154 
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• Human-dependent/behaviour-dependent error causes 

� Direct environmental-dependent reasons (for example light, noise) 

� Direct human-dependent reasons 

- Lack of knowledge 

- Lack of care, attention, etc. 

Hence, every factor employed in production represents a potential source of 

defects. Therefore it is necessary to have controlling measures. Controlling measures 

are differentiated between total control and partial control. Total control is a supervision 

of each part with regard to the relevant properties. Partial control is limited to the 

supervision of randomly chosen parts (spot-check) out of the whole. Here statistical 

quality control is also spoken of because the quality level of the whole is concluded on 

the basis of spot-check results. 

There are two ways of 

looking at Quality Control of 

products (see Fig. 4.8): as a 

point of time-dependent or 

period of time-dependent way. 

The time-dependent quality 

refers to the quality of 

conception and execution in 

particular. The period of time-

dependent quality refers to the reliability of the product. 

 

4.2.3 Quality management 

 
 According to the modern view of quality the satisfaction of external and internal 

customers is paramount.57 The aim of the Quality Management (QM) is to achieve 

business objectives that depend  on the realisation of customer demands. The demands 

have to be guaranteed through all the phases by suitable measures and practical 

structures of organisation. Each company has to have a more or less fully developed 

QM. 

 Owing to the significance of quality58 the question of the economics of the QM 

system has to be addressed. In terms of improvement in company efficiency the aims of 

the QM system have to be in alignment with the company’s economic objectives. 

                                                 
57

 See Favre-Bulle 2004, p. 385 
58

 See Chap. 4.2 
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Finding out and processing quality relevant data play an important part. Appropriately, 

there is a close connection between QM and other management areas. Quality policy 

determines quality relevant targets and intentions in coordination with company 

strategy. Normally their definition is the task of the management board (see Fig. 4.9). 

Concerning the responsibilities of the employees,  aauutthhoorriizzaattiioonn and competence are 

determined for the ccoonnvveerrssiioonn into practice. The Management have to guarantee that 

quality consciousness and responsibility is lived59 from top levels of management down 

to all the workers at the machines.  

In modern QM the principle 

of personal responsibility for quality 

is included as a key factor. It is not 

control from a higher level, which is 

seen as appropriate today, but the 

awareness of each employee about 

his responsibilities and his 

identification with the company’s 

objectives and the task sections 

deduced from this. The main duty 

of Quality Engineering (QE) is it to 

make instruments, tools, methods and resources available, which enable the employees 

to realise defined quality objectives. 

 

4.2.4 Quality index determining 

 
Indexes are understood as numbers, which record quantitative counted facts in a 

concentrated form. An index is formed by the following elements:60 

• Information character 

• Ability to quantify facts 

• Specific form of information 
 

These elements make it possible for the user of indexes to classify and assess 

complex facts on a metric scale. Making an index is only completed, when a clear 

definition with details of the object under examination and the object of its application is 

included. All the information included in the index must be adequately defined. The 

quality of an index mostly depends on the statistics, which forms the basis from which 

                                                 
59

 See Favre-Bulle 2004, pp. 386 
60

 See Tomys 1995, pp. 93 
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the index is determined. To avoid an ambiguous interpretation and a reduction in the 

information, index systems are formed. Index systems are defined as a compilation of 

quantitative variables, in which individual indexes belong to each other, supplement or 

explain each other in an objective, practical connection, and together they are focused 

on one common paramount target.  

The standard of the production process is specified by the quality indexes of the 

output.61 For this the quality indexes in manufacturing and assembly are to be examined 

in particular:62 

• The quota of quality defects in production that shows the number of units 
in proportion to the whole production volume, which is not able to fulfil the 
quality demands straight away. 

 

• Indexes such as the number of rejects and the rectification of rejects, as 
well as their prevailing share in the whole production volume show the 
developing trend. 

 

 Frequencies of defects are distinguished and classified according to their 
different qualities and then put in relation to the total number of defects. 

 

• The number of complaints is an indication of the quality defects that have 
remained undiscovered in the production process. However, as a rule, 
there is a time lapse to be expected between the identification of these 
indexes and the results of other indexes. So, complaints can only be seen 
in connection with the process output and the factors contributing to their 
cause. 

 

• Audit-Notes are determined and assessed separately as indexes by each 
company. These are determined according to stipulated guidelines. 

 

4.2.5 Influence of the employees on quality 

 
In this part the influence of employees on quality is described. 

 
Basics 

 Mistakes made by the assembly worker are attributable either to a lack of 

knowledge or to lack of attention.63 The first instance can be counteracted by training 

and instruction. But the second is a problem of mentality/attitude to the worker’s 

mistakes, which implies that every worker could reach perfection in his field of activity, if 

he wanted to. 

                                                 
61

 See Kaiser 1993, pp. 168 
62

 See Tomys 1995, pp 103-104 
63

 See Corsten 1995, pp. 158 



4. Basics 
 
 

21

 Empirical investigations 

show, however, that only 20% 

of mistakes arising are directly 

influenced by the worker; but 

80% of the mistakes which 

occur can be traced back to by 

mistakes in planning, material 

defects, etc.64 

Other multi-variant 

analyses65 confirm a positive connection between a reduction in rejects and quality 

assurance by the worker. The aim of quality assurance by the worker is to produce 

quality and not to establish it by checking. The result is an influence on the reject quota 

(see Fig. 4.10). A significant difference can be seen if you compare the reject quota in 

companies where the worker controls the quality with the reject quotas in other 

companies where this form of control by the worker is not integrated into the quality-

control system. While in the first mentioned group a mere 3.7% of the manufactured 

products had to be reworked, the comparable results of the other groups were 4.1% and 

5.2%. 

 
Teamwork 

An individual work task on an assembly line is, as a rule, a cyclical repetitive 

activity and the scope of the work is relatively low.66 

Job rotation is when the workplaces are changed round between the workers due 

to an initiative or in a certain rhythm. The aim is to relieve the monotony, to reduce one-

sided strains and to promote the understanding of operational interrelationships. There 

is no foreman; he has had to become the group adviser. Conditions for a successful 

team are a clear set of rules and regulations, strong discipline, mutual reliability, 

unambiguous targets, a clear description of responsibility areas, transparent information 

and clearly distributed roles. Teams reduce interfaces and complexity, offer the 

exchange of experience and concentrate expertise. Leadership is difficult because the 

leader is not the absolute disciplinary supervisor. The team leader is not able to give 

orders, he has to convince. Everybody does not only have to master his own role but 

must also know and understand what the others are doing. The success of a team 

                                                 
64

 See Corsten 1995, pp. 159 
65

 See Lay 2005, pp. 36 
66

 See Urban 1995, pp. 6 
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depends on the qualification and motivation of the members. Demands on qualification 

are a flexible execution of tasks, a considerably expanded range of work, frequent 

rotation of the workplace, (workers should be able to replace each other), strain 

variation due to balanced demand structures, material disposal in the team, distribution 

of tasks by the team, ability to adapt to new variants as team responsibility for quality 

and deadlines, design of workplaces and work routines.67 

 

Ergonomics68 

 Recommendations from ergonomics are taken into consideration in order to 

realize an optimal working environment for the workers. Some of the things to be taken 

into consideration amongst others are noise pollution, oscillation pollution, lighting etc. A 

place of work must be projected according to the 5-Percentil-values to 95-Percentil-

values so that the jobs of a  part of the population can be managed. 

 
Qualification 

Qualification schemes aim at generally improving the commitment of workers to 

their company. This means integration should be promoted, the identification with the 

product should be improved and the quality responsibility should be increased.  

Qualification measures have to be structured strategically on a medium- to long-

term basis. Attention must be paid to qualifying only workers who are capable and 

willing. Qualification programs subdivided into qualification steps have to be worked out 

according to the worker’s qualification69 (see Fig. 4.11). 

Measures of train

basic related to    

product qualification

Building up qualification

Assembly skilled worker

Measures of train

basic related to    

product qualification

Building up qualification

Assembly skilled worker

 

Fig. 4.11: Steps of qualification for workers in assembly 

Source: Lotter 1998, pp. 196 

 

• Training measures are limited to the learning of one assembly process. 
This is mostly the only way of training assembly workers. 

 

• After a basic product-related qualification either the assembly of a 
complete product or the individual tasks that make up a larger assembly 
project should be able to be coped . with regard to the expansion of tasks 

                                                 
67

 See Lotter 1998, pp 198 -199 
68

 Fichtmüller 1996, pp. 70 
69

 See Lotter 1998, pp 196-197 
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and work concentration on manual assembly. Further qualification should, 
with regard to the expansion of tasks and work concentration on manual 
assembly be linked with the supervision of facilities, the prevention and 
rectification of defects, maintenance and service as well as possible repair 
work. 

 
 

• A skilled assembly worker has to have the knowledge of all the usual 
assembly techniques including basic knowledge of quality assurance, data 
collection and processing etc. at his disposal. 

 
The phased qualification scheme offers workers the possibility of training, or 

rather developing their knowledge according to their abilities and willingness. 

4.2.6 Level of specific VW knowledge 

 

This chapter describes the quality strategy and politics of the Volkswagen AG. 

Furthermore, it describes the investigated fields of assembly and the locations in detail.  

 
Volkswagen Group quality policy70 

With excellent products and services in all brands and companies, Volkswagen 

Group, as a global player, wants to inspire customers all over the world and reach 

exceeding company results. This target of Volkswagen Excellence corresponds to long-

term, basic, profit-performance-orientated quality politics, which aligns all employees to 

customers and processes. 

The bases of quality politics are the cornerstones of Excellence: 

• Customer orientation 

Demands of external and internal customers are the centre of business. 
Criterion for the success is the satisfaction of customers with the 
performance and their loyalty towards the company. 

 

• Result orientation 

For Volkswagen superior high quality is the key in order to compete best 
and to achieve both long-term and excellent results for customers, 
employees, suppliers, traders and society. 

 

• Leadership and target consequence 

Successful action is structurally and systematically co-ordinated for best 
results. Outstanding performances are reached by the strategic orientation 
of Volkswagen Excellence, by quality awareness and the commitment of 
our executives and employees. 
 

• Process-orientated management 

Fast targets, guaranteed by the optimal use of resources are reached by 
resolute process orientation and assessment. Decisions are made on the 
bases of facts and strategic orientation. 
 

 

                                                 
70

 Konzern Qualitätssicherung, Appendix A1 
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• Employee development and participation 

Everybody influences the quality and the success of performances. 
Qualified and innovative employees are actively supported and 
encouraged to participate. 

 

• Continuous learning, innovation and improvement 

All employees develop continuously through creativity and learning. The 
permanent process for improvement is founded on well-directed methods 
as well as the effective exchange of knowledge. 

 

• Business partnerships 

Partnership behaviour towards suppliers, dealers and other organisations 
by the company needs to be excellent in order to maintain consistent 
business connections, which both sides benefit from. 

 

• Responsibility towards the public  

Environmental and social competences cause confidence in the public. 
Considerate dealings with resources throughout the product life cycle 
increase our credibility and esteem. 

 
Quality-Control-Circle philosophy 

 In order to build up a good image, the Quality-Control-Circle Philosophy was 

developed. This includes the principle of customer-supplier.71 This principle is based on 

the consciousness that everyone is a customer and a supplier. The customer receives a 

high-quality product and the suppliers pass on a high-quality product. At the same time 

customer and supplier have a permanent exchange of information about demand and 

result. 

Definition Quality-Control Circle:
72

 

The quality control ring (QCC) functions as a separate organization that is 

held responsible in order to examine the whole job that is supplied from 

previous fields, to record recognized defects and to make them visible to 

employ around them if possible correctly and to give in retrospective effect 

process, to improve around it. 

At the same time the cause analysis is carried out or set in motion. QCC is 

extended over all manufacturing areas and even covers the quality parts of work 

organisational systems, like teamwork. QCC is used to control the process and is 

practised by the responsible organisation in unity. Apart from that higher control circles 

exist, which cover several organisational units. These report their feedback in into the 

small quality circles in determined ways. 

Targets of QCC are:73 

                                                 
71

 See QRK-Philosophie 2004, pp 2-3 and Appendix A2, A3 
72

 See QRK-Philosophie 2004, pp. 4 and Appendix A4 
73

 See QRK-Philosophie 2004, pp. 5 and Appendix A5 
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• Strengthening all employees’ responsibilities for quality and productivity 

• Feedback to the employees about success or failure of their work 

• Identification of employees with their task 

• Increasing the awareness of quality and costs 

• Continuous optimisation of work contents in the own control circle towards 
zero defect 

 

• Consequent prevention of trouble cases and accelerated causal 
rectification at the origin 

 

• Increase of quality and productivity 
 
These targets correspond to the targets of teamwork (see 4.2.5). 

Tasks of QCC are (see Fig. 4.12): 

• To check: 

� Control of parts or work routine 
o.k. /n.o.k. 

 

� Checking as 100%-control or 
spot check 

 

• To record: 

� Recording of trouble cases 

� Analysis of control variable (for 
example, numbers of trouble 
cases) 

 

� Determine the difference of 
control variable and set point value 

 

• To stop: 

� Immediate rectification of trouble cases on the spot 

� Analysis of reasons 

� Lasting rectification of trouble cases by long-term study 
 

If one of these points is missing, the QCC is not longer operative. The understanding of 

QCC in teams is the following:74 

• Worker self monitoring; every team member checks their own work routine 
and guarantees that trouble cases are rejected and recorded (by 
consultation with the QCC-worker, etc. or marking on the vehicle); 

 20% of the parts are checked on a test basis according to constant 
updated main emphasis lists 

 

• Trouble cases are entered on the so-called “handhelds” (minicomputers) 
on data recording systems by the QCC-worker 

 

                                                 
74

 See QRK-Philosophie 2004, pp. 8 and Appendix A5 
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• When dealing with trouble cases the causal agent gets immediate 
feedback; when main emphasis problems arise, a form of measure for 
prosecution has to be drawn up; constant feedback information about 
quality in their own QCC is announced in team discussions; when trouble 
cases arise in a QCC a lesson for the workers takes place; external 
support may be called for. 

 
 
 
 
 
 

4.3 Basics of quantity 

 

4.3.1 Hard Facts 

 

Hard facts are composed of numbers and indexes. Indexes can be absolute 

figures, ratios, structure figures and relation figures. In this analysis the indexes are 

ratios. These ratios are relations between the production figures. The indexes have to 

be regarded critically because they just represent relations of numbers of a certain 

base. So there is not the possibility of taking a relation and comparing it to another 

relation with the same name, the bases of both must be the same. 

An index can be seen as a calculable number that helps to qualify information to 

take a decision.75 

Utilisation of indexes:76 

• Indexes can be important planning and decision bases 

• Indexes have to be handled with care, because they involve risks 

• A big advantage of indexes is the optimisation of an amount of figures and 
therewith making them clear and expressive 

 

• A disadvantage is the difficulty to get an optimum out of the information 

• The quality of the indexes corresponding to their content of information is 
related to the accuracy of the information system 

 

Numbers of units 

The numbers of units can best be explained with the entire process of the merge 

of a vehicle. Marketing and manufacturing planning demand a certain amount of 

vehicles from the production. This amount is the scheduled number of units. The 

production tries to produce these cars, but problems can occur and the production has a 

lack of vehicles. The produced cars represent the actual number of units. 

                                                 
75

 See Heinen 1976, pp. 147 
76

 See Gritzmann, K. (1991), pp. 44; Merkle, E. (1982), pp. 329; Schürrle, L.-H. (1996), pp. 12 
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Times 

Cycle times 

The cycle time is the time in which in each case a unit is finished, so that the 

flowing system produces the planned quantity.77 The cycle times are divided into actual 

cycle time, scheduled cycle time and the so-called technical cycle time. 

The actual cycle time is the average time needed for every unit to produce the 

actual number of units. The scheduled cycle time accordingly is the time for producing 

the scheduled number of units. The technical cycle time will be explained in the 

following. First the number of units lost by maintenance breakdowns must be 

determined. This number has to be added to the actual number of units, because this 

number of units could have been manufactured with no breakdowns. The cycle time to 

produce this fictitious number of units is called technical cycle time. 

 

Manufacturing time 

Manufacturing time is the set or needed time that a certain task claims for its 

execution.78 When the manufacturing time is bigger than the cycle time additional 

workers must be deployed in this operation. 

 
Downtime 

The period of the first initiation up to the scrapping of a facility is the entire 

utilisation time. The entire utilisation time of a facility can be divided into actual 

utilisation time (uptime) and the stop-times (downtime), in which a resource is not used 

productively. Stop-times describe all times in which a facility carries on without enacting 

an operation.  

Every machine has an uptime and a downtime. The downtime caused by 

breakdowns is called breakdown time. Breakdown time is not planned like, for example, 

the planned maintenance time.  

To calculate the breakdown time the number of units must be determined first. 

The basis for this determination is the lost number of units. 

LA

SH
C1

nn

t
t

+

=      [Min/unit] (3) 

tC1 = theoretical cycle time [min/unit]  
tSH = shift time [min] 
nA = actual number of units […] 
nL = number of lost units […] 

 

LC1B ntt ⋅=      [min] (4) 
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tB = breakdown time [min]  
tC1 = theoretical cycle time [min/unit] 
nL = number of lost units […] 

 
End-of-line repair (rework) 

End-of-line repair are activities, which must be performed to avoid rejects in order 

to reach the high-quality state when the product is released. The registration occurs on 

site through the responsible inspection places using information about the error cause. 

Those parts and vehicles that get a certain status at a certain checkpoint, and do not 

have to be reworked, are called direct runners. 

 
Effectiveness and Efficiency 

Effectiveness is the fulfilment of demanded objectives with which the degree of 

fulfilment is measured by the conformity with the demands, whereas efficiency is the 

fulfilment of tasks with a minimum of resources and effort. 

 

Overall Equipment Effectiveness79
 

The Overall Equipment Effectiveness (OEE) is a way of measuring the 

availability, speed and quality of equipment. The main factors that influence OEE are 

known as the six big losses. 

 

OEE 

measure 

Loss category Six big losses 

Availability Downtime losses 1. Equipment failure (breakdowns) 

2. Changeovers – setup & adjustment 

Performance Speed losses 3. Minor stoppages 

4. Reduced speed  

Quality Defect losses 5. Process defects 

6. Reduced yield 
 

Fig. 4.13: The six big losses 

Source: Managing resources efficiently, pg. 66 

 

How to calculate OEE 
The OEE formula calculates the separate components of availability, speed and 

quality so that improvement initiatives can be focused.  

By calculating the availability it is possible to quantify downtime-losses caused by 

equipment failure or changeovers. 
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The measure of performance is important since it shows whether there are any 

speed-losses caused by minor stoppages or reduced speed. 

The percentage of good quality production in relation to the total production 

measures the proportion of defects in relation to producing defects or quality-losses. If 

machine capacity is used for the production of rejects, this capacity cannot be 

recovered and, in addition, there are rework- or scrapping-costs associated with 

defects. 

 

 

 

Availability losses 

Equipment availability refers to the percentage of the planned operation time that 

the equipment was actually available. Mathematically the formula for calculating 

availability is as follows: 

%100
t

t
A

PO

AO
V ⋅=      [%] (5) 

AV = availability [%]  
tAO = actual operation time [min] 
tPO = planned operation time [min] 

 
The planned operation time is calculated by taking the total working hours for a 

period of time (in this case for the year 2005) and subtracting any time required for 

planned and preventative maintenance: 

PMWPO t-tt =      [min] (6) 
tPO = planned operation time [min] 
tW = working hours [min] 
tPM = planned maintenance time [min] 

 
The actual operation time is the actual time the equipment is available for 

production. It therefore excludes downtime caused by breakdown and changeovers. 

CHBPOAO t-t-tt =      [min] (7) 
tAO = actual operation time [min] 
tPO = planned operation time [min] 
tB = breakdown time [min] 
tCH = changeover time [min] 

 
Speed Losses 

Speed losses are caused by equipment not operating at full speed. The speed 

loss percentage is calculated by dividing the actual rate of production by the theoretical 

rate of production. The speed ratio shows the percentage of machine capacity that is 

lost as a result of minor stoppages and reduced speed or idling. 

%100
n

n
S

P

A
R ⋅=      [%] (8) 

SR = speed ratio [%]  
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nA = actual number of units […]  
nP = Planned number of units […] 

 
Defect losses 

Quality losses are the result of using machine capacity to produce defective 

products. The quality ratio is calculated by dividing good quality production by total 

production (including rejects). 

%100
n

n
Q

A

G
R ⋅=      [%] (9) 

QR = quality ratio [%] 
nG = number of units good quality […] 
nA = actual number of units […]  
  

Calculation of OEE 

The OEE is calculated by multiplying the three losses. 

RRV QSAOEE ⋅⋅=      [%] (10) 
OEE = overall equipment effectiveness [%] 
AV = availability […] 
SR = speed ratio […] 
QR = quality ratio […] 

 
The six big losses 

It is useful to relate what is known as the six big losses to availability, speed and 

quality and hence Overall Equipment Effectiveness. The table below summarises the 

big six equipment losses and how these relate to availability, speed and quality.  

The six big losses measure the cause of deterioration in the separate components. 
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Fig. 4.14: The six big losses in equipment operation 

Source: Managing resources efficiently, pp. 66 

 
Productivity 

The indexes of productivity represent the ratios of input and output. The input 

stands for the production factors and the output means the performance of work. In this 

case the vehicles every worker has manufactured on average and the vehicles every 
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worker has manufactured per hour measure the productivity. These indexes come close 

together but the index vehicles per worker’s hour includes the shift model additionally. 

So not just the workers and the vehicles are examined but the net working time of each 

shift and the number of shifts are contained in the calculation.80 

Indexes of productivity are just comparable if they have the same bases. That 

means that the period of time must be the same for the compared figures. 

 

 

4.3.2  Soft Facts 

 

Flexibility 

Definition: “Flexibility can be defined as the adaptability of a system onto the   

changes with the products to be produced, the production demands as 

well as the production conditions.”81 

The increase of individual customer wishes demands an enhancement of the 

variety of versions of single products. As a result of this, high-volume production will 

have to change to a volume production or even small-volume production.  

 

Fig. 4.15: Flexibility 

Source: Lotter 1998, pg. 3 

 

The criteria of selections for different assembly techniques are shown in the 

figure before. One of the prerequisites for automation is a high number of units. 

Furthermore, a highly automated assembly means high investment costs and a limited 

flexibility. Manual assembly, on the other hand, stands for a highly flexible assembly 

with low investment costs. A further advantage of manual assembly is the possibility of 
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reacting very quickly to changing customer wishes and market demands. But, the 

manual production is less suitable for big numbers of units. 

A good compromise between both, automatic and manual assembly is the so-

called hybrid-system, a semi-automatic assembly with automatic stations and manual 

workstations combined. These hybrid-systems are getting bigger and bigger in the car-

making industries, because of shorter product life cycles and increasing variations. 

 
Complexity82 

The entirety of all properties of a state or object in the sense of versatility is 

meant by complexity. Complexity costs are assessed factors of consumption, which are 

justified by company-conceptions in all fields (research & development, marketing, 

production, procurement, organisation) in the versatility. The control of the complexity of 

development, production and logistics processes is regarded as a key for the 

preservation of the competitive capacity. 

 

Versions on one line 

The bigger the variety of versions on one line is, the more difficult and more 

complicated the entire working process is. 

 

Variety of versions83 

The variety in the production and marketing processes leads to massive 

complexity problems. The variety is controllable through generalisation, concentration 

on organisation and information, flexible workstations with complete processing and 

flexible automation. 

 
Diverse causes 

Adaptations to market needs and continuous technological changes necessitate 

continuous modifications in the product structure that lead to unclear complexity 

automatically. Increased numbers have a direct influence on the production costs of a 

product. As a consequence, a company strives for mass production while the market is 

demanding individual products and therein a big variety of versions. 

 

Manufacturer disadvantages increased because of variety 

Every variant is combined with additional expenditure. This expenditure can be 

put down only onto few final products. That must increase the sale price significantly, 

                                                 
82

 See VW Intranet 
83

 See VW Intranet 



4. Basics 
 
 

33

and in this way the competitive capacity sinks, too. The information and communication 

expenditure increases with the increased complexity and thus strong information 

structures are necessary. Hence, time becomes a factor of competition. The changing 

process has a greater influence on the production costs than the manufacturing process 

because of increased variant numbers. 
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5. Examinations and results of costs, quality and quantity 

 

 

 

The production of a vehicle is divided into the following parts: press shop, body 

shop, paint shop and final assembly. Furthermore, the components are produced in 

parallel lines. In the press shop, the sheet metal is pressed out of coils. These metal 

plates are then welded together in the body shop. In the paint shop, the body is painted. 

The last part of the vehicle production is the final assembly where the components and 

parts are mounted onto the body. This part of the production will be analysed in detail. 

In Wolfsburg, the Golf A5 is produced in two parallel assembly lines which are 

the most highly automated lines of the three locations analysed. These assembly lines, 

which are in Hall 54 in Wolfsburg, are already well known as the most automated 

vehicle assembly lines worldwide. Apart from the Golf A5, the Golf Plus is also 

assembled on one of these lines. In this thesis only the Golf A5 line will be analysed. 

Each line is divided into highly automated parts, which are called Mechanisation 1, 2 

and 3, and manual parts, which are positioned between each of the three 

Mechanisation sections. So, the level of automation changes several times within the 

whole line from high automation to low automation. Because of this, buffers are 

necessary when the level of automation jumps to another level. In this thesis, only the 

three Mechanisation sections are analysed. Each Mechanisation section consists of the 

manufacturing of components and the mounting of those components onto the body. 

Furthermore, only those stations are analysed which are located on the second floor 

and where the components are mounted onto the body. As not all the stations are 

analysed, the writer has specified them as Assembly Parts 1, 2 and 3.  

The assembly line begins with Mechanisation 1 where the doors are removed 

from the body and produced on a separated, parallel production line. The completed 

doors are then integrated in the main assembly line after Mechanisation 3. The removal 

of the doors is not analysed. Mechanisation 1 mainly includes the following operations: 

• Roll forming of the tailgate and doors:  Pressing the sealings on the 
body. 

  

• Fitting the cockpit location brackets: Screwing location brackets into 
the body. Later on, the cockpit is screwed into the brackets.  

 

• Cleaning and priming window flanges: First, the window flanges have 
to be cleaned with a special cleansing agent. After that a special fluid that 
enables a chemical reaction between glass and body and not between 
glass and gloss paint is applied.  
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• The fitting of the complete cockpit: The full cockpit is delivered to the 
line, glued with cockpit glue and then put into the body and screwed as 
one component. After fitting the cockpit, the cable boxes, which prevent 
the cables dangling, have to be put away during the cockpit fitment.     

 
All these operations belong to Assembly Part 1. Mechanisation 2 mainly includes the 

following operations: 

• Stamping VINs
1: Three VINs are stamped into three positions on the 

body. 
 

• Lifting up and fitting complete power train into the body: A lifter 
transports the whole power train from the bottom upwards into the body. 
After that, all underbody work has to be done. This includes the screwing 
of fuel tank, rear axle, engine-gearbox bearer, suspension strut and 
exhaust system.  

 

• Fitting gearshift: The gearshift is screwed from above. 
 

• Fitting all windows: The windows are taken, glued and put onto the 
flanges of the body.  

 
These operations belong to Assembly Part 2. Mechanisation 3 mainly includes the 

following operations: 

• Fitting the CW trim panels
2: 2 panels are screwed under the vehicle.  

 

• Putting in and fitting the battery: The battery is put and screwed into the 
body.  

 

• Fitting the cross member: The cross member is screwed into the body. 
 

• Fitting the rear bumper: The rear bumper is put and screwed into the 
vehicle. 

 

• Fitting the complete front-end: The full front-end is delivered to the line 
and screwed into the vehicle as one component.   

 

• Placing the spare wheel in the boot: The spare wheel is put into the 
boot.  

 

• Fitting all the wheels: The wheels are delivered to the line and screwed 
into the vehicle. 

 
These operations take place in Assembly Part 3.  

 The production of the Auto5000 GmbH has, except for a few stations, the same 

structure as the production of the Golf A5. But the stations with the examined operations 

are not in the same order and the whole assembly has a lower degree of automation. 

There are more manual stations in the assembly line, which means that more workers 

are necessary to produce the vehicles. And, due to the lower degree of automation, 

there are no big jumps between high and low automation as in the Golf A5 assembly 

                                                 
1
 VIN = Vehicle Identification Number 

2
 CW = Constante Widerstand (drag coefficient) 
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line of Wolfsburg, which means there are not that many buffers. The entire assembly 

line of the Auto5000 GmbH looks more homogeneous. 

 The production of the Golf A5 in Uitenhage has an even lower automation 

degree. There, the stations are also not placed in the same order as in the Golf A5 

assembly line in Wolfsburg. In Uitenhage, even more workers are necessary to produce 

the vehicles. 

Before starting the analyses of costs, quality and quantity the same basis for the 

examined area has to be guaranteed for all production sites. Starting points are the 3 

Assembly Parts of the assembly line in Wolfsburg. They are a point of reference for both 

of the other productions sites. All equivalent stations are compared with the stations of 

Assembly Parts 1, 2 and 3. As the order of the stations in the Auto5000 GmbH and 

Uitenhage are different with respect to the order of Assembly Parts 1, 2 and 3, the 

relevant stations of the assembly lines are picked out and put in the order of the 

Assembly Parts. This procedure is necessary for creating different levels of automation. 

By examining the 3 different assembly lines, up to 3 different possible ways to assemble 

a certain component can be differentiated. The possible ways are presented in detail in 

a morphological box. This is the basis for creating different levels of automation in a 

matrix. The 3 morphological boxes for the 3 Assembly Parts are shown in Appendix 

B1-B3. There you can also see how the assembly proceeds in every production site.  

The morphological boxes are the basis for creating different levels of automation, 

which are listed in matrixes. For each Assembly Part different levels of automation will 

be created. Therefore, each Assembly Part gets its own matrix. 

The matrixes for the three Assembly Parts 

are presented in Appendix C1-C3. For a 

better understanding, it is advisable to take a 

closer look at the matrixes while reading the 

following paragraphs.  

On top each matrix shows the relevant 

stations of each Assembly Part, which are 

coloured in grey as shown in Fig. 5.1 There, 

each column stands for one station. 

In each line the different levels of automation are shown as in Fig. 5.2 on the 

following page. The starting point of creating different levels of automation is the way, in 

which the Golf A5 is assembled in Wolfsburg. Therefore, the first level of automation 

represents the way in which the Golf A5 is assembled in Wolfsburg. With the growing 

Fig. 5.1 Example for relevant stations 

Source: Own presentation 
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number of levels from top to bottom, the level of automation decreases. For each further 

level the most meaningful stations regarding costs are deautomated. 

The last level of automation always represents the way in which the 

Golf A5 is assembled in Uitenhage. This level shows the least 

automated way of assembling. In between, there is one level of 

automation that shows how the Touran in the Auto5000 GmbH is 

assembled. Depending on the stations the 3 matrixes of Assembly 

Parts 1, 2 and 3 have different numbers of levels of automation (5, 5, 

7 levels). In each field of the matrix the following information for a 

certain station at a certain level of automation is shown: 

• Way of assembling (automated or manual): Manual 
means that workers are involved in the mounting 
process. These fields are yellow marked. In automated 
stations, assembly does not involve workers, except for 
depositors, who are also mentioned in relevant stations, 
and the operators of machines. These fields are 
coloured white.  

 

• Number and kind of machines 
 

• Manufacturing time tM (only in manual stations): The 
manufacturing time tM is the time that is necessary to fulfil all operations 
with 1 worker in one station with a certain number and different kinds of 
machines.  

 

• QCC time tQCC (only in manual stations): The QCC time tQCC describes the 
time a QCC worker needs to check the operations of a certain station. 

 
In the whole process, the number of workers that are necessary in a certain 

station is calculated with the help of the manufacturing time tM and the cycle time tC (see 

Formula 12). So, for each manual station the number of workers can be calculated. For 

automated stations the assembly guidelines are only presented as rough instructions. 

Manufacturing times are not available. When changing the automated stations into 

manual ones, the manufacturing times can be obtained from the working schedules of 

the Golf A4 assembly, where most of the stations are manual, and, if necessary, from 

the Golf A5 assembly line in Uitenhage. Furthermore, manufacturing times can be 

obtained from those analyses that have already been done in the company. In the 

Auto5000 GmbH no times are taken down.  

 As already mentioned, quality costs in the form of appraisal costs are considered 

in this work. On the one hand, the automated operations have to be checked and, if 

necessary, reworked. These kinds of appraisal costs are considered in the Reworking 

phase. In practice, the reworking station only exists at the production site of the Golf A5 

 

Fig. 5.2 Example 

for levels of 

automation 

Source: Own 
presentation 
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in Wolfsburg and it is the last station of each Mechanisation where all operations are 

checked. But, in order to represent the reworking measure in the automated stations of 

the other levels of automation as well the manufacturing time of rework in the first level 

of automation has to be cut down to the other levels of automation, depending on the 

number of stations that are automated at that certain level. Therefore, all levels, which 

have no automated stations, have no reworking either. How the other manufacturing 

times of reworking are exactly calculated is explained in Appendix C4-C8. On the other 

hand, all the manual stations have to be checked by the QCC workers, which means 

that in each manual field the QCC time tQCC is given, which is calculated on the basis of 

the Auto5000 GmbH. How the QCC times are exactly calculated in each station is 

described in Appendix C4-C8 as well. In the matrixes the total times are given in the 

green columns (see in Fig. 5.3). 

The blue columns at the right side of each 

matrix (see Fig. 5.3) show several total times that 

are necessary for the analysis. Added up are the 

manufacturing times tM of all manual stations. 

Furthermore, some additional personnel (mostly 

operators for the machines) are necessary in 

automated stations. Their manufacturing times 

are only known for the first level of automation. 

To take into consideration the factor of human 

resources in the other levels of automation as 

well, the manufacturing time is broken down as it 

has been done for the reworking measure. If 

there are no automated stations at a certain level 

of automation, no other workers exist. The manufacturing time for those comes to 0 min. 

Apart from other workers, some automated stations require depositors that put certain 

parts into the operating material. Their manufacturing 

times are added up in the column for depositors (not 

shown in Fig. 5.3). The last column shows the total 

manufacturing time of all personnel involved. By 

dividing this time with the cycle time tC the total 

number of personnel can be determined.  

 Between some successive stations there are bold bars (see Fig. 5.4), which 

indicate that these stations cannot be put on top of each other if a certain level of 

Fig. 5.3 Total times 

Source: Own presentation 

manual

(3 manipulators

tM: 2,3 min)

tQCC: 0,14 min

automatic

(18 facilities, 1 

robot and 1 lifter)

manual

(accu screwdriver 

tM: 1,2 min
5
)

tQCC: 0,14 min
6

 

Fig. 5.4 Example for bold bars 

Source: Own presentation 
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automation is put into practice. Either these transitions have to be decoupled by buffers 

or the stations have to be put in a different sequence. The levels of automation without 

bold bars are already in the correct order for putting into practice.  

Each of the three matrixes have several annotations that describe how the times 

are determined. These annotations are also explained in Appendix C4-C8.  

Now the necessary preparations are finished and therewith the basis is created 

for carrying out the examinations of the three areas costs, quality and quantity. 

 

5.1 Examinations and results of costs 

 
 The analysis of costs has to take into consideration all the relevant costs. In this 

respect the consideration of earnings is not necessary because whatever the level of 

automation is, it has no influence on earnings and above all it is not possible to 

determine the earnings for the examined part of the assembly line. Because of this, the 

analysis is a pure comparison of costs. It makes use of the methods of cost and 

investment calculation and the cost comparison calculation method in particular, which 

is explained in Ch. 4.1.4. 

 The first step is to choose the cost calculating system as the basis for further 

considerations. The second step is to identify the relevant costs. All those costs that are 

not influenced by a change of the level of automation are not taken into consideration in 

the calculation. The optimal level of automation has the lowest total cost per unit.  

 By comparing cost analysis, the principle of the relevant costs and the cost 

structure is described by the partial cost calculation as the cost calculating system. For 

middle- and long-term considerations the full cost calculation may be recommended. 

But in this case, it is futile because of the inadequate influence and recording. 

Inadequate influence here means that costs can be ignored if they do not change with 

the level of automation. Inadequate recording means that certain costs are relevant but 

they only have a small impact so that they can be ignored as well. Examples for an 

inadequate recording are employee representative committees, parking for employees, 

canteens, facilities, and medical service centres of the plant.  

The identification of costs have been done with the resource attempt as cost-type 

accounting.3 The costs per unit are calculated by dividing the total costs per year with 

the number of units per year. The relevant costs are described in detail in the following 

chapter. A statement about the presented cost types is made in Ch. 4.1.3. 

 

                                                 
3
 See Ch. 4.1.3  
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5.1.1 Relevant cost types 

 
Basically, costs for operating material stand in contrast to personnel costs. With 

an increasing level of automation the investment costs for operating material grow 

whereas personnel costs decrease.4 But apart from that, all those costs that influence 

the decision of the optimal level of automation have to be taken into consideration. The 

following table shows the different cost types classified according to resources as 

explained in Ch. 4.1.3. Besides, the resource type Personnel is subdivided into direct 

workers and maintenance, which will be explained in detail later on. 

In the analysis, only the 

employees who are relevant can 

be seen in connection with the 

Assembly Parts. For this, the 

prevailing number of personnel 

and the personnel costs per year 

of every selection of personnel is 

necessary. Only indirect 

employees who work very close 

to the line are included because 

there is a better overall view and 

almost no change in the 

assignment of personnel in case 

the level of automation is 

changed. Employees above the 

master in hierarchy are not taken 

into account. In the Auto5000 

GmbH workers are called talents and the master is called the operation engineer. 

 Usually, 1 master is put in charge of about 15 workers; a ratio that will be the 

basis for this analysis. To calculate the gross personnel, a bonus has to be added to the 

net personnel in three shifts. This bonus depends on the production site and describes 

the absentee proportion. It considers illness, holidays and training courses. 

 At this place the costs per unit of direct workers will be differentiated. Direct 

workers are subdivided into workers on the line for manual operations, operators that 

                                                 
4
 See Chap. 4.1.1 

Worker in the line

Operator

QCC-Worker

Reworker

Depositor 

Electrician

Technician

Fitter

Technical Service

4. Space

5. Information

Quality costs

Standstill costs

6. Additional costs

Buildings and surface

Hard- and software

Capital freeze

Operating supplies

Auxiliary material

3. Material Raw material

2. Operating material

Equipment for maintenance use, facilities wear parts

Planning costs for external companies

Capital investment

Energy costs

Distribution of costs

Maintenance

1. Personnel

Quality Assurance

Planning

Industrial Engineering

Direct workers

Master

Controlling

Logistics

 

Tab. 5.1 Distribution of costs 

Source: Own presentation 
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supervise the machines, QCC workers and reworkers for quality control as well as 

depositors who dispose parts in fully automated facilities. For the calculation the number 

of units n is essential: 

C

WSSH

t

dnt
n

⋅⋅
=      [units] (11) 

n = number of units [units] 
tSH = shift time [min] 
nS = number of shifts […] 
dW = working days […] 
tC = cycle time [min/unit] 

 
To get the number of workers that are needed to carry out a certain operation, 

the manufacturing time tM_...j, which describes the time that is necessary to carry out this 

operation with 1 worker, is divided by the cycle time tC: 

C

j..._M

W
t

t
n =      […] (12) 

nW = number of workers […] 
tM_...j = manufacturing time of station j for the prevailing worker [min/unit] 
tC = cycle time [min/unit] 

 
The personnel costs for the given station can be determined by multiplying this number 

of workers with the personnel cost rate for the prevailing worker. But, if the assembly is 

carried out in several shifts the personnel cost rate has to be multiplied with the number 

of shifts: 

..._PSWj..._P CnnC ⋅⋅=      [€] (13) 
CP_...j = personnel costs for station j for the prevailing worker [€] 
nW = number of workers […] 
nS = number of shifts […] 
CP_... = personnel cost rate for the prevailing worker [€] 

 
The costs per unit can be calculated with the following formula: 
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WSH

..._Pj..._M

j..._P
dt

Ct
c

⋅

⋅

=      [€/unit] (14) 

cP_...j = costs per unit for station j for the prevailing worker [€/unit] 
tM_...j = manufacturing time of station j for the prevailing worker [min/unit] 
CP_... = personnel cost rate for the prevailing worker [€] 
tSH = shift time [min] 
dW = working days […] 

 

These costs are variable costs. They do not change with the capacity utilisation or with 

the number of units n. The number of units n can change by changing the cycle time tC, 

the shift time tSH, the number of shifts nS or the working days dW. As can be seen, 

Formula 14 does not depend on the cycle time tC or on the number of shifts nS. The only 

possibility of changing the costs per unit cP_...j with the number of units n is by changing 

the shift time tSH or the working days dW. But, both of these parameters are directly 
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connected with the given personnel cost rates CP_.... This is estimated for a certain shift 

time tSH and for certain working days dW, otherwise workers will work longer without pay 

compensation.  

To lower the costs it is possible to lower the manufacturing time tM_...j. If the 

assembly process is already optimised, it is also possible to reduce the personnel cost 

rates. But this is almost inconceivable, especially in Germany.5 

 For determining the personnel costs for the masters, first, the number of 

necessary masters is to be calculated. As already mentioned, 1 master is planned for 

about 15 workers: 

C

Dj_MOWj_MRWj_MQCCj_MDWj_M

Mj
t15

ttttt
n

⋅

++++

=      […] (15) 

nMj = number of masters for station j […] 
tM_DWj = manufacturing time worker in the line of station j [min/unit] 
tM_QCCj = manufacturing time QCC-worker of station j [min/unit] 
tM_QRWj = manufacturing time reworker of station j [min/unit] 
tM_OWj = manufacturing time other worker of station j [min/unit] 
tM_Dj = manufacturing time depositor of station j [min/unit] 
tC = cycle time [min/unit] 

 
The personnel costs per unit for the master are calculated with the following formula: 

WSH

C
M_PMj
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C
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Mj_P
dt
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⋅

⋅⋅=

⋅⋅

⋅⋅⋅==      [€/unit] (16) 

cP_Mj = costs per unit for station j for the master [€/unit] 
CP_Mj = personnel costs for station j for the master [€] 
n = number of units [units] 
nMj = number of masters for station j […] 
nS = number of shifts […] 
CP_M = personnel cost rate for master [€] 
tC = cycle time [min/unit] 
tSH = shift time [min] 
dW = working days […] 

 
By putting Formula 15 into Formula 16, it can be seen that the cycle time tC can be 

reduced. Thus, the personnel costs for the master per unit are variable costs per unit 

that do not change with the capacity utilisation: 
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 In the maintenance section all operating materials have to be serviced regularly 

and, if necessary, repaired. Maintenance personnel are subdivided into electricians, 

technicians and fitters. Furthermore, workers for the technical service have to be 

considered. As well as the other maintenance personnel, the number of workers 

increases with the level of automation in the assembly line. For the calculation of the 

costs, only such maintenance that is caused in the analysed processes is relevant. In 

this respect internal and external personnel have to be considered. With increasing 

                                                 
5
 See Fichtmüller 1996, pp. 45 and Ch. 4.1.1 
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automation more specialised knowledge becomes important. In practice it is very 

difficult to assign maintenance costs to every single station correctly because 

maintenance personnel are mostly used for a certain area of the whole assembly. 

Therefore, a roughly estimated percentage rate has to be fixed and this percentage rate 

is taken from the investment costs because usually more complex machines have more 

complex components that are more expensive. The percentage rate is about 50% for all 

the personnel costs of maintenance, including the workers from the technical service:6 

5,0cc INVjMAj_P ⋅=      [€/unit] (17) 
cP_MAj = maintenance costs per unit for station j [€/unit] 
cINVj = investment costs per unit for station j [€/unit] 

 
The maintenance costs per unit cP_MAj are fixed costs that decrease when running to 

capacity. The reason for this is that the investment costs per unit cINVj are fixed costs 

too, because they are calculated by dividing the investment costs per year and the 

number of units per year. The formula for calculating the investment costs per unit cINVj 

is mentioned below.  

 It is difficult to determine the personnel costs for the planning of the line. The 

more automated the assembly line is, the higher the expenditure to plan the line. In the 

Volkswagen AG, an estimated percentage rate for planning personnel is 7% of the 

investment costs or  the yearly depreciations:7  

07,0cc INVjPj_P ⋅=      [€/unit] (18) 
cP_Pj = planning costs per unit for station j [€/unit] 
cINVj = investment costs per unit for station j [€/unit] 

 
These costs are fixed costs, too.  

