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The graduation project has been guided by the faculties of"Information & Technology" and "Logistical Control 
Systems" of the Eindhoven University of Technology. I would like to thank S.D. Flapper, who supported me 
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Abstract 

In this research project it is investigated whether it is possible to improve the present control concept for the re
manufacturing process of engines, in order to meet the requirements of Mercedes-Benz MTR for a future 
control concept. Also new function requirements are determined for the supporting information system, in the 
changed control environment. 
For the improvement of the present control concept it is recommended to change the present Make-To-Stock 
control strategy in an Assemble-To-Order strategy. It is investigated whether it is possible to implement an 
ATO strategy at MB-MTR with respect to the product structure. Also it is investigated whether it is possible to 
realize the requirements of MB-MTR via the ATO control concept. 
To change to an ATO situation, two important changes in the control structure of MB-MTR are recommended, 
namely: the introduction of a Master Production Schedule and the introduction of a Final Assembly Schedule. 

IV 



Summary 

Research context and problem definition 

The characteristics of the engine re-manufacturing market, in which MB-MTR is operating are changing. The 
most important changes are: 
• Increasing competition on the engine re-manufacturing market, which results in an increasing pressure on 

the costs and lead time for re-manufactured engines. 
• Increasing number of different engine variants. 
• The demand for re-manufactured engines is shifting from completely assembled engines to long-blocks. 

The present logistic control concept does not offer MB-MTR the flexibility to cope with the changes in the 
market effectively. 
For this reason MB-MTR wants to improve the present control concept in such a way that the following aims 
for the future control concept can be realized: 
1. The possibility to realize an integral cost reduction. 
2. A way to realize a cost reduction, is to reduce the delivery time to Germersheim. The goal is a delivery time 

of three days. 
3. A more flexible re-manufacture process. This means a method of control to enable the flexible production of 

shorter series of different engine types. This in order to realize the shorter delivery time for Germersheim as 
stated in the previous point. 

4. Integration of the long-block in the future control concept. 

This has lead to the formulation of the graduation project assignment. 
Improve the present logistic control concept of MB-MTR, in order to meet the goals of MB-MTR for the future 
control concept. Describe the advantages and disadvantages of the new control concept compared with the 
present control concept and determine the consequences of the changes in the control structure for the function 
requirements of the supporting information system. 

Research approach and.findings 

For a good understanding of the possible improvement areas of the present control concept, the present control 
situation at MB-MTR is analyzed. 
Based on this analysis and the requirements of MB-MTR for the future control concept, possibilities for 
improvement of the present control concept are determined. 

The main finding is to change the present Make-To-Stock strategy to an Assemble-To-Order strategy, in order 
to be able to meet the goals, formulated by MB-MTR. 
The research is further concentrated on the possibility to implement an ATO strategy at MB-MTR and to 
investigate whether the goals of MB-MTR with respect to the future control concept can be realized with the 
introduction of an ATO strategy. 

The complete ATO control concept, adapted to the situation of MB-MTR, is presented and discussed. The focus 
will be on the changes in the control structure, compared with the present situation. Also special attention is 
paid to the integrated position of Germersheim in the ATO control concept. 
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Results and conclusions 

Research on the possibilities for the implementation of an ATO-control concept at MB-MTR has lead to the 
following conclusions: 
• It is possible to distinguish sub-assemblies and common parts, with a relatively high commonality, from 

which the end products can be assembled to order. The long-block should be considered as the most 
important sub-assembly, which forms the basis for the final assembly process. 

• It is possible to realize a final assembly process, with a delivery time of three days. 

For the implementation of an ATO control concept at MB-MTR, some essential changes have to be made in the 
control structure, compared with the present MTS-situation. 
The most important changes are the introduction of the Master Production Scheduling (MPS) and the Final 
Assembly Scheduling (FAS). Both play an important role in the control process of an ATO situation. 
• The MPS for the anonymous planning based production of MPS-items. 
• The FAS for the customer order driven final assembly process. 

The introduction of the MPS and the FAS has lead to the formulation of new function requirements for MB
MTR, in case the ATO strategy is accepted. 

The following benefits are to be expected with the introduction of the ATO strategy: 
1. A significant cost reduction can be achieved via a reduction of the total level of inventory. 
2. Increased flexibility of the re-manufacture process. 
3. The integration of the long-block in the ATO control concept. 

The required changes in the control structure do not only affect MB-MTR, but they also affect Germersheim. 
For a successful and effective implementation, it is of great importance that both parties agree upon the A TO 
control concept and are willing to put in the required effort. The cooperation of Germersheim is very important. 
MB-MTR as well as Germersheim can profit from the expected benefits, by creating a win-win situation. 
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1 Mercedes-Benz MTR 

1. 1 Introduction 

In this chapter a company description of Mercedes-Benz MTR is given. MTR stands for ,,Motoren und 
Teile Recycling" (,,Engines and Parts Recycling"). 
In paragraph 1.2 a general description of MB-MTR is given, followed by a description of the 
organization structure of MB-MTR in paragraph 1.3 and a description of the environment ofMB
MTR in paragraph 1.4. 

1.2 Mercedes-Benz-MTR 

MB-MTR is a cost center which resorts under the main cost center of Mercedes-Benz Werk Berlin. 
The latter is one of the cost centers of Mercedes-Benz AG, one of the divisions of the Daimler-Benz 
company. 
The core business of MB-MTR is the re-manufacturing of used Mercedes-Benz engines of cars and 
small trucks. The re-manufactured engines are mainly used as service engines for Mercedes-Benz 
drivers. Mercedes-Benz provides her customers with the possibility to replace their broken MB-engine 
by a re-manufactured engine. This engine will have a similar quality as a new engine, but a lower 
price ( on average 80% of the price of a similar new engine). 
The decision to re-manufacture engines has not been made by MB-MfR, but is made on company 
level. 
The reasons for the strategic decision of Mercedes-Benz to re-manufacture used engines are the 
following: 
• Possibility to earn money with it. 
• Service provided to the customers. 
• Establish a ,,green image". 
• Stricter governmental legislation and regulations. 
In this report no attention is paid to the validity of these reasons. For this report it is sufficient to know 
that MB-MTR re-manufactures engines. For more information on the subject of the strategic decision 
to re-manufacture used products, see Word package 1 of the PAWS-project. 

Besides the