 Personnel costs for industrial engineering grow with decreasing automation 

because more people have to be clocked in cycle. Roughly, an employee in industrial 

engineering needs 1 week to clock in a 2-minute cycle of manufacturing time. These 

costs incur only once a lifetime, similar to investment costs. The following formula on 

the next page shows the costs per unit for an industrial engineer employee: 
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     [€/unit] (19) 

cP_IEj = industrial engineering costs per unit for station j [€/unit] 
tM_...j = manufacturing time of station j for the prevailing worker [min/unit] 

                                                 
6
 Details from Volkswagen AG Wolfsburg, department Planning 

7
 Details from Volkswagen AG Wolfsburg, department Company Planning 
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dWW = working days per week […] 
CP_IE = personnel cost rate for Industrial Engineering employee [€] 
dW = working days […] 
a = period of depreciation […] 
n = number of units [units] 

 
Personnel costs for industrial engineering are fixed costs that decrease when running to 

capacity.  

Personnel for quality assurance are not relevant for the analysis because with 

changing levels of automation these personnel will not change. But, reworkers and QCC 

workers on the assembly line are already considered as direct workers. For controlling 

personnel, the same assumption for quality assurance can be assumed. These 

personnel are also not taken into account. 

Personnel for logistics are also not taken into consideration. By proceeding on 

the assumption that material has to be brought to the assembly line it is not important 

how to transport it to the line, because the personnel for logistics do not change with the 

level of automation. But, with increasing automation the expenditure for logistics will 

increase, because some material has to be transported in special boxes, which causes 

additional personnel. Therefore, a small increase with higher automation can be 

expected, but is not considered in this thesis.  

Costs for investment take the most part of the second resource. This includes the 

purchase, building up and opening of machines and facilities. Investments in handling 

systems, which means conveyor belts with control engineering and hanger facilities, as 

well as material flow engineering, are not taken into consideration, because they would 

be necessary for the implementation of other assembly concepts too. Hence, it can be 

assumed that handling systems do not depend on the level of automation. The 

exceptions to be considered here are the lifters for lifting up the power train into the 

body as well as those facilities that place components and parts so that robots can 

reach them. These complex facilities are not needed on manual lines where workers 

can reach components and parts by hand. The costs for these special facilities are 

already included in the investment costs of the given stations. The period of 

depreciation is usually 7 years. A linear depreciation is assumed. To calculate the 

investment costs per unit of each station, the investment costs have to be divided by the 

period of depreciation and the number of units: 

na

C
c

INVj

INVj
⋅

=      [€/unit] (20) 

cINVj = investment costs per unit for station j [€/unit] 
CINVj = total investment costs for station j [€] 
a = period of depreciation […] 
n = number of units [units] 
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The investment costs per unit cINVj are fixed costs per unit because of the dependence 

on number of units n.  

 Energy costs relate to the electricity to run the machines on the assembly line. 

Costs for heating and lighting the hall are not considered because they will not change 

with the level of automation. Generally, energy costs are divided into costs for demand 

power that the power station has to provide and the costs for using the machines work 

depending on the time they are used. For both of these calculations, energy cost rates 

are necessary. These costs are different at certain locations. The power PEj of a given 

station j is necessary to calculate the energy costs per unit for this certain station as 

well: 
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cEj = energy costs per unit for station j [€/unit] 
PEj = power for station j [kW] 
CPOW_... = energy cost rate for power for the prevailing location [€/kW] 
n = number of units [units] 
CW_...= energy cost rate for work for the prevailing location [€] 
tC = cycle time [min/unit] 
tSH = shift time [min] 
dW = working days […] 
nS = number of shifts […] 

 

This formula is only valid on the assumption that the machines run the whole working 

time, which is calculated by multiplying the working days dW, the number of shifts nS and 

the shift time tSH. Generally, energy costs are fixed costs per unit. But, if the number of 

units n is not changed by the cycle time tC but by the number of shifts nS the second 

summand of Formula 21 does not change. In this case, this summand describes the 

variable costs per unit. The same situation would occur by changing the working days 

dW or the shift time tSH , but, as already mentioned, they are not allowed to change 

because of the dependence on personnel cost rates.   

Costs for the maintenance of equipment and facility wear parts also belong to the 

second resource. The maintenance department has a budget for the whole area of 

maintenance, but yearly costs cannot be assigned to single stations. Therefore, costs 

Costs for demand 
(power) 

 

Costs for using the 
machines (work) 
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for the examined area have to be assessed from the budget. Then, costs for each 

station are an applied percentage according to investment costs of each station. This is 

because of the assumption that more expensive operating materials contain more 

expensive components.  

For both assembly lines of the Golf A5 in Wolfsburg, about 780,000 € are spent 

on the examined area. That means about 390,000 € are relevant for all those stations 

that are examined in this analysis. To calculate the equipment costs per unit, the total 

investment costs of the certain station CINVj are divided by the sum of all investment 

costs of all Assembly Parts CINV_WOB and multiplied with the total equipment costs 

CEQ_WOB. So, the equipment costs are an applied percentage. To get costs per unit, the 

term is to be divided with the number of units n. So, the costs are fixed costs:  

WOB_EQ

WOB_INV

INVj

EQj C
C

C

n

1
c ⋅⋅=      [€/unit] (22) 

cEQj = equipment costs per unit for station j [€/unit]  
CINVj = total investment for station j [€] 
CINV_WOB = total investment costs for all Assembly Parts for Golf A5 Wolfsburg [€] 
CEQ_WOB = total equipment costs for all Assembly Parts for Golf A5 Wolfsburg [€] 
n = number of units [units] 

  
In the Auto 5000 GmbH about 170,000 € per year are spent on the equipment in 

the examined stations.8 The calculation of equipment costs per unit is identical to the 

calculation of the Golf A5 in Wolfsburg:  

5000Auto_EQ

5000Auto_INV

INVj

EQj C
C

C

n

1
c ⋅⋅=      [€/unit] (23) 

cEQj = equipment costs per unit for station j [€/unit] 
CINVj = total investment for station j [€] 
CINV_Auto5000 = total investment costs for all Assembly Parts for Auto5000 Wolfsburg [€] 
CEQ_Auto5000 = total equipment costs for all Assembly Parts for Auto5000 Wolfsburg [€] 
n = number of units [units] 

 

In the plant in Uitenhageabout 146,000 € per year for the relevant stations are 

necessary for equipment.9 The calculation of equipment costs per unit is the same as 

the calculation of the Golf A5 in Wolfsburg: 

SA_EQ

SA_INV

INVj

EQj C
C

C

n

1
c ⋅⋅=      [€/unit] (24) 

cEQj = equipment costs per unit for station j [€/unit] 
CINVj = total investment for station j [€] 
CINV_SA = total investment costs for all Assembly Parts for Golf A5 Uitenhage [€] 
CEQ_SA = total equipment costs for all Assembly Parts for Golf A5 Uitenhage [€] 
n = number of units [units] 

 
Planning costs for external companies are not relevant. These costs rise only if 

the planning of facilities is not internal but accepted from external companies.  

                                                 
8
 Details from Auto5000 GmbH Wolfsburg, „Lernstatt“ 

9
 Details from Volkswagen AG Uitenhage, department Maintenance 
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 In the third resource, only material costs that are influenced by changing the level 

of automation are relevant. Hence, all raw materials for vehicles as well as all auxiliary 

materials are not relevant, because there are no special vehicle materials that are 

needed for the automated assembly. Thus, only operating supplies are relevant.10 The 

only decisive part of operating supplies is the electrical power for producing compressed 

air. All the other supplies can be ignored because they are too small. The energy costs 

for the necessary power to produce compressed air in each station are calculated 

similarly to Formula 21:  

hmin/60

tCP

n

CP
c

C..._WOSj..._POWOSj

OSj

⋅⋅

+

⋅

=      [€/unit] (25) 

cOSj = energy costs per unit to produce compressed air for station j [€/unit] 
POSj = power to produce compressed air for station j [kW] 
CPOW_... = energy cost rate for power for the prevailing location [€/kW] 
n = number of units [units] 
CW_...= energy cost rate for work for the prevailing location [€/kWh] 
tC = cycle time [min/unit] 

 
 Capital freeze is relevant for quantity. Because of the flexible design of the line, 

buffers are necessary before and behind each Mechanisation. These cause frozen 

capital. Costs caused by capital freeze will be mentioned in Ch. 7.  

All costs for buildings and areas are not considered because it can be roughly 

assumed that the necessary area for the assembly lines stays constant even if the 

levels of automation change. Therefore, the fourth resource is not important for the 

analysis.  

 The fifth resource is also not considered because costs for hardware and 

software are already included in the third resource relating to investment costs. 

 The last resource includes standstill costs, which are missed contribution margins 

because the customer does not buy the vehicle if it is not produced on time and, on the 

other hand, quality costs (failure costs)11. Costs for standstill are mentioned in Ch. 7. 

Failure costs include the personnel for rework and in the QCC workers because most of 

the failures, which happen in the given stations, are remedied on the line. The small part 

of those failures, which occur in the considered stations and have to be remedied in the 

finishing operation after Mechanization 3, will be ignored.         

                                                 
10 Details from Volkswagen AG Wolfsburg and Uitenhage, departments Maintenance 
11

 See Ch. 4.1.3 
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If every created 

level of automation in the 

matrixes is supplied with 

costs, the result will be the 

elaboration of all the 

relevant costs that are 

differentiated to resources 

subject to the different 

levels of automation. By 

adding up the different 

costs of all stations to a 

total sum the most 

economic solution and with 

it, the most economic level 

of automation can be 

examined.12 But before starting the examinations of the three production sites the next 

chapter will show relevant differences in a short comparison. 

 

5.1.2 Comparison of the three production sites regarding costs  

 
 This chapter is about some site-related factors that have to be considered in a 

further analysis.  

 Generally, the regional demands of products decide on the size of the 

manufacture. The manufacture in Wolfsburg is considerably larger than the one in 

Uitenhage, because the plant in Uitenhage only supplies the local market and parts of 

the Japanese and Australian markets. Different demands lead to consequences with 

regard to the organisation of the manufacturing as well. In Uitenhage for example, it is 

sufficient to assemble on only 1 line with a considerable larger cycle time than in 

Wolfsburg, which results in a considerably smaller output than in Wolfsburg. The longer 

the cycle time, the more operations can be done in a cycle, or the the fewer automated 

operations can be carried out. The shorter the cycle time the more operations have to 

be subdivided into more cycles, or rather the more workers are necessary to carry out 

the operation in a given station. But, there is also a limit to the number of workers at a 

station depending on the operations they have to carry out or else the workers can 

                                                 
12

 See Hartmann 1993, pp. 112 

Worker in the line

Operator

QCC-Worker

Reworker

Depositor 

Electrician

Technician

Fitter

Technical Service

4. Space

5. Information

Distribution of costs

Maintenance

1. Personnel

Quality Assurance

Planning

Industrial Engineering

Controlling

Logistics

Direct workers

Master

2. Operating material

Equipment for maintenance use, facilities wear parts

Planning costs for external companies

Capital investment

Energy costs

Operating supplies

Auxiliary material

3. Material Raw material

Capital freeze

Quality costs

Standstill costs

6. Additional costs

Buildings and surface

Hard- and software

considered in 

Chap. 7

considered in 

Chap. 7

included in capital 

investment

 

Tab. 5.2 Distribution of relevant costs 

Source: Own presentation 
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obstruct each other with respect to the smooth work- flow. These conditions have to be 

considered in the further analysis because they can influence costs considerably. 

Personnel costs are the largest in the Golf A5 production in Wolfsburg. Although 

the Auto5000 GmbH is on the same location, personnel costs are smaller there 

because of the different types of production and work.13 The lowest personnel costs of 

the three analysed production sites are to be found in Uitenhage, where, as a 

consequence, the assignment of personnel or rather manual operations is much more 

reasonable. Besides defending existing market shares and exploiting new ones, the low 

personnel costs are a good reason for shifting production into foreign countries as a 

reaction to the high costs per unit in Germany.14 There, high working costs combined 

with a noticeable reduction of working hours take an international top position. A very 

good example of this is the Golf A5 production in Wolfsburg, where working hours 

amount to an average working time of 28.8 hours per four-day week, a factor, which is 

to be valued in proportion to the highest wages of all analysed production sites.15 Small 

working hours cause high down times of machines as well.16 But, on the other hand, 

high working costs should be no problem for German companies if the costs per unit 

and, especially the fixed costs, are below the costs of the competitors. This is only 

possible by ensuring a productivity that is above average. 

Differences between the three production sites are also to be found in the 

relationship between gross and net personnel. The net personnel are the amount of 

people that are needed in the normal production process. But, due to sick leave, 

holidays and training programmes, more people are required. The percentage that has 

to be added to the net personnel to get the required gross personnel is different in each 

production site. The reasons are explained in the relevant chapters for each production 

site.  

 Investment costs for operating material mainly depend on the kind of operating 

material and not on the production site. But, if machines are not produced or rather sold 

in the same country where the production site is, then additional costs for transport and 

duty are relevant. But in the Uitenhage site, all machines of the assembly line, except 

for small parts, are bought in South Africa from mostly German company branches.17 

Therefore, transport costs and duties are not relevant for this master thesis. However, if 

a certain operation is realised in exactly the same way as in the Auto5000 GmbH, the 

                                                 
13

 See Ch. 3 
14

 See Springer 1999, pg. 59 
15

 See Ch. 3 
16

 See Ch. 4.1.1 
17

 Details from Volkswagen AG Wolfsburg and Uitenhage, department Planning 
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same investment costs are assumed for the operation in Uitenhage. The bases for 

these operations are the investment costs of the Auto5000 GmbH for the calculation of 

the costs due to the different levels of automation in the South African plant. The 

reasons for this assumption are: 

• Better comparability 

• The data from Auto5000 GmbH is more exact than that from Uitenhage 
 

• Possible transport costs that are included in the investment costs of 
machines from a branch of a German company cannot be dealt with 
separately. Furthermore, the transport costs for operating materials, which 
are necessary for the calculation of the other levels of automation or rather 
the prices for this material from a local branch, are not available.    

 
Taking this assumption into account, Appendix D1 shows the total investment 

costs in each relevant station of each production site. 

 The electric power consumption of the machines of each station PEj is shown for 

each production site in Appendix D2. Combined with the energy cost rates for power 

and work, the energy costs per unit can be calculated with Formula 21. The energy cost 

rates of the Golf A5 in Wolfsburg are equated with the rates of the Auto5000 GmbH in 

Wolfsburg, because both assembly lines are on the same location. In the Golf A5 

manufacturing line in Uitenhage the calculation is made with a different energy cost 

rate.  

 The electric power used to produce compressed air at each station POSj is shown 

for each production site in Appendix D3. Combined with the energy cost rates for 

power and work the energy costs per unit can be calculated with Formula 25. 

 After this comparison of the 3 production sites the analysis of every single 

production site can be carried out in the following chapters. 

 

5.1.3 Analysis of the Golf A5 assembly line in Wolfsburg 

 
In this chapter, the optimal levels of automation are calculated in each Assembly 

Part of the production site of the Golf A5 assembly line in Wolfsburg. The analysis starts 

with the determination of optimal levels of automation for the created levels shown in 

the matrixes in Appendix C1-C3.   

The concept of the calculation is aligned with the assumption of a faultless 

assembly on a long-term basis. It is faultless because the number of units n is directly 

proportional to the cycle time, which can be seen in Formula 11. This calculated number 

of units n is the maximum number that can be produced within a certain cycle time. 

Therefore, no defects are assumed whilst assembling. The workers are completely 
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flexible, which means that workers are employed or, rather, made redundant depending 

on the number of units. Because of the mentioned connections, this concept is designed 

for:  

• Analysis of the assembly line for a new or following product 

• Reviewing the existing assembly line with regard to its most economical 
design  

 

 The different costs 

for each level of 

automation are calculated 

in tables . Each level in 

each Assembly Part has 

its own table as shown in 

Appendix E1-E17. All 

necessary data for each 

calculation, which is 

constant for each level of 

automation in all Assembly 

Parts, is subsumed under 

the field called 

parameters. This field, which is placed above each table, is shown in Fig. 5.5. The 

parameters include the cycle time tC, shift time tSH, number of shifts nS and working 

days dW. These parameters are needed to calculate the number of units n, which are 

also included in the parameters.18 Furthermore, all personnel cost rates are 

parameters. For calculating investment costs, amongst others, the period of 

depreciation a is necessary.19 Energy cost rates for power and work are needed for 

calculating energy costs and operating supplies.20 Total investment costs and total 

equipment costs are used for the calculation of equipment costs per unit.21  

 Basically, every table for calculation has the same structure. All costs are 

assigned to stations and broken down into units. Hence, there are no general expenses, 

only direct expenses.  

 On top of each table, the different relevant types of costs are sorted according to 

resources (see Fig 5.6). For every type it is mentioned if the costs of a certain type are 

variable costs per unit (cvar) or fixed costs per unit (cfix).  

                                                 
18

 See Formula 11 
19

 See Formula 20 
20

 See Formula 21 and 25 
21

 See Formula 22, 23 and 24 

Parameters:

Cycle time tC 1,143 min/unit
1

number of units n unit/year

Shift time tSH 392 min/shift

Number of shifts nS 3 shifts/day

Working days dW 185 days/year
2

Personnel costs rate IE CP_IE 77000 €/year
3

Personnel costs rate master CP_M 74500 €/year

Personnel costs rate worker 

(operator, QCC, reworker) CP_W 55400 €/year

Personnel costs rate depositor CP_D 50100 €/year

Period of depreciation a 7 years
4

Total investment costs CINV_WOB
€

5
100

Total equipment costs CEQ_WOB
€/year

6
100

Total investment costs CINV_Auto5000 € 100

Total equipment costs CEQ_Auto5000 €/year 100

Total investment costs CINV_SA € 100

Total equipment costs CEQ_SA €/year 100

Energy costs rate CPOW_WOB 46 €/kW*year
7

Energy costs rate CW_WOB 0,070 €/kWh

1
: Cycle time and shift time from Volkswagen AG Wolfsburg, department Industrial Engineering

2
: Working days calculated by considering weekends, free Fridays, holidays and shut down

3
: Personnel cost rates from Volkswagen AG Wolfsburg, department Controlling

4
: Details from Volkswagen AG Wolfsburg, department Controlling

5
: Total investment costs: See Appendix D

6
: Total equipment costs: See Chap. 5.1.1

7
: Energy costs rates of WOB from Volkswagen AG Wolfsburg, department Maintenance

8933700

170000

2843000

146000

190341

19002600

390000

 

Fig. 5.5 Parameters for the assembly line of the Golf A5 

Wolfsburg 

Source: Own presentation 
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Direct workers on 

the line and QCC 

workers are only 

relevant for manual 

stations, which are 

coloured yellow as 

can be seen in the matrixes in Appendix C1-C3. In contrast to 

this, reworkers, depositors as well as other workers, who are 

mainly machine operators, are only relevant for automated 

stations. On the right, the different stations of the given 

Assembly Part are shown (see Fig. 5.7). In every field, except 

for the bold typed fields, the costs per unit for each type of 

costs in each station are calculated. The necessary formula to 

calculate the certain costs is shown on top of each column 

(See Fig. 5.6). These formulas are presented in Ch. 5.1.1. In the bold typed fields the 

parameters have to be entered to enable the calculations. These parameters can be 

taken from Appendix D1-D3 and from the matrixes in Appendix C1-C3. At the bottom of 

the table, all costs of a certain type are added up to total costs. However, the sums of all 

personnel costs are net cost. Therefore, all personnel costs are additionally multiplied 

with the percentage rate of 11% and added to the net sum to get the total gross costs 

per unit (see Fig. 5.8). On the right side, all costs per unit of a certain station are added 

up. These total costs already consider the percentage of  

 

 
Fig. 5.6 Top of the table 

Source: Own presentation  

Rollforming tailgate

Fitting cockpit location brackets

Rollforming doors

Cleaning window flange,

Closing tailgate

Priming window flange, 

Opening bonnet 

Applying cockpit glue

Cockpit fitting 1

Cockpit fitting 2

Removing cable box, 

Remaining screw connections

Remaining screw connections

Station

 

Fig. 5.7 Left side of the 

table 

Source: Own 
presentation 
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personnel costs. Therefore, 

these costs are already 

gross costs. The sum of this 

column represents the total 

costs per unit of a certain 

level of automation of a 

certain Assembly Part, 

which is shown at the 

bottom of the page. The 

table is divided so that all 

stations, at different levels of 

automation and within the 

parameters of the given 

production site, are 

combined as a single, 

coherent table (see Fig. 5.9). 

 By adding up all total 

costs per unit of each station the total costs per unit of the whole Assembly Part are 

determined for the given level of automation.  

 The total costs per unit of each Assembly Part for each level of automation are 

shown in Fig. 5.10 and Tab. 5.3 respectively. The result of the analysis is that there are 

three levels of automation, one for each Assembly Part. 

 

Fig. 5.8 Sums of each column and converting them into gross 

costs 

Source: Own presentation 

 

 

Fig. 5.9 Divided stations  

Source: Own presentation 
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 As can be seen, for 

Assembly Part 1, the first level of 

automation is the optimal level of 

automation because this level has 

the lowest costs (red graph). This 

level also predominates in practice 

(see dotted field in Tab. 5.3). 

Therefore Assembly Part 1 or 

rather Mechanisation 1 is designed 

optimally. In Appendix E1 you can 

see that the other workers and the 

investment costs cause the highest 

share of the total costs per unit. 

The cockpit fitment is the most 

expensive station in this Assembly 

Part. By comparing Appendices E1-E5 with each other, one can see that with a 

decreasing level of automation both the indirect workers’ and the investment costs have 

a gradually smaller share but costs for direct workers on the line increase over-

proportionally. This is the main reason why even the second level of automation is more 

expensive than the first one. The other types of cost only represent small parts in the 

total costs per unit.  

 In Assembly Part 2 the fourth level of automation is optimal. It is 0.62 € per unit 

and more economical than in the existing first level of automation. Although the costs of 

workers on the line increase with a lower degree of automation, whereas costs for other 

workers and investment costs decrease, that increase as such is not that strong. To 

reach the optimal level of automation those stations stamping VINs, fitting gearshift, 

closing bonnet and fitting all windows have to be organised in the same way as on the 

assembly line of the Auto5000 GmbH. Due to the extensive operations concerning the 

manual fitting of the powertrain and the underbody work the result is a large difference 

between the fourth and the fifth level. Too many workers on the line are required for 

these extensive operations, as can be seen on the assembly line of the Golf A5 in 

Uitenhage.22 

 In Assembly Part 3, the fourth level of automation is also optimal. This level, 

which exists in practice, is 0.99 € per unit more economical than the first level. On the 

                                                 
22

 See Appendix E6-E10 
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Fig. 5.10 Total costs per unit versus level of automation 

(Assembly Part 1-3) 

Source: Own presentation 

 
Level of

 automation Assembly Part 1 Assembly Part 2 Assembly Part 3

1 20,38 € 17,22 € 11,63 €

2 20,77 € 18,19 € 11,48 €

3 21,78 € 16,67 € 11,48 €

4 23,70 € 16,60 € 10,64 €

5 26,64 € 54,11 € 14,58 €

6 21,37 €

7 23,77 €  

Tab. 5.3 Overview of total costs per unit 

Source: Own presentation 
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first level, the investment costs cause the highest share of the total costs per unit, 

followed by the personnel costs for maintenance workers, reworkers and other workers. 

As in Assembly Part 2, the costs for workers on the line increase with a decrease in 

automation, whereas costs for reworkers, other workers and maintenance decrease 

until the cost optimum is reached on level 4. After that the costs for workers on the line 

increase over-proportionally, which makes every further deautomation uneconomical. 

To put level 4 as an optimal level of automation into practice, the stations opening 

bonnet, putting in and fitting CW trim panel, putting in and fitting battery, fitting cross 

member as well as fitting rear bumper have to be designed in the same way as in the 

Auto5000 GmbH.23  

 

5.1.4 Analysis of the Touran assembly line Auto5000 GmbH in Wolfsburg 

 
The analysis of the assembly line of the Touran in the Auto5000 GmbH is carried 

out in exactly the same way as the analysis of the assembly line of the Golf A5 in 

Wolfsburg. All the examinations are carried out on the same basis and will show the 

results in a similar way. Thus, this method will ensure a better comparison of the three 

production sites, which also allows each of the relevant chapters to be structured in the 

same way for all three sites of production. 

The different costs for each level of automation are calculated in the same tables 

as the tables of the Golf A5 

assembly line in Wolfsburg (see 

Appendix E1-E17). However, 

the parameters (which include 

all the necessary data for the 

calculation that is constant for 

each level of automation in all 

Assembly Parts) are different in 

each production site. In each 

production site the cycle times, 

days, shifts and especially the 

personnel cost rates are 

distinguished from each other. 

The parameters of the Wolfsburg production site are shown in Fig. 5.11 (see previous 

page). The percentage to calculate the gross personnel from the net personnel is 4% in 

                                                 
23

 See Appendix E11-E17 

Parameters:

Cycle time tC 1,380 min/unit
1

number of units n unit/year

Shift time tSH 394 min/shift

Number of shifts nS 3 shifts/day

Working days dW 240 days/year
2

Personnel costs rate IE CP_IE 77000 €/year
3

Personnel costs rate master CP_M 56000 €/year

Personnel costs rate worker 

(operator, QCC, reworker) CP_W 45000 €/year

Personnel costs rate depositor CP_D 45000 €/year

Period of depreciation a 7 years
4

Total investment costs CINV_WOB
€

5
100

Total equipment costs CEQ_WOB
€/year6

100

Total investment costs CINV_Auto5000 € 100

Total equipment costs CEQ_Auto5000 €/year 100

Total investment costs CINV_SA € 100

Total equipment costs CEQ_SA €/year 100

Energy costs rate CPOW_Auto5000 46 €/kW*year7

Energy costs rate CW_Auto5000 0,070 €/kWh

1: Cycle time and shift time from Volkswagen AG Wolfsburg, "Lernstatt"
2
: Working days calculated by considering weekends, holidays and shut down (working 1 shift on some Saturdays also considered) 

3: Personnel cost rates from Volkswagen AG Wolfsburg, department Controlling
4
: Details from Volkswagen AG Wolfsburg, department Controlling

5: Total investment costs: See Appendix D
6: Total equipment costs: See Chap. 5.1.1
7
: Energy costs rates of Auto5000 from Volkswagen AG Wolfsburg, department Maintenance

8933700

170000

2843000

146000

205565

19002600

390000

Fig. 5.11 Parameters for the assembly line of the Auto5000 

GmbH Wolfsburg 

Source: Own presentation 
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the Auto5000 GmbH. It is much smaller than on the Golf A5 assembly line because of a 

longer shut down.   

As already mentioned, all the tables of each level of automation and each 

Assembly Part are equal, including all the parameters, because the defined levels of 

automation are valid for all production sites. The tables are in Appendix F1-F17. The 

total costs per unit of each Assembly Part for each level of automation are shown in Fig. 

5.12 and Tab. 5.4 respectively.  

As can be seen with regard 

to Assembly Part 1 the third level of 

automation is optimal (red graph). 

On this level there is a 

preponderance of labour costs per 

unit, followed by the investment 

costs. In practice, however, level 4 

is carried out, which makes a 

distinction in costs of 0.19 € (dotted 

field). To reach the optimal level, 

the stations fitting cockpit location 

brackets and cockpit fitting 1 and 2  

have to be designed fully 

automatically as it is done in the 

Mechanisation 1 of the Golf A5 

assembly in Hall 54.24  

In Assembly Part 2, the fourth level of automation is the optimal level of 

automation. This level also predominates in practice. Therefore, Assembly Part 2 is 

designed optimally. The most expensive station of this Assembly Part is fitting the 

complete power train combined with all the underbody work. As on the assembly line of 

the Golf A5 in Wolfsburg, the high personnel costs of workers on the line cause the 

large difference in cost between level 4 and level 5.25 

In Assembly Part 3, the fourth level of automation also represents the optimum. 

But in practice level 6 predominates, which causes more automation on the assembly 

line of the Touran in the Auto5000 GmbH. On level 6, the installation of the front-end is 

the most expensive station because of the high personnel costs for workers on the line. 

                                                 
24

 See Appendix F1-F5 
25

 See Appendix F6-F10 
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Fig. 5.12 Total costs per unit versus level of automation 

(Assembly Part 1-3) 

Source: Own presentation 

 
Level of

 automation Assembly Part 1 Assembly Part 2 Assembly Part 3

1 15,37 € 12,97 € 9,02 €

2 15,04 € 13,40 € 8,57 €

3 14,72 € 12,09 € 8,24 €

4 14,91 € 11,63 € 7,29 €

5 15,70 € 32,31 € 9,37 €

6 13,43 €

7 14,20 €  

Tab. 5.4 Overview of total costs per unit 

Source: Own presentation 
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The second most expensive station is the premounting and fitting of wheels. Both of the 

stations require high investment costs as well. Therefore, both of these stations and the 

station where the spare wheel is placed in the boot have to be carried out automatically 

as in Mechanisation 3 on the Golf A5 assembly line. (in the same location.) Then, 6.14 € 

per unit can be saved.26 

 

5.1.5 Analysis of the Golf A5 assembly line in Uitenhage, South Africa 

 
 The analysis of the assembly line of the Golf A5 in Uitenhage is carried out in 

exactly the same way as in both of the other production sites. All examinations are 

made on the same basis 

and will show the results in 

a similar way.  

 The different costs 

for each level of 

automation are calculated 

in the same production 

tables as the production 

tables of the other two 

production sites. The 

parameters of Uitenhage 

are shown in Fig. 5.13. 

The percentage rate to get 

the gross personnel from the net personnel is 5% on the assembly line in Uitenhage.  

The tables can be seen in Appendix G1-G17. The total costs per unit of each 

Assembly Part for each level of automation are shown in Fig. 5.14 or Tab. 5.5 on the 

following page.  

 

                                                 
26

 See Appendix F11-F17 

Parameters:

Cycle time tC 4,550 min/unit
1

number of units n unit/year

Shift time tSH 460 min/shift

Number of shifts nS 2 shifts/day

Working days dW 250 days/year
2

Personnel costs rate IE CP_IE 33500 €/year
3

Personnel costs rate master CP_M 15200 €/year

Personnel costs rate worker 

(operator, QCC) CP_W 14400 €/year

Personnel costs rate depositor CP_D 14400 €/year

Period of depreciation a 7 years
4

Total investment costs CINV_WOB
€

5
100

Total equipment costs CEQ_WOB
€/year

6
100

Total investment costs CINV_Auto5000 € 100

Total equipment costs CEQ_Auto5000 €/year 100

Total investment costs CINV_SA € 100

Total equipment costs CEQ_SA €/year 100

Energy costs rate CPOW_SA 62 €/kW*year
7

Energy costs rate CW_SA 0,027 €/kWh

1
: Cycle time and shift time from Volkswagen AG Uitenhage, department Industrial Engineering

2
: Working days calculated by considering weekends, holidays and shut down

3
: Personnel cost rates from Volkswagen AG Uitenhage, department Controlling

4
: Details from Volkswagen AG Wolfsburg, department Controlling

5
: Total investment costs: See Appendix D

6
: Total equipment costs: See Chap. 5.1.1

7
: Energy costs rates of SA from Volkswagen AG Uitenhage, department Planning
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Fig. 5.13 Parameters for the assembly line of the Golf A5 

assembly line Uitenhage 

Source: Own presentation 
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As can be visualised, in 

each Assembly Part the lowest 

level of automation is the optimal 

level, which is the current situation. 

Therefore, no changes of stations 

or operations are necessary in this 

phase of the analysis. It is left open 

if less automation leads to even 

more reduction of costs in any 

Assembly Part. However, this 

question cannot be answered 

because, on the one hand, there is 

no data about manufacturing times 

and costs for facilities with even 

less automation, and, on the other 

hand, there are even less 

possibilities for more deautomation 

without causing a negative effect on quality. In Assembly Part 1 the most expensive 

station is fitting the cockpit.27 It causes nearly half of the total costs per unit. In 

Assembly Part 2, fitting the powertrain combined with the whole underbody work causes 

the highest costs per unit, which is even more than half of all total costs per unit.28 In 

Assembly Part 3, premounting and fitting wheels show the highest part of the total 

costs.29  

This is the end of the analyses of costs. In the following chapter, the quality 

aspect will be examined. 

 

 

5.2 Examinations and results of quality 
 
 The following list of the decisive quality factors used by VW is not complete. On 

the one hand the chosen factors are especially selected for the influences of the 

automation level of the assembly lines as regards the quality of product. On the other 

hand there are other factors in the VW group used for the determination of quality. 
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 See Appendix G5 
28

 See Appendix G10 
29

 See Appendix G17 
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Fig. 5.14 Total costs per unit versus level of automation 

(Assembly Part 1-3) 

Source: Own presentation 
 

Level of

 automation Assembly Part 1 Assembly Part 2 Assembly Part 3

1 40,36 € 34,17 € 24,38 €

2 34,56 € 32,95 € 20,81 €

3 24,94 € 28,39 € 16,01 €

4 14,76 € 24,05 € 12,98 €

5 6,48 € 17,96 € 11,90 €

6 14,25 €

7 8,22 €  

Tab. 5.5 Overview of total costs per unit 

Source: Own presentation 
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5.2.1 Instruments for the determination of quality in the VW Group 

 

FISeQS data30 (Fahrzeug InformationsSystem elektronische QualitätsSicherung) 

This system is meant for the intrusion and the analysis of high-quality key data 

defect entering, part of building entering, blocking and checking as well as facility results 

in the vehicle production. The increasing number of equipment variants and types, 

which cause new requirements on the part of Quality Assurance, are the reasons for the 

development of this information system. Targets of this system include: 

• Recording (of) defects in origin 

• Updating the history of defects and list of open defects per vehicle 

• Generating vehicle-specific checklists as well as recording and analysing 
the checked results 

 

• Making suggestions about rework places 

• Blocking vehicles  
 

As soon as the defect is recognized it should be immediately rejected and 

documented. Defects should be entered when they are: 

• Not rejected at once; no defective vehicles are handed over 

• Immediately rejected, but the defects are not caused at this place; on 
advice because of deplorable conditions which have to be repaired 

 

• Expensive; loss of time has to been explained 

• About safety issues; cause for a possible re-examination  
 

Trouble cases are entered in standard-defect catalogues by a “handheld” 

(portable entry-appliance) or in the FISeQS. The FISeQS contains all trouble cases. It 

does not matter into which system occurring defects are entered for further careful 

consideration since they are clearly assigned to the agent where the defect is caused. 

So, the data is very well suited to allow a thorough investigation into the 

interdependency between the level of automation and amount of defects. 

 
My Process data31 

This system is designed for the entering and analysis of quality covered data in 

the vehicle manufacturing of the Auto5000. It is comparable with the FISeQS at VW. 

Defects are entered and assigned to the responsible agent in exactly the same way as 

with the FISeQS. Otherwise my process would contain defects of the QCC-lists, 

                                                 
30

 See FISeQS Anwenderhandbuch 
31

 My Process V2.1 in der Montage 
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Analyses and FISeQS. My process gives the user more possibilities of analysis (e.g. 

QCC, etc): 

 

• History of past defects? 

• Recording of Team related defects? 

• Identification of post-Assembly defects? 
 
These analyses are both process- and function-orientated. For this thesis only 

function-orientated analyses like FISeQS are used. My process contains all trouble 

cases, which are caused during the assembly. These are assigned to their causing 

agent. Therefore, they are clearly assignable to the individual assembly steps in order to 

be considered. Thus, these collected data are very well suited to allow a thorough 

investigation into the interdependency between the level of automation and amount of 

defects. 

 
Vehicle-Audit data32 

 Vehicle auditing is an element of the Quality Assurance System, which evaluates 

the effectiveness of QM-systems on the basis of delivered quality vehicles in a 

snapshot. According to the VW guideline, 10 vehicles per model per month have to be 

checked in the audit. The results are made public inside the factory and shall show the 

trouble cases to enable the manufacturing process to correct them. The result of this 

should be an increase in the quality of products ready for delivery. On the other hand, a 

Vehicle-Audit is addressed outside the factory as well and takes into consideration the 

demands of the customer who takes possession of the vehicle. The company 

determines these demands. Therefore, a Vehicle-Audit is also an actual target 

comparison between the targets and the actually manufactured quality. The quality 

ready for delivery is shown by an index: the quality class. This is the result of the sum of 

trouble-cases of an audit. Quality class is an index of the quality of products ready for 

delivery with regard to vehicle-manufacturing plants. Productive conditions are not taken 

into account. There is only one audit-scale used, which is independent from the audited 

vehicle or rather the vehicle class and equipment. The assessment of performance is 

run on an agreed quality scale, which is carried out with checklists and is user-

orientated. The checklists, the guideline for the user and the procedure as such are the 

same to guarantee the comparability of the results. 

 

                                                 
32

 Richtlinie Fahrzeugaudit, details from Volkswagen AG Wolfsburg, department Quality 
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Data of Vehicle Preparation Centre (VPC) in Japan33 

VPC was founded owing to the long distances of transport from plant to market, 

during which the product quality gets damaged. It fulfils the local demands (for example 

demands of local laws, TÜV, stick-on badges, etc.) on the vehicle, which cannot be 

given at the place of production. Every vehicle, which is delivered in Japan, is checked 

in the VPC. The VPC controls the local quality demands and damages caused by 

transport. The basis of this checking procedure is the standard complaint catalogue, 

which is made on the basis of customer complaints. The VPC records delivery flaws of 

vehicles from Wolfsburg (Golf A5 and Touran) and Uitenhage (Golf A5) in a 100% 

control. These flaws are subdivided into trouble cases referring to glass, body, 

mechanics, polish and paint and are documented as trouble cases per vehicle. These 

data allow a very good comparison with other data because it is determined in the same 

way at the same time by the same people who use the same checklists. It is impossible 

to attribute this data to the assembly steps, which are to be considered, but it is possible 

to compare assembly-caused trouble cases with each other. 

 
Field data34

 

 Field Data are recorded in QUASI-FI (QualitätsSicherung Steuerungs und 

Informationssystem FeldInformation). Field information refers to trouble cases, which 

are reported back to Volkswagen by the garages. This data shows the quality of 

vehicles from a customer’s point of view. QUASI-FI is a system for the statistical 

analysis of these field data. The system is used for the observation of quality data 

worldwide. Because these data come from the field, they are delayed and do not show 

the actual state of production. QUASI-FI data can be used for analysing different Top 

Lists. In this paper the Top500 List is used for the analysis. The Top500 list35 shows the 

kind and number of individual trouble cases (called Schadensfall (SF)) as well as their 

percentage part of all SF. The six columns on the right hand side show the percentage 

of the different SF-types per each SF.  

It is problematical that this data cannot be classified as exactly as FISeQS-Data. 

However, you can compare the possibility of assembly-caused trouble cases with each 

other.  

 

                                                 
33

 Details from Volkswagen AG Wolfsburg, department Quality 
34

 Details from Volkswagen AG Wolfsburg, department Quality 
35

 See Appendix A8 ;only a part of Top500 List as an example is shown because these are confidential information; for need please 
contact department GQA-41, VW Wolfsburg 
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Direct-Runner-Rate data36
 

 The definition of the Direct-Runner Rate (DRR) on Checkpoint 8 in the 

Volkswagen Group is: 

The Direct-Runner Rate is the ratio of the sum of all vehicles with the status V900 

without a status Z800 to the sum of all vehicles with the status V900. 

Status V900 describes an o.k.-vehicle, which is collected by the sales department. 

Status Z800 describes an o.k.-vehicle, which is turned away at Checkpoint 8 (CP8). 

DRR indicates the number of vehicles, which get an o.k.- status during the first checking 

at CP8. In the view of manufacturers a checkpoint is a stepwise process to confirm that 

all the assembly steps have been achieved. CP8 is located at the vehicle-exit point. 

 CP7 is located at the end of the vehicle assembly. The definition of DRR at CP7 

is the same as above, but the stations are named differently. DRR on CP7 is included in 

our consideration to show how many o.k.-vehicles are released from the assembly. 

DRR is an index by which each plant is measured. It has to be seen in the context of the 

flow of process, because each part influences the other depending on the place of 

rework. So, in connection with the flow of process this rate is a good comparison of 

different production places. 

 
Process-Audit data37

 

 Effectiveness of management systems for quality and the assessment-to-

assessment of manufacturing processes occur by Process Audits. In these processes 

methods and products are checked. The main emphasis is put on process safety in the 

individual production phases. The procedure is (like Vehicle Audit) identical across the 

group. Hence, the comparability of results is guaranteed. Every product group and all 

manufacturing steps within have to be examined by the Quality Assurance with an audit 

at least once per year by the Quality Assurance at the prevailing location. Process 

audits are carried out for the assessment of quality ability of manufacturing processes. 

The result is the degree of total realisation. A snapshot of the degree of the 

achievement of objectives is shown with regard to such aspects as ability and process 

control. Since the assembly processes are not the same as the steps of process audits 

some parts have to be looked at in detail. But these process steps of the Process Audit 

are the same because of the guideline for the whole group. So, the results are 

comparable as long as it is recognized that the sphere of the assembly steps is always 

included. 

                                                 
36

 Details from Volkswagen AG Wolfsburg, department Quality 
37

 Konzern-Richtlinie Prozessaudit, details from Volkswagen AG Wolfsburg, department Quality 
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5.2.2 Determination of quality 

 

This part shows the determination of quality in the examined Assembly Parts. 

The procedure, determination and results are explained. 

 
 
 
 
 
 

Procedure of determination 

On the basis of the first analysed matrixes as described above the quality factors 

are collected, which can be assigned to the individual fields of matrixes. Owing to the 

detailed and complete recording these data are entered in FISeQS38 and in my process, 

too39. These data include all assembly defects that arise in the examined Assembly 

Parts. 

In the next step, factors the VW group uses for the determination of quality40 are 

included for consideration. 

From a practical point of view the presentation of the actual results takes place 

before their determination in order to find the optimal level of automation. 

Finally, a purely theoretical determination with regard to finding the optimal level 

of automation takes place. 

 
Explanation of determination 

This determination is shown as an example in Assembly Part 1. 

By the detailed termination of defects and their assignment to the causing agent, it is 

possible to refer trouble cases directly to the individual stations41 (column in the matrix). 

To create a comparable unit, the number of trouble cases is divided in the same period 

of time by the number of vehicles produced 42. The following figure is developed. 

                                                 
38

 See FISeQS data 
39

 See My Process data 
40

 See Vehicle-Audit data, VPC, Field data, Direct-Runner-Rate data, Process-Audit data 
41

 See Appendix H4 
42

 See Appendix H13 
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This figure shows the 

trouble cases per 

vehicle in each 

individual station. 

These are the results, 

which are later listed in 

the matrix. Thus, all the 

fields of the level of 

automation of the Golf 

A5 WOB can be filled 

into the matrix of Assembly Part 1. 

 Analogue to the described procedure for the level of automation of the Golf A5 

WOB, the other levels of automation for Auto5000 WOB43 and Golf A5 SA44 are 

analysed. Therefore, the matrix of Assembly Part 145 referring to assembly defects is 

completed. 

 Exactly the same procedure is followed for filling in the other two matrixes for 

Assembly Part 246 and Assembly Part 347. 

 The results in Assembly Part 148 are that the level of automation of the Golf A5 

WOB had the lowest number of defects in 2005, on average 0.02484 trouble cases per 

vehicle. The level of automation of the Golf A5 SA created the most trouble cases with 

0.11275 per vehicle. 

Please note: “n.a.” means “not available”. In the Auto5000 the cockpit location 

brackets are not assembled because the Touran does not have any. Furthermore, the 

window flanges are cleaned only in the Golf A5 WOB assembly. Some steps caused 

“no defects”, so “n.d.” is listed in the steps. The trouble cases caused by all steps 

belonging to cockpit fitting are summarized in the penultimate field. 

In Assembly Part 249, Auto5000 WOB has the best value with 0.02330 trouble 

cases per vehicle. With a value of 0.03769 the Golf A5 WOB has the worst value. The 

meanings of “n.d.” and “n.a.” are explained above. In this case no defects are available 

for fitting side windows in the Golf A5 SA because in Uitenhage only 4-door models are 

manufactured. 
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 See Appendix H7 and H13 
44

 See Appendix H10 
45

 See Appendix H14 and H15 
46

 See Appendix H16 and H17 out of H5, H8 and H13 as well as H11 
47

 See Appendix H18 and H19 out of H6, H9 and H13 as well as H12 
48

 See Appendix H14 
49

 See Appendix H16 
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Fig 5.15: Trouble cases per vehicle of level of automation Golf A5 

WOB in Assembly Part 1 

Source: Own presentation 
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The most trouble cases in Assembly Part 350 were made with respect to the level 

of automation of the Golf A5 SA with a value of 1.54291 trouble cases per vehicle. The 

best value is 0.00737 trouble cases per vehicle caused by the level of automation of the 

Golf A5 WOB. 

 In the next step the data was analysed, which is used for the determination of 

quality in the VW group51. This data cannot be analysed by each individual station but 

only within the assembly in general. The procedure, explanation and meaning of each 

kind of data are shown as an example on the level of automation of the Golf A5 WOB. 

 
 
 
 
 
 
 
 
 
Vehicle-Audit data 
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Fig. 5.16: Audit points of Golf A5 WOB assembly 

Source: Own presentation 
 

Explanation of the average number gained in January: 

• 5.60 is the ø-number of C-defects in this month, the yellow part of the 
pillar shows the number of Audit Points caused by C-defects 

 

• 0.48 is the ø-number of B-defects in this month, the red part of the pillar 
shows the number of Audit Points caused by B-defects 

 

• The height of the whole pillar describes the ø-sum of Audit Points per 

months 

• 90 is the target, which caused Audit Points in the assembly that should 
not exceed. This value is typical for the Golf A5 in WOB. The Touran 
assembly has the target of 113 Audit Points and the Golf A5 in SA of 94 
Audit Points. On the one hand, the differences are explicable by the 
different determination of reaching the target and, on the other hand, by 
the slight different conceptions of vehicles. That is why the Audit Points 

                                                 
50

 See Appendix H18 
51

 See Vehicle-Audit data, VPC, Field data, Direct-Runner-Rate data, Process-Audit data 
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cannot be compared with each other directly, but they have to be put in 
connection with the target. So, it can be visualised how well the guideline 
is fulfilled. 

 

• 77 is the actual (Ist) value, which the Vehicle-Audit-checked vehicles had 
on average in the year 2005  

 
The fewer defects, the fewer Audit Points, because every kind of defect gets a 

particular number of Audit Points52. In comparison with the target, the level of 

automation, which has the best Audit results, can be determined. The determined 

figures53 show that the level of automation of the Golf A5 WOB delivers the best result, 

because the actual value 77 is 14% lower than the target 90. The level of automation of 

the Golf A5 SA delivers an actual value of 96, which is 2% higher than the target 94 and 

hence, the worst value. 

 
 
 
 
 
 
VPC data 
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Fig. 5.17: VPC data of Golf A5 WOB assembly 
Source: Own presentation 

  
Explanation for the calculation of the average value of trouble cases: 

• Shown are the trouble cases per vehicle as applied to mechanical trouble 
cases (Mecha) and glass trouble cases (Glass), both of which could be 
caused in the assembly54, as well as the total number of trouble cases 
(Total) for comparison. 

 

• 2932 is the number of checked vehicles in 2005 

                                                 
52

 See Vehicle-Audit data 
53

 See Appendix H22 
54

 Details from Volkswagen AG Wolfsburg, department Quality 
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• 3.07 is the ø- number of Mecha + Glass trouble cases in 2005  

• The month refers to the production months of the vehicles  

• In August, no vehicles are checked because of the holiday shutdown in 
the VW production in Wolfsburg. 

 
This figure is taken from the table55, which summarises the results of the VPC 

reports on a monthly basis.  

 Like the Vehicle-Audit Data, this data is used for the better understanding of the 

results. The fewer trouble cases there are the better the quality of the vehicle ready for 

delivery. The results of the three figures56 of VPC Data show that the level of 

automation at the Auto5000 WOB, with 1.31 trouble cases per vehicle, has the lowest 

value and hence, the best result. The worst result with 3.07 trouble cases per vehicle 

was the level of automation of the Golf A5 WOB.  

 

 

 

 

 

 

 

Field data 
Explanation of the average figure (gained-raus): 

• Data from the Top 500 
QUASI FI-list are analysed 
analogous to the causal 
agent principle (like 
FISeQS, my process and 
Vehicle-Audit data, which 
are applied) 

 

• Clear trouble cases57 
caused by Assembly Parts 
remain 

 

• This number of trouble 
cases is divided by the number of vehicles in the appropriate QUASI FI 
report 

 

• Thus, the number of trouble cases per vehicle per individual assembly 
line in Model Year 2006 (Standing March 2006) is shown here. 

 
The figure shows that the level of automation of the Auto5000 delivers the least 

trouble cases per vehicle at a rate of 0,01723 trouble cases per vehicle. Hence, this is 
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 See Appendix H23 
56

 See Appendix H24 
57

 See Appendix H25 
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Fig. 5.18: Field data of examined Assembly Parts 

Source: Own presentation 
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the best value. The worst value is 0,06030 trouble cases per vehicle caused by the level 

of automation of the Golf A5 Wob. 

 
Direct-Runner-Rate (DRR) 
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Fig. 5.19: DRR of Golf A5 WOB assembly 

Source: Own presentation 

 
Explanation of the result: 

• The figure shows the course of ø-DRRs on CP7 and CP8 per month  

• 94% is the target for DRR on CP8 in the Golf A5 WOB manufacture 

• 52% or rather 48% are the ø-DRRs on CP8 or rather CP7 in 2005 
On the one hand the courses describe how many o.k.-vehicles are handed over 

by assembly (DRR on CP7) and, on the other hand, how many o.k.-vehicles leave the 

manufacture (DRR on CP8). In the mutual courses to each other  it can be seen where 

rework is located in the flow of process. This is also clearly shown by the accompanying 

flows of processes.  

 
Fig. 5.20: Flow of process in the Golf A5 WOB manufacture 
Source: Statuskonzept ZP7-ZP8

58
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The figure shows that most of the rework takes place after CP8, and only a small 

number of cars are reworked after CP7. The reasons for this are the local conditions:59 

it is not possible to drive so many vehicles to the rework station from this spot, and on 

the other hand, rework is planned not till the whole manufacturing process has ended. 

So, expenditure of rework is unique.60 
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Fig. 5.21: Flow of process in the Auto5000 manufacture  
Source: Statusablauf Touran

61
 

 
The figure shows that rework takes place between CP7 and CP8. The reason is 

that this manufacture was planned62 in a different way compared to the manufacture 

above. So, most of the rework is done before CP8. 
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Fig. 5.22: Flow of process in the Golf A5 SA manufacture 
Source: management assembly SA 

 
Fig. 5.22 shows that, compared to the Auto5000 flow of process, most of the 

rework takes place before CP8. 

 Hence, the DRR of CP8 always has to be seen in connection with the place of 

rework in the flow of process. Nevertheless, this DRR receives much attention in this 

paper because it is a uniformly defined value63 of quality in the VW group. 

 Furthermore, a statement for the quality of assembly processes by DRR on CP7 

is possible. It should be noted: 

• Only the Golf A5 WOB assembly has the possibilities of rework in the 
described places directly after the Mechanisations,  

 

• The Auto5000 WOB assembly has two further possibilities of rework 
outside the described on-line rework possibilities 
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 Details from Volkswagen AG Wolfsburg  department Production 
60

 Details from Volkswagen AG Wolfsburg, department Production 
61

 See Appendix H30 and H31 
62

 Details from Volkswagen AG Wolfsburg, department Quality 
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 See Direct-Runner-Rate data 
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Fig. 5.23: Rework possibilities outside the line in the Auto5000 assembly 
Source: Statusablauf Touran

64
 

 
Fig. 5.24 shows that in the Golf A5 SA assembly nearly every vehicle, which has 

to be reworked, is directed to the end of the line and where it is reworked. This is 

possible by a very high circle time (ø>4,5min in 2005)65 and the organisation in the 

assembly. 
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Fig. 5.24: Rework possibilities outside the line in the VWSA assembly 

Source: management assembly SA 

The figures66 show that the level of automation of the Golf A5 SA has the best 

DRR with an average value of 78% on CP7, and the level of automation of the 

Auto5000 WOB has the best DRR with an average value of 94% on CP8. At both 

checkpoints the level of automation of the Golf A5 WOB has the worst DRR with an 

average value of 48% or rather 52%. These results can be explained by the above-

mentioned reasons. 

 
Process-Audit data 

process steps in assembly 

product unit A5 Wolfsburg

process steps in assembly 

product unit Touran

process steps in assembly 

product unit A5 Uitenhage

exteriour trim 88% exteriour trim 90% exteriour trim 87%

glass fitment 91% glass fitment 91% glass fitment 92%

battery 92% battery 90% battery 89%

total: 93% total: 89% total: 90%  

Fig. 5.25: Process-Audit data of all assemblies
67

 

Source: Own presentation 

 
This figure shows the three tables of the three different assemblies. In these the 

total values of realisation degree as well as the values of realisation degree in the sub-
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 See Appendix H29 
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 Details from Volkswagen AG Uitenhage, department Planning 
66

 See Appendix H32-H35 
67

 Details from Volkswagen AG Wolfsburg and Uitenhage, departments Quality  
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processes are described. It is problematic that the assembly processes do not exactly 

coordinate with the individual sub-processes of Process Audits. The sphere of assembly 

is included in the Process Audit68. 

As described above, because the sub-processes cannot be exactly coordinated 

with the Assembly Parts section, the total value, which refers to the whole assembly, is 

used. You can see that the level of automation of the Golf A5 WOB has the highest 

degree of realisation with 93%. The worst value of 89% is that of the level of automation 

of the Auto5000 WOB. 

 
Summary of all quality values 

 All the above-determined values for the actual analysis of each production place 

are summarized in one matrix69. In this matrix these values are assessed as follows: 

1. The ranking of all values are described as done above: 
 Ranking in comparison to each other (best, second best and worst) is 

done. 
 

2. Allocation of points to each status: 
Best gets 3 points, second best gets 2 points and worst gets 1 point. 

 

3. Attaching importance to each value: 
The most convincing values are those of the assembly trouble cases70; 
they get the highest weight and are multiplied by the factor 3. All the other 
values71 go down in assessment in single weight, in which the ranking, see 
above of DRR on CP7 as well as CP8 is assessed individually. 

4. Sum of all points: 
The best existing level of automation has the most points. 

 
The result is that according to the described determination, the level of 

automation of the Auto5000 WOB is actually the best with 35 points of all the other 

existing automation levels. Second best is the level of automation of the Golf A5 WOB 

with 31 points and third best is the level of automation of the Golf A5 SA with 24 points. 

 

5.2.3  Determination of the optimal level of automation from a practical point of 

view 

 
As can be seen in the matrixes of Assembly Parts72, there are partly big 

differences in the number of trouble cases per vehicle with regard to the individual 

assembly steps. This is the reason for continuing with the investigation. 
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Now that this process  has been investigated by actual analysis, it remains to find 

out if another fictitious level of automation applied to assembly trouble cases would 

deliver better values. With it is created in practical points of view in Assembly Part 1 and 

Assembly Part 2 each two more and in Assembly Part 3 four more levels of automation.  

These levels of automation are created in the way described at the beginning of 

this chapter. So, two more levels of automation are created between the levels of 

automation of the Golf A5 WOB and the Auto5000 WOB in Assembly Part 1. A more 

fictitious subdivision is not useful for both practical and manufacture-orientated reasons. 

In the other two Assembly Parts73,74 the created levels of automation are built up in the 

same way. With respect to Assembly Part 2 it has to be mentioned here that the fitting 

of the side windows in the level of automation of the Golf A5 SA is designed the same 

way as in the level of automation of the Auto5000 WOB for the reason already 

mentioned above. 

This investigation is only feasible with the direct to individual assembly steps’ 

assignable factors75. All other quality factors76 can only be concluded from these results, 

because the data are assigned to the whole examined assembly area. But you can 

conclude that these quality values become better when defects in assembly are low. 

That is because the fewer defects occur the fewer defects have to be rectified and 

hence the values improve inevitably. 

In these created levels of automation the assembly steps are now replaced with 

the trouble cases per vehicle as caused in these steps. Therefore, the number of trouble 

cases per vehicle is shown in the matrixes for each level of automation. 

These results77 show that the best result for all examined Assembly Parts is 

reached by a combination of already existing automation levels. This combination is that 

Assembly Part 1 has to be designed like the level of automation 3, Assembly Part 2 like 

the level of automation of the Auto5000 and Assembly Part 3 like the level of 

automation of the Golf A5 WOB. 

 

5.2.4 Theoretical determination of the optimal level of automation 

 
The closing part of this investigation is the determination of the optimal level of 

automation on a purely theoretical basis. Which step delivers the least trouble cases per 

vehicle in each Assembly Part is investigated here. These steps are summarized in one: 
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the theoretical optimal level of automation. In this level the way of assembly for the 

Assembly Part 178, Assembly Part 279 and Assembly Part 380 is shown theoretically, in 

order to find out where the fewest trouble cases occur. 

These determined fields, including the trouble cases, are now replaced with the 

appropriate assembly steps, which caused them. Thus, it can be seen how the optimal 

automation level of each Assembly Part must be designed theoretically to produce the 

fewest trouble cases. 

The results81 of this investigation for every Assembly Part differ insignificantly 

from the determined levels of automation before. 

 

5.2.5 Summary of the temporary results 

 

In this part the temporary results are briefly summarized. The results of the actual 

analysis82 show that the level of automation of the Auto5000 Wolfsburg manufactures 

best according to all analysed quality factors. Because of the clear differences in 

producing defects between the different levels of automation in assembly the 

investigation , according to this factor, is carried out from a practical point of view first 

and later from a purely theoretical point of view. 

The results of the practical analysis83 confirm the assumption that another level 

of automation will create fewer defects and describe that a combination of levels of 

automation will bring about a much better result than the existing levels of automation. 

In the further theoretical investigation84 the prior determined results are confirmed 

to a large extent. Only some differences are recognized but, in general, the trend is the 

same.  

 

5.2.6 Assessment of credibility 

 

Because all the results until now have provided information of the individual 

production places and are not self-determined, these have to be investigated with 

regard to their credibility and validity.  

The production site in Wolfsburg has the Produktführerschaft concerning the Golf 

A5 as well as the Touran manufacture. Produktführerschaft means that this place of the 

production is the leader in the manufacture of this individual product. For this reason the 
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control of the production site is particularly critical and thus the part of the Group. 

Therefore all examined stations are reproducible with the necessary standard of method 

competence. The production site in Uitenhage has no Produktführerschaft and so the 

following assessment has to be done.       

 

Assessment of information about the Golf A5 manufacture in Uitenhage 

The manufacture is located at a large distance from the headquarters of the VW 

Group. In the period of this investigation, in March 2006, the results of a vehicle Group 

Audit were published. In this Group Audit Group auditors rechecked vehicles which had 

already been checked by Volkswagen of South Africa over the period of three months. 

The results of this Group-Audit85 are compared to the results which VWSA made 

before. They were the following: the available quality result of the Group averages a 

Quality Class of 2.2 and the current result of VWSA averages a Quality Class of 1.6. If 

you look especially at the results of the Audit Points caused by assembly, the Group 

found out 244.3 points and in comparison VWSA found out 128.3 points. These results 

differ strongly from each other. This big difference has to be taken into consideration 

when examining the results. That is why an uncertainty factor is determined by the ratio 

of Audit Points. This uncertainty factor is 1.9 and it has to be included in all results, 

which are determined by the information from this production place. 

Furthermore, it is apparent that the manufacture in Uitenhage does not fulfil the 

ergonomic and work-safety standards, which correspond to the manufactures of the 

Golf A5 and the Auto5000 in Wolfsburg. Moreover, the standard Quality Control in 

assembly is technologically methodical and in assessment not equally matched, so that  

there are imbalances in the results of the other existing production places. 

• The incoming inspection of parts to be assembled is inadequately 
measured on the glaring defects 

 

• Assembly of inferior quality parts causes high sequences of rework 

• Assembly of changed parts exists without standardized fitted attempts in 
the special field 

 

• Inadequately organized change of material regarding single-domination 
(tail light Golf A1, SBBR-Aufnahmeblech A5) 

 

• Tools are not applicable for use (different torques are generated with a 
torque spanner or just with a ring spanner without control of torque in Golf 
A1 and A5 assembly) 
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These experiences are made in the plant in Uitenhage in the period of this 

investigation. These events are not only seen in the Golf A5 assembly but also in the 

Golf A1 assembly. It is to recognize significantly that at the time of this determination the 

system of quality control does not fulfil its function. Standards are not comparable. 

Furthermore the features leadership and qualification of workers are not adequate. 

This knowledge of missing bases, to which the production places of the Golf A5 

and the Auto5000 are bound to by the above-mentioned reasons, has to be taken into 

consideration with the determined results. 

 

5.2.7 Presentation of final results 

 

 The determined optimal level of automation for Assembly Part 186 corresponds to 

none of the existing automation levels. To reach this optimal level of automation, which 

will produce the fewest assembly defects, the Golf A5 assembly in Assembly Part 1 in 

Wolfsburg has to be de-automated. The Auto5000 assembly has to be automated to 

manufacture fewer faults. The same is valid for the Golf A5 assembly in Uitenhage, but 

first the above-mentioned deficits87 have to be disposed of. As the optimal level of 

automation shows the prospective assembly in Assembly Part 1 has to be designed 

regarding quality aspects. Hence, there is a potential in the Golf A5 WOB assembly for 

de-automation, and in the Auto5000 as well as in the Golf A5 SA assembly there is a 

potential for automation. 

 For Assembly Part 288, the determined optimal level of automation reflects 

exactly the actual level of automation in the Auto5000 assembly. According to the 

results of this determination, the assembly of the Auto5000 is optimal in this Assembly 

Part. It means that the Golf A5 assembly has to be de-automated to reach this level and 

to produce fewer defects. The Golf A5 SA assembly has to be automated as a counter, 

but the above-mentioned points have priority. The prospective assembly in Assembly 

Part 2 has to be designed regarding quality aspects as the optimal level of automation 

shows. Hence, there is a potential for de-automation in the Golf A5 WOB assembly, and 

for automation in the Golf A5 SA assembly. 

 Unlike Assembly Part 2, Assembly Part 389 is exactly the level of automation of 

the Golf A5 WOB (is the determined) with the optimal level. It means that both the other 

existing levels of automation have to be automated to as high a level as already exists. 
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Here also, the creation of bases in the manufacture in Uitenhage has priority. The 

prospective assembly in Assembly Part 3 has to be designed regarding quality aspects 

as the optimal level of automation shows. Hence, there is a potential in the Auto5000 

and the Golf A5 assembly for automation. 

 On the basis of these results it is clear that neither strict automation nor de-

automation can be generalized as proven means from a qualitative point of view. 

Rather, the level of automation has to conform to the examined Assembly Parts 

including activities to manufacture optimally. This confirms the already mentioned 

results of the Fraunhofer Institut, in which more than one third of companies, after 

having had bad experiences with high automation, cut back their automation to 

conformist levels. 

 Conformist automation is the optimal precondition for faultless manufacture. 

This is the end of the quality analyses. In the following chapter, the quantity 

aspect will be examined. 

 

 

 

5.3 Examinations and results of quantity 

 
Because of the different sizes and conditions of the examined production 

locations, the numbers of units cannot be the scale by which the locations can be 

compared. Every location has its own shift model and a different market demand. 

Hence, the quantitative aspects described before have to be considered. 

The fundamentals for their calculation are shown in the following overview. 

Ass.part 1 Ass.part 2 Ass.part 3

Scheduled 188564 210667 216927

Actual 164713 164903 164412

1.361 1.379 1.371

203.1 148.9 184.4

392

Number of shifts 603

Number of 

units

Cycle time

Downtimes

Shift times

Locations
Golf A5 assembly line in Wolfsburg

 

Scheduled 192240 41123

Actual 185370 36019

1.476 6.407

169 163.4

394 460
720 523Number of shifts

Number of 

units

Cycle time

Downtimes

Shift times

Touran assembly 

line in Wolfsburg

Golf A5 assembly 

line in Uitenhage
Locations

 

Tab. 5.6: Production numbers Golf A5 

assembly line in  Wolfsburg 

Source: Own presentation 

 

Tab. 5.7: Production numbers Touran in 

Wolfsburg and Golf A5 assembly line in 

Uitenhage 

Source: Own presentation 

 

 

 

 



5. Examinations and results of costs, quality and quantity 
 
 

77

 

 

5.3.1 Calculation of quantitative aspects  

 

 

Overall Equipment Effectiveness 

First the Overall Equipment Effectiveness will be calculated; to calculate the 

OEE, the availability, speed and quality losses have to be calculated in single steps. 

 
Golf A5 assembly line in Wolfsburg 

Availability 

Assembly Part 1: 

min361,1
8951647131

603392min
tC1 =

+

⋅
=  (3)

tC1 = theoretical cycle time [min/unit]  
tSH = shift time [min] 
nA = actual number of units […] 
nL = number of lost units […] 

 

h1,203
min60

h18951min361,1
tB =

⋅⋅
=   (4) 

tB = breakdown time [min]  
tC1 = theoretical cycle time [min/unit] 
nL = number of lost units […] 

 
Working hours:   3939,6h 

Breakdown time:   203,1h 

%84,94%100
h6,3939

h1,203h6,3939
AV =⋅

−
=  (5) 

AV = availability [%]  
tW = working hours [h] 
tB  = breakdown time [h] 

 
Assembly Part 2: 

min379,1
6476649031

603392min
tC1 =

+

⋅
=  (3)

 

h9,148
min60

h16476min379,1
tB =

⋅⋅
=   (4) 

 
Breakdown time:   148,9h 

%22,96%100
h6,3939

148,9h-3939,6h
AV =⋅=  (5)

 
Assembly Part 3: 

min371,1
8047644121

603392min
tC1 =

+

⋅
=  (3)
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h4,184
min60

h18074min371,1
tB =

⋅⋅
=   (4) 

 
Breakdown time:   184,4h 

%32,95%100
h6,3939

184,4h-3939,6h
AV =⋅=  (5) 

 

Performance 

Assembly Part 1: 

Actual rate of production:  164713 units per year 

Planned rate of production: 188564 units per year 

%35,87%100
188564

164713
SR =⋅=  (8) 

SR  = speed ratio [%]  
nA  = actual number of units  
nP  = planned number of units  

 
Assembly Part 2: 

Actual rate of production:  164903 units per year 

Planned rate of production: 210667 units per year 

%28,78%100
210667

164903
SR =⋅=  (8) 

 
Assembly Part 3: 

Actual rate of production:  164412 units per year 

Planned rate of production: 216927 units per year 

%79,75%100
216927

164412
SR =⋅=  (8) 

The quality ratio is the quotient of good quality products and total products. This 

ratio corresponds to the direct runner rate. The direct runner rate is the same value for 

every Mechanisation because it is just documented at the end of the line. It varies 

between the different locations because every location has a different concept of putting 

the quality check to practice. 

 
Quality 

%7,47QR =  (9)
QR  = quality ratio [%] 

 
Overall Equipment Effectiveness 

The overall equipment effectiveness is the product of all three factors. 

Assembly Part 1: 
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Availability:    94,84% 

Speed ratio:    87,35% 

Quality ratio:    47,7% 

Assembly Part 2: 

Availability:    96,22% 

Speed ratio:    78,28% 

Quality ratio:    47,7% 

Assembly Part 3: 

Availability:    95,32% 

Speed ratio:    75,79% 

Quality ratio:    47,7% 
 

The Assembly Parts are just parts of the entire assembly line. To compare the 

overall equipment effectiveness of the production locations an OEE of the Golf A5 line 

in Wolfsburg has to be calculated. 

Therefore the availability is built of the entire working hours and the sum of the 

downtimes of the single Assembly Parts: 

%38,86%100
h6,3939

)h4,184h9,148h1,203(h6,3939
AV =⋅

++−
=  (5)

 
The speed ratio of the Golf A5 line in Wolfsburg is the average of the speed 

ratios of all three Assembly Parts: 

%47,80
3

%79,75%28,78%35,87
SR =

++
=  (8)

 
The quality ratio of all Assembly Parts is the same, because the quality is 

documented at the end of the line and not at the end of every Assembly Part: 

%7,47QR =  (9)

 
%16,33%100477,08047,08638,0 OEE =⋅⋅⋅=   (10) 

OEE = overall Equipment Effectiveness [%] 
AV = availability […] 
SR = speed ratio […] 
QR = quality ratio […] 

 

Assembly line of the Auto5000 GmbH in Wolfsburg 

 

min476,1
6870537081

720394min
tC1 =

+

⋅
=  (3)

 

h169
min60

h16870min476,1
tB =

⋅⋅
=   (4) 
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Working hours:   4728h 

Breakdown time:   169h 

%43,96%100
h4728

169h-4728h
AV =⋅=  (5)

 
Actual rate of production:  185370 units per year 

Theoretical rate of production: 192240 units per year 

%43,96%100
192240

185370
SR =⋅=  (8) 

 

58,7%QR =  (9)

 

Overall Equipment Effectiveness 

Availability:    96,43% 

Speed ratio:    96,43% 

Quality ratio:    58,7% 

54,58%100%0,5879643,09643,0OEE =⋅⋅⋅= (10)

 

Golf A5 assembly line in Uitenhage 

min407,6
153036019

523460min
tC1 =

+

⋅
=  (3)

 

h4,163
min60

h11530min407,6
tB =

⋅⋅
=   (4) 

 

Working hours:   4009,7h 

Breakdown time:   163,4h 

%92,95%100
h7,4009

163,4h-4009,7h
AV =⋅=  (5) 

 
Actual rate of production:  36019 units per year 

Planned rate of production: 41123 units per year 

%59,87%100
41123

36019
SR =⋅=  (8)

 

77,8%QR =  (9)

 
Overall Equipment Effectiveness 

Availability:    95,92% 

Speed ratio:    87,59% 
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Quality ratio:    77,8% 

65,36%100%0,7788759,09592,0OEE =⋅⋅⋅= (10)

 

5.3.2 Indexes of productivity 

 
The indexes of productivity are calculated by some of the numbers, which were 

used to calculate the OEE. The numbers of employees are also considered. 

 

Golf A5 assembly line in Wolfsburg 

In the year 2005 164,412 vehicles were built at the assembly line 3 in Wolfsburg. 

In the chosen operations 23 employees per shift worked on those vehicles in 603 shifts 

with a net working time of 392 minutes each. 

 This leads to the working hours of every employee and the total working time of 

all employees:  

3939,6h
min60

1hmin392603
tnt SHSW =

⋅⋅
=⋅=  (26)

tW = working hours [h]  
nS = number of shifts […] 
tSH = shift time [min] 

 

h8,06109233939,6hntt EWWE =⋅=⋅=  (27)
tWE = working hours of all employees [h] 
tW = working hours [h]  
nE = number of employees […] 

 
The index of productivity “Vehicles per employee” will be calculated next by 

dividing the number of units by the number of employees: 

35,7148
23

164412

n

n
n

E

A
V ===  (28)

nV = vehicles per employee 
nA = actual number of units  
nE = number of employees 

 
One of many other indexes is “Vehicles per worker’s hours”. This index is 

calculated by the number of units and the working hours of all employees: 

h
1

WE

A
H 81,1

90610,8h

164412

t

n
n ===  (29)

nH = vehicle per worker’s hour 
nA = actual number of units  
tWE = working hours of all employees [h] 

 

Touran assembly line Auto5000 GmbH in Wolfsburg 

The Auto5000 GmbH manufactured 185,370 Tourans in the year 2005. 46 

employees per shift executed the chosen operations in 720 shifts with a net working 

time of 394 minutes each. 
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With these values the working hours per employee and the working hours of all 

employees can be calculated: 

h0,4728
min60

1hmin394207
t W =

⋅⋅
=  (26)

 

h21748864h7284t WE =⋅=  (27) 

 
The next step is the calculation of the vehicles every worker built on average: 

8
n

n
n

E

A
V ,4029

46

185370
===  (28) 

nV = vehicles per employee 
nA = actual number of units  
nE = number of employees 

 
The number of units and the working hours of all employees will calculate the 

vehicles per worker’s hour as follows: 

h

WE

A
H

217488h

185370

t

n
n 185,0===  (29) 

nH = vehicle per worker’s hour 
nA = actual number of units  
tWE = working hours of all employees [h] 

 

Golf A5 assembly line in Uitenhage 

In South Africa 36,019 vehicles of the A5 platform left the assembly line in the 

year 2005. Each of the 523 shifts had 460 minutes net working time and 30 employees 

worked on average. 

h
min 

1hmin5
tW 7,4009

60

46023
=

⋅⋅
=  (26)

 

h09,7h4tWE 120290300 =⋅=  (27) 

 
The average number of vehicles manufactured by every worker is: 

 
n

n
n

E

A
V 63,1200

30

36019
===  (28) 

nV = vehicles per employee 
nA = actual number of units  
nE = number of employees 

 
Vehicles per worker’s hour will be calculated in the following figure by the number 

of units and the working hours of all employees: 

h

WE

A
H

h 120290

 36019

t

n
n 130,0===  (29) 

nH = vehicle per worker’s hour 
nA = actual number of units  
tWE = working hours of all employees [h] 

 
These results are shown in the following table.  
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Number of units 164412 185370 36019

Number of employees 23 46 30

Number of shifts 603 720 523

Shift time in min 392 394 460

Working hours per employee 3939,6 4728 4009,7

Working hours of all employees 90610,8 217488 120290

Vehicles per worker's hour 1,81 0,85 0,3

Vehicles per employee 7148,35 4029,8 1200,63

Golf A5 assembly 

line in Uitenhage
Locations

Productivity

Golf A5 assembly 

line in Wolfsburg

Touran assembly 

line in Wolfsburg

 

Tab. 5.8: Productivity 

Source: Own presentation 
 

5.3.3 Evaluation 

 
The overall equipment effectiveness and its components of the production 

locations are shown in the following figures.  

 
Availability: 

Golf A5 assembly line in Wolfsburg      86.40% 

Touran assembly line of the Auto5000 GmbH in Wolfsburg   96.43% 

Golf A5 assembly line in Uitenhage      95.92% 

In this comparison the availability is obviously the lowest in the Golf A5 assembly line in 

Wolfsburg. This result can be explained with the high automation degree in Wolfsburg. 

Machines have a bigger potential of standstill losses. And exactly this can be seen as 

one of the biggest disadvantages of a high-automated production. 

 
Speed ratio: 

Golf A5 assembly line in Wolfsburg      80.47% 

Touran assembly line of the Auto5000 GmbH in Wolfsburg   96.43% 

Golf A5 assembly line in Uitenhage      87.59% 

The speed ratio is different because of the different shift models. The Touran assembly 

line is on top because an extra shift will take place on Saturday if the scheduled number 

of units cannot be reached on Friday. Because of that the Auto 5000 GmbH is closest to 

its target regarding the number of units. 

 
Quality ratio: 

Golf A5 assembly line in Wolfsburg      47.70% 

Touran assembly line of the Auto5000 GmbH in Wolfsburg   58.70% 

Golf A5 assembly line in Uitenhage      77.80% 

The differences between the quality ratios and, therefore, the direct runner rates are 

caused by the different rework models. In Uitenhage rework already takes place at the 

line and so the quality ratio is at a high level. At the Golf A5 assembly line in Wolfsburg 
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the rework takes place after the checkpoint, hence the quality ratio is the lowest in 

comparison. 

 
Overall equipment effectiveness: 

Golf A5 assembly line in Wolfsburg      33.16% 

Touran assembly line of the Auto5000 GmbH in Wolfsburg   54.58% 

Golf A5 assembly line in Uitenhage      65.36% 

The overall equipment effectiveness can be seen as a summary of the availability, 

speed and quality, and shows a result of those three factors. 

 
Vehicles per employee: 

Golf A5 assembly line in Wolfsburg       7148.4 

Touran assembly line of the Auto5000 GmbH in Wolfsburg   4029.8 

Golf A5 assembly line in Uitenhage      1200.6 

Vehicles per worker’s hour: 

Golf A5 assembly line in Wolfsburg 1.81 

Auto 5000 GmbH 0.85 

Golf A5 assembly line in Uitenhage  0.30 

The index “vehicles per employee” shows that in the Golf A5 assembly line in Wolfsburg 

the smallest number of employees is needed to manufacture a vehicle or rather one 

employee manufactures the most vehicles in a comparison of the three locations. The 

index “vehicles per worker’s hour” shows nearly the same result but also considers the 

shift model and net working time. 

 

5.3.4 Analysis 

 
Preconditions 

In this part the production locations are compared to their flexibility towards the 

changing number of pieces. Therefore, it is assumed that every manufacturing would 

have had to produce 20 % more and 20 % fewer vehicles. 

This assumption is made for every Assembly Part at every location for all 

possible levels of automation. The number of workers, who participated in the 

production process of the examined areas will be calculated by the matrixes and the 

assumed cycle times. Then a productivity analysis will be made with the key numbers of 

productivity specified before. To calculate the vehicles per employee the assumed 

number of units produced will be divided by the number of workers required in the 
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examined fields. The key number vehicles per worker’s hour will also consider the shift 

model. 

 

Calculation 

The calculation with a varying number of units will identify how flexible the different 

automation strategies are. From this point of view, production is the most flexible, which 

changes the least to cope with different conditions. Another criterion is productivity. So 

the order of criteria in this analysis is: 

1. The number of participated workers: this number has to be constant 

2. The level of automation: in the best case nothing has to be changed 

3. The productivity: the best value has to be reached. 

 

 

 

 

 

 

 

 

 

 

Golf A5 assembly line in Wolfsburg 

In Assembly Part 1, the actual number of units is 164,713. To produce this 

number of units a cycle time of 1.4350 minutes on average is necessary. The assumed 

numbers of units are ±20%. That means that in one case 131,770 vehicles have to be 

built with a cycle time of 1.7938 minutes and in 

the other case 197,655 vehicles with a cycle of 

1.1959 minutes. In this overview you can see 

that in the Assembly Part 1 of the Golf A5 

assembly line in Wolfsburg there is only a 

difference of 2 workers in level 1 to react to the 

changed numbers of units. Furthermore, the 

productivity of this level is the highest in this 

comparison. 

 

 

Tab. 5.9: Analysis Golf A5 Assembly Part 

1 in Wolfsburg 

Source: Own presentation 

1 9 18301 4,65

2 11 14973 3,80

3 14 11765 2,99

4 19 8669 2,20

5 22 7487 1,90

1 10 19766 5,02

2 13 15204 3,86

3 18 10981 2,79

4 25 7906 2,01

5 28 7059 1,79

1 8 16471 4,18

2 10 13177 3,34

3 14 9412 2,39

4 19 6935 1,76

5 19 6935 1,76

"+20%"

"-20%"

Level Workers
Vehicles per 

worker

Vehicles per 

worker's hour
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 In Assembly Part 2 of the Golf A5 assembly line in Wolfsburg 164,903 vehicles 

were built with a cycle time of 1.4334 minutes 

on average in 2005. The changed conditions 

are to build 197,883 vehicles and 131,922 

vehicles with cycle times of 1.1945 minutes and 

1.7918 minutes respectively. This overview 

shows that in the Assembly Part 1 of the Golf 

A5 line in Wolfsburg level 1 only has a 

difference of 2 workers to handle the changed 

numbers of units. And the productivity at this 

level is the highest in this comparison. 

Additionally, it has to be said that nothing has 

to be changed on the assembly line. 

In Assembly Part 3 of the Golf A5 

assembly line in Wolfsburg 164,412 vehicles 

were built with a cycle time of 1.4377 minutes 

on average in 2005. The changed conditions 

are to build 197,294 vehicles and 131,529 

vehicles with cycle times of 1.1980 minutes and 

1.7971 minutes respectively. 

The levels 1 and 4 do not need changes 

in the number of workers to change their 

number of produced units, so these are the 

most flexible ones in this comparison. But level 

1 demonstrates a better productivity, hence 

level 1 is the best from the quantity’s point of 

view. And in this part of the assembly too, 

nothing has to be changed to react to the 

changed demands. 

 

  Tab.   5.10:    Analysis   Golf  A5  Assembly   

  Part  2  in Wolfsburg 

  Source: Own presentation 

 

Tab. 5.11: Analysis Golf A5 Assembly Part 

3 in Wolfsburg 

Source: Own presentation 

1 8 20613 5,23

2 10 16490 4,19

3 11 14991 3,81

4 12 13742 3,49

5 42 3926 1,00

1 9 21987 5,58

2 12 16490 4,19

3 14 14135 3,59

4 14 14135 3,59

5 48 4123 1,05

1 7 18846 4,78

2 10 13192 3,35

3 10 13192 3,35

4 9 14658 3,72

5 34 3880 0,98

"+20%"

"-20%"

Vehicles per 

worker's hour
Level Workers

Vehicles per 

worker

1 6 27402 6,96

2 8 20552 5,22

3 8 20552 5,22

4 8 20552 5,22

5 13 12647 3,21

6 17 9671 2,45

7 20 8221 2,09

1 6 32882 8,35

2 8 24662 6,26

3 10 19729 5,01

4 8 24662 6,26

5 14 14092 3,58

6 18 10961 2,78

7 23 8578 2,18

1 6 21922 5,56

2 6 21922 5,56

3 8 16441 4,17

4 8 16441 4,17

5 13 10118 2,57

6 15 8769 2,23

7 18 7307 1,85

"+20%"

"-20%"

Vehicles per 

worker's hour

Vehicles per 

worker
WorkersLevel
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At the end of the analysis of the Golf A5 assembly line in Wolfsburg level 1 is the 

optimal level for varying the number of units. 

 
Touran assembly line Auto5000 GmbH in Wolfsburg 

The Touran assembly built 185,370 vehicles in 2005. This recommended an 

average cycle time of 1.5303 minutes. If it had 

been demanded to increase production by 

20%, or 222,444 vehicles, the cycle time would 

have been 1.2753 minutes. Alternatively, with a 

decrease in production of 20%, or 148,296 

vehicles in 720 shifts with a net shift time of 

396 minutes each the cycle time would have 

reached an average of 1.9129 minutes. 

In Assembly Part 1 this result shows that 

the actual level of automation of the Touran 

assembly is not the most flexible to the 

changing numbers of units in the examined 

operations. It also shows that the automation degree has to be increased to be more 

flexible. 

Both level 1 and level 2 show the same flexibility. Level 1 is more productive but 

the assembly has to be changed less to change to level 2. 

In Assembly Part 2, the result of Assembly Part 2 of the Auto 5000 GmbH is that 

the participated workers in the examined fields have to be changed least in levels 2 and 

3. Towards an increasing number of units the actual level of the Touran assembly is 

nearly optimallly designed. The productivity 

of levels 2 and 3 is the same, so the level 3 

is the best in this comparison because, as 

seen before, the changes in the number of 

workers are the least and the changes in 

the assembly are less than if changed to 

automation level 2. 

 

 

 

 

 

Tab. 5.12: Analysis Touran Assembly Part 

1 in Wolfsburg 

Source: Own presentation 

 

  Tab.   5.13:   Analysis  Touran   Assembly  Part   

  2 in Wolfsburg 

  Source: Own presentation 

1 8 23171 4,90

2 10 18537 3,92

3 10 18537 3,92

4 10 18537 3,92

5 39 4753 1,01

1 9 24716 5,23

2 11 20222 4,28

3 11 20222 4,28

4 11 20222 4,28

5 45 4943 1,05

1 7 21185 4,48

2 10 14830 3,14

3 10 14830 3,14

4 9 16477 3,49

5 32 4634 0,98

"+20%"

"-20%"

Level Workers
Vehicles per 

worker

Vehicles per 

worker's hour

1 9 20597 4,36

2 11 16852 3,56

3 14 13241 2,80

4 19 9756 2,06

5 21 8827 1,87

1 10 22244 4,70

2 12 18537 3,92

3 16 13903 2,94

4 23 9671 2,05

5 25 8898 1,88

1 8 18537 3,92

2 10 14830 3,14

3 13 11407 2,41

4 18 8239 1,74

5 18 8239 1,74

"+20%"

"-20%"

Level Workers
Vehicles per 

worker

Vehicles per 

worker's hour
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In Assembly Part 3 the third fictitious 

level of automation, level 4, is the most 

flexible level towards the changing number of 

units with the lowest demand of changes in 

the line. Nevertheless, level 1 shows the 

same changes of the number of workers with 

a higher productivity, because fewer workers 

participate in the production process. 

 

 

 

 

 

 

 

Golf A5 assembly line in Uitenhage 

In South Africa 36,019 vehicles of the 

A5 platform were produced in 2005. The cycle 

time to produce this number of units is 6.6793 

minutes on average. If 20% more vehicles had 

been built, or 43,222 vehicles, the cycle time 

would have been 5.566 minutes. In the case of 

20% less vehicles, or 28,815 vehicles, the 

average cycle time of 8.3491 minutes would 

have been necessary. 

In Assembly Part 1, the most flexible 

automation levels are the levels 2, 3 and 4. 

Thereby level 2 shows the best productivity of 

these three levels. But changing from level 5 to level 4 needs the least changes in the 

assembly line. 

 

Tab. 5.14: Analysis Touran Assembly Part 3 

in Wolfsburg 

Source: Own presentation 

 

  Tab.  5.15:    Analysis   Golf   A5   Assembly   

  Part 1 in  Uitenhage 

  Source: Own presentation 

1 5 7204 1,80

2 6 6003 1,50

3 8 4502 1,12

4 10 3602 0,90

5 9 4002 1,00

1 5 8644 2,16

2 6 7204 1,80

3 8 5403 1,35

4 10 4322 1,08

5 9 4802 1,20

1 4 7204 1,80

2 6 4803 1,20

3 8 3602 0,90

4 10 2882 0,72

5 8 3602 0,90

"+20%"

"-20%"

Level Workers
Vehicles per 

worker

Vehicles per 

worker's hour

1 6 30895 6,53

2 8 23171 4,90

3 8 23171 4,90

4 8 23171 4,90

5 14 13241 2,80

6 17 10904 2,31

7 20 9269 1,96

1 6 37074 7,84

2 8 27806 5,88

3 8 27806 5,88

4 8 27806 5,88

5 14 15886 3,36

6 18 12358 2,61

7 23 9671 2,05

1 6 24716 5,23

2 6 24716 5,23

3 8 18537 3,92

4 8 18537 3,92

5 12 12358 2,61

6 15 9886 2,09

7 18 8239 1,74

"+20%"

"-20%"

Level Workers
Vehicles per 

worker

Vehicles per 

worker's hour
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In Assembly Part 2, the levels 1 to 4 do 

not require any changes in the number of 

participating employees to cope with a change 

of number of units in the examined range. On 

the one hand level 1 represents the level with 

the highest productivity, but, on the other hand, 

level 4 is the level with the lowest changing 

demand. 

 

 

 

 

In Assembly Part 3, the result of the 

Assembly Part 3 in Uitenhage shows a quite 

similar result like the other Assembly Part in 

South Africa. Levels 1 to 6 provide the same 

flexibility and level 1 is the most productive of 

the compared levels. The productivity 

increases with the degree of automation. 

 

 

 

 

 

 

 

 

 

 

Tab. 5.16: Analysis Golf A5 Assembly Part 

2 in Uitenhage 

Source: Own presentation 

 

   Tab.   5.17:    Analysis   Golf  A5 Assembly   

   Part   3 in Uitenhage 

   Source: Own presentation 

1 4 9005 2,25

2 6 6003 1,50

3 8 4502 1,12

4 7 5146 1,28

5 12 3002 0,75

1 4 10806 2,69

2 6 7204 1,80

3 8 5403 1,35

4 7 6175 1,54

5 14 3087 0,77

1 4 7204 1,80

2 6 4803 1,20

3 8 3602 0,90

4 7 4116 1,03

5 11 2620 0,65

"+20%"

"-20%"

Level Workers
Vehicles per 

worker

Vehicles per 

worker's hour

1 4 9005 2,25

2 5 7204 1,80

3 7 5146 1,28

4 7 5146 1,28

5 9 4002 1,00

6 9 4002 1,00

7 9 4002 1,00

1 4 10806 2,69

2 5 8644 2,16

3 7 6175 1,54

4 7 6175 1,54

5 9 4802 1,20

6 9 4802 1,20

7 10 4322 1,08

1 4 7204 1,80

2 5 5763 1,44

3 7 4116 1,03

4 7 4116 1,03

5 9 3202 0,80

6 9 3202 0,80

7 9 3202 0,80

"+20%"

"-20%"

Level Workers
Vehicles per 

worker

Vehicles per 

worker's hour
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6. Combination of the results 

 
 
 

This chapter deals with the combination of the results of the three areas costs, 

quality and quantity. Before the analyses of these areas can be carried out the same 

basis for the examined area has to be guaranteed for all production sites. The creation 

of the same basis and the following analyses of the three areas have been done in Ch. 

5 already. After showing in the following paragraphs how the same basis has been 

created, initial situations and actual problems of each production site are explained and 

confronted. After that, the combination of the areas can be set up to find the total 

optimal levels of automation for each production site.  

Starting points of the analyses were the 3 Mechanisations of the assembly line in 

Wolfsburg. In each Mechanisation certain stations have been selected, which form the 

so-called Assembly Parts 1, 2 and 3. These are a reference for both of the other 

productions sites. All the stations of equivalent content were compared with the stations 

of Assembly Parts 1, 2 and 3. This procedure was necessary for creating different levels 

of automation. By examining the 3 different assembly lines, up to 3 

different possible ways of assembling a certain component could be 

differentiated. For each Assembly Part different levels of automation 

have been created in matrixes with the help of the possible ways of 

assembling. Each Assembly Part got its own matrix. All of them are 

shown in Appendix C1-C3. In each line of the matrixes, the different 

levels of automation are shown as in Fig. 6.1 on the following page. 

As already mentioned, the starting point of creating different levels of 

automation is the way, in which the Golf A5 is assembled in 

Wolfsburg. Therefore, the first level of automation represents the way 

in which the Golf A5 is assembled in Wolfsburg. With the growing 

number of levels from top to bottom, the level of automation 

decreases. For each further level the most meaningful important  

stations regarding costs are deautomated. The last level of 

automation always represents the way in which the Golf A5 is 

assembled in Uitenhage in practice.1 This level shows the least 

                                                 
1
 Levels, which represent assembling in practise: Level 5 in Assembly Part 1 and 2, level 7 in Assembly Part 3 

 

Fig. 6.1 Example 

for levels of 

automation 

Source: Own 
presentation 
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automated way of assembling. In between, there is one level of automation that 

represents how the Touran in the Auto5000 GmbH is assembled in practice.2 

Depending on the stations the 3 matrixes of Assembly Parts 1, 2 and 3 have a different 

number of levels of automations (5, 5, 7 levels).  

The examination of costs takes into consideration the costs for personnel3 and 

automation costs4. For the determination of quality assembly defects5, Vehicle-Audit 

data, data of the Vehicle Preparation Centre in Japan, Field-data, Direct-Runner-Rate 

data, Process-Audit data as well as the qualification and co-ordination of workers are 

considered. The quantity investigation is mainly based on the productivity6 and 

flexibility7. Furthermore, the overall equipment effectiveness is examined.  

 On the following page, an overview of initial situations of each production site is 

presented to show in detail which kinds of challenges or rather problems actually exist 

in practice. These mentioned situations are explained in detail in the following chapters.  

The combination of each result bases on the results of costs. Therefore, the 

actual and optimal levels of automation regarding costs are also represented on the 

following page in Fig. 6.2 to Fig. 6.10 to show an overview regarding the differences 

between optimal and actual level of automation according to costs before beginning the 

combination in Ch. 6.1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
2
 Levels, which represent assembling in practise: Level 4 in Assembly Part 1 and 2, level 6 in Assembly Part 3 

3
 See 5.1.1: Direct workers, master, maintenance, planning and industrial engineering 

4
 See 5.1.1: Capital investment, energy costs, equipment for maintenance use and operating supplies 

5
 See 5.2.1: Investigated from the systems FISeQS (Golf Wob), My Process (Auto5000) and FISview (Golf SA) and later used for 

the determination of the optimal level regarding quality 
6
 See 5.3.2: Calculated by the number of unit, number of workers and working hours 

7
 See 5.3.4: Describes the necessary changes of workers to varying number of units 
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Golf A5 assembly in Wolfsburg 

 
High automation: 

• Low demand for man-power 

• High maintenance effort 

• Not quality supplying (no tolerance compensation by 
robots) 

• Over-dimensioning of Mechanisations are necessary to 
balance interruptions 

 

Crowd of employees and decreasing number of produced units: 

• Plant production volume decreases from 6,000 to only 
2,000 units per day on two assembly lines 

• Capacity utilisation of the automation does not exist 
anymore 

• Employees have to be employed in other areas 

• Loss of know-how 
 
Very high wage costs: 

• VW collective agreement 

• Working hours are inflexible  
 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.2: Costs per unit (Assembly Part 1) 

Source: Own presentation 

 

 

 

 

 

 

 

 

 

 

Fig. 6.3: Costs per unit (Assembly Part 2) 

Source: Own presentation 

 

 

 

 

 

 

 

 

 

 

Fig. 6.4: Costs per unit (Assembly Part 3) 

Source: Own presentation 

Auto5000 assembly in Wolfsburg 

 
Low automation: 

• Example for adapted automation 

• Increasing demand on man-power 

• Low maintenance effort 

• Quality supplying (tolerance compensation by workers) 

• Main field on worker qualification and leadership 
 
Produced number of units: 

• 801 produced units per day on one assembly line 

• Good capacity utilisation of manufacture 

• Additional assembling of the new vehicle Tiguan on the 
Touran assembly line 

• Flexible extension of the assembly line 
 
Conformist wage costs: 

• Special Auto5000 collective wage 

• Flexible working hours to catch up interruptions 
 
 

 

 

 
 

 

Fig. 6.5: Costs per unit (Assembly Part 1) 

Source: Own presentation 

 

 

 

 

 

 

 

 
 

 

Fig. 6.6: Costs per unit (Assembly Part 2) 

Source: Own presentation 

 

 

 

 

 

 

 

 
 

Fig. 6.7: Costs per unit (Assembly Part 3) 

Source: Own presentation  

Golf A5 assembly in Uitenhage 

 
No automation: 

• Manual manufacture 

• High demand for man-power 

• Very low maintenance effort 

• Improvement in workers’ qualification and leadership 
 
Produced number of units: 

• 144 produced units per day on one assembly line 

• Very high circle time (ø-circle time 4,55 min) 

• A lot of space for increasing numbers of units  
 
Low wage costs: 

• Very low collective wages 

• Additional work on Saturdays to reach production targets  
 
 

 

 

 
 

 

 

 

 

 

 

 
 

Fig. 6.8: Costs per unit (Assembly Part 1) 

Source: Own presentation 

 

 

 

 

 

 

 

 
 

Fig. 6.9: Costs per unit (Assembly Part 2) 

Source: Own presentation 

 

 

 

 

 

 

 

 
 

Fig. 6.10: Costs per unit (Assembly Part 3) 

Source: Own presentation  
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Fig. 6.2 - Fig. 6.10 represent the costs per unit for each Assembly Part in each 

production site versus the level of automation (3 figures for each production site). The 

total costs per unit (coloured blue) are subdivided into personnel costs (coloured red) 

and into automation costs (coloured yellow). Therefore, the total costs per unit are 

calculated by adding up the personnel and automation costs per unit. On the X-axis, 

level 0 represents full automation (100%). Level 6 or rather level 8 represents fully-

manual assembling (0%). In each figure, the existing level of automation (red coloured 

bars) is shown in practice as well as the determined optimal level regarding cost (green 

coloured bars) in Ch. 5.1. 

 In Assembly Part 1 in the Golf A5 assembly line in Wolfsburg, the actual level 

confirms the optimal level. But, in Assembly Part 2 and 3, the optimal levels are near to 

level 4 while levels 1 represent the actual levels. Because of smaller demand of man-

power, the personnel costs decrease with increasing automation. In contrast to this, 

highly automated facilities and high maintenance effort cause increasing automation 

costs. 

 The assembly line of the Auto5000 GmbH is an example of adapted automation, 

which leads to low automated assembling. But, as can be seen in Fig. 6.5 - Fig. 6.7, the 

investigations have shown that a little more automation leads to cost optimal 

assembling in all Assembly Parts. The adapted automation causes an increase in man-

power whereas the costs for automation decrease, especially costs for facilities and 

maintenance. 

 In the assembly line of the Golf A5 in Uitenhage, the actual levels of automation 

confirm the determined optimal levels. The low wage costs in South Africa and the small 

number of units cause a strong increase of costs per unit with increasing automation. 

These determined costs show some 

discrepancies to the theoretical costs, already 

shown in Fig. 4.6 and again in Fig. 6.11. The 

reasons for the differences of the courses 

between the theoretical courses of the costs per 

unit and the determined costs per unit, as shown 

in Fig. 6.2 - Fig. 6.10, are caused by: 

• Personnel costs in Fig. 6.11 only 
include direct workers, but in Fig. 
6.2 - Fig. 6.10, these costs include 
direct workers as well as indirect workers (master, maintenance, planning 
and industrial engineering) 
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Fig. 6.11: Costs per unit vs. level of 

automation 

Source:  Fichtmüller 1996, p. 7 
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• Uniform scaling of the y-axes in Fig. 6.2 - Fig. 6.10, which enables a 
comparison of the costs per unit among all production sites. Therefore, 
some curve progressions are distorted.  

 

• Linear scaling of the levels of automation on the x-axis in Fig. 6.2 - Fig. 
6.10, however, in reality the ranges between the different levels are not 
absolutely linear. 

 
In the next chapter, the optimal levels of automation of the three aspects costs, 

quality and quantity are confronted with each other. If the different optima correspond to 

each other, the total optimum for the individual Assembly Part is already founded. 

Otherwise, if the optima show differences in a certain Assembly Part, further 

contemplations have to be carried out. In the combination of the optima, the optimal 

levels of costs are defined as the basis. Both of the other aspects are confronted with 

the optimal level of costs to find a total solution for each production site. The results will 

give recommendations for each production site in order to guarantee optimal kinds of 

assembling. 

 

 

6.1 Combination of the results of Golf A5 assembly in Wolfsburg 

 
 In this chapter the results of costs, quality and quantity of the Golf A5 assembly 

in Wolfsburg are combined with each other. The next chapter will give an overview of 

the individual optimal levels of automation. Then, 

in Ch. 6.1.2, the total optimal level of automation 

will be determined. 

 

6.1.1 Confronting the optimal levels of 

automation 

 
The individual results of the three aspects cost, 

quality and quantity are shown in Tab. 6.1, which 

represents the optimal levels of automation for 

each aspect in each Assembly Part of the Golf 

A5 assembly in Wolfsburg. Furthermore, the 

values, which belong to the optimal levels, are 

shown in this table. 

As can be seen, in Assembly Part 1 the 

first level is the optimal level according to costs 

Golf A5 WOB Assembly Part 1

Actual

Costs 1 (20,38 €)

Quality 3 (0,01988 T.C./veh.)

Quantity 1 (4,65 veh./h.)

Golf A5 WOB Assembly Part 2

Actual

Costs 4 (16,60 €)

Quality 4 (0,02330 T.C./veh.)

Quantity 1 (5,23 veh./h.)

Golf A5 WOB Assembly Part 3

Actual

Costs 4 (10,64 €)

Quality 1 (0,00737 T.C./veh.)

Quantity 1 (6,96 veh./h.)

Level of automation

1

Aspects
Level of automation

1

Aspects

1

Aspects
Level of automation

Optimal (value)

Optimal (value)

Optimal (value)

 

Tab. 6.1: Optimal levels of automation 

regarding costs in the three Assembly 

Part of Golf A5 manufacture in 

Wolfsburg 

Source: Own presentation 
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and quantity. The results of quality deliver the third level as the optimal level. In 

Assembly Part 2, level four is optimal for cost and quality. As in Assembly Part 1, the 

first level represents the optimum for quantity. The fourth level is also the optimum 

regarding cost in Assembly Part 3, but with regard to quality and quantity the first level 

is the optimal level. In the following chapter, the mentioned differences will be discussed 

to a total solution. 

 

6.1.2 Determination of the total optimal level of automation 

 
The optimal levels of cost are defined as the bases. In Assembly Part 1, the first 

level of automation is the optimal level, which represents actual assembling in practice. 

The result of quantity shows the same optimum, which causes no adaptation. But the 

result of quality has to be taken into closer consideration. The differences8 between the 

first and the third level of automation are 0.005 trouble cases per vehicle from a quality 

point of view. This means that the first level of automation causes 0.005 trouble cases 

per vehicle, which is more than the third level on average. A more detailed examination 

illustrates that only the assembly stations roll-forming tailgate as well as roll-forming 

doors cause this difference.  

This fact is a very good example for the 

area of conflicts between quality, flexibility and 

know-how (see Fig. 6.12). 

 An automatic station/robot allows only a 

very small tolerance for assembling. For a high-

quality manufacture it is essential that the size 

of the body always has to move into the limits of 

these tolerances. If this tolerance is gone over, 

the robot is not able to react appropriately, 

because an automatic station is not flexible enough to compensate abrupt variances of 

tolerances. The above-mentioned example of the manufacturing station roll-forming 

illustrates this fact. 

The determination of cost of this Assembly Part states the first level as the 

optimal level. So, the differences between the optimal level of costs and quality have to 

be remedied. To reach a better quality in this cost optimal level, an improvement of 

know how has to be done in the automatic assembly of roll-forming. This can be 

                                                 
8
 See Appendix H42 
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Fig. 6.12: Area of conflicts 

Source: Own presentation 
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reached by a better quality or a rather smaller range of tolerance of products handed 

over from previous areas. Furthermore, an improvement of the adjustment of the robot, 

a more appropriate maintenance of the robot or a further development of the roll-

forming tool for robots could increase the quality.  

Hence, the know how of the automatic station has to be increased to equalise the 

mentioned inflexibility of such stations. Hence, in this Assembly Part the optimal level of 

automation regarding quality corresponds to the optimal level of automation regarding 

costs. 

For Assembly Part 1, the optimum in quantitative aspects is level 1. Because of 

the high level of automation of level 1 the productivity is very high. Level 1 is very 

flexible. Only small changes in the number of workers are necessary to react on a 

varied number of units. 

In Assembly Part 2, the determination of the optimal level of costs and quality 

deliver the same level of automation as the optimal. This illustrates that the assembly of 

the examined station in Assembly Part 2 regarding cost and quality is optimally 

designed, but the actual level of automation is level 1. The optimal level of automation 

for Assembly Part 2 in quantitative aspects is level 1. According to flexibility the levels 1 

and 2 demonstrate the best possibility of reacting on market fluctuations. But level 4 

shows a rising productivity to decreasing number of units. Additionally, it provides a 

better technical availability than the high-automated levels. The discussions show that 

there is potential to deautomate this Assembly Part in the Golf A5 manufacture in 

Wolfsburg. 

As in the beginning of this part, the results of costs and quality are also different 

from each other in Assembly Part 3. To reach an optimal quality in the level of 

automation 4, which represents the optimal level regarding costs, the quality results 

have to be taken into closer consideration. By analysing in detail, the quality 

differences9 of 0.021 trouble cases per vehicle are caused by the assembly stations 

fitting and putting in battery as well as fitting cross member and rear bumper. The 

assembly is performed automatically with a better quality than manually in these 

stations. In the other Assembly Parts, manual assembly produces as well as robots, in 

certain stations even better. This illustrates the possibilities of manual assembly. But, for 

reaching a high-quality performance in manual assembly workers have to be adequately 

qualified, motivated and co-ordinated. In the above-mentioned assembly stations 

                                                 
9
 See Appendix H44 
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workers could assemble as well as the robots unless the workers have the appropriate 

Know How. This could be reached by putting the main field on workers qualification, 

motivation and leadership. The putting into practice of the mentioned modifications will 

lead to a quality improvement. So, the optimal level of automation regarding quality 

corresponds to the optimal level of automation regarding costs. The quantity aspect 

shows that levels 1 and 4 provide the best flexibility. Level 1 shows a better productivity 

because of its high automation degree. The other possibility, level 4, which is preferred 

from the point of view of costs, has the same flexibility as level 1. But, level 4 provides a 

better technical availability because of its lower automated way of manufacturing.  

 

 

6.2 Combination of the results of Auto5000 assembly in Wolfsburg 

 
6.2.1 Confrontation of the optimal levels of automation 

 
The individual results of the three aspects costs, quality and quantity are shown 

in Tab. 6.2, which represent the optimal levels of 

automation for each aspect in each Assembly 

Part of the Auto5000 assembly line in Wolfsburg 

as well as the values, which belong to these 

optimal levels. 

As can be seen, in Assembly Part 1 the 

third level is the optimal level according to costs 

and quality. The results of quantity deliver the 

first level as the optimal level. In Assembly Part 

2, level four is optimal for cost, quality and 

quantity. The fourth level is also the optimum 

regarding cost and quantity in Assembly Part 3. 

But with respect to quality, the first level is the 

optimal level. In the following chapter, the 

mentioned differences will be discussed to a 

total solution. 

 

6.2.2 Determination of the total optimal level of automation 

 
In Assembly Part 1, the third level of automation is the optimal level with regard 

to costs and quality. This illustrates that the design of level 3 according to cost and 

Auto5000 WOB Assembly Part 1

Actual

Costs 3 (14,72 €)

Quality 3 (0,01988 T.C./veh.)

Quantity 1 (4,36 veh./h.)

Auto5000 WOB Assembly Part 2

Actual

Costs 4 (11,63 €)

Quality 4 (0,02330 T.C./veh.)

Quantity 4 (3,92 veh./h.)

Auto5000 WOB Assembly Part 3

Actual

Costs 4 (7,29 €)

Quality 1 (0,00737 T.C./veh.)

Quantity 4 (4,90 veh./h.)

Aspects
Level of automation

Aspects
Level of automation

Aspects
Level of automation

6

4

4

Optimal (value)

Optimal (value)

Optimal (value)

 

Tab. 6.2: Optimal levels of automation 

regarding costs in the three Assembly 

Part of Auto5000 manufacture in 

Wolfsburg 

Source: Own presentation 
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quality points of views is optimal, but the actual level of automation in Assembly Part 1 

is level of automation 4 in the Auto5000 GmbH. Regarding flexibility and productivity, 

level 1 is the optimal level for Assembly Part 1. Level 3 is just conditionally 

recommendable from the quantity’s point of view because of its worse flexibility and 

productivity. So, there is a potential to automate the assembly in this part to a small 

extent. 

As in Assembly Part 1, the optimal levels of automation regarding cost and 

quality correspond to each other in Assembly Part 2 as well. But, in this Assembly Part, 

level of automation 4 represents the actual level of automation. Between flexibility and 

productivity a compromise has to be found. At this, the decision is made for level 4, 

because only small changes in the number of workers and no changes in the assembly 

line have to be carried out at a still good productivity. As level of automation 4 is the 

optimal and also the actual level of automation, this Assembly Part is optimally 

designed. 

As in chapter 6.1.2 the results of costs and quality differ from each other in 

Assembly Part 3. Exactly the same argumentation as is done above would lead to the 

correspondence of the optimal levels of automation with regard to costs and quality. 

Even when the main field in the Auto5000 manufacture is already based on the workers 

training, these training instructions have to be extended to guarantee a constant high-

quality assembly. The above-mentioned improvements would cause a constant high-

quality assembly. So, the optimal level of automation regarding quality corresponds to 

the optimal level of automation regarding costs. For quantity, level 4 is the optimum as 

well. This level is dimensioned in such a flexible way according to market fluctuations 

that no changes have to be carried out. Furthermore, level 4 provides a high technical 

availability. 

 

 

6.3 Combination of the results of Golf A5 assembly in Uitenhage 

 
6.3.1 Confrontation of the optimal levels of automation 

 
The individual results of the three aspects cost, quality and quantity are shown in Tab. 

6.3 on the following page, which represents the optimal levels of automation for each 

aspect in each Assembly Part of the Golf A5 assembly in Uitenhage. Furthermore, the 

values, which belong to the optimal levels, are shown in this table. 
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 As can be seen, in Assembly Part 1 the 

fifth level is the optimal level according to costs 

and quantity. The results of quality deliver the 

third level as the optimal level. In Assembly Part 

2, level four is optimal for quality and quantity. 

As in Assembly Part 1, the optimal level 

regarding costs is the fifth level. The seventh 

level is the optimum with regard to cost in 

Assembly Part 3, but with regard to quality and 

quantity the first level or rather the sixth level is 

the optimal level. In the following chapter, the 

mentioned differences will be discussed to a 

total solution. 

 

 

 

 

6.3.2 Determination of the total optimal level of automation 

 
In Assembly Part 1, the results of costs and quality differ from each other like in 

6.1.2, but, in this case exactly on the opposite way. The optimal level of automation 

regarding costs is more deautomated than the optimal level of automation regarding 

quality. The above-mentioned argumentation that manual assembly is as good as 

automatic assembly or even better is not valid for the manufacture in Uitenhage. The 

assembly in the station, which causes the differences10 in a quality point of view again 

refer to roll-forming tailgate and doors. These stations are exactly carried out like in the 

manufacture of the Auto5000 GmbH, but they produce 0.101 trouble cases per vehicle 

more. This fact shows the deficits of the Golf A5 assembly in Uitenhage, which are 

already mentioned in 5.2.6. The leadership, training and qualification of workers are not 

adequate. The Auto5000 GmbH assembly line illustrates that a high-quality assembly 

by workers is possible in practice. The remedy of these deficits, as described in 6.2.2, 

would cause an improvement of quality. So, the optimal level of automation regarding 

quality corresponds to the optimal level of automation regarding costs. Assuming the 

actual situation in South Africa, level 5 can be seen as the optimum. This level is just a 

                                                 
10
 See Appendix H42 

Golf A5 SA Assembly Part 1

Actual

Costs 5 (6,48 €)

Quality 3 (0,01988 T.C./veh.)

Quantity 5 (1,00 veh./h.)

Golf A5 SA Assembly Part 2

Actual

Costs 5 (17,96 €)

Quality 4 (0,02330 T.C./veh.)

Quantity 4 (1,28 veh./h.)

Golf A5 SA Assembly Part 3

Actual

Costs 7 (8,22 €)

Quality 1 (0,00737 T.C./veh.)

Quantity 6 (1,00 veh./h.)

Aspects
Level of automation

Aspects
Level of automation

Aspects
Level of automation

7

5

5

Optimal (value)

Optimal (value)

Optimal (value)

 

Tab. 6.3: Optimal levels of automation 

regarding costs in the three Assembly 

Part of Golf A5 manufacture in 

Uitenhage 

Source: Own presentation 
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bit less flexible than level 4. The advantage of level 5 is the higher productivity towards 

level 4.  

In Assembly Part 2, the optimal levels of automation with regard to costs and 

quality differ again from each other. In this Assembly Part, the differences are 

explainable by the above-mentioned reasons, too. All aspects that belong to the 

workers would have to be improved as described above. So, the optimal level of 

automation regarding quality corresponds to the optimal level of automation regarding 

costs. Level 4 is also the optimal level from the point of view of quantity. The actual and 

cost optimal situation is level 5. The advantages of level 5 are a better availability as 

well as a lower complexity. 

As in chapters 6.1.2 and 6.2.2, the results of costs and quality differ from each 

other in Assembly Part 3. Exactly the same argumentation as is done above would lead 

to the correspondence of the optimal levels of automation with regard to costs and 

quality. But in the assembly of Uitenhage, especially, the already mentioned deficits in 

the bases of workers training and also the quality creating bases have to be remedied. If 

this will be realised, a high-quality performance in assembly should be possible like in 

the Auto5000 manufacture. So, the optimal level of automation regarding quality 

corresponds to the optimal level of automation regarding costs. Quantitatively, the levels 

1 to 6 are all better than level 7. But level 7 is the actual level of automation in South 

Africa. Level 7 is just  partially recommendable in terms of quantity, because this level 

shows worse values for flexibility and productivity compared to the other levels. 

Advantages of level 7 are the good availability and the small complexity of the 

equipment. 

On the following page, the results of the confrontation are shown again in a more 

visible way. For each Assembly Part in each production site, three triangles show the 

actual situation (red coloured), the individual optima (green coloured) and finally the 

total optima (black coloured). The three axles represent the three aspects costs, quality 

and quantity. In each axle, the following ranges are significant: 

• The range between the actual situation (red) and the total optimum 
(black): 
The intensity of the divergence between the actual and the optimal 
situation 
  

• The range between the individual optimum (green) and the total optimum 
(black): 
The intensity of the efforts, which are necessary to correspond with the 
cost optimum or rather the total optimum  
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Golf A5 assembly in Wolfsburg 
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Fig. 6.13: Results of confrontation (Assembly Part 1) 

Source: Own presentation 

• The actual situation and the total optimum of costs, quality and 
quantity match in level 1. 

• The optimum of quality differs to the total optimum in two levels.  

• The individual optima of costs and quantity are identical to the total 
optimal level.  

 

Assembly Part 2: 
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Fig. 6.14: Results of confrontation (Assembly Part 2) 

Source: Own presentation 

• The actual situation of costs and quantity is level 1.  

• The total optimum for all three criteria is level 4. 

• To change from the actual situation, level 1, to the total optimal 
level, deautomation has to be carried out.  

• The quantitative optimum differs in 3 levels to the total optimum, 
which is the lower automated level.  

 

Assembly Part 3: 
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Fig. 6.15: Results of confrontation (Assembly Part 3) 

Source: Own presentation 

• Level 1 shows the actual situation. The total optimum is level 4.  

• To reach the total optimum a deautomation has to take place. 

• The individual optimum of quality and quantity is each level 1.  

• The difference between them and the total optimum is three levels.  
 

Auto5000 assembly in Wolfsburg 
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Fig. 6.13: Results of confrontation (Assembly Part 1) 

Source: Own presentation 

• The actual situation is level 4. The total optimum is in level 3. 

• The quantitative optimum has a difference of two levels to the total 
optimum.  

• From all points of view, the Assembly Part 1 has to be automated. 
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Fig. 6.14: Results of confrontation (Assembly Part 2) 

Source: Own presentation 

• This part is optimally designed with level 4. The actual situation, 
the total optimum and the individual optima show level 4.  
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Fig. 6.15: Results of confrontation (Assembly Part 3) 

Source: Own presentation 

• Related to costs, quality and quantity the actual situation is level 6.  

• The total optimum is level 4. 

• This Assembly Part has to be automated to change from level 6 to 
level 4. 

• The individual optimum of quality has a difference of two levels to 
the optimal level.  

 

Golf A5 assembly in Uitenhage 
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Fig. 6.13: Results of confrontation (Assembly Part 1) 

Source: Own presentation 

• The actual situation and the total optimum are optimally designed 
with level 5.  

• The qualitative optimum has a difference of 2 levels against the 
total optimum.  
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Fig. 6.14: Results of confrontation (Assembly Part 2) 

Source: Own presentation 

• The total optimum as well as the actual situation corresponds to 
level 5.  

• The qualitative and quantitative optima are with level 4 only one 
step of automation in direction of automation away from the total 
optimum.  
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Fig. 6.15: Results of confrontation (Assembly Part 3) 

Source: Own presentation 

• Costs, quality and quantity match in the actual situation and the 
total optimum with level 7.  

• The quantitative optimum shows a difference of one level and the 
qualitative optimum of six levels related to the optimal level.  
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Today’s leading vehicle manufacturers have to cope with increasing competition. 

Growing market demands, short reaction times to develop new products and high-price 

pressure are the basic conditions the companies are confronted with. They stand for 

complete satisfaction of customers’ demands and furthermore for absolute quality 

awareness, strategic dynamics and flexibility. Volkswagen AG represents one of these 

manufacturers that have to fulfil these abilities as well as possible to stay competitive. 

Especially in Europe, large over-capacities cause too many produced vehicles that have 

to sell at a low profit too often. The result is an increasing pressure of competition that 

Volkswagen AG has to fulfil. Because of this, it is of great significance to produce and 

market high-quality products at reasonable price. This is why cost optimal 

manufacturing and observing the delivery deadline are the most important factors to 

fulfil the mentioned requirements on the market and to make a high profit at the same 

time.   

In this master thesis, the assembly lines of three different production sites of 

Volkswagen AG were analysed regarding costs, quality and quantity. To enable the 

connection of all parts of the project as far as possible, the same basis had to be 

provided before starting the analysis. This basis was reached with the creation of 

comparable levels of automation, which could be shown clearly in matrixes based on 

morphological boxes that show the possibilities of how to fulfil the certain operations in 

each considered station. All stations that are put together in the highly automated areas 

in the Golf A5 assembly line in Wolfsburg, which are called Mechanisations, were 

chosen and examined in all of the three production sites of the Golf A5 in Wolfsburg, the 

Touran in the Auto5000 in Wolfsburg and the Golf A5 in Uitenhage, South Africa. The 

levels of automation that require the lowest costs per unit represent the optimal levels of 

automation regarding costs. By defining these levels as the basis, the modifications, 

which would have to be done in the optimal levels regarding quality and quantity, have 

to be argued to correspond to the cost optimal levels. 

 As a result, a potential for optimising exists. Above all, the production sites in 

Wolfsburg have a high potential. The results of the Golf A5 assembly line in Wolfsburg 

illustrate that the examined Assembly Parts 2 and 3 have to be deautomated. Assembly 

Part 1 is designed optimally, whereas a quality improvement by modifications as 

mentioned in Ch. 6.1.2 is to be aspired in this part. The actual level of automation in 
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Assembly Part 2 has to be deautomated to reach the total optimal level. But in this part 

necessary quantity adaptations, which are also dealt with in Ch. 6.1.2, have to be 

considered. In Assembly Part 3 the actual level of automation has to be deautomated to 

reach the optimal level as well. There, the quality as well as the quantity modifications 

should be kept in mind. 

 The examined Assembly Parts in the production site of the Auto5000 GmbH in 

Wolfsburg have to be automated to a small extent in general according to the 

determined results. This conclusion is valid for Assembly Part 1 and 3, which have to be 

automated from the actual levels of automation to reach the optimal levels. The 

necessary quantity variations have to be considered in both parts. Additionally in 

Assembly Part 3 the quality improvements (see Ch. 6.2.2) have to be aimed at. The 

actual level of automation in Assembly Part 2 represents the total optimal level of 

automation in all aspects. Hence, this part is already optimally designed. 

 The actual levels of automation in the Golf A5 assembly line in Uitenhage are 

optimally designed according to the determined results. But, especially from a quality 

point of view, the deficits (see Ch. 6.2.3) have to be remedied. The manufacture of the 

Auto5000 GmbH illustrates that a manual assembly with high quality is possible in 

practice. So, the manufacture in Uitenhage has to be adapted to this to produce a better 

quality in the actual and optimal determined level of automation. 

Additionally, a varying number of units in the cost analyses would lead to different 

optimal levels of automation depending on the number of units. Generally, the costs run 

exponentially with the increasing level of automation. Simultaneously, costs decrease 

with a growing number of units, because the fixed costs are divided between more 

units. The more the system is used to capacity the lower the total costs per unit 

develop. It is possible that the investments for automation are so high that even for the 

maximum number of units, the total costs for a high level of automation are higher than 

the costs for manual assembly. In practice it is shown that for the most part, costs per 

unit are minimal in semi-automated systems. Mainly, high automation is only profitable 

for large numbers of produced units.  

Varying certain parameters of the calculation would show effects on costs per 

unit. The more the system is automated, the greater the influence on costs per unit will 

be. Introducing a 5-day week without pay compensation in the assembly line of the Golf 

A5 in Wolfsburg would lead to great cost savings as well.  

Finally, a consideration of the total assembly line would show that Hall 54, in 

where the assembly of the Golf A5 takes place, is extremely inflexible. Possible 
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economical advantages are wrecked by chain losing, standstill losing, high technical 

support and high costs for rebuilding in the case of new variants. These theses can be 

confirmed by the Fraunhofer Institut, which carried out a study about the assembly line 

of the Golf A5 as well.1 Highly automated systems cause decreasing flexibility of 

numbers of units, variants and adjustments. Costs for interruptions can be compensated 

by increased numbers of buffers and over-dimensioned facilities. But, both of these 

functions increase costs. Higher automation would only lead to satisfaction and cost- 

optimal manufacturing if systems were designed modularly, which can be converted 

simply.   

 The results of the analysis have shown that a potential for optimisation exists, 

especially in the assembly line of the Golf A5 in Wolfsburg. It exists in the design of 

single stations as well as in the design of the total system. With the investigation 

methods that have been carried out in this master thesis, a new potential for optimal 

manufacturing at lowest costs and best quality can be exploited. 

A similar investigation was carried out for the bodyshops of the three production 

sites. Due to the component size in the bodyshop, it must be equipped with a high 

degree of automation. Nevertheless, potentials for deautomating could be carried out. 

This is meant in particular for a highly and in a complex way automated body 

manufacturing. In this case, the potential does not focus on a lowering of the degree of 

automation. It concentrates in different automation concepts. Here, complexity and 

flexibility are two important aspects. Usually, a flexible manufacturing plant can be 

designed only with a high degree of complexity. The problem of high complexity is a 

strong vulnerability to failures of the production system. Therefore, the optimum of 

complexity and flexibility must be found with regard to the economy of the production 

system. Due to the investigation and also confirmed by the studies of the Harbour 

Report, the degree of automation in the bodyshop should have level 2 in high-wage 

countries and level 3 or rather level 4 in low-wage countries.  

 In the following chapter, an overview will give advice for the optimal assembling 

in the production sites of the Golf A5 in Wolfsburg, the Auto5000 GmbH in Wolfsburg as 

well as the Golf A5 in Uitenhage.  

 

 

                                                 
1
 See Lay 2001, p. 399 
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In the future, vehicles will no longer be a mass product. Moreover, the number of 

variants will even increase more, because in each vehicle class several variants and 

models (cabriolet, SUV, etc.) will be demanded on the market. Flexibility becomes more 

and more important because of the modifications in the market. These are especially: 

• Product life cycles are getting shorter: The results are frequent product 
rotations, less time to develop new products, less time for production 
optimising.  

 

• Customers want a higher variety of types and variants: The 
consequence is a higher expenditure of planning and control as well as a 
higher expenditure in development.  

 

• There is an increase in international competition: The consequence is 
a growing price pressure and therefore, a growing pressure on production 
costs and a faster conversion of technical improvement.  

 

• The customer’s behaviour changes: The consequences are demands 
with respect to individual solutions and a higher quality consciousness.  

 
So, assembling systems, which flexibly adapt to the market demands become 

necessary. It is essential to design the assembly according to the claimed vehicles and 

not vice versa design the vehicles according to the existing design of the assembly.  

The concepts have to have small fixed costs only to keep costs per unit almost 

constant during fluctuations. Companies are forced to produce many variants to be able 

to fulfil the special demands of customers in different markets with amended products. 

Long turn-around times and high stocks are not acceptable in the future, which requires 

more a flexible and economical assembly. Therefore, manual assembly becomes more 

important. It is practical to integrate as much flexibility into the production systems as 

possible.  

The conclusion of these developments will be to create small, flexible and 

manageable production sites, which have small depreciations. Furthermore, the 

characteristics of these manufactures are small and flexible assembly lines, which are 

exactly adapted to the local peculiarities, high manpower requirements including flexible 

collective agreement, a high level of know-how as well as a high efficiency. 

The following page will be the end of the analyses. On this page, the general 

procedure of introducing a new product and recommendations for designing an 

assembly line in the determined production sites will be presented. 
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Fig. 8.1 shows the general procedure for introducing a new product. The first part describes the 

development of the new vehicle. After designing and planning the vehicle has to be constructed. 

Not until Part I is finished, a suitable location for manufacturing the new product has to be 

chosen. Amongst other parameters (for instance settled suppliers in the potential location or 

expenditure for transporting certain components of the vehicle), primarily aspects of costs, 

quality and quantity have to be considered before choosing the location. Especially, personnel 

cost rates and costs for providing energy have great influences on the total costs of 

manufactured vehicles per unit. For securing the high product quality of Volkswagen, a high 

education and motivation of the employees is absolutely necessary. From a quantitative point of 

view, the sales market with possible market fluctuations have to be analysed.  

If all of these aspects are considered, the location for a new production site can be chosen and 

after that, the production system with the most economical level of automation can be 

determined with consideration of the mentioned aspects. But, in addition to the optimal level, it 

is very important to design the production plant around the claims of the product and not in 

reverse (see thunders). Furthermore, the product construction should be simple. 

Fig. 8.1: General  procedure for introducing a new product 

Source: Own presentation 

 

Recommendations 
 

Golf A5 assembly in Wolfsburg 

 

• The following stations have to be deautomated: 

Assembly Part 1: none 
Assembly Part 2: Stamping VINs, fitting gear shift, closing bonnet, fitting all glasses (all like 
in Auto5000 GmbH) 
Assembly 3: Opening bonnet, putting in and fitting CW-trim panel, putting in and fitting 
battery, fitting cross member and rear bumper (all like in Auto5000 GmbH) 

• Solution for ordering the stations: Redesigning the line by reordering stations in the 
areas where parts are assembled manually (Assembly Part 2) or rather designing a new 
system (Assembly Part 3) 

• Advantages of the new system: 

o Reduction of costs 
o Less or rather smaller buffers are necessary 
o Differences between high and low automation become smaller which makes the system 

more stable 
o More flexible towards tolerance problems 
o Workers are more applicable than machines 

•      Quality demands:  

o Improving the automatic roll-forming process 
o Educating the workers for manual assembling, especially in the stations fitting cross 

member and rear bumper 

•      Quantity demands:  

o Scalable hybrid systems lead to adjustable production systems that are cost-optimal to 
fluctuating demands. 

o Shortening the period of depreciation leads to increasing flexibility, which is necessary 
for decreasing product life cycles and growing numbers of face-liftings in the future. 

• A change of the pay scale system from 4 days to 5 days per week causes reduced costs 
per unit and standstill times as well as a higher capacity utilisation rate of the system. 

Auto5000 assembly in Wolfsburg 

 

• The following stations have to be automated: 

Assembly Part 1: fitting cockpit (like in Golf A5 
Wolfsburg) 
Assembly Part 2: none  
Assembly Part 3: fitting frontend, premounting and 
fitting wheels, placing spare wheel in boot 

• Solution for ordering the stations: Reorganising 
the line by placing the stations that have to be 
automated in front of or rather behind the existing 
lines, where parts are assembled manually  

• Advantages of the optimised system: 

o Reducing of costs 

• Demands on quality: All changes of the stations 
would lead to quality improvement 

• Demands on quantity: Even more automation 
leads to a better productivity but would override the 
actual high effectiveness because of decreasing the 
availability  

 

Golf A5 assembly in Uitenhage 

 

• The following stations have to be automated: 

Assembly Part 1: none 
Assembly Part 2: none 
Assembly Part 3: none  

• Solution for ordering the stations: The line is 
already optimal designed 

• Demands on quality:  

o Improving the manual rollforming process, the 
VIN stamping as well as the manual stations 
fitting rear and front bumper, fitting frontend 
and placing spear wheel in boot 

o Improving the qualification, organisation and 
motivation of workers (like in both of the other 
determined production sites, especially like in 
Auto5000 GmbH) 

o Improving the leadership (like in both of the 
other determined production sites, especially 
like in Auto5000 GmbH) 

o Complete installation of Quality Control 
Circles (QCC) (like in both of the other 
determined production sites) 

• Demands on quantity: none 
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Matrixes with corrected results 

Assembly Part 1, level of automation with corrected results 
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Assembly Part 2, level of automation with corrected results 
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Assembly Part 3, level of automation with corrected results 
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Assembly Part 1, level of automation with corrected results 
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Assembly Part 2, level of automation with corrected results 
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Assembly Part 3, level of automation with corrected results 
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Konzern Audit 

Results of Konzern Audit in March 2006, Source: Konzern Qualitätssicherung, VW Wolfsburg 
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Matrixes with theoretical created level of automation with the 
fewest defects 

Assembly Part 1, level of automation with theoretically fewest defects 
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Assembly Part 2, level of automation with theoretically fewest defects 
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Assembly Part 3, level of automation with theoretically fewest defects 
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Assembly Part 1, level of automation with theoretically fewest defects 
and how it is to be put into practise 
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Cleaning window flange, 
Closing tai lgate 

Prim ing window flange, 
Open ing  bonnet 

Apply ing  cockp it g lue 
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Assembly Part 2, level of automation with theoretically fewest defects 
and how it is to be put into practise 
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Underbody work and screwing all 
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Fitting gear shift 

Closing bonnet 
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Fitting windscreen 1, 
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Assembly Part 3, level of automation with theoretically fewest defects 
and how it is to be put into practise 
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Matrixes with fictitious created level of automation 

Assembly Part 1, fictitious created level of automation 
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D
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F 
G
 

H
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Rollforming tailgate 

Fitting cockpit  location brackets 

Rollforming doors 

Cleaning window flange, 
Closing tailgate 

Priming window flange, 
Opening bonnet 

Applying cockpit  glue 

Cockpit fitting 1 

Removing cable box, 
Remaining screw connections 

Remaining screw connections 
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Remaining screw connections 

Le
ve
l o

f a
ut
om

at
io
n 
1 

(G
ol
f A

5 
W
O
B
) 

au
to
m
at
ic
 

(1
 ro

bo
t) 

au
to
m
at
ic
 

(2
 fa
ci
lit
ie
s)
 

au
to
m
at
ic
 

(4
 ro

bo
ts
) 

au
to
m
at
ic
 

(3
 ro

bo
ts
) 

au
to
m
at
ic
 

(3
 ro

bo
ts
) 

au
to
m
at
ic
 

(1
 ro

bo
t) 

au
to
m
at
ic
 

(2
 fa
ci
lit
ie
s)
 

au
to
m
at
ic
 

(2
 fa
ci
lit
ie
s)
 

m
an
ua
l 

(e
le
ct
ric
al
 

sc
re
w
dr
iv
er
) 

au
to
m
at
ic
 

(1
 ro

bo
t) 

Le
ve
l o

f a
ut
om

at
io
n 
2 

m
an
ua
l 

(h
an
dr
ol
lfo
r
 

m
in
g 
de
vi
ce
) 

au
to
m
at
ic
 

(2
 fa
ci
lit
ie
s)
 

m
an
ua
l 

(h
an
dr
ol
lfo
r
 

m
in
g 
de
vi
ce
) 

au
to
m
at
ic
 

(3
 ro

bo
ts
) 

au
to
m
at
ic
 

(3
 ro

bo
ts
) 

au
to
m
at
ic
 

(1
 ro

bo
t) 

au
to
m
at
ic
 

(2
 fa
ci
lit
ie
s)
 

au
to
m
at
ic
 

(2
 fa
ci
lit
ie
s)
 

m
an
ua
l 

(e
le
ct
ric
al
 

sc
re
w
dr
iv
er
) 

au
to
m
at
ic
 

(1
 ro

bo
t) 

Le
ve
l o

f a
ut
om

at
io
n 
3 

m
an
ua
l 

(h
an
dr
ol
lfo
r
 

m
in
g 
de
vi
ce
) 

au
to
m
at
ic
 

(2
 fa
ci
lit
ie
s)
 

m
an
ua
l 

(h
an
dr
ol
lfo
r
 

m
in
g 
de
vi
ce
) 

m
an
ua
l 

m
an
ua
l 

au
to
m
at
ic
 

(1
 ro

bo
t) 

au
to
m
at
ic
 

(2
 fa
ci
lit
ie
s)
 

au
to
m
at
ic
 

(2
 fa
ci
lit
ie
s)
 

m
an
ua
l 

(e
le
ct
ric
al
 

sc
re
w
dr
iv
er
) 

au
to
m
at
ic
 

(1
 ro

bo
t) 

Le
ve
l o

f a
ut
om

at
io
n 
4 

(A
ut
o5

00
0 
W
O
B
) 

m
an
ua
l 

(h
an
dr
ol
lfo
r
 

m
in
g 
de
vi
ce
) 

m
an
ua
l 

(e
le
ct
ric
al
 

sc
re
w
dr
iv
er
 

an
d 
jig
s)
 

m
an
ua
l 

(h
an
dr
ol
lfo
r
 

m
in
g 
de
vi
ce
) 

m
an
ua
l 

m
an
ua
l 

au
to
m
at
ic
 

(1
 ro

bo
t) 

Le
ve
l o

f a
ut
om

at
io
n 
5 

(G
ol
f A

5 
S
A
) 

m
an
ua
l 

(h
an
dr
ol
lfo
r
 

m
in
g 
de
vi
ce
) 

m
an
ua
l 

(e
le
ct
ric
al
 

sc
re
w
dr
iv
er
 

an
d 
jig
s)
 

m
an
ua
l 

(h
an
dr
ol
lfo
r
 

m
in
g 
de
vi
ce
) 

m
an
ua
l 

m
an
ua
l 

m
an
ua
l 

(m
an
ip
ul
at
or
 w
ith
 s
en
so
rs
 a
nd
 e
le
ct
ric
al
 

sc
re
w
dr
iv
er
 ) 

m
an
ua
l 

(m
an
ip
ul
at
or
 a
nd
 e
le
ct
ric
al
 s
cr
ew

dr
iv
er
 ) 

m
an
ua
l 

(m
an
ip
ul
at
or
 w
ith
ou
t s
en
so
rs
, e
le
ct
ric
al
 s
cr
ew

dr
iv
er
 a
nd
 

1 
sy
st
em

 ) 

Le
ve
l o

f 
au

to
m
at
io
n



Appendix H  H40 

Assembly Part 2, fictitious created level of automation 
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Stamping Vehicle Identif icat ion 
Number (VIN) (3 t imes) 

Lif ting up and fitt ing complete powertrain, 
Underbody work and screwing all bolts 

Fitt ing gear shift 

Closing bonnet 

Lift ing down 

Fit ting windscreen 1, 
Fit ting rear glass 1 

Fit ting windscreen 2, 
Fit ting rear glass 2 

Fitt ing side glasses 
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1 
lif
te
r)
 

au
to
m
at
ic
 

(1
 ro

bo
t) 

au
to
m
at
ic
 

(1
 ro

bo
t) 

au
to
m
at
ic
 

(3
 fa
ci
lit
ie
s 

an
d 
1 
lif
te
r)
 

au
to
m
at
ic
 

(2
 ro

bo
ts
) 

au
to
m
at
ic
 

(2
 ro

bo
ts
) 

au
to
m
at
ic
 

(4
 ro

bo
ts
) 

Le
ve
l o

f a
ut
om

at
io
n 
2 

m
an
ua
l 

(3
 m
an
ip
ul
a
 

to
rs
) 

au
to
m
at
ic
 

(1
8 
fa
ci
lit
ie
s,
 

1 
ro
bo
t a
nd
 

1 
lif
te
r)
 

au
to
m
at
ic
 

(1
 ro

bo
t) 

au
to
m
at
ic
 

(1
 ro

bo
t) 

au
to
m
at
ic
 

(3
 fa
ci
lit
ie
s 

an
d 
1l
ift
er
) 

au
to
m
at
ic
 

(2
 ro

bo
ts
) 

au
to
m
at
ic
 

(2
 ro

bo
ts
) 

au
to
m
at
ic
 

(4
 ro

bo
ts
) 

Le
ve
l o

f a
ut
om

at
io
n 
3 

m
an
ua
l 

(3
 m
an
ip
ul
a
 

to
rs
) 

au
to
m
at
ic
 

(1
8 
fa
ci
lit
ie
s,
 

1 
ro
bo
t a
nd
 

1 
lif
te
r)
 

m
an
ua
l 

(a
cc
u 
sc
re
w
 

dr
iv
er
) 

m
an
ua
l 

au
to
m
at
ic
 

(3
 fa
ci
lit
ie
s 

an
d 
1 
lif
te
r)
 

au
to
m
at
ic
 

(2
 ro

bo
ts
) 

au
to
m
at
ic
 

(2
 ro

bo
ts
) 

m
an
ua
l 

(1
 ro

bo
t) 

Le
ve
l o

f a
ut
om

at
io
n 
4 

(A
ut
o5

00
0 
W
O
B
) 

m
an
ua
l 

(3
 m
an
ip
ul
a
 

to
rs
) 

au
to
m
at
ic
 

(1
8 
fa
ci
lit
ie
s,
 

1 
ro
bo
t a
nd
 

1 
lif
te
r)
 

m
an
ua
l 

(a
cc
u 
sc
re
w
 

dr
iv
e)
 

m
an
ua
l 

au
to
m
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(3
 fa
ci
lit
ie
s 

an
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1 
lif
te
r)
 

m
an
ua
l 

(2
 ro

bo
ts
) 

m
an
ua
l 

(1
 ro

bo
t) 

Le
ve
l o

f a
ut
om

at
io
n 
5 

(G
ol
f A

5 
S
A
) 

m
an
ua
l 

(3
 m
an
ip
ul
a
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) 

m
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l 
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 fa
ci
lit
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lif
te
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l 
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l 
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ve
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to
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n
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Assembly Part 3, fictitious created level of automation 

A
P
3 

A
 

B
 

C
 

D
 

E
 

F 
G
 

H
 

I 
J 

M
an

uf
ac
tu
rin

g 
st
at
io
ns

 

Opening bonnet 

Putting in/Fitting the CWtrim panel 

Putting in battery 

Fitting battery 

Fitting cross member 

Fit ting rear bumper 

Fitt ing frontend 

Fitting front bumper 

Placing spare wheel in boot 

Premount ing/Fitting wheels 

Le
ve
l o

f a
ut
om

at
io
n 
1 

(G
ol
f A

5 
W
O
B
) 

au
to
m
at
ic
 

(1
 fa
ci
lit
y)
 

au
to
m
at
ic
 

(2
 fa
ci
lit
ie
s)
 

au
to
m
at
ic
 

(1
 ro
bo
t a
nd
 

0,
5 
m
an
i 

pu
la
to
r) 

au
to
m
at
ic
 

(1
 ro
bo
t) 

au
to
m
at
ic
 

(2
 ro

bo
ts
 a
nd
 

1 
fa
ci
lit
y)
 

au
to
m
at
ic
 

(1
 ro
bo
t a
nd
 

1 
fa
ci
lit
y)
 

au
to
m
at
ic
 

(1
 ro

bo
t) 

au
to
m
at
ic
 

(4
 fa
ci
lit
ie
s)
 

Le
ve
l o

f a
ut
om

at
io
n 
2 

m
an
ua
l 

m
an
ua
l 

(a
cc
u 
sc
re
w
 

dr
iv
er
) 

au
to
m
at
ic
 

(1
 ro
bo
t a
nd
 

0,
5 
m
an
i 

pu
la
to
r) 

au
to
m
at
ic
 

(1
 ro
bo
t) 

au
to
m
at
ic
 

(2
 ro

bo
ts
 a
nd
 

1 
fa
ci
lit
y)
 

au
to
m
at
ic
 

(1
 ro
bo
t a
nd
 

1 
fa
ci
lit
y)
 

au
to
m
at
ic
 

(1
 ro

bo
t) 

au
to
m
at
ic
 

(4
 fa
ci
lit
ie
s)
 

Le
ve
l o

f a
ut
om

at
io
n 
3 

m
an
ua
l 

m
an
ua
l 

(a
cc
u 
sc
re
w
 

dr
iv
er
) 

au
to
m
at
ic
 

(1
 ro
bo
t a
nd
 

0,
5 
m
an
i 

pu
la
to
r) 

au
to
m
at
ic
 

(1
 ro
bo
t) 

m
an
ua
l 

(e
le
ct
ric
al
 

sc
re
w
dr
iv
er
) 

m
an
ua
l 

(a
cc
u 
sc
re
w
 

dr
iv
er
) 

au
to
m
at
ic
 

(1
 ro

bo
t) 

au
to
m
at
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(4
 fa
ci
lit
ie
s)
 

Le
ve
l o

f a
ut
om

at
io
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4 

m
an
ua
l 

m
an
ua
l 

(a
cc
u 
sc
re
w
 

dr
iv
er
) 

m
an
ua
l 

(e
le
ct
ric
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re
w
dr
iv
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) 

m
an
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l 
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cc
u 
sc
re
w
 

dr
iv
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) 
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at
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 ro

bo
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m
at
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ve
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ut
om

at
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5 
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l 

m
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l 
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re
w
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) 
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w
dr
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) 
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l 
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w
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l 
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w
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l 
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) 
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w
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iv
er
 a
nd
 2
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at
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7 
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S
A
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m
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l 

m
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l 
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u 
sc
re
w
 

dr
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) 

m
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l 
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re
w
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iv
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m
an
ua
l 

(a
cc
u 
sc
re
w
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) 

m
an
ua
l 

(m
an
ip
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at
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w
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t 
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m
an
ua
l 

(a
cc
u 
sc
re
w
 

dr
iv
er
) 

m
an
ua
l 

m
an
ua
l 

(e
le
ct
ric
al
 

sc
re
w
dr
iv
er
) 

au
to
m
at
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(1
 ro

bo
t a
nd
 1
 fa
ci
lit
y)
 

m
an
ua
l 

(a
cc
u 
sc
re
w
dr
iv
er
) 

au
to
m
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(1
 ro

bo
t a
nd
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 fa
ci
lit
y)
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l 

(a
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w
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Assembly Part 1, fictitious created level of automation with defects 

A
P
1 

A
 

B
 

C
 

D
 

E
 

F 
G
 

H
 

I 
J 

K
 

L 
M
 

M
an

uf
ac
tu
 

ri
ng

 s
ta
tio

ns
 

Rollforming tailgate 

Fitting cockpit location brackets 

Rollforming doors 

Cleaning window flange, 
Closing tailgate 

Priming window flange, 
Opening bonnet 

Applying cockpit glue 

Cockpit fitting 1 

Removing cable box, 
Remaining screw connections 

Remaining screw connections 

Cockpit fitting 2 

Removing cable box, 
Remaining screw connections 

Remaining screw connections 

Total 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 (T

.C
./v
eh
.) 

0,
00
50
3 

0,
00
00
3 

0,
00
35
8 

0,
00
00
2 

0,
00
05
1 

0,
00
02
5 

0,
01
54
3 

0,
02
48
4 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
/m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

0,
00
18
8 

0,
00
00
3 

0,
00
22
9 

0,
00
00
2 

0,
00
05
1 

0,
00
02
5 

0,
01
54
3 

0,
02
04
0 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
/m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

0,
00
18
8 

0,
00
00
3 

0,
00
22
9 

n.
 a
./n
. d
. 

n.
 d
. 

0,
00
02
5 

0,
01
54
3 

0,
01
98
8 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

0,
00
18
8 

0,
00
08
1 

0,
00
22
9 

n.
 a
./n
. d
. 

n.
 d
. 

n.
 d
. 

0,
04
44
9 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

0,
05
69
8 

0,
00
08
1 

0,
04
81
9 

n.
 a
./n
. d
. 

n.
 d
. 

0,
11
27
5 

0,
03
95
0 

Le
ve
l o

f a
ut
om

at
io
n 
4 

(A
ut
o5

00
0 
W
O
B
) 

Le
ve
l o

f a
ut
om

at
io
n 
5 

(G
ol
f A

5 
S
A
) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

0,
00
67
7 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

Le
ve
l o

f a
ut
om

at
io
n 
1 

(G
ol
f A

5 
W
O
B
) 

Le
ve
l o

f a
ut
om
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io
n 
2 

Le
ve
l o

f a
ut
om

at
io
n 
3 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

Le
ve
l o

f 
au

to
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io
n
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Assembly Part 2, fictitious created level of automation with defects 

A
P
2 

A
 

B
 

C
 

D
 

E
 

F 
G
 

H
 

I 

M
an

uf
ac
tu
 

ri
ng

 s
ta
tio

ns
 

Stamping vehicle identif ication 
number (VIN) (3 t imes) 

Lifting up and fitting complete powertrain, 
Underbody work and screwing all bolts 

Fitt ing gear shift 

Closing bonnet 

Lifting down 

Fitting windscreen 1, 
Fitt ing rear glass 1 

Fitting windscreen 2, 
Fitt ing rear glass 2 

Fitt ing side glasses 

Total 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 (T

.C
./v
eh
.) 

0,
00
41
6 

0,
01
03
0 

0,
00
01
6 

n.
 d
. 

n.
 d
. 

0,
00
39
0 

0,
03
76
9 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
/m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

n.
 d
. 

0,
01
03
0 

0,
00
01
6 

n.
 d
. 

n.
 d
. 

0,
00
39
0 

0,
03
35
3 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
/m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

n.
 d
. 

0,
01
03
0 

n.
 d
. 

n.
 d
. 

n.
 d
. 

0,
00
29
3 

0,
03
24
0 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
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(T
.C
./v
eh
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m
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ce
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./v
eh
.) 
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 d
. 

0,
00
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5 

n.
 d
. 

n.
 d
. 

n.
 d
. 

0,
01
39
2 

0,
00
29
3 

0,
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0 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

0,
00
92
0 

0,
01
24
5 

0,
00
02
7 

n.
 d
. 

0,
00
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0 

0,
00
29
3 

0,
03
40
6 

Le
ve
l o
f a

ut
om

at
io
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5 

(G
ol
f A

5 
S
A
) 

0,
01
91
7 

Le
ve
l o
f a

ut
om
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io
n 
3 

Le
ve
l o
f a

ut
om

at
io
n 
4 

(A
ut
o5
00
0 
W
O
B
) 

Le
ve
l o
f a

ut
om

at
io
n 
2 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

0,
01
91
7 

Le
ve
l o
f a

ut
om

at
io
n 
1 

(G
ol
f A

5 
W
O
B
) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

0,
01
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7 

Le
ve
l o
f 
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m
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io
n
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Assembly Part 3, fictitious created level of automation with defects 

A
P
3 

A
 

B
 

C
 

D
 

E
 

F 
G
 

H
 

I 
J 

K
 

M
an

uf
ac
tu
 

ri
ng

 s
ta
tio

ns
 

Opening bonnet 

Putting in/Fitting the CW trim panel 

Putting in battery 

Fitt ing battery 

Fitting cross member 

Fitt ing rear bumper 

Fitting frontend 

Fitting front bumper 
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Results of actual analysis 

Results of actual Analysis 
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Appendix H  H37 

Sub processes in assembly for Process Audit p.5, Source: Department GQA – 45, VW Wolfsburg
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Processaudit 

Sub processes in assembly for Process Audit p.4, Source: Department GQA – 45, VW Wolfsburg
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Direct Runner Rate 

2005  CP7  CP8  Target 
Dezember  26%  40%  94% 

Jan  26%  44%  94% 
Feb  42%  52%  94% 
Mar  57%  59%  94% 
Apr  51%  55%  94% 
May  52%  43%  94% 
Jun  51%  48%  94% 
Jul  51%  44%  94% 
Aug  38%  46%  94% 
Sep  52%  50%  94% 
Oct  46%  51%  94% 
Nov  51%  61%  94% 
Dec  55%  68%  94% 

Januar  76%  59%  94% 
ø in 2005:  48%  52%  94% 
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Direct Runner Rate Golf A5 WOB, 
Source: Department PWA – S FIS Tagesbericht, VW Wolfsburg
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2005  CP7  CP8  Target 

Jan  61,5%  91,5%  98% 
Feb  55,8%  92,0%  98% 
Mar  56,0%  92,0%  98% 
Apr  58,3%  93,5%  98% 
May  61,0%  93,3%  98% 
Jun  60,0%  94,0%  98% 
Jul  58,8%  93,5%  98% 
Aug  58,5%  95,8%  98% 
Sep  58,3%  94,0%  98% 
Oct  58,3%  96,5%  98% 
Nov  59,3%  95,8%  98% 
Dec  58,8%  95,5%  98% 

ø in 2005:  58,7%  94,0%  98% 

DRR Touran Wolfsburg 
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Source: Department A5T  FM, Auto5000 Wolfsburg
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2005  CP 7  CP 8  Target 

Jan  76%  83%  94% 
Feb  74%  90%  94% 
Mar  76%  88%  94% 
Apr  77%  85%  94% 
May  81%  84%  94% 
Jun  79%  87%  94% 
Jul  78%  88%  94% 
Aug  79%  93%  94% 
Sep  80%  94%  94% 
Oct  79%  88%  94% 
Nov  74%  91%  94% 
Dec  80%  91%  94% 

ø in 2005:  78%  89%  94% 

DRR Golf A5 Uitenhage 
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Source: Department Quality Assurance Analysis, VW Uitenhage
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DRR Golf A5 Uitenhage 
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Statuskonzepte 

Statuskonzept ZP7 – ZP8 Golf A5 WOB, 
Source: Department Werklogistik Wolfsburg Produktionssteuerung, VW Wolfsburg
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Statusablauf Touran Wolfsburg p.1, Source: Department P – A22, Auto5000 Wolfsburg
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Statusablauf Touran Wolfsburg p.2, Source: Department P – A22, Auto5000 Wolfsburg
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Statusablauf Touran Wolfsburg p.3, Source: Department P – A22, Auto5000 Wolfsburg
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FieldData 

Golf A5 Wolfsburg 
Description  trouble case 

total 
Euro per 

trouble case 
Euro total 

sealing door o. t. outside front  1655  69,21  114546 
cockpit  164  188,12  30851 
covering for bumper  109  140,18  15279 
vehicle front  82  82,09  6731 
alloy wheels  78  296,56  23132 
covering for bumper  64  157,83  10101 
windscreen tinted  59  258,53  15253 
rear  55  253,12  13921 
frame  38  203,71  7741 
windscreen  37  286,75  10610 
wheels  33  154,39  5095 
sealing door rear  29  79,22  2298 
side window  29  185,79  5388 
front spoiler  24  238,03  5713 
spoiler rear down  23  277,85  6391 
rear screen  21  312,69  6567 
resonator  18  120,85  2175 
crankcase  16  47,28  756 
vehicle rear  16  67,34  1077 
fuel tank  14  286,36  4009 
housing for gear shift level  13  193,08  2510 
wheel fixing  10  15,52  155 
wheel fixing lockable  10  5,8  58 
suspension for exhaust system  7  48,5  340 
gear shift level  6  28,07  168 
rear screen tinted  6  224,14  1345 
muffler  5  56,27  281 
dialling  5  354,61  1773 

Total trouble cases  2626  Sum:  294.264,00 € 
cost/trouble case:  112,06 € 

vehicle in spot check  43546 

trouble cases/vehicle  0,06030 
cost/vehicle 

(A5 Wolfsburg):  6,76 € 
Table of FieldData analysis Golf A5 WOB: QUASI FI Top500Liste VW, Golf Limousine, Wolfsburg of 

Model Year 2006, Department GQA, VW Wolfsburg
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Touran Wolfsburg 
Description  trouble case 

total 
Euro per 

trouble case 
Euro total 

cockpit  221  148,8  32.885 
covering for bumper  34  99,22  3373 
wheel  33  62,98  2078 
alloy wheel  27  213,84  5774 
wheel  25  30,33  758 
vehicle front  24  89,36  2145 
windscreen  23  311,02  7153 
covering for bumper  20  102,68  2054 
fuel tank  17  237,07  4030 
sealing door o. t. outside front  16  83,82  1341 
sealing door rear  16  69,84  1118 
windscreen  15  366,21  5493 
crankcase  12  50,86  610 
resonator  12  76,05  913 
rear  11  145,46  1600 
rear screen  11  298,07  3279 
side window  9  203,64  1833 
windscreen  8  287,45  2300 
spoiler rear down  8  116,93  935 
corner side window rear  7  88,81  622 
housing for gear shift level  7  425,06  2975 
wheel fixing lockable  7  9,01  63 
rear window tinted  7  284,22  1990 
dailling  6  650,82  3905 
suspension for exhaust system  5  21,69  108 
vehicle rear  5  53,69  268 
muffler  3  146,86  441 

Total trouble cases  589  Sum:  90.044,00 € 
cost/trouble case:  152,88 € 

vehicle in spot check  34178 

trouble cases/vehicle  0,01723 
cost/vehicle 

(Touran):  2,63 € 
Table of FieldData analysis Touran WOB: QUASI FI Top500Liste VW, Touran, Wolfsburg (Auto5000) of 

Model Year 2006, Department GQA, VW Wolfsburg
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Golf A5 Uitenhage 
Description  trouble case 

total 
Euro per 

trouble case 
Euro total 

windscreen tinted  104  200,75  20878 
dash panel  100  159,99  15999 
rear door seal  90  71,08  6397 
wheel (alloy)  61  203,63  12422 
rear bumper cover  31  36,24  1123 
lockable wheel fasteners  25  12,97  324 
wheel (alloy)  25  38,57  964 
selector lever housing  19  360,4  6848 
vehicle front  15  48,45  727 
tailgate seal  14  55,65  779 
front bumper cover  14  85,95  1203 
rear silencer  12  71,76  861 
front door seal  12  53,62  643 
front silencer  10  79,87  799 
fuel tank  8  214,65  1717 
rear corner window  7  72,62  508 
gear lever housing  6  294,2  1765 
wheel fasteners  6  9,13  55 
temporary spare wheel  5  25,93  130 
rear window tinted  5  118,18  591 
rear spoiler under  5  84,75  424 
exhaust system suspension  3  24,85  75 

Total trouble cases  577  Sum:  75.232,00 € 
cost/trouble case:  130,38 € 

vehicle in spot check  31549 

trouble cases/vehicle  0,01829 
cost/vehicle 

(A5 Uitenhage):  2,38 € 
Table of FieldData analysis Golf A5 SA: QUASI FI Top500Liste VW, Golf Limousine, Uitenhage of 

Model Year 2006, Department Quality Assurance Analysis, VW Uitenhage
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VPC results 

Table of VPC analysis: VPC report of 2005, 
Department P2Q, VW Wolfsburg 
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Audit results 

Jan.  Feb.  Mar.  Apr.  May  Jun.  Jul.  Aug.  Sep.  Oct.  Nov.  Dec. 

Trouble cases per vehicle (2 door car) 

Trouble cases B 2i  0,67  0,38  0,38  0,45  0,38  0,53  0,50  0,64  0,38  0,56  0,60  0,20 

Trouble cases C 2i  5,08  5,23  4,46  5,36  6,08  4,67  4,67  5,27  4,69  4,88  4,60  4,70 

Tests n 2  12  13  13  11  13  15  12  11  16  16  20  10 

Trouble cases per vehicle (4 door car) 

Trouble cases B 4i  0,31  0,40  0,47  0,00  0,92  0,36  0,70  0,20  0,56  0,39  0,58  0,42 

Trouble cases C 4i  6,08  4,50  4,20  4,27  5,00  5,00  3,70  4,60  4,28  3,72  3,47  5,17 

Tests n 4  13  10  15  11  12  14  10  10  18  18  19  12 

Trouble cases per  vehicles on average (2 and 4 door cars) 

∅ Trouble case B ∅i  0,48  0,39  0,43  0,23  0,64  0,45  0,59  0,43  0,48  0,47  0,59  0,32 

∅ Trouble case C ∅i  5,60  4,91  4,32  4,82  5,56  4,83  4,23  4,95  4,47  4,27  4,05  4,96 

Total Audit Points per vehicle 

2 door car  87,5  82,3  74,6  84,5  93,8  81,3  80,8  92,7  72,5  81,9  78,0  63,0 

4 door car  93,1  70,0  71,3  57,3  95,8  80,0  70,0  65,0  68,3  63,3  66,3  74,2 

Average A 2,4i  90,3  76,15  72,95  70,9  94,8  80,65  75,4  78,85  70,4  72,6  72,15  68,6 

ø in 2005:  77,0 

Audit Points B APi , C APi per vehicle 

B APi  14,48  11,66  12,85  6,75  19,18  13,44  17,73  12,91  14,26  14,10  17,71  9,60 

C APi  75,82  64,49  60,10  64,15  75,62  67,21  57,67  65,94  56,14  58,50  54,44  59,00 

Vehicle Audit (assembly)  Analysis 2005 Golf A5 Wolfsburg 

i i 

i i i i 
i  n n 

n B n B B 
4 2 

4 4 2 2 

+ 
⋅ + ⋅ 

= ∅ 

i i 

i i i i 
i  n n 

n C n C C 
4 2 

4 4 2 2 
ø + 

⋅ + ⋅ 
= 

i APi  B B  ø 30 ⋅ = 

APi i APi  B A C − =  4 , 2 

Table of VehicleAudit analysis Golf A5 WOB, Source: Audit reports of 2005, 
Department PWA – K/E, VW Wolfsburg
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Jan.  Feb.  Mar.  Apr.  May  Jun.  Jul.  Aug.  Sep.  Oct.  Nov.  Dec. 

Trouble cases per vehicle 

Trouble cases B  0,61  0,75  0,57  0,36  0,67  0,77  0,52  0,73  0,78  0,44  0,61  0,42 

Trouble cases C  5,39  4,96  5,65  5,89  5,57  5,80  6,65  5,80  5,96  7,44  5,94  6,33 

Tests n  18  28  23  36  30  34  23  15  23  18  18  11 

Total Audit Points per vehicle 

Average A i  84,45  87,86  89,13  89,16  95,67  99,66  100,00  101,34  104,78  105,00  103,33  110,91 

ø in 2005:  97,6 

Audit Points B APi , C APi 
B APi  20,56  25,00  18,26  12,22  26,00  25,33  17,39  24,67  25,65  15,00  21,22  17,27 

C APi  63,89  62,86  70,87  76,94  69,67  74,33  82,61  76,67  79,13  90,00  82,22  93,64 

Vehicle Audit (assembly)  Analysis 2005 Touran Wolfsburg 

i APi  B B  ø 30 ⋅ = 

APi i APi  B A C − = 

Table of VehicleAudit analysis Touran WOB, Source: Audit reports of 2005, 
Department A5T  FM, Auto5000 Wolfsburg 

Jan.  Feb.  Mar.  Apr.  May  Jun.  Jul.  Aug.  Sep.  Oct.  Nov.  Dec. 

Trouble cases per vehicle 

Trouble cases B  0,58  1,00  1,11  0,71  0,53  0,89  0,65  0,50  0,71  0,56  0,45  0,71 

Trouble cases C  4,92  6,13  5,63  5,43  5,27  6,00  5,85  5,19  4,47  4,44  4,73  4,29 

Tests n  12  15  19  14  15  19  20  16  17  16  11  7 

Total Audit Points per vehicle 

Average A i  85,8  119,3  114,7  99,3  88,0  113,7  103,5  89,4  84,1  76,3  84,5  90,0 

ø in 2005:  95,7 

Audit Points B APi , C APi 
B APi  17,40  30,00  33,30  21,30  15,90  26,70  19,50  15,00  21,30  16,80  13,50  21,30 

C APi  68,40  89,30  81,40  78,00  72,10  87,00  84,00  74,40  62,80  59,50  71,00  68,70 

Vehicle Audit (assembly)  Analysis 2005 Golf A5 Uitenhage 

i APi  B B  ø 30 ⋅ = 

APi i APi  B A C − = 

Table of VehicleAudit analysis Golf A5 SA, Source: Audit reports of 2005, 
Department Final Vehicle Audit, VW Uitnehage
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Matrixes and Charts of Assembly Parts with defects 

Assembly Part 1, matrix with defects per step and vehicle 
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Level of automation (Golf A5 WOB) 
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Assembly Part 2, matrix with defects per step and vehicle 
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Level of automation (Golf A5 WOB) 
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Assembly Part 2, charts of defects per station
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Assembly Part 3, matrix with defects per step and vehicle 
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Level of automation (Auto5000 WOB) 
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Assembly Part 3, charts of defects per station



Appendix H  H13 

Produced units in 2005 (Golf A5 WOB and Auto5000) 

Months  Assembly part 1  Assembly part 2  Assembly part 3 

Jan.  15139  15163  15092 

Feb.  12420  12381  12467 

Mar.  15112  15186  15138 

Apr.  16753  16819  16725 

May  12711  12730  12776 

Jun.  18515  18561  18559 

Jul.  10679  10674  10686 

Aug.  9363  9372  9051 

Sep.  15305  15297  15146 

Oct.  13536  13555  13350 

Nov.  14693  14690  15516 

Dec.  10487  10475  10478 

Total  164713  164903  164984 

Number per vehicles per month (2005) 

Produced units in Golf A5 assembly in each Assembly Part in 2005 

Months  Vehicles 

Jan.  13402 
Feb.  17019 
Mar.  15029 
Apr.  19642 
May  17501 
Jun.  18807 
Jul.  13819 
Aug.  9918 
Sep.  18752 
Oct.  11031 
Nov.  18577 
Dec.  11873 
Total  185370 

Number per vehicles per month (2005) 

Produced units in Auto5000 assembly in 2005
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Table of assembly defects in each step of AP1 in Golf A5 SA, after Source: Utilisation of Department IS 
Quality System, VW Uitenhage 
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Table of assembly defects in each step of AP2 in Golf A5 SA, after Source: Utilisation of Department IS 
Quality System, VW Uitenhage 
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Manufacturing stations 
Total Trouble 

Cases 
Total Trouble 
Cases/stations 

CWtrim panel loose  1 

CWtrim panel missing  1 

Battery panel damaged  4 

Battery panel incomplete  4 

Battery panel loose  69 

Battery panel missing  11 

Battery panel wrong assembled  8 

Fitting cross member  Defoelement wrong part  E  1  1 

Rear bumper alignment nok  371 

Rear bumper damaged  20 

Rear bumper dirty  1 

Rear bumper flushness  169 

Rear bumper gap width nok  93 

Rear bumper incomplete  1 

Rear bumper loose  9 

Rear bumper missing  5 

Rear bumper scratch  1 

Rear bumper wrong assembled  2 

Rear bumper wrong part  14 

Front bumper alignment nok  5526 

Front bumper damaged  49 

Front bumper dirty  1 

Front bumper flushness  476 

Front bumper gap width nok  277 

Front bumper incomplete  14 

Front bumper loose  1 

Front bumper strips missing  123 

Front bumper wrong assembled  27 

Front bumper wrong part  8 

Front grill alignment  2 

Front grill damaged  16 

Front grill incomplete  4 

Front grill loose  1 

Front grill missing  7 

Front grill wrong assembled  1 

Front grill wrong part  9 

Frontend alignment nok  3616 

Frontend damaged  9 

Frontend dirty  1 

Frontend flushness  92 

Frontend gap width nok  183 

Frontend incomplete  3 

Frontend loose  11 

Frontend missing  8 

Frontend wrong part  4 

Intake pipe air cleaner frontend damaged  3 

Intake pipe air cleaner frontend loose  10 

Intake pipe air cleaner frontend missing  2 

Intake pipe air cleaner frontend wrong assmbled  2 

Spare wheel dirty  1 

Spare wheel missing  99 

Spare wheel wrong part  2 

Front wheel damaged  2 

Front wheel wrong part  12 

Rear wheel wrong part  12 

Total 

Description 

Putting in/Fit ting the CWtrim panel  B  2 

Putt ing in/Fit ting the battery  C, D  96 

Fitting rear bumper  F  686 

Fitting frontend/Fit ting front bumper  G, H  10486 

11399 

Placing spare wheel in boot  I  102 

Premounting/Fitt ing wheel  J  26 

Table of assembly defects in each step of AP3 in Golf A5 SA, after Source: Utilisation of Department IS 
Quality System, VW Uitenhage
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Manufacturing stations  January  February  March  April  May  June  July  August  September  October  November  December  Total Trouble 
Cases 

Total Trouble 
Cases/stations 

Sealing for tailgate damaged  24  48  41  21  22  37  14  30  36  17  24  18  332 

Sealing for tailgate leak  0  0  0  0  0  0  0  0  0  0  1  2  3 

Sealing for tailgate wavy  0  0  0  0  0  1  2  3  4  2  2  0  14 

Sealing for door damaged  0  0  0  0  11  40  17  16  12  7  19  15  137 

Sealing for door loose  0  0  0  0  208  37  4  23  5  5  2  3  287 

Cockpit alignment moved to the bottom left  0  98  56  34  53  420  68  22  73  7  11  17  859 

Cockpit alignment moved to the bottom right  0  63  116  122  81  88  21  40  323  126  20  79  1079 

Cockpit alignment moved to the top left  0  8  18  48  33  12  13  12  70  70  66  45  395 

Cockpit alignment moved to the top left + to the bottom right  0  8  8  6  6  8  9  9  18  9  2  5  88 

Cockpit alignment moved to the top right  0  109  131  204  257  157  550  33  62  41  149  66  1759 

Cockpit alignment moved to the top rigth + to the bottom left  0  14  19  7  15  20  47  5  7  3  2  0  139 

Cockpit alignment to far at the front left  0  28  18  8  7  19  51  15  23  2  1  4  176 

Cockpit alignment to far at the front left + rear right  0  1  10  3  2  1  6  1  2  1  0  0  27 

Cockpit alignment to far at the front right  0  5  38  36  29  11  23  19  38  14  10  3  226 

Cockpit alignment to far rear left  0  18  12  1  23  14  39  39  31  3  3  1  184 

Cockpit alignment to far rear right  0  6  18  33  21  6  76  30  72  23  12  11  308 

Cockpit not in the middle position to far left  0  44  21  55  22  128  68  28  81  91  75  46  659 

Cockpit not in the middle position to far right  0  85  323  102  90  56  99  134  178  38  43  16  1164 

Cockpit rattles  0  1  2  8  9  4  24  27  27  25  38  32  197 

Cockpit screwing nok  0  1  8  4  4  7  3  0  9  5  4  5  50 

Cockpit stressless  0  2  2  4  0  2  0  0  1  1  1  0  13 

Total  24  539  841  696  893  1068  1134  486  1072  490  485  368 

Description 

Rollforming tailgate 

Rollforming doors  C 

8096 

A  349 

Cockpit fittting 1, 2  GL  7323 

424 

Table of assembly defects in each step of AP1 in 2005 in Auto5000 WOB, Source: My process Berichte, Department P A22, Auto5000
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Manufacturing stations  January  Febuary  March  April  May  June  July  August  September  October  November  December 
Total Trouble 

Cases 
Total Trouble 
Cases/stations 

Auxiliary frame front axle screwing nok  0  3  8  0  2  3  2  0  0  0  0  0  18 

Damper strut model wrong  0  0  0  0  0  0  0  0  2  0  0  0  2 

Damper strut screwing nok  0  4  3  9  6  3  5  1  4  1  2  0  38 

Damper strut wrong assembled  0  0  0  0  0  0  0  0  0  0  1  0  1 

Engine bearer damaged  0  0  3  1  0  1  1  0  2  1  2  1  12 

Engine bearer missing  0  0  0  0  0  3  19  41  23  3  37  29  155 

Engine bearer nok  101  56  0  0  0  0  0  0  0  0  0  0  157 

Engine bearer screwing nok  0  3  4  9  4  4  4  3  5  6  8  6  56 

Engine screwing nok  0  0  0  0  0  1  0  1  0  2  0  0  4 

Filler neck screwing nok  0  0  0  1  3  2  1  4  5  6  4  0  26 

Front axle screwing nok  0  4  13  9  12  12  4  1  10  9  3  10  87 

Front axle track not adjustable  0  32  62  33  7  6  4  3  5  6  12  13  183 

Front axle wrong assembled  0  3  0  0  1  0  0  0  0  0  0  0  4 

Fuel radiator screwing nok  0  37  4  2  4  1  1  0  0  1  0  0  50 

Gearbox screwing nok  0  2  8  6  8  8  11  4  4  5  2  3  61 

Heat shield panel screwing nok  0  0  23  0  0  1  1  0  4  0  0  1  30 

Rear axle damaged  0  0  3  1  2  4  1  0  3  0  8  3  25 

Rear axle model wrong  0  0  0  1  11  0  0  1  0  0  1  0  14 

Rear axle rattles  0  0  0  4  0  0  4  2  2  1  0  1  14 

Rear axle scratch  0  0  2  0  1  0  0  0  0  0  0  0  3 

Rear axle screwing nok  0  17  17  9  10  12  5  0  5  1  13  5  94 

Tank clip nok  0  0  2  1  1  0  1  0  1  0  2  0  8 

Tank damaged  1  0  0  4  1  1  0  0  2  4  2  1  16 

Tank function nok  0  0  0  0  1  0  0  0  0  0  0  0  1 

Tank screwing nok  0  0  0  0  0  0  0  1  3  1  1  1  7 

Tank strap damaged  0  2  1  0  3  1  0  0  0  0  1  1  9 

Tank strap loose  0  0  0  0  1  0  0  0  2  0  0  1  4 

Tank strap missing  0  0  1  0  0  0  2  0  1  0  0  0  4 

Tank strap screwing nok  0  0  7  3  2  3  3  2  9  6  2  6  43 

Tank strap wrong assembled  0  1  1  0  0  0  0  0  0  1  0  0  3 

Transmission bearer screwing nok  0  37  1  4  3  1  5  1  3  2  6  4  67 

Rear glass damaged  0  5  6  6  5  0  3  7  15  7  7  3  64 

Rear glass dirty  0  3  5  8  6  1  1  3  6  1  2  1  37 

Rear glass gap width nok  0  0  0  0  2  0  0  1  0  0  0  0  3 

Rear glass leak  12  16  20  9  20  10  45  64  206  61  143  30  636 

Rear glass missing  6  48  42  37  14  31  43  43  102  55  48  25  494 

Rear glass wrong assembled  0  1  3  7  7  2  1  2  3  2  2  0  30 

Windscreen damaged  0  16  15  23  10  12  9  16  32  18  5  6  162 

Windscreen dirty  0  0  0  0  0  0  2  6  9  8  5  1  31 

Windscreen leak  2  0  0  14  4  5  12  7  6  8  125  3  186 

Windscreen missing  10  84  80  60  41  41  62  72  181  120  83  50  884 

Windscreen wrong assembled  0  9  5  7  3  10  6  0  3  5  3  3  54 

Side glass alignment nok  0  12  5  5  13  10  1  5  8  4  7  7  77 

Side glass compound nok  0  0  0  0  0  1  0  1  0  0  0  0  2 

Side glass glass breakage  0  0  0  4  1  2  4  0  6  1  1  5  24 

Side glass leak  0  14  2  2  2  4  2  2  4  1  44  4  81 

Side glass missing  0  1  1  1  4  1  0  98  5  1  10  2  124 

Side glass model wrong  0  0  0  0  0  0  0  0  3  0  0  2  5 

Side glass pulled off  1  0  0  0  0  0  0  0  0  0  1  0  2 

Side glass wrong assembled  0  15  23  28  28  29  18  10  20  29  14  14  228 

Total  133  425  370  308  243  226  283  402  704  377  607  242 

Description 

4320 

2581 

543 

1196 

Lifting up and f itt ing complete 
powertrain, 

Underbody work and screwing 
all bolts 

B 

Fitting side glasses  H 

F 
Fitting windscreen 1, 
Fitt ing rear glass 1, 

Table of assembly defects in each step of AP2 in 2005 in Auto5000 WOB, Source: My process Berichte, Department P A22, Auto5000



Appendix H  H9 

Manufacturing stations  January  February  March  April  May  June  July  August  September  October  November  December  Total Trouble 
Cases 

Total Trouble 
Cases/stations 

CWtrim panel damaged  0  0  2  9  0  0  0  3  4  4  0  8  30 

CWtrim panel loose  0  0  2  10  20  5  16  24  13  10  5  34  139 

CWtrim panel missing  0  0  2  3  1  5  0  29  3  2  5  6  56 

CWtrim panel wrong assembled  0  0  1  0  2  2  2  1  1  2  1  1  13 

Battery console bolt/thread nok  3  3  1  11  13  22  4  6  8  6  4  18  99 

Battery console missing  0  0  0  1  5  12  0  0  0  0  1  1  20 

Battery console screwing nok  0  4  4  37  31  45  18  20  24  13  18  25  239 

Battery damaged  0  1  4  5  2  1  1  1  3  4  0  0  22 

Battery function nok  2  15  13  21  9  7  2  3  1  4  4  3  84 

Battery gaiter damaged  0  2  0  4  4  1  1  0  0  0  0  0  12 

Battery gaiter missing  1  2  5  10  13  12  8  2  9  1  2  2  67 

Battery missing  0  0  0  0  0  0  1  4  2  0  0  1  8 

Battery model wrong  0  4  4  4  3  12  5  15  9  3  2  4  65 

Battery panel damaged  0  0  0  0  1  2  0  0  2  2  3  1  11 

Battery panel loose  0  0  0  0  0  2  3  2  1  0  1  0  9 

Battery panel missing  0  0  0  0  10  4  5  2  3  0  3  0  27 

Battery screwing nok  2  10  9  16  9  17  6  1  5  8  7  10  100 

Defoelement alignment nok  0  8  16  24  16  27  5  5  19  3  18  12  153 

Defoelement rear not snapped into place  0  29  1  1  80  0  0  0  0  0  0  0  111 

Rear bumper alignment nok  0  315  32  49  31  42  21  16  134  41  21  70  772 

Rear bumper bolt/thread nok  0  17  33  36  32  25  45  3  11  15  12  8  237 

Rear bumper damaged  0  86  113  102  66  105  83  49  169  64  124  63  1024 

Rear bumper mode wrong  0  7  13  5  20  19  6  8  23  6  12  50  169 

Rear bumper not snapped into place  0  6  32  20  20  13  11  22  13  9  14  12  172 

Rear bumper screwing nok  9  56  31  57  65  53  43  12  29  22  18  7  402 

Rear bumper/fender gap width nok  3  16  4  7  11  16  5  4  167  15  7  13  268 

Bonnet connector/bush nok  1  0  0  0  0  1  0  1  0  0  0  0  3 

Bonnet scratch  0  1  0  1  0  1  0  1  1  0  0  0  5 

Frontend adapter  loose  0  0  0  1  1  0  0  0  0  1  2  0  5 

Frontend adapter damaged  0  1  1  0  1  0  0  0  1  1  0  1  6 

Frontend adapter missing  0  1  2  2  1  7  4  3  5  8  5  4  42 

Frontend adapter model wrong  0  0  0  0  0  1  1  1  0  0  0  1  4 

Frontend adapter not snapped into place  0  0  0  0  0  1  0  0  0  0  0  1  2 

Frontend connetion nok  0  1  0  0  0  2  1  0  2  0  2  0  8 

Frontend damaged  0  3  2  9  6  18  5  4  9  6  5  5  72 

Frontend function nok  0  0  0  0  0  0  0  0  1  0  0  0  1 

Frontend missed  0  0  0  2  0  1  0  0  0  1  1  0  5 

Frontend model wrong  2  13  7  20  10  5  6  3  14  7  9  19  115 

Frontend screwing nok  0  42  31  42  28  29  25  23  34  22  29  18  323 

Frontend wrong assembled  0  4  2  4  9  5  2  3  6  2  5  7  49 

Intake pipe air cleaner frontend damaged  0  1  0  1  2  0  0  1  1  0  1  2  9 

Intake pipe air cleaner frontend loose  0  1  15  1  1  0  3  2  0  0  1  5  29 

Intake pipe air cleaner frontend missing  0  1  0  5  1  2  2  3  3  1  7  8  33 

Intake pipe air cleaner frontend support nok  0  0  0  3  0  3  1  1  0  0  0  1  9 

Intake pipe air cleaner frontend wrong assembled  0  0  0  0  0  2  0  2  1  1  4  7  17 

Radiator (frontend) connector/bush nok  0  2  5  1  8  2  3  0  5  1  1  0  28 

Radiator (frontend) loose  0  0  0  1  1  1  1  1  3  0  4  2  14 

Radiator (frontend) model wrong  0  0  0  0  1  0  0  1  0  2  5  0  9 

Radiator (frontend) screwing nok  0  1  0  1  0  0  0  0  0  1  0  1  4 

Radiator (frontend) wrong assembled  0  0  5  1  5  0  0  1  0  5  2  1  20 

Wheel bolt antitheft protected damaged  0  0  0  0  0  0  1  0  1  0  0  0  2 

Wheel bolt antitheft protected missing  0  1  1  3  2  4  4  0  2  3  8  2  30 

Wheel damaged  0  1  3  0  5  11  0  0  2  0  5  4  31 

Wheel loose  0  0  0  0  0  4  0  0  1  0  0  0  5 

Wheel model wrong  0  1  3  4  12  3  1  2  9  4  12  9  60 

Wheel screwing nok  0  14  11  11  9  21  27  10  16  6  0  7  132 

Wheel wrong assembled  0  3  1  3  6  5  3  0  0  1  2  1  25 

Total  23  673  411  548  573  578  381  295  770  307  392  455 

Putting in/Fit ting the battery  763 

B 

C, D 

Putting in/Fitting the CW trim panel 

264 

3044 

Description 

238 

Fitt ing cross member  E 

Fitting rear bumper  F 

812 

5406 

J Premounting/Fit ting wheel  285 

Fitting frontend/Fitt ing front bumper  G, H 

Table of assembly defects in each step of AP3 in 2005 in Auto5000 WOB, Source: My process Berichte, Department P A22, Auto5000



Appendix H  H4 

Tables of assembly defects in looked at Assembly Parts in each production place 

Manufacturing stations  January  February  March  April  May  June  July  August  September  October  November  December  Total Trouble 
Cases 

Total Trouble 
Cases/stations 

Sealing for tailgate damaged  20  13  63  51  42  40  16  9  22  19  28  19  342 

Sealing for tailgate faulty  0  4  0  0  0  0  0  0  0  0  0  0  4 

Sealing for tailgate loose  1  3  24  64  4  9  8  1  1  3  2  0  120 

Sealing for tailgate rollforming nok  11  24  81  26  48  76  26  22  12  5  13  11  355 

Tailgate leak  3  1  0  2  1  0  0  1  0  0  0  0  8 

Cockpit location brackets for carrier loose  0  0  1  0  0  2  0  0  0  1  0  0  4 

Cockpit location brackets for carrier screwing nok  0  0  0  0  0  0  1  0  0  0  0  0  1 

Sealing for door front damaged  17  16  33  15  7  14  12  5  21  17  27  20  204 

Sealing for door front lies flat/sticks out  1  5  4  3  4  3  0  0  0  0  2  1  23 

Sealing for door front loose  3  0  0  1  2  2  2  0  0  2  0  0  12 

Sealing for door front missing  1  0  0  1  3  5  3  0  0  3  0  2  18 

Sealing for door front rollforming nok  1  0  1  0  0  0  0  0  0  0  0  1  3 

Sealing for door front shrinked  0  0  1  0  0  0  0  0  0  1  0  0  2 

Sealing for door front snapped  0  0  0  1  1  2  0  1  0  0  0  1  6 

Sealing for door front sticked  0  1  2  8  2  6  9  0  1  5  0  0  34 

Sealing for door front wrong assembled  4  5  4  1  1  1  0  0  0  0  2  48  66 

Sealing for door rear alignment nok  4  4  0  2  0  0  1  0  0  2  2  0  15 

Sealing for door rear damaged  6  6  19  12  19  17  11  3  11  6  6  3  119 

Sealing for door rear lies flat/sticks out  3  3  3  3  0  4  0  0  0  0  0  0  16 

Sealing for door rear loose  1  1  4  3  2  6  2  0  2  1  2  0  24 

Sealing for door rear missing  0  1  0  1  0  0  0  0  0  0  0  0  2 

Sealing for door rear rollforming nok  0  0  0  0  0  0  0  0  0  0  1  0  1 

Sealing for door rear shrinked  0  1  1  1  0  1  0  0  0  1  0  0  5 

Sealing for door rear snapped  0  0  1  0  1  0  0  0  0  1  2  0  5 

Sealing for door rear sticked  1  1  3  1  1  2  1  0  0  0  3  2  15 

Sealing for door rear wrong assembled  3  3  2  1  2  2  1  0  0  2  2  1  19 

Cleaning window flange, 
Closing the tailgate 

Priming pretreat missing/to little  D  0  0  1  0  0  1  0  0  1  0  0  0  3  3 

Priming the window flange + 
Opening the bonnet  Tailgate dirty with primer  E  8  18  17  7  6  3  1  0  3  8  9  4  84  84 

Applying cockpit glue  Mounting plate cockpit glue compound nok  F  0  5  2  2  4  0  0  0  9  7  10  2  41  41 

Cockpit flushmounted nok  1  0  19  2  0  0  0  0  0  0  0  0  22 

Cockpit gap width nok  7  24  198  212  188  247  82  3  9  10  53  44  1077 

Cockpit lies flat/sticks out  0  0  2  0  0  5  0  0  0  0  0  0  7 

Cockpit loose  0  2  0  0  4  2  1  0  1  1  2  0  13 

Cockpit not snapped into place  0  0  0  0  1  0  0  0  0  0  0  0  1 

Cockpit retaining nok  0  1  1  0  0  1  0  0  1  1  0  1  6 

Cockpit screwing nok  1  0  1  0  0  1  0  3  2  0  1  3  12 

Cockpit wrong adjusted  26  42  4  0  0  0  87  91  267  179  262  89  1047 

Location stud for cockpit bolt/thread nok  0  1  7  0  5  13  7  7  26  7  1  0  74 

Mounting plate cockpit damaged  0  0  0  0  0  0  0  0  1  0  0  0  1 

Mounting plate cockpit grommet assembly nok  0  0  0  0  0  0  1  0  0  0  0  0  1 

Mounting plate cockpit loose  0  0  0  0  0  0  0  0  2  3  4  0  9 

Mounting plate cockpit screwing nok  1  15  12  1  0  21  5  1  2  2  5  0  65 

Mounting plate cockpit wrong assembled  0  0  0  0  1  0  0  0  0  0  0  0  1 

Report cockpit orientating missing  3  11  18  16  32  13  4  24  18  46  14  6  205 

Total  127  211  529  437  381  499  281  171  412  333  453  258 

Rollforming tailgate 

C  589 Rollforming doors 

Cockpit fitt ing 1, 2 

Fitting cockpit 
location brackets 

4092 

Description 

B 

GL 

5 

2541 

A  829 

Table of assembly defects in each step of AP1 in 2005 in Golf A5 WOB, Source: FISeQS Berichte, Department PWA – M/8, VW Wolfsburg



Appendix H  H5 

Table of assembly defects in each step of AP2 in 2005 in Golf A5 WOB, Source: FISeQS Berichte, Department PWA – M/8, VW Wolfsburg 
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Appendix H  H6 

Manufacturing stations  January  February  March  April  May  June  July  August  September  October  November  December 
Total Trouble 

Cases 
Total Trouble 
Cases/stat ions 

CWtrim panel clip nok  0  0  0  0  1  3  0  0  0  2  2  0  8 

CWtrim panel damaged  2  3  0  1  1  3  1  0  0  1  0  4  16 

CWtrim panel loose  1  5  6  6  3  8  8  2  8  6  15  11  79 

CWtrim panel missing  5  4  5  3  7  3  2  3  1  2  0  1  36 

CWtrim panel screwing nok  0  0  0  0  0  0  0  0  0  0  1  0  1 

CWtrim panel support nok  0  0  0  13  11  0  0  0  0  0  0  0  24 

CWtrim panel wrong  0  1  0  1  0  12  0  1  0  0  0  1  16 

Battery cable damaged  0  0  0  0  0  0  0  1  0  1  0  1  3 

Battery cable installation nok  0  0  0  0  0  1  1  0  3  1  0  0  6 

Battery damaged  0  3  1  0  2  0  0  1  1  0  0  0  8 

Battery loose  3  2  5  0  3  1  2  0  3  2  5  11  37 

Battery missing  0  0  0  0  0  0  0  0  0  3  1  0  4 

Battery nok/without function  0  0  4  1  2  1  2  0  0  0  0  0  10 

Battery screwing nok  0  2  1  1  0  3  2  2  2  6  1  1  21 

Battery support nok  0  0  0  0  0  0  2  2  0  0  0  0  4 

Battery wrong  4  0  0  0  0  4  0  0  0  0  2  3  13 

Battery wrong assembled  2  0  0  0  0  1  1  0  0  0  0  1  5 

Defoelement rear missing  0  2  0  0  0  0  0  0  1  2  3  0  8 

Defoelement rear screwing nok  1  0  0  0  0  0  0  0  0  6  5  0  12 

Defoelement rear wrong  0  0  0  0  0  0  0  0  0  2  0  0  2 

Rear bumper loose  0  0  52  52  0  0  0  0  0  0  0  2  106 

Rear bumper screwing nok  0  4  9  1  4  2  0  0  2  2  2  3  29 

Front bumper loose  0  0  41  19  0  0  0  0  0  0  0  0  60 

Front bumper screwing nok  0  0  2  1  0  5  0  0  0  0  0  0  8 

RAB frontend alignment nok  0  0  1  0  0  0  0  0  0  0  0  0  1 

RAB frontend bush/thread nok  0  0  0  0  0  1  0  1  0  1  0  0  3 

RAB frontend damaged  17  9  7  11  4  9  5  0  5  9  22  9  107 

RAB frontend diffrences of colour  0  0  0  0  0  0  0  0  0  0  1  0  1 

RAB frontend dirty  0  0  1  2  0  0  0  0  0  0  0  0  3 

RAB frontend flushmounted nok  1  1  2  2  3  2  3  0  0  3  0  2  19 

RAB frontend gap width nok  1  0  4  1  5  2  1  3  0  1  0  0  18 

RAB frontend loose  0  0  5  1  0  0  0  0  0  0  0  0  6 

RAB frontend missing  0  0  0  1  0  0  0  0  0  0  0  0  1 

RAB frontend screwing nok  3  1  1  1  1  1  0  0  1  2  3  3  17 

RAB frontend support nok  0  0  0  0  0  0  1  0  0  0  2  0  3 

Schottplatte screwing nok  6  15  6  2  4  40  9  5  5  7  8  4  111 

Stamp for completionfloor 2 illegible  0  4  0  5  7  0  0  0  2  3  2  0  23 

Stamp for completionfloor 2 missing  16  14  25  21  39  27  16  21  9  28  13  15  244 

Sealing for tailgate sticked  0  0  0  0  0  0  0  0  0  2  0  0  2 

Spare wheel/space save spare tyre damaged  9  2  0  0  1  1  0  0  3  0  0  0  16 

Spare wheel/space save spare tyre dirty  0  1  0  0  0  0  0  0  0  0  2  0  3 

Spare wheel/space save spare tyre loose  0  0  1  1  0  0  0  0  0  0  0  0  2 

Spare wheel/space save spare tyre missing  0  0  5  0  0  0  0  0  0  0  0  0  5 

Spare wheel/space save spare tyre scratch  1  0  0  0  0  0  0  0  0  0  0  0  1 

Spare wheel/space save spare tyre support nok  1  0  0  0  0  0  0  2  0  0  0  0  3 

Spare wheel/space save spare tyre wrong  0  0  1  0  0  0  0  0  0  0  0  0  1 

Spare wheel/space save spare tyre wrong assembled  0  0  0  0  0  0  0  0  0  2  6  1  9 

Adapter for wheel bolt missing  0  0  22  19  30  7  0  0  0  0  0  0  78 

Adapter for wheel bolt wrong  0  0  1  0  0  0  0  0  0  0  0  0  1 

Wheel bolt antitheft protected missing  0  0  2  1  0  1  0  0  0  1  0  3  8 

Wheel bolt/wheel nut torque bolt/thread nok  0  0  0  0  0  0  0  0  0  0  0  1  1 

Wheel bolt/wheel nut torque bush/thread nok  0  0  0  0  0  2  0  0  0  0  0  0  2 

Wheel bolt/wheel nut torque missing  1  0  0  7  0  1  0  0  0  0  0  1  10 

Wheel bolt/wheel nut torque wrong  0  0  0  0  0  0  0  0  0  1  0  0  1 

Total  74  73  210  174  128  141  56  44  46  96  96  78 
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G, H 

I 

J 

Descript ion 

B 

C, D 

E 

625 

42 

101 

1216 

180 

111 

22 

135 

Premounting/Fit ting wheel 

Putting in/Fitt ing the battery 

Putt ing in/Fitting the CWtrim panel 

Fit ting rear bumper 

Placing spare wheel in boot 

Fitting cross member 

Fitt ing frontend/Fitt ing front bumper 

Table of assembly defects in each step of AP3 in 2005 in Golf A5 WOB, Source: FISeQS Berichte, Department PWA – M/8, VW Wolfsburg



Appendix H  H1 

Generation and meaning of the matrixes 

Assembly Part 1, generation and meaning of the matrix 
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Appendix H  H2 

Assembly Part 2, generation and meaning of the matrix 
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Assembly Part 3, generation and meaning of the matrix 
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Golf A5 Uitenhage, Assembly Part 1, Level of automation 2 
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Golf A5 Uitenhage, Assembly Part 2, Level of automation 2 
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for each level of automation



Appendix E  E1 

Golf A5 Wolfsburg, Assembly Part 1, Level of automation 1 

Parameters: 
Cycle time t C  1,143 min/unit  number of units n  unit/year 
Shift time t SH  392 min/shift 

Number of shifts n S  3 shifts/day 
Working days d W  185 days/year 

Personnel costs rate IE C P_IE  77000 €/year 
Personnel costs rate master C P_M  74500 €/year 

Personnel costs rate worker 
(operator, QCC, reworker) C P_W  55400 €/year 

Personnel costs rate depositor C P_D  50100 €/year 

Period of depreciation a  7 years 

Total investment costs C INV_WOB  € 
Total equipment costs C EQ_WOB  €/year 

Total investment costs C INV_Auto5000  € 
Total equipment costs C EQ_Auto5000  €/year 

Total investment costs C INV_SA  € 
Total equipment costs C EQ_SA  €/year 

Energy costs rate CPOW_WOB  46 €/kW*year 
Energy costs rate C W_WOB  0,070 €/kWh 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Rollforming tailgate  0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  396.000 €  0,30 €  10  0,016 €  0,043 €  0,5  0,001 €  1,36 € 
Fitt ing cockpit location brackets  0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  176.000 €  0,13 €  20  0,032 €  0,019 €  1,5  0,002 €  1,08 € 
Rollforming doors  0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  918.000 €  0,69 €  40  0,063 €  0,099 €  1  0,002 €  2,11 € 
Cleaning window flange, 
Closing tailgate 

0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  891.000 €  0,67 €  30  0,047 €  0,096 €  1  0,002 €  2,06 € 

Priming window flange, 
Opening bonnet 

0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  1.141.000 €  0,86 €  30  0,047 €  0,123 €  1  0,002 €  2,39 € 

Applying cockpit glue  0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  371.000 €  0,28 €  10  0,016 €  0,040 €  1,5  0,002 €  1,33 € 
Cockpit fitting 1  0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  1.586.000 €  1,19 €  60  0,095 €  0,171 €  4,5  0,007 €  3,03 € 
Cockpit fitting 2  0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  1.586.000 €  1,19 €  60  0,095 €  0,171 €  4,5  0,007 €  3,03 € 
Removing cable box, 
Remaining screw connections 

2,325  1,78 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,144  0,17 €  176.000 €  0,13 €  1  0,002 €  0,019 €  1  0,002 €  2,53 € 

Remaining screw connections  0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  461.000 €  0,35 €  10  0,016 €  0,050 €  1  0,002 €  1,46 € 

Total:  2,325  0,14  1,143  6,732  0  0,603 
Total net costs per unit:  1,78 €  0,11 €  0,90 €  5,13 €  0,00 €  0,71 € 
Total gross costs per unit (+11%):  1,98 €  0,12 €  1,00 €  5,69 €  0,00 €  0,79 €  5,79 €  0,43 €  0,83 €  0,03 € 

Total costs per unit: 

190341 

19002600 
390000 
8933700 
170000 
2843000 
146000 

Stations with parameters that are taken from Golf A5 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

c P_Pj  c P_IEj c P_MAj 

0,15 €  0,0210 €  0,0005 € 
0,0091 €  0,0005 € 

0,35 €  0,0483 €  0,0005 € 
0,07 € 

0,0469 €  0,0005 € 

0,43 €  0,0602 €  0,0005 € 

0,34 € 

0,0196 €  0,0005 € 
0,60 €  0,0833 €  0,0005 € 
0,14 € 

0,0245 €  0,0005 € 

0,60 €  0,0833 €  0,0005 € 
0,07 €  0,0091 €  0,0015 € 

0,41 €  0,01 € 
3,25 €  0,46 €  0,01 € 
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Appendix E  E2 

Golf A5 Wolfsburg, Assembly Part 1, Level of automation 2 

Parameters: 
Cycle time t C  1,143 min/unit  number of units n  unit/year 
Shift time t SH  392 min/shift 

Number of shifts n S  3 shifts/day 
Working days d W  185 days/year 

Personnel costs rate IE C P_IE  77000 €/year 
Personnel costs rate master C P_M  74500 €/year 

Personnel costs rate worker 
(operator, QCC, reworker) C P_W  55400 €/year 

Personnel costs rate depositor C P_D  50100 €/year 

Period of depreciation a  7 years 

Total investment costs C INV_WOB  € 
Total equipment costs C EQ_WOB  €/year 

Total investment costs C INV_Auto5000  € 
Total equipment costs C EQ_Auto5000  €/year 

Total investment costs C INV_SA  € 
Total equipment costs C EQ_SA  €/year 

Energy costs rate C POW_WOB  46 €/kW*year 
Energy costs rate C W_WOB  0,070 €/kWh 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Fitting cockpit location brackets  0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  176.000 €  0,13 €  20  0,032 €  0,019 €  1,5  0,002 €  1,08 € 
Cleaning window flange, 
Closing tailgate 

0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  891.000 €  0,67 €  30  0,047 €  0,096 €  1  0,002 €  2,06 € 

Priming window flange, 
Opening bonnet 

0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  1.141.000 €  0,86 €  30  0,047 €  0,123 €  1  0,002 €  2,39 € 

Applying cockpit glue  0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  371.000 €  0,28 €  10  0,016 €  0,040 €  1,5  0,002 €  1,33 € 
Cockpit fitting 1  0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  1.586.000 €  1,19 €  60  0,095 €  0,171 €  4,5  0,007 €  3,03 € 
Cockpit fitting 2  0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  1.586.000 €  1,19 €  60  0,095 €  0,171 €  4,5  0,007 €  3,03 € 
Removing cable box, 
Remaining screw connections 

2,325  1,78 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,144  0,17 €  176.000 €  0,13 €  1  0,002 €  0,019 €  1  0,002 €  2,53 € 

Remaining screw connections  0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  461.000 €  0,35 €  10  0,016 €  0,050 €  1  0,002 €  1,46 € 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Rollforming tailgate  1,07  0,82 €  0,28  0,21 €  0  0,00 €  0  0,00 €  0  0,00 €  0,079  0,09 €  34.000 €  0,03 €  1  0,002 €  0,003 €  0,5  0,001 €  1,30 € 
Rollforming doors  2,4  1,83 €  0,28  0,21 €  0  0,00 €  0  0,00 €  0  0,00 €  0,156  0,18 €  68.000 €  0,05 €  1  0,002 €  0,007 €  1  0,002 €  2,56 € 

Total:  5,795  0,7  0,889  5,236  0  0,736 
Total net costs per unit:  4,43 €  0,53 €  0,70 €  3,99 €  0,00 €  0,86 € 
Total gross costs per unit (+11%):  4,92 €  0,59 €  0,78 €  4,43 €  0,00 €  0,95 €  4,88 €  0,35 €  0,70 €  0,03 € 

Total costs per unit: 

Operating supplies 
(c f ix ) 

Energy 
(c f ix ) 

Material 

190341 

Depositor 
(c var ) 

Master 
(c var ) 

Maintenance & 
technical 

serv ice (c fix ) 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

19002600 
390000 
8933700 
170000 
2843000 
146000 

Stations with parameters that are taken from Golf A5 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Capital investment 
(c fix ) 

c P_MAj  c P_Pj  c P_IEj 

0,07 €  0,0091 €  0,0005 € 
0,34 €  0,0469 €  0,0005 € 

0,43 €  0,0602 €  0,0005 € 

0,14 €  0,0196 €  0,0005 € 
0,60 €  0,0833 €  0,0005 € 

0,0245 €  0,0005 € 

0,60 €  0,0833 €  0,0005 € 
0,07 €  0,0091 €  0,0015 € 

Capital investment 
(c fix ) 

Stations with parameters that are taken from Auto5000 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

c P_Pj  c P_IEj 

0,02 €  0,0021  0,0008 € 

0,38 €  0,01 € 

20,77 € 

0,03 €  0,0035  0,0017 € 

2,48 €  0,34 €  0,01 € 
2,75 € 

c P_MAj 

Maintenance & 
technical 

serv ice (c fix ) 

Master 
(c var ) 

Material 
Energy 
(c f ix ) 

Operating supplies 
(c f ix ) 

Reworker 
(c var ) 

Reworker 
(c var ) 

Other 
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(c var ) 

Depositor 
(c var ) 

0,18 € 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 
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Appendix E  E3 

Golf A5 Wolfsburg, Assembly Part 1, Level of automation 3 

Parameters: 
Cycle time t C  1,143 min/unit  number of units n  unit/year 
Shift time t SH  392 min/shift 

Number of shifts n S  3 shifts/day 
Working days d W  185 days/year 

Personnel costs rate IE C P_IE  77000 €/year 
Personnel costs rate master C P_M  74500 €/year 

Personnel costs rate worker 
(operator, QCC, reworker) C P_W  55400 €/year 

Personnel costs rate depositor C P_D  50100 €/year 

Period of depreciation a  7 years 

Total investment costs C INV_WOB  € 
Total equipment costs C EQ_WOB  €/year 

Total investment costs C INV_Auto5000  € 
Total equipment costs C EQ_Auto5000  €/year 

Total investment costs C INV_SA  € 
Total equipment costs C EQ_SA  €/year 

Energy costs rate C POW_WOB  46 €/kW*year 
Energy costs rate C W_WOB  0,070 €/kWh 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Fitting cockpit location brackets  0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  176.000 €  0,13 €  20  0,032 €  0,019 €  1,5  0,002 €  1,08 € 
Applying cockpit glue  0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  371.000 €  0,28 €  10  0,016 €  0,040 €  1,5  0,002 €  1,33 € 
Cockpit fitting 1  0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  1.586.000 €  1,19 €  60  0,095 €  0,171 €  4,5  0,007 €  3,03 € 
Cockpit fitting 2  0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  1.586.000 €  1,19 €  60  0,095 €  0,171 €  4,5  0,007 €  3,03 € 
Removing cable box, 
Remaining screw connections 

2,325  1,78 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,144  0,17 €  176.000 €  0,13 €  1  0,002 €  0,019 €  1  0,002 €  2,53 € 

Remaining screw connections  0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  461.000 €  0,35 €  10  0,016 €  0,050 €  1  0,002 €  1,46 € 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Rollforming tailgate  1,07  0,82 €  0,28  0,21 €  0  0,00 €  0  0,00 €  0  0,00 €  0,079  0,09 €  34.000 €  0,03 €  1  0,002 €  0,003 €  0,5  0,001 €  1,30 € 
Rollforming doors  2,4  1,83 €  0,28  0,21 €  0  0,00 €  0  0,00 €  0  0,00 €  0,156  0,18 €  68.000 €  0,05 €  1  0,002 €  0,007 €  1  0,002 €  2,56 € 
Cleaning window flange, 
Closing tailgate 

2,81  2,15 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,172  0,20 €  0 €  0,00 €  0  0,000 €  0,000 €  0  0,000 €  2,73 € 

Priming window flange, 
Opening bonnet 

2,81  2,15 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,172  0,20 €  0 €  0,00 €  0  0,000 €  0,000 €  0  0,000 €  2,73 € 

Total:  11,415  0,98  0,635  3,74  0  0,978 
Total net costs per unit:  8,73 €  0,75 €  0,50 €  2,85 €  0,00 €  1,14 € 
Total gross costs per unit (+11%):  9,69 €  0,83 €  0,56 €  3,16 €  0,00 €  1,27 €  3,35 €  0,26 €  0,48 €  0,03 € 

Total costs per unit: 

Energy 
(c f ix ) 

Operating supplies 
(c f ix ) 

Material 

190341 

Depositor 
(c var ) 

Master 
(c var ) 

Maintenance & 
technical 

serv ice (c fix ) 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

19002600 
390000 
8933700 
170000 
2843000 
146000 

Stations with parameters that are taken from Golf A5 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Capital investment 
(c fix ) 

c P_MAj  c P_Pj  c P_IEj 

0,07 €  0,0091 €  0,0005 € 
0,14 €  0,0196 €  0,0005 € 
0,60 €  0,0833 €  0,0005 € 

0,18 €  0,0245 €  0,0005 € 

0,60 €  0,0833 €  0,0005 € 
0,07 €  0,0091 €  0,0015 € 

Industrial 
engineering 

(c f ix ) 

Capital investment 
(c fix ) 

Stations with parameters that are taken from Auto5000 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

c P_Pj  c P_IEj 

0,02 €  0,0021 €  0,0008 € 
0,0035 €  0,0017 € 

0,00 €  0,0000 €  0,0018 € 

0,26 €  0,01 € 

21,78 € 

0,00 €  0,0000 €  0,0018 € 

1,71 €  0,23 €  0,01 € 
1,90 € 

0,03 € 

c P_MAj 

Material 
Energy 
(c f ix ) 

Operating supplies 
(c f ix ) 

Reworker 
(c var ) 

Reworker 
(c var ) 

Maintenance & 
technical 
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(c var ) 
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(c var ) 
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Appendix E  E4 

Golf A5 Wolfsburg, Assembly Part 1, Level of automation 4 

Parameters: 
Cycle time t C  1,143 min/unit  number of units n  unit/year 
Shift time t SH  392 min/shift 

Number of shifts n S  3 shifts/day 
Working days d W  185 days/year 

Personnel costs rate IE C P_IE  77000 €/year 
Personnel costs rate master C P_M  74500 €/year 

Personnel costs rate worker 
(operator, QCC, reworker) C P_W  55400 €/year 

Personnel costs rate depositor C P_D  50100 €/year 

Period of depreciation a  7 years 

Total investment costs C INV_WOB  € 
Total equipment costs C EQ_WOB  €/year 

Total investment costs C INV_Auto5000  € 
Total equipment costs C EQ_Auto5000  €/year 

Total investment costs C INV_SA  € 
Total equipment costs C EQ_SA  €/year 

Energy costs rate C POW_WOB  46 €/kW*year 
Energy costs rate C W_WOB  0,070 €/kWh 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Applying cockpit glue  0  0,00 €  0  0,00 €  0,127  0,10 €  0,748  0,57 €  0  0,00 €  0,051  0,06 €  371.000 €  0,28 €  10  0,016 €  0,040 €  1,5  0,002 €  1,33 € 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Rollforming tailgate  1,07  0,82 €  0,28  0,21 €  0  0,00 €  0  0,00 €  0  0,00 €  0,079  0,09 €  34.000 €  0,03 €  1  0,002 €  0,003 €  0,5  0,001 €  1,30 € 
Fitt ing cockpit location brackets  2,55  1,95 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,157  0,18 €  176.000 €  0,13 €  1  0,002 €  0,018 €  0,5  0,001 €  2,73 € 
Rollforming doors  2,4  1,83 €  0,28  0,21 €  0  0,00 €  0  0,00 €  0  0,00 €  0,156  0,18 €  68.000 €  0,05 €  1  0,002 €  0,007 €  1  0,002 €  2,56 € 
Cleaning window flange, 
Closing tailgate 

2,81  2,15 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,172  0,20 €  0 €  0,00 €  0  0,000 €  0,000 €  0  0,000 €  2,73 € 

Priming window flange, 
Opening bonnet 

2,81  2,15 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,172  0,20 €  0 €  0,00 €  0  0,000 €  0,000 €  0  0,000 €  2,73 € 

Cockpit fitting 1  3,906  2,98 €  0,41  0,31 €  0  0,00 €  0  0,00 €  0  0,00 €  0,252  0,30 €  805.500 €  0,60 €  65  0,102 €  0,081 €  5  0,008 €  5,16 € 
Cockpit fitting 2  3,906  2,98 €  0,41  0,31 €  0  0,00 €  0  0,00 €  0  0,00 €  0,252  0,30 €  805.500 €  0,60 €  65  0,102 €  0,081 €  5  0,008 €  5,16 € 

Total:  19,452  1,8  0,127  0,748  0  1,291 
Total net costs per unit:  14,86 €  1,37 €  0,10 €  0,57 €  0,00 €  1,51 € 
Total gross costs per unit (+11%):  16,49 €  1,52 €  0,11 €  0,63 €  0,00 €  1,68 €  1,69 €  0,23 €  0,23 €  0,02 € 

Total costs per unit: 

Operating supplies 
(c f ix ) 

Energy 
(c f ix ) 

Material 

190341 

Depositor 
(c var ) 

Master 
(c var ) 

Maintenance & 
technical 

serv ice (c fix ) 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

19002600 
390000 
8933700 
170000 
2843000 
146000 

Stations with parameters that are taken from Golf A5 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Capital investment 
(c fix ) 

c P_MAj  c P_Pj  c P_IEj 

Station 
Personnel costs  Operating material 

Stations with parameters that are taken from Auto5000 Wolfsburg: 

0,14 €  0,0196 €  0,0005 € 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

Maintenance & 
technical 

serv ice (c fix ) 

Capital investment 
(c fix ) 

c P_MAj  c P_Pj  c P_IEj 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

0,02 €  0,0021 €  0,0008 € 
0,0091 €  0,0017 € 

0,03 €  0,0035 €  0,0017 € 
0,07 € 

0,0000 €  0,0018 € 

0,00 €  0,0000 €  0,0018 € 

0,00 € 

0,0420 €  0,0027 € 
0,30 €  0,0420 €  0,0027 € 

0,12 €  0,01 € 
0,95 €  0,13 €  0,02 € 

23,70 € 

0,86 € 

0,30 € 

Material 
Energy 
(c f ix ) 

Operating supplies 
(c f ix ) 

Reworker 
(c var ) 

Reworker 
(c var ) 

5000 _ 
5000 _ 

1 
Auto EQ 

Auto INV 

INVj 
EQj  C 

C 
C 

n 
c ⋅ ⋅ = 

WOB EQ 
WOB INV 

INVj 
EQj  C 

C 
C 

n 
c  _ 

_ 

1 
⋅ ⋅ = 5 , 0 _ ⋅ =  INVj MAj P  c c  07 . 0 _ ⋅ =  INVj Pj P  c c 

n a 
C 

c  INVj 
INVj ⋅ 

= 
n a d 

C d t 
c 

W 

IE P WW Mj 
IEj P ⋅ 

⋅ 
⋅ 

⋅ = ∑  1 
2 

_ 
_ 

W SH 

D P Dj M 
Dj P  d t 

C t 
c 

⋅ 

⋅ 
=  _ _ 

_ 
W SH 

C 
M P Mj Mj P  d t 

t C n c 
⋅ 

⋅ ⋅ =  _ _ 
h 
t C P 

n 
C P 

c  C WOB W E j WOB P OW E j 
E j  min/ 60 

_ _ ⋅ ⋅ 
+ 

⋅ 
= 

W SH 

W P j M 
j P  d t 

C t 
c 

⋅ 

⋅ 
=  _ ... _ 

... _ 

5000 _ 
5000 _ 

1 
Auto EQ 

Auto INV 

INVj 
EQj  C 

C 
C 

n 
c ⋅ ⋅ = 

h 
t C P 

n 
C P 

c  C Auto W Ej Auto POW Ej 
Ej  min/ 60 

5000 _ 5000 _ ⋅ ⋅ 
+ 

⋅ 
=  5000 _ 

5000 _ 

1 
Auto EQ 

Auto INV 

INVj 
EQj  C 

C 
C 

n 
c ⋅ ⋅ = 5 , 0 _ ⋅ =  INVj MAj P  c c  07 . 0 _ ⋅ =  INVj Pj P  c c 

n a 
C 

c  INVj 
INVj ⋅ 

= 
n a d 

C d t 
c 

W 

IE P WW Mj 
IEj P ⋅ 

⋅ 
⋅ 

⋅ = ∑  1 
2 

_ 
_ 

W SH 

W P j M 
j P  d t 

C t 
c 

⋅ 

⋅ 
=  _ ... _ 

... _ 
W SH 

D P Dj M 
Dj P  d t 

C t 
c 

⋅ 

⋅ 
=  _ _ 

_ 
W SH 

C 
M P Mj Mj P  d t 

t C n c 
⋅ 

⋅ ⋅ =  _ _  h 
t C P 

n 
C P 

c  C Auto W Ej Auto POW Ej 
Ej  min/ 60 

5000 _ 5000 _ ⋅ ⋅ 
+ 

⋅ 
= 

h 
t C P 

n 
C P 

c  C WOB W OSj WOB P OW OSj 
OSj  min/ 60 

_ _ ⋅ ⋅ 
+ 

⋅ 
= 

h 
t C P 

n 
C P 

c  C WOB W OSj WOB P OW OSj 
OSj  min/ 60 

_ _ ⋅ ⋅ 
+ 

⋅ 
=



Appendix E  E5 

Golf A5 Wolfsburg, Assembly Part 1, Level of automation 5 

Parameters: 
Cycle time t C  1,143 min/unit  number of units n  unit/year 
Shift time t SH  392 min/shift 

Number of shifts n S  3 shifts/day 
Working days d W  185 days/year 

Personnel costs rate IE C P_IE  77000 €/year 
Personnel costs rate master C P_M  74500 €/year 

Personnel costs rate worker 
(operator, QCC, reworker) C P_W  55400 €/year 

Personnel costs rate depositor C P_D  50100 €/year 

Period of depreciation a  7 years 

Total investment costs C INV_WOB  € 
Total equipment costs C EQ_WOB  €/year 

Total investment costs C INV_Auto5000  € 
Total equipment costs C EQ_Auto5000  €/year 

Total investment costs C INV_SA  € 
Total equipment costs C EQ_SA  €/year 

Energy costs rate C POW_WOB  46 €/kW*year 
Energy costs rate C W_WOB  0,070 €/kWh 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Rollforming tailgate  1,07  0,82 €  0,28  0,21 €  0  0,00 €  0  0,00 €  0  0,00 €  0,079  0,09 €  34.000 €  0,03 €  1  0,002 €  0,003 €  0,5  0,001 €  1,30 € 
Fitt ing cockpit location brackets  2,55  1,95 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,157  0,18 €  176.000 €  0,13 €  1  0,002 €  0,018 €  0,5  0,001 €  2,73 € 
Rollforming doors  2,4  1,83 €  0,28  0,21 €  0  0,00 €  0  0,00 €  0  0,00 €  0,156  0,18 €  68.000 €  0,05 €  1  0,002 €  0,007 €  1  0,002 €  2,56 € 
Cleaning window flange, 
Closing tailgate 

2,81  2,15 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,172  0,20 €  0 €  0,00 €  0  0,000 €  0,000 €  0  0,000 €  2,73 € 

Priming window flange, 
Opening bonnet 

2,81  2,15 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,172  0,20 €  0 €  0,00 €  0  0,000 €  0,000 €  0  0,000 €  2,73 € 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Cockpit fitting  14,9  11,38 €  0,55  0,42 €  0  0,00 €  0  0,00 €  0  0,00 €  0,901  1,06 €  192.000 €  0,14 €  11  0,017 €  0,052 €  3  0,005 €  14,59 € 

Total:  26,54  1,53  0  0  0  1,637 
Total net costs per unit:  20,28 €  1,17 €  0,00 €  0,00 €  0,00 €  1,91 € 
Total gross costs per unit (+11%):  22,51 €  1,30 €  0,00 €  0,00 €  0,00 €  2,12 €  0,35 €  0,02 €  0,08 €  0,01 € 

Total costs per unit: 

Energy 
(c f ix ) 

Operating supplies 
(c f ix ) 

Material 

190341 

Depositor 
(c var ) 

Master 
(c var ) 

Maintenance & 
technical 

serv ice (c fix ) 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

19002600 
390000 
8933700 
170000 
2843000 
146000 

Stations with parameters that are taken from Auto5000 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Capital investment 
(c fix ) 

c P_MAj  c P_Pj  c P_IEj 

0,02 €  0,0021 €  0,0008 € 
0,07 €  0,0091 €  0,0017 € 
0,03 €  0,0035 €  0,0017 € 
0,00 €  0,0000 €  0,0018 € 

0,00 €  0,0000 €  0,0018 € 

Industrial 
engineering 

(c f ix ) 

Capital investment 
(c fix ) 

Stations with parameters that are taken from Golf A5 SA: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

c P_Pj  c P_IEj 

0,07 €  0,0098 €  0,0097 € 

0,02 €  0,02 € 
0,21 €  0,02 €  0,02 € 

26,64 € 

0,19 € 
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Appendix E  E6 

Golf A5 Wolfsburg, Assembly Part 2, Level of automation 1 

Parameters: 
Cycle time t C  1,143 min/unit  number of units n  unit/year 
Shift time t SH  392 min/shift 

Number of shifts n S  3 shifts/day 
Working days d W  185 days/year 

Personnel costs rate IE C P_IE  77000 €/year 
Personnel costs rate master C P_M  74500 €/year 

Personnel costs rate worker 
(operator, QCC, reworker) C P_W  55400 €/year 

Personnel costs rate depositor C P_D  50100 €/year 

Period of depreciation a  7 years 

Total investment costs C INV_WOB  € 
Total equipment costs C EQ_WOB  €/year 

Total investment costs C INV_Auto5000  € 
Total equipment costs C EQ_Auto5000  €/year 

Total investment costs C INV_SA  € 
Total equipment costs C EQ_SA  €/year 

Energy costs rate C POW_WOB  46 €/kW*year 
Energy costs rate CW_WOB  0,070 €/kWh 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Stamping VIN  0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0  0,00 €  0,057  0,07 €  915.000 €  0,69 €  15  0,024 €  0,099 €  0,5  0,001 €  2,16 € 
Lift ing up and f itt ing complete 
powertrain, Underbody work 

0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0  0,00 €  0,057  0,07 €  2.597.000 €  1,95 €  30  0,047 €  0,280 €  3  0,005 €  4,42 € 

Fitt ing gear shift  0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0  0,00 €  0,057  0,07 €  523.000 €  0,39 €  8  0,013 €  0,056 €  0,5  0,001 €  1,61 € 
Closing bonnet  0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0  0,00 €  0,057  0,07 €  40.000 €  0,03 €  1  0,002 €  0,004 €  0,5  0,001 €  0,96 € 
Lift ing down fitting unit  0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0  0,00 €  0,057  0,07 €  580.000 €  0,44 €  2  0,003 €  0,063 €  0  0,000 €  1,68 € 
Fitt ing rear glass/windscreen 1  0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0,286  0,20 €  0,073  0,09 €  647.000 €  0,49 €  15  0,024 €  0,070 €  1  0,002 €  2,05 € 
Fitt ing rear glass/windscreen 2  0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0,286  0,20 €  0,073  0,09 €  647.000 €  0,49 €  15  0,024 €  0,070 €  1  0,002 €  2,05 € 
Fitt ing side glasses  0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0,572  0,39 €  0,090  0,11 €  647.000 €  0,49 €  25  0,039 €  0,070 €  1  0,002 €  2,29 € 

Total:  0  0  2,857  4,894  1,143  0,521 
Total net costs per unit:  0,00 €  0,00 €  2,16 €  3,76 €  0,79 €  0,64 € 
Total gross costs per unit (+11%):  0,00 €  0,00 €  2,40 €  4,17 €  0,88 €  0,71 €  4,97 €  0,18 €  0,71 €  0,01 € 

Total costs per unit: 

Operating supplies 
(c f ix ) 

Energy 
(c f ix ) 

Material 

190341 

Capital investment 
(c fix ) 

Maintenance & 
technical 

serv ice (c fix ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

19002600 
390000 
8933700 
170000 
2843000 
146000 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

Stations with parameters that are taken from Golf A5 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

c P_Pj  c P_IEj c P_MAj 

0,35 €  0,0483 €  0,0006 € 
0,1365 €  0,0006 € 

0,20 €  0,0273 €  0,0006 € 

0,98 € 
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0,02 € 

0,0343 €  0,0010 € 

0,25 €  0,0343 €  0,0008 € 
0,25 €  0,0343 €  0,0008 € 

0,35 €  0,01 € 
2,80 €  0,39 €  0,01 € 
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Appendix E  E7 

Golf A5 Wolfsburg, Assembly Part 2, Level of automation 2 

Parameters: 
Cycle time t C  1,143 min/unit  number of units n  unit/year 
Shift time t SH  392 min/shift 

Number of shifts n S  3 shifts/day 
Working days d W  185 days/year 

Personnel costs rate IE C P_IE  77000 €/year 
Personnel costs rate master C P_M  74500 €/year 

Personnel costs rate worker 
(operator, QCC, reworker) C P_W  55400 €/year 

Personnel costs rate depositor C P_D  50100 €/year 

Period of depreciation a  7 years 

Total investment costs C INV_WOB  € 
Total equipment costs C EQ_WOB  €/year 

Total investment costs C INV_Auto5000  € 
Total equipment costs C EQ_Auto5000  €/year 

Total investment costs C INV_SA  € 
Total equipment costs C EQ_SA  €/year 

Energy costs rate CPOW_WOB  46 €/kW*year 
Energy costs rate C W_WOB  0,070 €/kWh 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Lifting up and f itt ing complete 
powertrain, Underbody work 

0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0  0,00 €  0,057  0,07 €  2.597.000 €  1,95 €  30  0,047 €  0,280 €  3  0,005 €  4,42 € 

Fitt ing gear shift  0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0  0,00 €  0,057  0,07 €  523.000 €  0,39 €  8  0,013 €  0,056 €  0,5  0,001 €  1,61 € 
Closing bonnet  0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0  0,00 €  0,057  0,07 €  40.000 €  0,03 €  1  0,002 €  0,004 €  0,5  0,001 €  0,96 € 
Lift ing down fitting unit  0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0  0,00 €  0,057  0,07 €  580.000 €  0,44 €  2  0,003 €  0,063 €  0  0,000 €  1,68 € 
Fitt ing rear glass/windscreen 1  0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0,286  0,20 €  0,073  0,09 €  647.000 €  0,49 €  15  0,024 €  0,070 €  1  0,002 €  2,05 € 
Fitt ing rear glass/windscreen 2  0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0,286  0,20 €  0,073  0,09 €  647.000 €  0,49 €  15  0,024 €  0,070 €  1  0,002 €  2,05 € 
Fitt ing side glasses  0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0,572  0,39 €  0,090  0,11 €  647.000 €  0,49 €  25  0,039 €  0,070 €  1  0,002 €  2,29 € 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Stamping VIN  2,3  1,76 €  0,14  0,11 €  0  0,00 €  0,00 €  0  0,00 €  0,142  0,17 €  636.000 €  0,48 €  5  0,008 €  0,064 €  3  0,005 €  3,13 € 

Total:  2,300  0,140  2,500  4,282  1,143  0,606 
Total net costs per unit:  1,76 €  0,11 €  1,89 €  3,29 €  0,79 €  0,74 € 
Total gross costs per unit (+11%):  1,95 €  0,12 €  2,10 €  3,65 €  0,88 €  0,82 €  4,76 €  0,16 €  0,68 €  0,02 € 

Total costs per unit: 

190341 

19002600 
390000 
8933700 
170000 
2843000 
146000 

Stations with parameters that are taken from Golf A5 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

Maintenance & 
technical 

serv ice (c fix ) 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

Capital investment 
(c fix ) 

c P_MAj  c P_Pj  c P_IEj 

0,98 €  0,1365 €  0,0006 € 

0,20 €  0,0273 €  0,0006 € 
0,02 €  0,0021 €  0,0006 € 
0,22 €  0,0308 €  0,0006 € 
0,25 €  0,0343 €  0,0008 € 

Maintenance & 
technical 

serv ice (c fix ) 

0,25 €  0,0343 €  0,0008 € 
0,25 €  0,0343 €  0,0010 € 

c P_MAj  c P_Pj  c P_IEj 

Station 
Personnel costs 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

0,24 €  0,0336 €  0,0015 € 

0,33 €  0,01 € 
2,68 €  0,37 €  0,01 € 

18,19 € 

2,41 € 

Material 

Material 

Reworker 
(c var ) 

Reworker 
(c var ) 

Stations with parameters that are taken from Auto5000 Wolfsburg: 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

Capital investment 
(c fix ) 

Operating material 
Total 
per 

station 
(gross) 

Energy 
(c f ix ) 

Operating supplies 
(c f ix ) 
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(c f ix ) 
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(c f ix ) 
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Appendix E  E8 

Golf A5 Wolfsburg, Assembly Part 2, Level of automation 3 

Parameters: 
Cycle time t C  1,143 min/unit  number of units n  unit/year 
Shift time t SH  392 min/shift 

Number of shifts n S  3 shifts/day 
Working days d W  185 days/year 

Personnel costs rate IE C P_IE  77000 €/year 
Personnel costs rate master C P_M  74500 €/year 

Personnel costs rate worker 
(operator, QCC, reworker) C P_W  55400 €/year 

Personnel costs rate depositor C P_D  50100 €/year 

Period of depreciation a  7 years 

Total investment costs C INV_WOB  € 
Total equipment costs C EQ_WOB  €/year 

Total investment costs C INV_Auto5000  € 
Total equipment costs C EQ_Auto5000  €/year 

Total investment costs C INV_SA  € 
Total equipment costs C EQ_SA  €/year 

Energy costs rate CPOW_WOB  46 €/kW*year 
Energy costs rate C W_WOB  0,070 €/kWh 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Lifting up and f itt ing complete 
powertrain, Underbody work 

0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0  0,00 €  0,057  0,07 €  2.597.000 €  1,95 €  30  0,047 €  0,280 €  3  0,005 €  4,42 € 

Lift ing down fitting unit  0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0  0,00 €  0,057  0,07 €  580.000 €  0,44 €  2  0,003 €  0,063 €  0  0,000 €  1,68 € 
Fitt ing rear glass/windscreen 1  0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0,286  0,20 €  0,073  0,09 €  647.000 €  0,49 €  15  0,024 €  0,070 €  1  0,002 €  2,05 € 
Fitt ing rear glass/windscreen 2  0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0,286  0,20 €  0,073  0,09 €  647.000 €  0,49 €  15  0,024 €  0,070 €  1  0,002 €  2,05 € 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Stamping VIN  2,3  1,76 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,142  0,17 €  636.000 €  0,48 €  5  0,008 €  0,064 €  3  0,005 €  3,13 € 
Fitt ing gear shift  1,2  0,92 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,078  0,09 €  11.000 €  0,01 €  1  0,002 €  0,001 €  0,5  0,001 €  1,27 € 
Closing bonnet  0  0,00 €  0  0,00 €  0  0,00 €  0  0,00 €  0  0,00 €  0,000  0,00 €  0 €  0,00 €  0  0,000 €  0,000 €  0  0,000 €  0,00 € 
Fitt ing side glasses  1,252  0,96 €  0,55  0,42 €  0  0,00 €  0  0,00 €  0  0,00 €  0,105  0,12 €  297.000 €  0,22 €  10  0,016 €  0,030 €  1  0,002 €  2,07 € 

Total:  4,752  0,830  1,429  2,447  0,572  0,585 
Total net costs per unit:  3,64 €  0,64 €  1,08 €  1,88 €  0,40 €  0,70 € 
Total gross costs per unit (+11%):  4,04 €  0,71 €  1,20 €  2,09 €  0,44 €  0,78 €  4,08 €  0,12 €  0,58 €  0,02 € 

Total costs per unit: 

190341 

19002600 
390000 
8933700 
170000 
2843000 
146000 

Stations with parameters that are taken from Golf A5 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

Maintenance & 
technical 

serv ice (c fix ) 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

Capital investment 
(c fix ) 

c P_MAj  c P_Pj  c P_IEj 

0,98 €  0,1365 €  0,0006 € 

0,25 €  0,0343 €  0,0008 € 

0,22 €  0,0308 €  0,0006 € 
0,25 €  0,0343 €  0,0008 € 

Capital investment 
(c fix ) 

Stations with parameters that are taken from Auto5000 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

c P_Pj  c P_IEj 

0,24 €  0,0336 €  0,0015 € 
0,0007 €  0,0008 € 

0,00 €  0,0000 €  0,0000 € 

0,32 €  0,01 € 

16,67 € 

0,11 €  0,0154 €  0,0011 € 

2,06 €  0,29 €  0,01 € 
2,29 € 

0,01 € 

c P_MAj 

Material 

Material 

Reworker 
(c var ) 

Reworker 
(c var ) 

Maintenance & 
technical 

serv ice (c fix ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

Energy 
(c f ix ) 

Operating supplies 
(c f ix ) 

Operating supplies 
(c f ix ) 

Energy 
(c f ix ) 
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Appendix E  E9 

Golf A5 Wolfsburg, Assembly Part 2, Level of automation 4 

Parameters: 
Cycle time t C  1,143 min/unit  number of units n  unit/year 
Shift time t SH  392 min/shift 

Number of shifts n S  3 shifts/day 
Working days d W  185 days/year 

Personnel costs rate IE C P_IE  77000 €/year 
Personnel costs rate master C P_M  74500 €/year 

Personnel costs rate worker 
(operator, QCC, reworker) C P_W  55400 €/year 

Personnel costs rate depositor C P_D  50100 €/year 

Period of depreciation a  7 years 

Total investment costs C INV_WOB  € 
Total equipment costs C EQ_WOB  €/year 

Total investment costs C INV_Auto5000  € 
Total equipment costs C EQ_Auto5000  €/year 

Total investment costs C INV_SA  € 
Total equipment costs C EQ_SA  €/year 

Energy costs rate C POW_WOB  46 €/kW*year 
Energy costs rate C W_WOB  0,070 €/kWh 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Lifting up and f itt ing complete 
powertrain, Underbody work 

0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0  0,00 €  0,057  0,07 €  2.597.000 €  1,95 €  30  0,047 €  0,280 €  3  0,005 €  4,42 € 

Lift ing down fitting unit  0  0,00 €  0  0,00 €  0,357  0,27 €  0,612  0,47 €  0  0,00 €  0,057  0,07 €  580.000 €  0,44 €  2  0,003 €  0,063 €  0  0,000 €  1,68 € 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Stamping VIN  2,3  1,76 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,142  0,17 €  636.000 €  0,48 €  5  0,008 €  0,064 €  3  0,005 €  3,13 € 
Fitt ing gear shift  1,2  0,92 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,078  0,09 €  11.000 €  0,01 €  1  0,002 €  0,001 €  0,5  0,001 €  1,27 € 
Closing bonnet  0  0,00 €  0  0,00 €  0  0,00 €  0  0,00 €  0  0,00 €  0,000  0,00 €  0 €  0,00 €  0  0,000 €  0,000 €  0  0,000 €  0,00 € 
Fitt ing rear glass/windscreen 1  3,2  2,44 €  0,55  0,42 €  0  0,00 €  0  0,00 €  0  0,00 €  0,219  0,26 €  394.000 €  0,30 €  20  0,032 €  0,039 €  1  0,002 €  4,03 € 
Fitt ing side glasses  1,252  0,96 €  0,55  0,42 €  0  0,00 €  0  0,00 €  0  0,00 €  0,105  0,12 €  297.000 €  0,22 €  10  0,016 €  0,030 €  1  0,002 €  2,07 € 

Total:  7,952  1,380  0,714  1,224  0,000  0,658 
Total net costs per unit:  6,08 €  1,06 €  0,54 €  0,94 €  0,00 €  0,78 € 
Total gross costs per unit (+11%):  6,75 €  1,18 €  0,60 €  1,04 €  0,00 €  0,87 €  3,40 €  0,11 €  0,48 €  0,02 € 

Total costs per unit: 

190341 

19002600 
390000 
8933700 
170000 
2843000 
146000 

Stations with parameters that are taken from Golf A5 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

Maintenance & 
technical 

serv ice (c fix ) 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

Capital investment 
(c fix ) 

c P_MAj  c P_Pj  c P_IEj 

0,98 €  0,1365 €  0,0006 € 

0,22 €  0,0308 € 

Planning 
(c fix ) 

0,0006 € 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

c P_Pj 

Depositor 
(c var ) 

Master 
(c var ) 

c P_IEj 

0,24 €  0,0336 €  0,0015 € 

0,00 €  0,0000 €  0,0000 € 
0,01 € 

0,0154 €  0,0011 € 

0,0007 €  0,0008 € 

Other 
workers 
(c var ) 

16,60 € 

0,24 €  0,01 € 
1,90 €  0,27 €  0,01 € 

0,0210 €  0,0023 € 
0,11 € 

1,71 € 

0,15 € 

Material 

Material 

Energy 
(c f ix ) 

Operating supplies 
(c f ix ) 

c P_MAj 

Maintenance & 
technical 

serv ice (c fix ) 

Reworker 
(c var ) 

Reworker 
(c var ) 

Industrial 
engineering 

(c f ix ) 

Capital investment 
(c fix ) 

Stations with parameters that are taken from Auto5000 Wolfsburg: 
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Appendix E  E10 

Golf A5 Wolfsburg, Assembly Part 2, Level of automation 5 

Parameters: 
Cycle time t C  1,143 min/unit  number of units n  unit/year 
Shift time t SH  392 min/shift 

Number of shifts n S  3 shifts/day 
Working days d W  185 days/year 

Personnel costs rate IE C P_IE  77000 €/year 
Personnel costs rate master C P_M  74500 €/year 

Personnel costs rate worker 
(operator, QCC, reworker) C P_W  55400 €/year 

Personnel costs rate depositor C P_D  50100 €/year 

Period of depreciation a  7 years 

Total investment costs C INV_WOB  € 
Total equipment costs C EQ_WOB  €/year 

Total investment costs C INV_Auto5000  € 
Total equipment costs C EQ_Auto5000  €/year 

Total investment costs C INV_SA  € 
Total equipment costs C EQ_SA  €/year 

Energy costs rate CPOW_WOB  46 €/kW*year 
Energy costs rate C W_WOB  0,070 €/kWh 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Stamping VIN  2,3  1,76 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,142  0,17 €  636.000 €  0,48 €  5  0,008 €  0,064 €  3  0,005 €  3,13 € 
Fitt ing gear shift  1,2  0,92 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,078  0,09 €  11.000 €  0,01 €  1  0,002 €  0,001 €  0,5  0,001 €  1,27 € 
Closing bonnet  0  0,00 €  0  0,00 €  0  0,00 €  0  0,00 €  0  0,00 €  0,000  0,00 €  0 €  0,00 €  0  0,000 €  0,000 €  0  0,000 €  0,00 € 
Fitt ing rear glass/windscreen 1  3,2  2,44 €  0,55  0,42 €  0  0,00 €  0  0,00 €  0  0,00 €  0,219  0,26 €  394.000 €  0,30 €  20  0,032 €  0,039 €  1  0,002 €  4,03 € 
Fitt ing side glasses  1,252  0,96 €  0,55  0,42 €  0  0,00 €  0  0,00 €  0  0,00 €  0,105  0,12 €  297.000 €  0,22 €  10  0,016 €  0,030 €  1  0,002 €  2,07 € 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Lifting up and f itt ing complete 
powertrain, Underbody work 

45,34  34,64 €  0,83  0,63 €  0  0,00 €  0  0,00 €  0  0,00 €  2,693  3,16 €  605.000 €  0,45 €  10  0,016 €  0,163 €  3  0,005 €  43,61 € 

Total:  53,292  2,210  0,000  0,000  0,000  3,237 
Total net costs per unit:  40,72 €  1,69 €  0,00 €  0,00 €  0,00 €  3,80 € 
Total gross costs per unit (+11%):  45,20 €  1,88 €  0,00 €  0,00 €  0,00 €  4,22 €  1,46 €  0,07 €  0,30 €  0,02 € 

Total costs per unit: 

190341 

19002600 
390000 
8933700 
170000 
2843000 
146000 

Stations with parameters that are taken from Auto5000 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

Maintenance & 
technical 

serv ice (c fix ) 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

Capital investment 
(c fix ) 

c P_MAj  c P_Pj  c P_IEj 

0,24 €  0,0336 €  0,0015 € 
0,01 €  0,0007 €  0,0008 € 
0,00 €  0,0000 €  0,0000 € 
0,15 €  0,0210 €  0,0023 € 
0,11 €  0,0154 €  0,0011 € 

Capital investment 
(c fix ) 

Stations with parameters that are taken from Golf A5 SA: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

c P_Pj  c P_IEj 

0,23 €  0,0315 €  0,0288 € 

0,10 €  0,03 € 
0,82 €  0,11 €  0,04 € 

54,11 € 

0,74 € 

c P_MAj 

Material 

Material 

Reworker 
(c var ) 

Reworker 
(c var ) 

Maintenance & 
technical 

serv ice (c fix ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 
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Energy 
(c f ix ) 

Operating supplies 
(c f ix ) 

5000 _ 
5000 _ 

1 
Auto EQ 

Auto INV 

INVj 
EQj  C 

C 
C 

n 
c ⋅ ⋅ = 5 , 0 _ ⋅ =  INVj MAj P  c c  07 . 0 _ ⋅ =  INVj P j P  c c 

n a 
C 

c  INVj 
INVj ⋅ 

= 
n a d 

C d t 
c 

W 

IE P WW Mj 
IEj P ⋅ 

⋅ 
⋅ 

⋅ = ∑  1 
2 

_ 
_ 

W SH 

W P j M 
j P  d t 

C t 
c 

⋅ 
⋅ 

=  _ ... _ 
... _ 

W SH 

D P Dj M 
Dj P  d t 

C t 
c 

⋅ 

⋅ 
=  _ _ 

_ 
W SH 

C 
M P Mj Mj P  d t 

t C n c 
⋅ 

⋅ ⋅ =  _ _  h 
t C P 

n 
C P 

c  C Auto W Ej Auto POW Ej 
Ej  min/ 60 

5000 _ 5000 _ ⋅ ⋅ 
+ 

⋅ 
= 

SA EQ 
SA INV 

INVj 
EQj  C 

C 
C 

n 
c  _ 

_ 

1 
⋅ ⋅ = 5 , 0 _ ⋅ =  INVj MAj P  c c  07 . 0 _ ⋅ =  INVj Pj P  c c 

n a 
C 

c  INVj 
INVj ⋅ 

= n a d 
C d t 

c 
W 

IE P WW Mj 
IEj P ⋅ 

⋅ 
⋅ 

⋅ = ∑  1 
2 

_ 
_ 

W SH 

W P j M 
j P  d t 

C t 
c 

⋅ 

⋅ 
=  _ ... _ 

... _ 
W SH 

D P Dj M 
Dj P  d t 

C t 
c 

⋅ 

⋅ 
=  _ _ 

_ 
W SH 

C 
M P Mj Mj P  d t 

t C n c 
⋅ 

⋅ ⋅ =  _ _ 
h 
t C P 

n 
C P 

c  C SA W Ej SA POW Ej 
Ej  min/ 60 

_ _ ⋅ ⋅ 
+ 

⋅ 
= 

h 
t C P 

n 
C P 

c  C WOB W OSj WOB POW OSj 
OSj  min/ 60 

_ _ ⋅ ⋅ 
+ 

⋅ 
= 

h 
t C P 

n 
C P 

c  C WOB W OSj WOB P OW OSj 
OSj  min/ 60 

_ _ ⋅ ⋅ 
+ 

⋅ 
=



Appendix E  E11 

Golf A5 Wolfsburg, Assembly Part 3, Level of automation 1 

Parameters: 
Cycle time t C  1,143 min/unit  number of units n  unit/year 
Shift time t SH  392 min/shift 

Number of shifts n S  3 shifts/day 
Working days d W  185 days/year 

Personnel costs rate IE C P_IE  77000 €/year 
Personnel costs rate master C P_M  74500 €/year 

Personnel costs rate worker 
(operator, QCC, reworker) C P_W  55400 €/year 

Personnel costs rate depositor C P_D  50100 €/year 

Period of depreciation a  7 years 

Total investment costs C INV_WOB  € 
Total equipment costs C EQ_WOB  €/year 

Total investment costs C INV_Auto5000  € 
Total equipment costs C EQ_Auto5000  €/year 

Total investment costs C INV_SA  € 
Total equipment costs C EQ_SA  €/year 

Energy costs rate C POW_WOB  46 €/kW*year 
Energy costs rate CW_WOB  0,070 €/kWh 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Opening bonnet  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  17.600 €  0,01 €  8  0,013 €  0,002 €  0,5  0,001 €  0,50 € 
Putting in/Fitt ing CW trim panel  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0,572  0,39 €  0,063  0,07 €  731.000 €  0,55 €  10  0,016 €  0,079 €  1  0,002 €  1,93 € 
Putting in battery  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0,572  0,39 €  0,063  0,07 €  431.000 €  0,32 €  10  0,016 €  0,046 €  0,5  0,001 €  1,52 € 
Fitt ing battery  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  210.000 €  0,16 €  8  0,013 €  0,023 €  1  0,002 €  0,77 € 
Fitt ing cross member  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  373.000 €  0,28 €  15  0,024 €  0,040 €  1  0,002 €  0,99 € 
Fitt ing rear bumper  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  733.000 €  0,55 €  10  0,016 €  0,079 €  0,5  0,001 €  1,47 € 
Fitt ing frontend  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  777.000 €  0,58 €  30  0,047 €  0,084 €  1  0,002 €  1,55 € 
Placing spare wheel in boot  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  242.000 €  0,18 €  10  0,016 €  0,026 €  0,5  0,001 €  0,80 € 
Premounting/Fitt ing wheels  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  1.190.000 €  0,89 €  30  0,047 €  0,128 €  2  0,003 €  2,10 € 

Total:  0  0  2,286  2,286  1,143  0,336 
Total net costs per unit:  0,00 €  0,00 €  1,71 €  1,71 €  0,78 €  0,42 € 
Total gross costs per unit (+11%):  0,00 €  0,00 €  1,90 €  1,90 €  0,87 €  0,47 €  3,52 €  0,21 €  0,51 €  0,02 € 

Total costs per unit: 

190341 

19002600 
390000 
8933700 
170000 
2843000 
146000 

Stations with parameters that are taken from Golf A5 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

c P_MAj  c P_Pj  c P_IEj 

0,01 €  0,0007 €  0,0003 € 
0,28 €  0,0385 €  0,0007 € 
0,16 €  0,0224 €  0,0007 € 

0,0003 € 
0,14 €  0,0196 €  0,0003 € 
0,08 €  0,0112 € 

0,0003 € 
0,29 €  0,0406 €  0,0003 € 
0,28 €  0,0385 € 

0,0003 € 
0,45 €  0,0623 €  0,0003 € 

0,00 € 

11,63 € 

1,78 €  0,25 €  0,00 € 
1,98 €  0,28 € 

0,09 €  0,0126 € 
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(c f ix ) 
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Appendix E  E12 

Golf A5 Wolfsburg, Assembly Part 3, Level of automation 2 

Parameters: 
Cycle time t C  1,143 min/unit  number of units n  unit/year 
Shift time t SH  392 min/shift 

Number of shifts n S  3 shifts/day 
Working days d W  185 days/year 

Personnel costs rate IE C P_IE  77000 €/year 
Personnel costs rate master C P_M  74500 €/year 

Personnel costs rate worker 
(operator, QCC, reworker) C P_W  55400 €/year 

Personnel costs rate depositor C P_D  50100 €/year 

Period of depreciation a  7 years 

Total investment costs C INV_WOB  € 
Total equipment costs C EQ_WOB  €/year 

Total investment costs C INV_Auto5000  € 
Total equipment costs C EQ_Auto5000  €/year 

Total investment costs C INV_SA  € 
Total equipment costs C EQ_SA  €/year 

Energy costs rate CPOW_WOB  46 €/kW*year 
Energy costs rate C W_WOB  0,070 €/kWh 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Putting in battery  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0,572  0,39 €  0,063  0,07 €  431.000 €  0,32 €  10  0,016 €  0,046 €  0,5  0,001 €  1,52 € 
Fitt ing battery  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  210.000 €  0,16 €  8  0,013 €  0,023 €  1  0,002 €  0,77 € 
Fitt ing cross member  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  373.000 €  0,28 €  15  0,024 €  0,040 €  1  0,002 €  0,99 € 
Fitt ing rear bumper  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  733.000 €  0,55 €  10  0,016 €  0,079 €  0,5  0,001 €  1,47 € 
Fitt ing frontend  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  777.000 €  0,58 €  30  0,047 €  0,084 €  1  0,002 €  1,55 € 
Placing spare wheel in boot  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  242.000 €  0,18 €  10  0,016 €  0,026 €  0,5  0,001 €  0,80 € 
Premounting/Fitt ing wheels  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  1.190.000 €  0,89 €  30  0,047 €  0,128 €  2  0,003 €  2,10 € 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Opening bonnet  0  0,00 €  0  0,00 €  0  0,00 €  0  0,00 €  0  0,00 €  0,000  0,00 €  0 €  0,00 €  0  0,000 €  0,000 €  0  0,000 €  0,00 € 
Putting in/Fitt ing CW trim panel  2,29  1,75 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,142  0,17 €  11.000 €  0,01 €  1  0,002 €  0,001 €  0,5  0,001 €  2,28 € 

Total:  2,290  0,140  1,778  1,778  0,572  0,385 
Total net costs per unit:  1,75 €  0,11 €  1,33 €  1,33 €  0,39 €  0,48 € 
Total gross costs per unit (+11%):  1,94 €  0,12 €  1,48 €  1,48 €  0,43 €  0,53 €  2,97 €  0,18 €  0,43 €  0,01 € 

Total costs per unit: 

190341 

19002600 
390000 
8933700 
170000 
2843000 
146000 

Stations with parameters that are taken from Golf A5 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

Maintenance & 
technical 

serv ice (c fix ) 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

Capital investment 
(c fix ) 

c P_MAj  c P_Pj  c P_IEj 

0,16 €  0,0224 €  0,0007 € 
0,08 €  0,0112 €  0,0003 € 
0,14 €  0,0196 €  0,0003 € 
0,28 €  0,0385 €  0,0003 € 
0,29 €  0,0406 €  0,0003 € 

0,0126 €  0,0003 € 
0,45 €  0,0623 €  0,0003 € 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

Maintenance & 
technical 

serv ice (c fix ) 
c P_MAj  c P_Pj  c P_IEj 

Station 
Personnel costs 

Energy 
(c f ix ) 

0,00 €  0,0000 €  0,0000 € 

0,23 €  0,00 € 

11,48 € 

0,01 €  0,0007 €  0,0015 € 

1,50 €  0,21 €  0,00 € 
1,67 € 

Material 

Material 

Reworker 
(c var ) 

Reworker 
(c var ) 

Stations with parameters that are taken from Auto5000 Wolfsburg: 
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Appendix E  E13 

Golf A5 Wolfsburg, Assembly Part 3, Level of automation 3 

Parameters: 
Cycle time t C  1,143 min/unit  number of units n  unit/year 
Shift time t SH  392 min/shift 

Number of shifts n S  3 shifts/day 
Working days d W  185 days/year 

Personnel costs rate IE C P_IE  77000 €/year 
Personnel costs rate master C P_M  74500 €/year 

Personnel costs rate worker 
(operator, QCC, reworker) C P_W  55400 €/year 

Personnel costs rate depositor C P_D  50100 €/year 

Period of depreciation a  7 years 

Total investment costs C INV_WOB  € 
Total equipment costs C EQ_WOB  €/year 

Total investment costs C INV_Auto5000  € 
Total equipment costs C EQ_Auto5000  €/year 

Total investment costs C INV_SA  € 
Total equipment costs C EQ_SA  €/year 

Energy costs rate CPOW_WOB  46 €/kW*year 
Energy costs rate C W_WOB  0,070 €/kWh 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Putting in battery  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0,572  0,39 €  0,063  0,07 €  431.000 €  0,32 €  10  0,016 €  0,046 €  0,5  0,001 €  1,52 € 
Fitt ing battery  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  210.000 €  0,16 €  8  0,013 €  0,023 €  1  0,002 €  0,77 € 
Fitt ing frontend  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  777.000 €  0,58 €  30  0,047 €  0,084 €  1  0,002 €  1,55 € 
Placing spare wheel in boot  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  242.000 €  0,18 €  10  0,016 €  0,026 €  0,5  0,001 €  0,80 € 
Premounting/Fitt ing wheels  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  1.190.000 €  0,89 €  30  0,047 €  0,128 €  2  0,003 €  2,10 € 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Opening bonnet  0  0,00 €  0  0,00 €  0  0,00 €  0  0,00 €  0  0,00 €  0,000  0,00 €  0 €  0,00 €  0  0,000 €  0,000 €  0  0,000 €  0,00 € 
Putting in/Fitt ing CW trim panel  2,29  1,75 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,142  0,17 €  11.000 €  0,01 €  1  0,002 €  0,001 €  0,5  0,001 €  2,28 € 
Fitt ing cross member  1,14  0,87 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,075  0,09 €  35.000 €  0,03 €  1  0,002 €  0,003 €  0,5  0,001 €  1,25 € 
Fitt ing rear bumper  1,14  0,87 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,075  0,09 €  11.000 €  0,01 €  1  0,002 €  0,001 €  0,5  0,001 €  1,21 € 

Total:  4,570  0,420  1,270  1,270  0,572  0,475 
Total net costs per unit:  3,49 €  0,33 €  0,95 €  0,95 €  0,39 €  0,58 € 
Total gross costs per unit (+11%):  3,87 €  0,37 €  1,05 €  1,05 €  0,43 €  0,64 €  2,18 €  0,15 €  0,31 €  0,01 € 

Total costs per unit: 

190341 

19002600 
390000 
8933700 
170000 
2843000 
146000 

Stations with parameters that are taken from Golf A5 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

Maintenance & 
technical 

serv ice (c fix ) 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

Capital investment 
(c fix ) 

c P_MAj  c P_Pj  c P_IEj 

0,16 €  0,0224 €  0,0007 € 
0,08 €  0,0112 €  0,0003 € 
0,29 €  0,0406 €  0,0003 € 

Maintenance & 
technical 

serv ice (c fix ) 

0,09 €  0,0126 €  0,0003 € 
0,45 €  0,0623 €  0,0003 € 

c P_MAj  c P_Pj  c P_IEj 

Station 
Personnel costs 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

0,00 €  0,0000 €  0,0000 € 
0,0007 €  0,0015 € 

0,02 €  0,0021 €  0,0008 € 

0,17 €  0,01 € 

11,48 € 

0,01 €  0,0007 €  0,0008 € 

1,11 €  0,15 €  0,01 € 
1,23 € 

0,01 € 

Material 

Material 

Reworker 
(c var ) 

Reworker 
(c var ) 

Stations with parameters that are taken from Auto5000 Wolfsburg: 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

Capital investment 
(c fix ) 

Operating material 
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Appendix E  E14 

Golf A5 Wolfsburg, Assembly Part 3, Level of automation 4 

Parameters: 
Cycle time t C  1,143 min/unit  number of units n  unit/year 
Shift time t SH  392 min/shift 

Number of shifts n S  3 shifts/day 
Working days d W  185 days/year 

Personnel costs rate IE C P_IE  77000 €/year 
Personnel costs rate master C P_M  74500 €/year 

Personnel costs rate worker 
(operator, QCC, reworker) C P_W  55400 €/year 

Personnel costs rate depositor C P_D  50100 €/year 

Period of depreciation a  7 years 

Total investment costs C INV_WOB  € 
Total equipment costs C EQ_WOB  €/year 

Total investment costs C INV_Auto5000  € 
Total equipment costs C EQ_Auto5000  €/year 

Total investment costs C INV_SA  € 
Total equipment costs C EQ_SA  €/year 

Energy costs rate C POW_WOB  46 €/kW*year 
Energy costs rate C W_WOB  0,070 €/kWh 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Fitting frontend  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  777.000 €  0,58 €  30  0,047 €  0,084 €  1  0,002 €  1,55 € 
Placing spare wheel in boot  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  242.000 €  0,18 €  10  0,016 €  0,026 €  0,5  0,001 €  0,80 € 
Premounting/Fitt ing wheels  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  1.190.000 €  0,89 €  30  0,047 €  0,128 €  2  0,003 €  2,10 € 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Opening bonnet  0  0,00 €  0  0,00 €  0  0,00 €  0  0,00 €  0  0,00 €  0,000  0,00 €  0 €  0,00 €  0  0,000 €  0,000 €  0  0,000 €  0,00 € 
Putting in/Fitt ing CW trim panel  2,29  1,75 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,142  0,17 €  11.000 €  0,01 €  1  0,002 €  0,001 €  0,5  0,001 €  2,28 € 
Putting in/Fitt ing battery  1,14  0,87 €  0,28  0,21 €  0  0,00 €  0  0,00 €  0  0,00 €  0,083  0,10 €  90.700 €  0,07 €  5  0,008 €  0,009 €  1,5  0,002 €  1,45 € 
Fitt ing cross member  1,14  0,87 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,075  0,09 €  35.000 €  0,03 €  1  0,002 €  0,003 €  0,5  0,001 €  1,25 € 
Fitt ing rear bumper  1,14  0,87 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,075  0,09 €  11.000 €  0,01 €  1  0,002 €  0,001 €  0,5  0,001 €  1,21 € 

Total:  5,710  0,700  0,763  0,763  0,000  0,465 
Total net costs per unit:  4,36 €  0,54 €  0,57 €  0,57 €  0,00 €  0,57 € 
Total gross costs per unit (+11%):  4,84 €  0,60 €  0,63 €  0,63 €  0,00 €  0,63 €  1,77 €  0,12 €  0,25 €  0,01 € 

Total costs per unit: 

190341 

19002600 
390000 
8933700 
170000 
2843000 
146000 

Stations with parameters that are taken from Golf A5 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

Maintenance & 
technical 

serv ice (c fix ) 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

Capital investment 
(c fix ) 

c P_MAj  c P_Pj  c P_IEj 

0,29 €  0,0406 €  0,0003 € 
0,0126 €  0,0003 € 

0,45 €  0,0623 €  0,0003 € 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

Maintenance & 
technical 

serv ice (c fix ) 
c P_MAj  c P_Pj  c P_IEj 

Station 
Personnel costs 

Energy 
(c f ix ) 

0,00 €  0,0000 €  0,0000 € 
0,0007 €  0,0015 € 

0,04 €  0,0049 €  0,0009 € 
0,01 € 

0,0021 €  0,0008 € 
0,01 €  0,0007 €  0,0008 € 

0,12 €  0,00 € 
1,01 €  0,13 €  0,01 € 

10,64 € 

0,91 € 

0,02 € 

Material 

Material 

Reworker 
(c var ) 

Reworker 
(c var ) 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

Capital investment 
(c fix ) 

Operating material 
Stations with parameters that are taken from Auto5000 Wolfsburg: 
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Appendix E  E15 

Golf A5 Wolfsburg, Assembly Part 3, Level of automation 5 

Parameters: 
Cycle time t C  1,143 min/unit  number of units n  unit/year 
Shift time t SH  392 min/shift 

Number of shifts n S  3 shifts/day 
Working days d W  185 days/year 

Personnel costs rate IE C P_IE  77000 €/year 
Personnel costs rate master C P_M  74500 €/year 

Personnel costs rate worker 
(operator, QCC, reworker) C P_W  55400 €/year 

Personnel costs rate depositor C P_D  50100 €/year 

Period of depreciation a  7 years 

Total investment costs C INV_WOB  € 
Total equipment costs C EQ_WOB  €/year 

Total investment costs C INV_Auto5000  € 
Total equipment costs C EQ_Auto5000  €/year 

Total investment costs C INV_SA  € 
Total equipment costs C EQ_SA  €/year 

Energy costs rate C POW_WOB  46 €/kW*year 
Energy costs rate C W_WOB  0,070 €/kWh 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Fitting frontend  0  0,00 €  0  0,00 €  0,254  0,19 €  0,254  0,19 €  0  0,00 €  0,030  0,04 €  777.000 €  0,58 €  30  0,047 €  0,084 €  1  0,002 €  1,55 € 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Opening bonnet  0  0,00 €  0  0,00 €  0  0,00 €  0  0,00 €  0  0,00 €  0,000  0,00 €  0 €  0,00 €  0  0,000 €  0,000 €  0  0,000 €  0,00 € 
Putting in/Fitt ing CW trim panel  2,29  1,75 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,142  0,17 €  11.000 €  0,01 €  1  0,002 €  0,001 €  0,5  0,001 €  2,28 € 
Putting in/Fitt ing battery  1,14  0,87 €  0,28  0,21 €  0  0,00 €  0  0,00 €  0  0,00 €  0,083  0,10 €  90.700 €  0,07 €  5  0,008 €  0,009 €  1,5  0,002 €  1,45 € 
Fitt ing cross member  1,14  0,87 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,075  0,09 €  35.000 €  0,03 €  1  0,002 €  0,003 €  0,5  0,001 €  1,25 € 
Fitt ing rear bumper  1,14  0,87 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,075  0,09 €  11.000 €  0,01 €  1  0,002 €  0,001 €  0,5  0,001 €  1,21 € 
Placing spare wheel in boot  0,728  0,56 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,051  0,06 €  70.000 €  0,05 €  5  0,008 €  0,007 €  0,5  0,001 €  0,91 € 
Premounting/Fitt ing wheels  3,935  3,01 €  0,97  0,74 €  0  0,00 €  0  0,00 €  0  0,00 €  0,286  0,34 €  1.020.000 €  0,77 €  15  0,024 €  0,102 €  1,5  0,002 €  5,93 € 

Total:  10,373  1,810  0,254  0,254  0,000  0,742 
Total net costs per unit:  7,93 €  1,39 €  0,19 €  0,19 €  0,00 €  0,89 € 
Total gross costs per unit (+11%):  8,80 €  1,54 €  0,21 €  0,21 €  0,00 €  0,99 €  1,52 €  0,09 €  0,21 €  0,01 € 

Total costs per unit: 

190341 

19002600 
390000 
8933700 
170000 
2843000 
146000 

Stations with parameters that are taken from Golf A5 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

Maintenance & 
technical 

serv ice (c fix ) 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

Capital investment 
(c fix ) 

c P_IEj 

c P_MAj  c P_Pj  c P_IEj 

0,29 €  0,0406 €  0,0003 € 

0,00 €  0,0000 €  0,0000 € 
0,0007 €  0,0015 € 

0,04 €  0,0049 €  0,0009 € 
0,01 € 

0,0021 €  0,0008 € 
0,01 €  0,0007 €  0,0008 € 
0,02 € 

0,0035 €  0,0005 € 
0,39 €  0,0539 €  0,0031 € 

0,11 €  0,01 € 
0,88 €  0,12 €  0,01 € 

14,58 € 

0,79 € 

0,03 € 

Capital investment 
(c fix ) 

Operating material 
Stations with parameters that are taken from Auto5000 Wolfsburg: 

Station 
Personnel costs 

Energy 
(c f ix ) 

Total 
per 

station 
(gross) 

Workers in the 
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(c var ) 
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(c var ) 
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(c var ) 
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Appendix E  E16 

Golf A5 Wolfsburg, Assembly Part 3, Level of automation 6 

Parameters: 
Cycle time t C  1,143 min/unit  number of units n  unit/year 
Shift time t SH  392 min/shift 

Number of shifts n S  3 shifts/day 
Working days d W  185 days/year 

Personnel costs rate IE C P_IE  77000 €/year 
Personnel costs rate master C P_M  74500 €/year 

Personnel costs rate worker 
(operator, QCC, reworker) C P_W  55400 €/year 

Personnel costs rate depositor C P_D  50100 €/year 

Period of depreciation a  7 years 

Total investment costs C INV_WOB  € 
Total equipment costs C EQ_WOB  €/year 

Total investment costs C INV_Auto5000  € 
Total equipment costs C EQ_Auto5000  €/year 

Total investment costs C INV_SA  € 
Total equipment costs C EQ_SA  €/year 

Energy costs rate CPOW_WOB  46 €/kW*year 
Energy costs rate C W_WOB  0,070 €/kWh 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Opening bonnet  0  0,00 €  0  0,00 €  0  0,00 €  0  0,00 €  0  0,00 €  0,000  0,00 €  0 €  0,00 €  0  0,000 €  0,000 €  0  0,000 €  0,00 € 
Putting in/Fitt ing CW trim panel  2,29  1,75 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,142  0,17 €  11.000 €  0,01 €  1  0,002 €  0,001 €  0,5  0,001 €  2,28 € 
Putting in/Fitt ing battery  1,14  0,87 €  0,28  0,21 €  0  0,00 €  0  0,00 €  0  0,00 €  0,083  0,10 €  90.700 €  0,07 €  5  0,008 €  0,009 €  1,5  0,002 €  1,45 € 
Fitt ing cross member  1,14  0,87 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,075  0,09 €  35.000 €  0,03 €  1  0,002 €  0,003 €  0,5  0,001 €  1,25 € 
Fitt ing rear bumper  1,14  0,87 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,075  0,09 €  11.000 €  0,01 €  1  0,002 €  0,001 €  0,5  0,001 €  1,21 € 
Fitt ing frontend  6,86  5,24 €  0,56  0,43 €  0  0,00 €  0  0,00 €  0  0,00 €  0,433  0,51 €  1.040.000 €  0,78 €  60  0,095 €  0,104 €  1,5  0,002 €  8,34 € 
Placing spare wheel in boot  0,728  0,56 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,051  0,06 €  70.000 €  0,05 €  5  0,008 €  0,007 €  0,5  0,001 €  0,91 € 
Premounting/Fitt ing wheels  3,935  3,01 €  0,97  0,74 €  0  0,00 €  0  0,00 €  0  0,00 €  0,286  0,34 €  1.020.000 €  0,77 €  15  0,024 €  0,102 €  1,5  0,002 €  5,93 € 

Total:  17,233  2,370  0,000  0,000  0,000  1,145 
Total net costs per unit:  13,17 €  1,82 €  0,00 €  0,00 €  0,00 €  1,36 € 
Total gross costs per unit (+11%):  14,62 €  2,02 €  0,00 €  0,00 €  0,00 €  1,51 €  1,72 €  0,14 €  0,23 €  0,01 € 

Total costs per unit: 

190341 

19002600 
390000 
8933700 
170000 
2843000 
146000 

Stations with parameters that are taken from Auto5000 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

c P_MAj  c P_Pj  c P_IEj 

0,00 €  0,0000 €  0,0000 € 
0,0015 € 

0,04 €  0,0049 €  0,0009 € 
0,01 €  0,0007 € 

0,0008 € 
0,01 €  0,0007 €  0,0008 € 
0,02 €  0,0021 € 

0,0046 € 
0,03 €  0,0035 €  0,0005 € 

0,01 € 

21,37 € 

0,39 €  0,0539 €  0,0031 € 

0,89 €  0,12 €  0,01 € 
0,99 €  0,13 € 

0,39 €  0,0546 € 

Energy 
(c f ix ) 

Operating supplies 
(c f ix ) 
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Appendix E  E17 

Golf A5 Wolfsburg, Assembly Part 3, Level of automation 7 

Parameters: 
Cycle time t C  1,143 min/unit  number of units n  unit/year 
Shift time t SH  392 min/shift 

Number of shifts n S  3 shifts/day 
Working days d W  185 days/year 

Personnel costs rate IE C P_IE  77000 €/year 
Personnel costs rate master C P_M  74500 €/year 

Personnel costs rate worker 
(operator, QCC, reworker) C P_W  55400 €/year 

Personnel costs rate depositor C P_D  50100 €/year 

Period of depreciation a  7 years 

Total investment costs C INV_WOB  € 
Total equipment costs C EQ_WOB  €/year 

Total investment costs C INV_Auto5000  € 
Total equipment costs C EQ_Auto5000  €/year 

Total investment costs C INV_SA  € 
Total equipment costs C EQ_SA  €/year 

Energy costs rate C POW_WOB  46 €/kW*year 
Energy costs rate C W_WOB  0,070 €/kWh 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Opening bonnet  0  0,00 €  0  0,00 €  0  0,00 €  0  0,00 €  0  0,00 €  0,000  0,00 €  0 €  0,00 €  0  0,000 €  0,000 €  0  0,000 €  0,00 € 
Putting in/Fitt ing CW trim panel  2,29  1,75 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,142  0,17 €  11.000 €  0,01 €  1  0,002 €  0,001 €  0,5  0,001 €  2,28 € 
Fitt ing cross member  1,14  0,87 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,075  0,09 €  35.000 €  0,03 €  1  0,002 €  0,003 €  0,5  0,001 €  1,25 € 
Fitt ing rear bumper  1,14  0,87 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,075  0,09 €  11.000 €  0,01 €  1  0,002 €  0,001 €  0,5  0,001 €  1,21 € 

Equipment 
(c f ix ) 

t M_DWj  c P_DWj  t M_QCCj  c P_QCCj  t M_RWj  c P_RWj  t M_OWj  c P_OWj  t M_Dj  c P_Dj  n Mj  c P_Mj  C INVj  c INVj  P Ej  c Ej  c EQj  P OSj  c OSj 

Putting in/Fitt ing battery  1,38  1,05 €  0,28  0,21 €  0  0,00 €  0  0,00 €  0  0,00 €  0,097  0,11 €  20.000 €  0,02 €  1  0,002 €  0,005 €  0,5  0,001 €  1,56 € 
Fitt ing frontend  8,6  6,57 €  0,56  0,43 €  0  0,00 €  0  0,00 €  0  0,00 €  0,534  0,63 €  225.000 €  0,17 €  10  0,016 €  0,061 €  1  0,002 €  8,84 € 
Placing spare wheel in boot  0,68  0,52 €  0,14  0,11 €  0  0,00 €  0  0,00 €  0  0,00 €  0,048  0,06 €  0 €  0,00 €  0  0,000 €  0,000 €  0  0,000 €  0,77 € 
Premounting/Fitt ing wheels  6,64  5,07 €  0,97  0,74 €  0  0,00 €  0  0,00 €  0  0,00 €  0,444  0,52 €  550.000 €  0,41 €  5  0,008 €  0,148 €  1  0,002 €  7,86 € 

Total:  21,870  2,370  0,000  0,000  0,000  1,415 
Total net costs per unit:  16,70 €  1,82 €  0,00 €  0,00 €  0,00 €  1,67 € 
Total gross costs per unit (+11%):  18,54 €  2,02 €  0,00 €  0,00 €  0,00 €  1,85 €  0,65 €  0,03 €  0,22 €  0,01 € 

Total costs per unit: 

190341 

19002600 
390000 
8933700 
170000 
2843000 
146000 

Stations with parameters that are taken from Auto5000 Wolfsburg: 

Station 
Personnel costs  Operating material 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

Maintenance & 
technical 

serv ice (c fix ) 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

Capital investment 
(c fix ) 

c P_MAj  c P_Pj  c P_IEj 

0,00 €  0,0000 €  0,0000 € 

0,0008 € 

Stations with parameters that are taken from Golf A5 SA: 

0,01 €  0,0007 €  0,0015 € 
0,02 €  0,0021 €  0,0008 € 

Total 
per 

station 
(gross) 

Workers in the 
line 
(c var ) 

QCC 
workers 
(c var ) 

Other 
workers 
(c var ) 

Depositor 
(c var ) 

Master 
(c var ) 

Maintenance & 
technical 

serv ice (c fix ) 
c P_MAj  c P_Pj  c P_IEj 

Station 
Personnel costs 

Energy 
(c f ix ) 

0,01 €  0,0014 €  0,0010 € 
0,0119 €  0,0057 € 

0,00 €  0,0000 €  0,0005 € 

0,06 €  0,02 € 

23,77 € 

0,21 €  0,0287 €  0,0048 € 

0,35 €  0,05 €  0,02 € 
0,39 € 

0,09 € 

Material 

Material 

Reworker 
(c var ) 

Reworker 
(c var ) 

0,01 € 

Planning 
(c fix ) 

Industrial 
engineering 

(c f ix ) 

Capital investment 
(c fix ) 

Operating material 

0,0007 € 

Operating supplies 
(c f ix ) 

Energy 
(c f ix ) 

Operating supplies 
(c f ix ) 

5000 _ 
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Appendix E 

Tables Golf A5 Wolfsburg: 

Calculation of total costs per unit 

for each level of automation



Appendix D  D1 

Capital investment costs CINVj of the three production sites 

Production site 
Station  Golf A5 

Wolfsburg 
Auto5000 GmbH 

Wolfsburg 
Golf A5 

Uitenhage 
Rollforming tailgate  396.000 €  34.000 €  34.000 € 
Fitting cockpit location brackets  176.000 €  73.000 €  73.000 € 
Rollforming doors  918.000 €  68.000 €  68.000 € 
Cleaning window flange, 
Closing tailgate  891.000 €  0 €  0 € 

Priming window flange, 
Opening bonnet  1.141.000 €  0 €  0 € 

Applying cockpit glue  371.000 €  371.000 € 
Cockpit fitting 1  1.586.000 €  805.500 € 

192.000 € 

Cockpit fitting 2  1.586.000 €  805.500 €  0 € 
Removing cable box, 
Remaining screw connections  176.000 €  0 €  0 € 

Remaining screw connections  461.000 €  0 €  0 € 

Stamping VIN  915.000 €  636.000 € 1  317.000 € 
Lifting up and fitting complete 
powertrain, Underbody work  2.597.000 €  2.597.000 €  605.000 € 

Fitting gear shift  523.000 €  11.000 €  11.000 € 
Closing bonnet  40.000 €  0 €  0 € 
Lifting down fitting unit  580.000 €  580.000 €  0 € 
Fitting rear glass/windscreen 1  647.000 € 
Fitting rear glass/windscreen 2  647.000 € 

394.000 €  394.000 € 

Fitting side glasses  647.000 €  297.000 €  297.000 € 

Opening bonnet  17.600 €  0 €  0 € 
Putting in/Fitting CW trim panel  731.000 €  11.000 €  11.000 € 
Putting in battery  431.000 €  0 € 
Fitting battery  210.000 € 

90.700 € 
20.000 € 

Fitting cross member  373.000 €  35.000 €  35.000 € 
Fitting rear bumper  733.000 €  11.000 €  11.000 € 
Fitting frontend  777.000 €  1.040.000 €  225.000 € 
Placing spare wheel in boot  242.000 €  70.000 €  0 € 
Premounting/Fitting wheels  1.190.000 €  1.020.000 €  550.000 € 

Total:  19.002.600 €  8.933.700 €  2.843.000 € 

Source: Own presentation (Details from Volkswagen AG Wolfsburg and Uitenhage, Planning) 

1 This investment costs are multiplied by 3 to represent stamping of 3 VINs (in Auto5000, only 1 VIN is stamped)
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Power PEj of the three production sites 

Production site 
Station  Golf A5 

Wolfsburg 
Auto5000 GmbH 

Wolfsburg 
Golf A5 

Uitenhage 
Rollforming tailgate  10 kW  1 kW  1 kW 
Fitting cockpit location brackets  20 kW  1 kW  1 kW 
Rollforming doors  40 kW  1 kW  1 kW 
Cleaning window flange, 
Closing tailgate 

30 kW  0 kW  0 kW 

Priming window flange, 
Opening bonnet 

30 kW  0 kW  0 kW 

Applying cockpit glue  10 kW  10 kW 
Cockpit fitting 1  60 kW  65 kW 

10 kW 

Cockpit fitting 2  60 kW  65 kW  0 kW 
Removing cable box, 
Remaining screw connections 

1 kW  1 kW  1 kW 

Remaining screw connections  10 kW  1 kW  0,0 

Stamping VIN  15 kW  5 kW  5 kW 
Lifting up and fitting complete 
powertrain, Underbody work 

30 kW  30 kW  10 kW 

Fitting gear shift  8 kW  1 kW  1 kW 
Closing bonnet  1 kW  0 kW  0 kW 
Lifting down fitting unit  2 kW  2 kW  0 kW 
Fitting rear glass/windscreen 1  15 kW 
Fitting rear glass/windscreen 2  15 kW 

20 kW  20 kW 

Fitting side glasses  25 kW  10 kW  10 kW 

Opening bonnet  8 kW  0 kW  0 kW 
Putting in/Fitting CW trim panel  10 kW  1 kW  1 kW 
Putting in battery  10 kW  0 kW 
Fitting battery  8 kW 

5 kW 
1 kW 

Fitting cross member  15 kW  1 kW  1 kW 
Fitting rear bumper  10 kW  1 kW  1 kW 
Fitting frontend  30 kW  60 kW  10 kW 
Placing spare wheel in boot  10 kW  5 kW  0 kW 
Premounting/Fitting wheels  30 kW  15 kW  5 kW 

Source: Own presentation (estimated according to energy audit in Golf A5 assembly line in 
Wolfsburg, department Maintenance) 2 

2  In the energy audit of Golf A5 Wolfsburg, the power of each Mechanisation is given. The power of each Mechanisation is broken 
down to each station of the certain Assembly Part depending on the circumference of the operating material  in the certain station. 
The powers for both of the other production sites are estimated on the basis of the powers of Golf A5 Wolfsburg
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Power POSj of the three production sites 

Production site 
Station  Golf A5 

Wolfsburg 
Auto5000 GmbH 

Wolfsburg 
Golf A5 

Uitenhage 
Rollforming tailgate  0,5 kW  0,5 kW  0,5 kW 
Fitting cockpit location brackets  1,5 kW  0,5 kW  0,5 kW 
Rollforming doors  1,0 kW  1,0 kW  1,0 kW 
Cleaning window flange, 
Closing tailgate 

1,0 kW  0,0 kW  0,0 kW 

Priming window flange, 
Opening bonnet 

1,0 kW  0,0 kW  0,0 kW 

Applying cockpit glue  1,5 kW  1,5 kW 
Cockpit fitting 1  4,5 kW  5,0 kW 

3,0 kW 

Cockpit fitting 2  4,5 kW  5,0 kW  0,0 kW 
Removing cable box, 
Remaining screw connections 

1,0 kW  0,0 kW  0,0 kW 

Remaining screw connections  1,0 kW  1,0 kW  1,0 kW 

Stamping VIN  0,5 kW  3,0 kW  3,0 kW 
Lifting up and fitting complete 
powertrain, Underbody work 

3,0 kW  3,0 kW  3,0 kW 

Fitting gear shift  0,5 kW  0,5 kW  0,5 kW 
Closing bonnet  0,5 kW  0,0 kW  0,0 kW 
Lifting down fitting unit  0,0 kW  0,0 kW  0,0 kW 
Fitting rear glass/windscreen 1  1,0 kW 
Fitting rear glass/windscreen 2  1,0 kW 

1,0 kW  1,5 kW 

Fitting side glasses  1,0 kW  1,0 kW  1,0 kW 

Opening bonnet  0,5 kW  0,0 kW  0,0 kW 
Putting in/Fitting CW trim panel  1,0 kW  0,5 kW  0,5 kW 
Putting in battery  0,5 kW  0,0 kW 
Fitting battery  1,0 kW 

1,5 kW 
0,5 kW 

Fitting cross member  1,0 kW  0,5 kW  0,5 kW 
Fitting rear bumper  0,5 kW  0,5 kW  0,5 kW 
Fitting frontend  1,0 kW  1,5 kW  1,0 kW 
Placing spare wheel in boot  0,5 kW  0,5 kW  0,0 kW 
Premounting/Fitting wheels  2,0 kW  1,5 kW  1,0 kW 

Source: Own presentation 3 

3  In  the  energy  audit  of  Golf  A5 Wolfsburg,  the  powers  of  the Mechanisations  are  given. The  powers  are  broken  down  to  each 
station depending on the circumference of the operating material in the certain station. The powers for both of the other production 
sites are given for the whole assembly and also broken down to each station.
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Appendix D 

Capital investment costs CINVj, power PEj and power POSj: 

Necessary parameters for the cost calculation
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Description of times in matrixes 

First,  the  calculation  of  manufacturing  times  for  reworking,  or  rather  for  other 

workers,  should  be described. Bases are  the manufacturing  times  of  the  first  level  of 

automation  for  reworking,  or  rather  other  workers.  These  manufacturing  times  are 

broken down to the other levels of automation depending on the number of automated 

stations  of  a  certain  level  in  relation  to  the  number  of  automated  stations  of  the  first 

level. With it, blank fields are not considered. 

Next,  the  calculation  of QCC workers  should  be described.  The  basis  for  their 

manufacturing  times  of  each  station  is  the  Auto5000  GmbH  with  a  cycle  time  of 

1,38 min where these workers are used in practise. The examined stations are spread 

over several Manufacturing Parts, which are called FA. 1 For each Manufacturing Part a 

certain number of QCC workers is designated. As the examined stations are not in the 

same order as in the assembly of the Golf A5 in Wolfsburg, or rather in the analysis of 

this diploma thesis, the examined stations take only a certain part of all stations that are 

in a certain Manufacturing Part (FA). The relationship between each examined and non 

examined area is estimated by the writer. The number of QCC workers that  is used in 

practise, is multiplied by the estimated relationship. This relationship is distributed to the 

examined stations  that are in  the certain Manufacturing Part. In  this way, each station 

receives  a  certain  relationship.  By  multiplying  this  relationship  by  the  cycle  time  of 

1,38 min, the manufacturing time for a QCC worker of the certain station is calculated. 

The  following  shows  the  different  Manufacturing  Parts  and  the  calculation  of  the 

manufacturing times tQCC  for QCC workers: 
Manufacturing Part FA 7.1 
Total number of QCC workers: 
2 

Relation of examined area: 4/5 of whole FA 7.1 
→ 4/5 ⋅ 2 = 8/5 = 16/10 

Examined stations: 

Rollforming tailgate (Assembly Part 1) → 2/10 → tQCC = 2/10 ⋅ 1,38 min = 0,28 min 
Rollforming doors (Assembly Part 1) → 2/10 → tQCC = 2/10 ⋅ 1,38 min = 0,28 min 
Priming window flanges (Assembly Part 1) → 1/10 → tQCC = 1/10 ⋅ 1,38 min = 0,14 min 
Fitting the cockpit 1 (Assembly Part 1) → 3/10 → tQCC = 3/10 ⋅ 1,38 min = 0,41 min 
Fitting the cockpit 2 (Assembly Part 1) → 3/10 → tQCC = 3/10 ⋅ 1,38 min = 0,41 min 
Stamping VINs (Assembly Part 2) → 1/10 → tQCC = 1/10 ⋅ 1,38 min = 0,14 min 
Fitting side glasses (Assembly Part 2) → 4/10 → tQCC = 4/10 ⋅ 1,38 min = 0,55 min 

Manufacturing Part FA 7.2 
Total number of QCC workers: 
2 

Relation of examined area: 1/5 of whole FA 7.2 
→ 1/5 ⋅ 2 = 2/5 

Examined stations: 

Fitting windscreen/rear glass 
(Assembly Part 2) 

→ 2/5 → tQCC = 2/5 ⋅ 1,38 min = 0,55 min 

1 FA = Fertigungsabschnitt
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Manufacturing Part FA 7.3 
Total number of QCC workers: 
1 

Relation of examined area: 4/5 of whole FA 7.3 
→ 4/5 ⋅ 1 = 4/5 = 8/10 

Examined stations: 

Lifting up/fitting complete powertrain, 
Underbodywork (Assembly Part 2) 

→ 6/10 → tQCC = 6/10 ⋅ 1,38 min = 0,83 min 

Fitting CWtrim panel (Assembly Part 3) → 1/10 → tQCC = 1/10 ⋅ 1,38 min = 0,14 min 
Fitting cross member (Assembly Part 3) → 1/10 → tQCC = 1/10 ⋅ 1,38 min = 0,14 min 

Manufacturing Part FA 9.1 
Total number of QCC workers: 
2 

Relation of examined area: 2/5 of whole FA 9.1 
→ 2/5 ⋅ 2 = 4/5 = 8/10 

Examined stations: 

Putting in/Fitting battery (Assembly Part 3) → 2/10 → tQCC = 2/10 ⋅ 1,38 min = 0,28 min 
Fitting frontend/front bumper 
(Assembly Part 3) 

→ 4/10 → tQCC = 4/10 ⋅ 1,38 min = 0,55 min 
(divided into 2 stations, each 0,28 min) 

Fitting rear bumper (Assembly Part 3) → 1/10 → tQCC = 1/10 ⋅ 1,38 min = 0,14 min 
Fitting gear shift (Assembly Part 2) → 1/10 → tQCC = 1/10 ⋅ 1,38 min = 0,14 min 

Manufacturing Part FA 9.3 
Total number of QCC workers: 
2 

Relation of examined area: 2/5 of whole FA 9.3 
→ 2/5 ⋅ 2 = 4/5 = 8/10 

Examined stations: 

Placing spare wheel in boot 
(Assembly Part 3) 

→ 1/10 → tQCC = 1/10 ⋅ 1,38 min = 0,14 min 

Premounting/Fitting wheels 
(Assembly Part 3) 

→ 7/10 → tQCC = 7/10 ⋅ 1,38 min = 0,97 min 

Besides  these calculated manufacturing  times  for a QCC worker  tQCC  some additional 

assumptions are necessary: 
Fitting cockpit location brackets 
(Assembly Part 1) 
(this operation is not done in Auto5000 
GmbH) 

→ +1/10 → tQCC = 1/10 ⋅ 1,38 min = 0,14 min 

Manually  applying  cockpit  glue  in  Golf  A5 
Uitenhage 
(Assembly Part 1) 

→ +1/10 → tQCC = 1/10 ⋅ 1,38 min = 0,14 min 

Cleaning window flange 
(Assembly Part 1) 
(this operation is not done in Auto5000 
GmbH) 

→ +1/10 → tQCC = 1/10 ⋅ 1,38 min = 0,14 min 

At  this  place,  all  manufacturing  times  of  QCC  workers  tQCC  are  determined. 

Furthermore, each of the three matrixes has several remarks which are explained in the 

following  paragraphs.  The  following  remarks  have  been  mentioned  in  the  matrix  of 

Assembly Part 1: 

[1], [9]  The  manufacturing  time  is  taken  from  the  working  schedule  of  Golf  A4 
(Details from Volkswagen AG Wolfsburg, department PWACIB); the time is 
relevant for each level of this station 

[2], [4], [6],  See certain calculations of QCC workers above 
[8], [10], 
[12], [14]
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[3], [15]  The manufacturing  time  is  taken  from  the production process plan of Golf 
A5  (Details  from  Volkswagen  AG  Wolfsburg,  department  PWACIP);  the 
time is relevant for each level of this station 

[5]  The manufacturing time is taken from assembly planning of Golf A4 (Details 
from Volkswagen AG Wolfsburg, department PWPM/1); the time is relevant 
for each level of this station 

[7]  The manufacturing  time  is  taken  from  the  station  “Priming window  flange, 
Opening  bonnet”  because  these  stations  are  very  similar  and  have  same 
operations; relevant for each level of automation 
Description:  In practise,  the window flanges are not cleaned additionally in 
the  Golf  A4  and  Auto5000  GmbH  assembly  lines.  The  cleaning  is  not 
necessary  for correct  fitting of glasses. Therefore, no manufacturing  times 
are  available.  To  ensure  comparable  levels of  automation,  the  cleaning  is 
assumed in all levels of automation 

[11]  The  manufacturing  time  is  taken  from  the  working  schedule  of  Golf  A4 
(Details from Volkswagen AG Wolfsburg, department PWACIB) 
Description: The total manufacturing time for fitting the cockpit takes 7,8125 
min.  The  cockpit  fitment  is  a  double  cycle,  which  means  that  in  2 
parallel stations  the  cockpit  is  fitted.  It makes  a  double  cycle  time  for  the 
certain operation available. For calculating the number of workers, either the 
total manufacturing time has to be divided by the cycle time (many workers 
in 1 station), or the total manufacturing time has to be divided by the double 
cycle  time  to  get  the  number  of  workers  in  each  of  the  2  stations  (less 
workers in 2 stations): 

1 station (normal cycle): 

C 

M 
NS W  t 

t n = _  […] 

nW_NS = number of workers for the certain station […] 
tMj = manufacturing time of station j [min/unit] 
tC = cycle time [min/unit] 

2 stations (double cycle): 

C 

M 

C 

M 
DS W  t 

t 
t 

t n 
⋅ 

= 
⋅ 

=  5 , 0 
2 _  […] 

nW_DS = number of workers for each of the 2 certain stations […] 
tMj = manufacturing time of station j [min/unit] 
tC = cycle time [min/unit] 

[13]  The  manufacturing  time  is  taken  from  the  working  schedule  of  Golf  A5 
(Details from Volkswagen AG Uitenhage, department industrial engineering) 
Description:  As  the  manipulator  is  different  from  the  manipulator  in 
Auto5000 (no sensors), the manufacturing  time  from Uitenhage is used. In 
Uitenhage, there is no double cycle 

[16]  The manufacturing  time  for  the QCC worker  is a  third of  the QCC  time of 
level 4 

[17]  The manufacturing  time  is  taken  from  the production process plan of Golf 
A5 (Details from Volkswagen AG Wolfsburg, department PWACIP) 
Description:  1,143  min  correspondent  to  100%  or  rather  9  white  fields. 
Therefore,  each white  field  take a  time  of  1/9 ⋅ 1,143 min.  The  reworking 
times for the other levels of automation can be calculated by multiplying this
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time with  the number of white  fields of each level of automation. All  levels 
with no white fields have a reworking time of 0 min 

[18]  The manufacturing  time  is  taken  from  the production process plan of Golf 
A5 (Details from Volkswagen AG Wolfsburg, department PWACIP) 
Description: Other workers are operators of machines, deputies of masters 
and team coordinators. 6,732 min correspondent to 100% or rather 9 white 
fields. The calculation of the times for the other levels is identical to [17]. All 
levels with no white fields have no other workers 

The following remarks have been mentioned in the matrix of Assembly Part 2: 

[1]  The  manufacturing  time  is  taken  from  the  working  schedule  of  Golf  A5 
(Details  from  Volkswagen  AG  Uitenhage,  department  industrial 
engineering); the time is relevant for each level of this station 
Description: The manufacturing time of Golf A5 Uitenhage is taken because 
there is no comparable manufacturing time of the Golf A4 assembly line 

[2], [4], [6],  See certain calculations of QCC workers above 
[8], [10] 

[3]  The  manufacturing  time  is  taken  from  the  working  schedule  of  Golf  A5 
(Details from Volkswagen AG Uitenhage, department industrial engineering) 

[5]  The manufacturing time is taken from an analysis about the Golf A5 (Details 
from Volkswagen AG Wolfsburg, department PWPAM); the time is relevant 
for each level of this station 

[7], [9]  The  manufacturing  time  is  taken  from  the  working  schedule  of  Golf  A4 
(Details from Volkswagen AG Wolfsburg, department PWACIB); the time is 
relevant for each level of this station 

[11]  The manufacturing  time  is  taken  from  the production process plan of Golf 
A5 (Details from Volkswagen AG Wolfsburg, department PWACIP) 
Description: 2,857 min correspondent to 100% or rather 8 white fields. The 
calculation of  the  times  for  the other  levels is  identical  to  [17] of Assembly 
Part 1. All levels with no white fields have a reworking time of 0 min 

[12]  The manufacturing  time  is  taken  from  the production process plan of Golf 
A5 (Details from Volkswagen AG Wolfsburg, department PWACIP) 
Description: 4,894 min correspondent to 100% or rather 8 white fields. The 
calculation of  the  times  for  the other  levels is  identical  to  [17] of Assembly 
Part 1. All levels with no white fields have no other workers 

[13]  The manufacturing  time  is  taken  from  the production process plan of Golf 
A5 (Details from Volkswagen AG Wolfsburg, department PWACIP) 
Description:  0,572 min  are  needed  for  the windscreen  and  the  rear  glass 
and 0,572 min are needed for the side glasses. As soon as an operation is 
done manually, no depositor is needed anymore. In all manual stations the 
depositing  of  the  glasses  into  the  facilities  is  included  in  the  certain 
manufacturing time 

The following remarks have been mentioned in the matrix of Assembly Part 3: 

[1], [3], [6],  The manufacturing time is taken from an analysis about the Golf A5 (Details 
[8],  from Volkswagen AG Wolfsburg, analysis VW 350 GP (reference Golf A4), 

department PWACIP); the time is relevant for each level of this station
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[2], [4], [7],  See certain calculations of QCC workers above 
[9], [11], 
[14], [17], 
[20] 

[5]  The  manufacturing  time  is  taken  from  the  working  schedule  of  Golf  A5 
(Details from Volkswagen AG Uitenhage, department industrial engineering) 

[10], [13]  The manufacturing time is taken from an analysis about the Golf A5 (Details 
from Volkswagen AG Wolfsburg, analysis VW 350 GP (reference Golf A4), 
department PWACIP) 

[12], [15],  The manufacturing time is taken from the working schedule of Golf A5 
[18]  (Details from Volkswagen AG Uitenhage, department industrial engineering) 

Description: The manufacturing time of Golf A5 Uitenhage is taken because 
there is no comparable manufacturing time of the Golf A4 assembly line 

[16], [19]  The  manufacturing  time  is  taken  from  the  working  schedule  of  Golf  A4 
(Details from Volkswagen AG Wolfsburg, department PWACIB); the time is 
relevant for level 5 and level 6
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Matrix of Assembly Part 1 

A  B  C  D  E  F  G  H  I  J  K  L  M  N  O  P  Q 

Manufacturing 
stations 

R
ollform

ing tailgate 

Fitting cockpit location brackets 

R
ollform

ing doors 

C
leaning w

indow
 flange, 

C
losing tailgate 

P
rim

ing w
indow

 flange, 
O
pening bonnet 

A
pplying cockpit glue 

C
ockpit fitting 1 

R
em

oving cable box, 
R
em

aining screw
 connections 

R
em

aining screw
 connections 

C
ockpit fitting 2 

R
em

oving cable box, 
R
em

aining screw
 connections 

R
em

aining screw
 connections 

M
anufacturing tim

e t M
  (W

orkers in the line) 
(A
ll m

anual stations are considered) 

Q
C
C
 w
orkers t Q

C
C
 

(A
ll m

anual stations are considered) 

R
ew

orking 
(A
ll autom

ated stations are considered) 

O
ther w

orkers 
(A
ll autom

ated stations are considered) 

Total m
anufacturing tim

e 

Level of automation 1 
(Golf A5 WOB) 

automatic 
(1 robot) 

automatic 
(2 facilities) 

automatic 
(4 robots) 

automatic 
(3 robots) 

automatic 
(3 robots) 

automatic 
(1 robot) 

automatic 
(2 facilities) 

automatic 
(2 facilities) 

manual 
(electrical 
screwdriver 

t M : 2,325 min 
15 ) 

t QCC : 0,14 min 
16 

automatic 
(1 robot)  2,325 min  0,14 min  1,143 min 17  6,732 min 18  10,34 min 

Level of automation 2 

manual 
(handrollfor 
ming device 
t M : 1,07 min 

1 ) 
t QCC : 0,28 min 

2 

automatic 
(2 facilities) 

manual 
(handrollfor 
ming device 
t M : 2,4 min 

5 ) 
t QCC : 0,28 min 

6 

automatic 
(3 robots) 

automatic 
(3 robots) 

automatic 
(1 robot) 

automatic 
(2 facilities) 

automatic 
(2 facilities) 

manual 
(electrical 
screwdriver 
t M : 2,325 min) 
t QCC : 0,14 min 

automatic 
(1 robot)  5,795 min  0,7 min  0,889 min  5,236 min  12,62 min 

Level of automation 3 

manual 
(handrollfor 
ming device 
t M : 1,07 min) 
t QCC : 0,28 min 

automatic 
(2 facilities) 

manual 
(handrollfor 
ming device 
t M : 2,4 min) 

t QCC : 0,28 min 

manual 
(t M : 2,81 min 

7 ) 
t QCC : 0,14 min 

8 

manual 
(t M : 2,81 min 

9 ) 
t QCC : 0,14 min 

10 

automatic 
(1 robot) 

automatic 
(2 facilities) 

automatic 
(2 facilities) 

manual 
(electrical 
screwdriver 
t M : 2,325 min) 
t QCC : 0,14 min 

automatic 
(1 robot)  11,415 min  0,98 min  0,635 min  3,74 min  16,77 min 

Level of automation 4 
(Auto5000 WOB) 

manual 
(handrollfor 
ming device 
t M : 1,07 min) 
t QCC : 0,28 min 

manual 
(electrical screw 
driver and jigs 
t M : 2,55 min) 
t QCC : 0,14 min 

manual 
(handrollfor 
ming device 
t M : 2,4 min) 

t QCC : 0,28 min 

manual 
(t M : 2,81 min) 
t QCC : 0,14 min 

manual 
(t M : 2,81 min) 
t QCC : 0,14 min 

automatic 
(1 robot)  19,452 min  1,8 min  0,127 min  0,748 min  22,147 min 

Level of automation 5 
(Golf A5 SA) 

manual 
(handrollfor 
ming device 
t M : 1,07 min) 
t QCC : 0,28 min 

manual 
(electrical screw 
driver and jigs 
t M : 2,55 min) 
t QCC : 0,14 min 

manual 
(handrollfor 
ming device 
t M : 2,4 min) 

t QCC : 0,28 min 

manual 
(t M : 2,81 min) 
t QCC : 0,14 min 

manual 
(t M : 2,81 min) 
t QCC : 0,14 min 

26,54 min  1,53 min  0 min  0 min  28,08 min 

manual 
(manipulator with sensors and electrical screwdriver 

t M : 3,906 min 
11 ) 

t QCC : 0,41 min 
12 

manual 
(manipulator and electrical screwdriver 

t M : 3,906 min) 
t QCC : 0,41 min 

manual 
(manipulator without sensors , electrical screwdriver and 1 system 

t M : 14,9 min 
13 ) 

t QCC : 0,55 min 
14 

Level of 
automation



Appendix C  C2 

Matrix of Assembly Part 2 

A  B  C  D  E  F  G  H  I  J  K  L  M  N 

Manufacturing 
stations 

S
tam

ping V
ehicle Identification 

N
um

ber (V
IN
) (3 tim

es) 

Lifting up and fitting com
plete pow

ertrain, 
U
nderbody w

ork and torque all bolts 

Fitting gear shift 

C
losing bonnet 

Lifting dow
n 

Fitting w
indscreen 1, 

Fitting rear glass 1 

Fitting w
indscreen 2, 

Fitting rear glass 2 

Fitting side glasses 

M
anufacturing tim

e t M
  (W

orkers in the line) 
(A
ll m

anual stations are considered) 

Q
C
C
 w
orkers t Q

C
C
 

(A
ll m

anual stations are considered) 

R
ew

orking 
(A
ll autom

ated stations are considered) 

O
ther w

orkers 
(A
ll autom

ated stations are considered) 

D
epositor 

Total m
anufacturing tim

e 

Level of automation 1 
(Golf A5 WOB) 

automatic 
(2 robots and 1 

facility) 

automatic 
(18 facilities, 1 

robot and 1 lifter) 

automatic 
(1 robot) 

automatic 
(1 robot) 

automatic 
(3 facilities and 

1 lifter) 

automatic 
(2 robots) 
depositor 

automatic 
(2 robots) 
depositor 

automatic 
(4 robots) 
depositor 

0 min  0 min 
2,857 
min 11  4,894 min 12  1,143 min 13  8,894 min 

Level of automation 2 

manual 
(3 manipulators 
t M : 2,3 min 

1 ) 
t QCC : 0,14 min 

2 

automatic 
(18 facilities, 1 

robot and 1 lifter) 

automatic 
(1 robot) 

automatic 
(1 robot) 

automatic 
(3 facilities and 

1lifter) 

automatic 
(2 robots) 
depositor 

automatic 
(2 robots) 
depositor 

automatic 
(4 robots) 
depositor 

2,3 min  0,14 min  2,50 min  4,282 min  1,143 min  10,365 min 

Level of automation 3 

manual 
(3 manipulators 
t M : 2,3 min) 

t QCC : 0,14 min 

automatic 
(18 facilities, 1 

robot and 1 lifter) 

manual 
(accu screwdriver 

t M : 1,2 min 5 ) 
t QCC : 0,14 min 

6 

manual 
automatic 

(3 facilities and 
1 lifter) 

automatic 
(2 robots) 
depositor 

automatic 
(2 robots) 
depositor 

manual 
(t M : 1,252 min 9 + 

1 robot) 
t QCC : 0,55 min 10 

4,752 min  0,83 min  1,429 min  2,447 min  0,572 min  10,04 min 

Level of automation 4 
(Auto5000 WOB) 

manual 
(3 manipulators 
t M : 2,3 min) 

t QCC : 0,14 min 

automatic 
(18 facilities, 1 

robot and 1 lifter) 

manual 
(accu screwdriver 

t M : 1,2 min) 
t QCC : 0,14 min 

manual 
automatic 

(3 facilities and 
1 lifter) 

manual 
(t M : 3,2 min 7 + 2 

robots) 
t QCC : 0,55 min 

8 

manual 
(t M : 1,252 min + 

1 robot) 
t QCC : 0,55 min 

7,952 min  1,38 min  0,714 min  1,224 min  0 min  11,29 min 

Level of automation 5 
(Golf A5 SA) 

manual 
(3 manipulators 
t M : 2,3 min) 

t QCC : 0,14 min 

manual 
(3 facilities and 1 

lifter 
t M : 45,34 min 

3 ) 
t QCC : 0,83 min 4 

manual 
(accu screwdriver 

t M : 1,2 min) 
t QCC : 0,14 min 

manual 

manual 
(t M : 3,2 min + 2 

robots) 
t QCC : 0,55 min 

manual 
(t M : 1,252 min + 

1 robot) 
t QCC : 0,55 min 

53,292 min  2,21 min  0 min  0 min  0 min  55,532 min 

Level of 
automation
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Matrix of Assembly Part 3 

A  B  C  D  E  F  G  H  I  J  L  M  K  N  O  P 

Manufacturing 
stations 

O
pening bonnet 

Putting in/Fitting the C
W
trim

 panel 

Putting in battery 

Fitting battery 

Fitting cross m
em

ber 

Fitting rear bum
per 

Fitting frontend 

Fitting front bum
per 

Placing spare w
heel in boot 

P
rem

ounting/Fitting w
heels 

M
anufacturing tim

e t M
  (W

orkers in the line) 
(A
ll m

anual stations are considered) 

Q
C
C
 w
orkers t Q

C
C
 

(A
ll autom

ated stations are considered) 

R
ew

orking 
(A
ll autom

ated stations are considered) 

O
ther w

orkers 
(A
ll autom

ated stations are considered) 

D
epositor 

Total M
anufacturing tim

e 

Level of automation 1 
(Golf A5 WOB) 

automatic 
(1 facility) 

automatic 
(2 facilities) 
depositor 

automatic 
(1 robot and 0,5 
manipulator) 
depositor 

automatic 
(1 robot) 

automatic 
(2 robots and 
1 facility) 

automatic 
(1 robot and 
1 facility) 

automatic 
(1 robot) 

automatic 
(4 facilities)  0 min  0 min  2,286 min 22  2,286 min 23  1,143 min 24  5,715 min 

Level of automation 2  manual 

manual 
(accu screwdriver 
t M : 2,29 min 1 ) 
t QCC : 0,14 min 

2 

automatic 
(1 robot and 0,5 
manipulator) 
depositor 

automatic 
(1 robot) 

automatic 
(2 robots and 
1 facility) 

automatic 
(1 robot and 
1 facility) 

automatic 
(1 robot) 

automatic 
(4 facilities)  2,29 min  0,14 min  1,778 min  1,778 min  0,572 min  6,558 min 

Level of automation 3  manual 

manual 
(accu screwdriver 
t M : 2,29 min) 
t QCC : 0,14 min 

automatic 
(1 robot and 0,5 
manipulator) 
depositor 

automatic 
(1 robot) 

manual 
(electrical 
screwdriver 
t M : 1,14 min 

6 ) 
t QCC : 0,14 min 

7 

manual 
(accu screwdriver 
t M : 1,14 min 

8 ) 
t QCC : 0,14 min 

9 

automatic 
(1 robot) 

automatic 
(4 facilities)  4,57 min  0,42 min  1,27 min  1,27 min  0,572 min  8,102 min 

Level of automation 4  manual 

manual 
(accu screwdriver 
t M : 2,29 min) 
t QCC : 0,14 min 

manual 
(electrical 
screwdriver 
t M : 1,14 min) 
t QCC : 0,14 min 

manual 
(accu screwdriver 
t M : 1,14 min) 
t QCC : 0,14 min 

automatic 
(1 robot) 

automatic 
(4 facilities)  5,71 min  0,7 min  0,763 min  0,763 min  0 min  7,936 min 

Level of automation 5  manual 

manual 
(accu screwdriver 
t M : 2,29 min) 
t QCC : 0,14 min 

manual 
(electrical 
screwdriver 
t M : 1,14 min) 
t QCC : 0,14 min 

manual 
(accu screwdriver 
t M : 1,14 min) 
t QCC : 0,14 min 

manual 
(manipulator 

t M : 0,728 min 
16 ) 

t QCC : 0,14 min 
17 

manual 
(2 supporters, 

accu screwdriver 
and 2 manipulator 
t M : 3,935 min 

19 ) 
t QCC : 0,97 min 

20 

10,373 min  1,81 min  0,254 min  0,254 min  0 min  12,701 min 

Level of automation 6 
(Auto5000 WOB)  manual 

manual 
(accu screwdriver 
t M : 2,29 min) 
t QCC : 0,14 min 

manual 
(electrical 
screwdriver 
t M : 1,14 min) 
t QCC : 0,14 min 

manual 
(accu screwdriver 
t M : 1,14 min) 
t QCC : 0,14 min 

manual 
(manipulator 
with sensors 
t M : 3,43 min 

10 ) 
t QCC : 0,28 min 

11 

manual 
(accu screwdriver 
t M : 3,43 min 

13 ) 
t QCC : 0,28 min 

14 

manual 
(manipulator 
t M : 0,728 min) 
t QCC : 0,14 min 

manual 
(2 supporters, 

accu screwdriver 
and 2 manipulator 
t M : 3,935 min) 
t QCC : 0,97 min 

17,233 min  2,37 min  0 min  0 min  0 min  19,613 min 

Level of automation 7 
(Golf A5 SA)  manual 

manual 
(accu screwdriver 
t M : 2,29 min) 
t QCC : 0,14 min 

manual 
(electrical 
screwdriver 
t M : 1,14 min) 
t QCC : 0,14 min 

manual 
(accu screwdriver 
t M : 1,14 min) 
t QCC : 0,14 min 

manual 
(manipulator 

without sensors 
t M : 3,87 min 

12 ) 
t QCC : 0,28 min 

manual 
(accu screwdriver 
t M : 4,73 min 

15 ) 
t QCC : 0,28 min 

manual 
(t M : 0,68 min 

18 ) 
t QCC : 0,14 min 

manual 
(electrical 
screwdriver 
t M : 6,64 min 

21 ) 
t QCC : 0,97 min 

21,87 min  2,37 min  0 min  0 min  0 min  24,25 min 

automatic 
(1 robot and 1 facility) 

manual 
(accu screwdriver 
t M : 1,14 min) 
t QCC : 0,28 min 

automatic 
(1 robot and 1 facility) 

manual 
(accu screwdriver 
t M : 1,38 min 

5 ) 
t QCC : 0,28 min 

automatic 
(1 robot and 1 facility) 

automatic 
(1 robot and 1 facility) 

automatic 
(1 robot and 1 facility) 

manual 
(manipulator and accu screwdriver 

t M : 1,14 min 
3 ) 

t QCC : 0,28 min 
4 

manual 
(manipulator and accu screwdriver 

t M : 1,14 min) 
t QCC : 0,28 min 

Level of 
automation
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Matrixes (including description of times): 

Created levels of automation 
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B1

Morphological box for Assembly Part 1 

 

1 2 3

Rollforming tailgate

automatic

(1 robot)

Golf A5 Wolfsburg

manual

(handrollforming device)

Touran Wolfsburg/

Golf A5 Uitenhage

Fitting cockpit location 

brackets

automatic

(2 facilities)

Golf A5 Wolfsburg

manual

Golf A5 Uitenhage

Rollforming doors

automatic

(4 robots)

Golf A5 Wolfsburg

manual

(handrollforming device)

Touran Wolfsburg/

Golf A5 Uitenhage

Cleaning window flange,

Closing tailgate

automatic

(3 robots)

Golf A5 Wolfsburg

manual

Applying cockpit glue

automatic

(1 robot)

Golf A5 Wolfsburg/

Touran Wolfsburg

manual

(1 system)

Golf A5 Uitenhage

Cockpit fitting

automatic

(2 facilities)

Golf A5 Wolfsburg

manual

(manipulator with sensors 

and electrical screwdriver) 

Touran Wolfsburg

manual

(manipulator without 

sensors and electrical 

screwdriver)

Golf A5 Uitenhage

Assembly possibilities
Manufacturing stations
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B2

Morphological box for Assembly Part 2 

 

1 2

Stamping Vehicle 

Identification Number (VIN) 

(3 times)

automatic

(2 robots and 1 facility)

Golf A5 Wolfsburg

manual

(3 manipulators)

Golf A5 Uitenhage

Lifting up and fitting 

complete powertrain,

Underbody work and 

screwing all bolts,

automatic

(21 facilities, 1 robot 

and 2 lifter)

Golf A5 Wolfsburg

manual

(3 facilities and 1 lifter)

Golf A5 Uitenhage

Fitting gear shift

automatic

(1 robot)

Golf A5 Wolfsburg

manual

(accu screwdriver)

Touran Wolfsburg/

Golf A5 Uitenhage

Closing bonnet

automatic

(1 robot)

Golf A5 Wolfsburg

manual

Fitting windscreen,

Fitting rear glass

automatic

(2 robots)

Golf A5 Wolfsburg

manual

(2 robots)

Touran Wolfsburg/

Golf A5 Uitenhage

Fitting side glasses

automatic

(4 robots)

Golf A5 Wolfsburg

manual

(1 robot)

Touran Wolfsburg/

Golf A5 Uitenhage

Assembly possibilities
Manufacturing stations
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B3

Morphological box for Assembly Part 3 

 

1 2 3

Opening bonnet

automatic

(1 facility)

Golf A5 Wolfsburg

manual

Putting in/Fitting the 

CW trim panel

automatic

(2 facilities)

Golf A5 Wolfsburg

manual

(accu screwdriver)

Touran Wolfsburg/

Golf A5 Uitenhage

Putting in battery

automatic

(1 robot and 0,5 

manipulator)

Golf A5 Wolfsburg

manual

(manipulator)

Touran Wolfsburg

manual

Golf A5 Uitenhage

Fitting battery

automatic

(1 robot)

Golf A5 Wolfsburg

manual

(accu screwdriver)

Touran Wolfsburg/

Golf A5 Uitenhage

Fitting cross member

automatic

(2 robots and 1 facility)

Golf A5 Wolfsburg

manual

(electrical screwdriver)

Touran Wolfsburg/

Golf A5 Uitenhage

Fitting rear bumper 

automatic

(1 robot and 1 facility)

Golf A5 Wolfsburg

manual

(accu screwdriver)

Touran Wolfsburg/

Golf A5 Uitenhage

Fitting frontend, fitting front 

bumper

automatic

(1 robot and 1 facility)

Golf A5 Wolfsburg

manual

(manipulator with sensors 

and accu screwdriver)

Touran Wolfsburg

manual

(manipulator without 

sensors and accu 

screwdriver)

Golf A5 Uitenhage

Placing spare wheel in boot

automatic

(1 robot)

Golf A5 Wolfsburg

manual

(manipulator)

Touran Wolfsburg

manual

Golf A5 Uitenhage

Pre-mounting/

Fitting wheels

automatic

(4 facilities)

Golf A5 Wolfsburg

manual

(2 supporters, accu screw-

driver and 2 manipulator)

Touran Wolfsburg

manual

(electrical screwdriver)

Golf A5 Uitenhage

Manufacturing stations
Assembly possibilities
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Morphological boxes: 

Possibilities of assembling 
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A6

Appendix A3: Excerpt of QUASI FI Top500 list 

 

 
 

Appendix A3: QUASI FI Top500 list p.14 of 16, Source: Department H. Sommer (2006) 
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A2

Appendix A2: QRK-Philosophie 

 

 
Appendix A2: QRK-Philosophie p. 1, Source: Department Organisationsentwicklung CC Montagen (2004) 

 
 

 
Appendix A2: QRK-Philosophie p. 2, Source: Department Organisationsentwicklung CC Montagen (2004) 
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A3

 
Appendix A2: QRK-Philosophie p. 3, Source: Department Organisationsentwicklung CC Montagen (2004) 

 
 

 
Appendix A2: QRK-Philosophie p. 4, Source: Department Organisationsentwicklung CC Montagen (2004) 
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A4

 
Appendix A2: QRK-Philosophie p. 5, Source: Department Organisationsentwicklung CC Montagen (2004) 

 
 

 
Anhang A2: QRK-Philosophie p. 6, Source: Department Organisationsentwicklung CC Montagen (2004) 
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A5

 
Appendix A2: QRK-Philosophie p. 7, Source: Department Organisationsentwicklung CC Montagen (2004) 
 
 

 
Appendix A2: QRK-Philosophie p. 8, Source: Department Organisationsentwicklung CC Montagen (2004) 
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A1

Appendix A1: Qualitätspolitik im Volkswagen Konzern 

 

 
 

Appendix A1: Qualitätspolitik im Volkswagen Konzern, Source: Konzern Qualitätssicherung (2003) 
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Level of specific VW knowledge: 

QRK-Philosophy, Q-Policy and  

Excerpts of used presentations 
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Appendix I  I8 

Matrixes with final results 

Assembly Part 1, optimal level of automation 

A
P
1 
op

t. 
A
 

B
 

C
 

D
 

E
 

F 
G
 

H
 

I 
J 

K
 

L 
M
 

M
an
uf
ac
tu
 

ri
ng

 s
ta
tio

ns
 

Rollforming tailgate 

Fitting cockpit location brackets 

Rollforming doors 

Cleaning window flange, 
Closing tailgate 

Priming window flange, 
Opening bonnet 

Applying cockpit glue 

Cockpit fitt ing 1 

Removing cable box, 
Remaining screw connections 

Remaining screw connections 

Cockpit fitt ing 2 

Removing cable box, 
Remaining screw connections 

Remaining screw connections 

Total 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

0,
00
18
8 

0,
00
00
3 

0,
00
22
9 

n.
 a
./n
. d
. 

n.
 d
. 

0,
00
02
5 

0,
01
54
3 

0,
01
98
8 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

0,
00
18
8 

0,
00
00
3 

0,
00
22
9 

0,
00
00
2 

n.
 d
. 

n.
d.
 

0,
01
54
3 

0,
01
96
5 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

0,
00
18
8 

0,
00
00
3 

0,
00
22
9 

n.
 a
./n
. d
. 

n.
 d
. 

0,
00
02
5 

0,
01
54
3 

0,
01
98
8 

Le
ve
l o

f a
ut
om

at
io
n 
3 

(p
ra
ct
ic
al
) 

O
pt
. l
ev
el
 o
f 

au
to
m
at
io
n 

(t
he

or
et
ic
al
 

co
rr
ec
te
d)
 

Le
ve
l o
f a

ut
om

at
io
n 

(o
pt
im

al
) 

Le
ve
l o
f 

au
to
m
at
io
n
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Assembly Part 2, optimal level of automation 

A
P2

 o
pt
. 

A
 

B
 

C
 

D
 

E 
F 

G
 

H
 

I 
M
an

uf
ac
tu
 

ri
ng

 s
ta
tio

ns
 

Stamping vehicle identification 
number (VIN) (3 times) 

Lifting up and fitting complete 
powertrain, 

Underbody work and screwing all 
bolts 

Fitting gear shift 

Closing bonnet 

Lifting down 

Fitting windscreen 1, 
Fitting rear glass 1 

Fitting windscreen 2, 
Fitting rear glass 2 

Fitting side glasses 

Total 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

n.
 d
. 

0,
00
64
5 

n.
 d
. 

n.
 d
. 

n.
 d
. 

0,
01
39
2 

0,
00
29
3 

0,
02
33
0 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

FI
S
eQ

S 
(T
.C
./v
eh
.) 

n.
 d
. 

0,
00
64
5 

n.
 d
. 

n.
 d
. 

n.
 d
. 

0,
01
39
2 

0,
00
29
3 

0,
02
33
0 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

n.
 d
. 

0,
00
64
5 

n.
 d
. 

n.
 d
. 

n.
 d
. 

0,
01
39
2 

0,
00
29
3 

0,
02
33
0 

Le
ve
l o

f a
ut
om

at
io
n 

(o
pt
im
al
) 

O
pt
. l
ev
el
 o
f 

au
to
m
at
io
n 

(t
he

or
et
ic
al
 

co
rr
ec
te
d)
 

Le
ve
l o

f a
ut
om

at
io
n 
4 

(A
ut
o5
00
0 
W
O
B
) 

(p
ra
ct
ic
al
) 

Le
ve
l o

f 
au

to
m
at
io
n
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Assembly Part 3, optimal level of automation 

A
P
3 
op

t. 
A
 

B
 

C
 

D
 

E 
F 

G
 

H
 

I 
J 

K
 

M
an

uf
ac
tu
 

ri
ng

 s
ta
tio

ns
 

Opening bonnet 

Putting in/Fitting the CW trim 
panel 

Putting in battery 

Fitting battery 

Fitting cross member 

Fitting rear bumper 

Fitting frontend 

Fitting front bumper 

Placing spare wheel in boot 

Premounting/Fitting wheels 

Total 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S 
(T
.C
./v
eh
.) 

FI
S
eQ

S 
(T
.C
./v
eh
.) 

FI
S
eQ

S 
(T
.C
./v
eh
.) 

FI
S
eQ

S 
(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S 
(T
.C
./v
eh
.) 

n.
 d
. 

0,
00
10
9 

0,
00
01
3 

0,
00
08
2 

0,
00
02
5 

0,
00
06
1 

0,
00
73
7 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S 
(T
.C
./v
eh
.) 

FI
S
eQ

S 
(T
.C
./v
eh
.) 

FI
S
eQ

S 
(T
.C
./v
eh
.) 

m
yp
ro
ce
ss
 

(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S 
(T
.C
./v
eh
.) 

n.
 d
. 

0,
00
10
9 

0,
00
01
3 

0,
00
08
2 

n.
 d
. 

0,
00
06
1 

0,
00
71
1 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S 
(T
.C
./v
eh
.) 

FI
S
eQ

S 
(T
.C
./v
eh
.) 

FI
S
eQ

S 
(T
.C
./v
eh
.) 

FI
S
eQ

S 
(T
.C
./v
eh
.) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S 
(T
.C
./v
eh
.) 

n.
 d
. 

0,
00
10
9 

0,
00
01
3 

0,
00
08
2 

0,
00
02
5 

0,
00
06
1 

0,
00
73
7 

Le
ve
l o

f a
ut
om

at
io
n 

(o
pt
im

al
) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S 
(T
.C
./v
eh
.) 

0,
00
06
7 

0,
00
37
9 

Le
ve
l o
f a

ut
om

at
io
n 
1 

(G
ol
f A

5 
W
O
B
) 

(p
ra
ct
ic
al
) 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S 
(T
.C
./v
eh
.) 

0,
00
06
7 

0,
00
37
9 

O
pt
. l
ev
el
 o
f 

au
to
m
at
io
n 

(t
he

or
et
ic
al
 

co
rr
ec
te
d)
 

FI
S
eQ

S
 

(T
.C
./v
eh
.) 

FI
S
eQ

S 
(T
.C
./v
eh
.) 

0,
00
06
7 

0,
00
37
9 

Le
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l o

f 
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n 

Le
ve
l o

f
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Assembly Part 1, optimal level of automation 

AP
1 
op

t. 
A 

B 
C 

D 
E 

F 
G
 

H 
I 

J 
K 

L 
M
an
uf
ac
tu
rin

g 
st
at
io
ns
 

Ro llfo rm ing  tai lgate 

Fit t ing cockp it  locat ion  b rac kets 

Ro ll form ing  doo rs 

Clean ing  w indow  flange, 
Clos ing  tai lgate 

Prim ing  w indow  f lange, 
Opening  bonnet 

App ly ing cockp it  g lue 

Cockp it  f i t t ing  1 

Remov ing  cab le box , 
Remaining  screw  connec t ions 

Remaining  screw  connec t ions 

Cockp it  f i t t ing  2 

Remov ing  cab le box , 
Remaining  screw  connec t ions 

Remaining  screw  connec t ions 
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Assembly Part 2, optimal level of automation 

A
P
2 
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t. 
A
 

B
 

C
 

D
 

E 
F 

G
 

H
 

M
an

uf
ac
tu
ri
ng

 
st
at
io
ns
 

Stamping Vehicle Identification 
Number (VIN) (3 times) 

Lifting up and fitting complete 
powertrain, 

Underbody work and screwing all 
bolts 

Fitting gear shift 

Closing bonnet 

Lifting down 

Fitting windscreen 1, 
Fitting rear glass 1 

Fitting windscreen 2, 
Fitting rear glass 2 

Fitting side glasses 

Le
ve
l o
f a

ut
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at
io
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) 
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) 
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) 
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Assembly Part 3, optimal level of automation 

A
P3
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A
 

B
 

C
 

D
 

E 
F 

G
 

H
 

I 
J 

M
an

uf
ac
tu
ri
ng

 
st
at
io
ns
 

Opening bonnet 

Putting in/Fitting the CWtrim 
panel 

Putting in battery 

Fitting battery 

Fitting cross member 

Fitting rear bumper 

Fitting frontend 

Fitting front bumper 

Placing spare wheel in boot 

Premounting/Fitting wheels 
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ve
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at
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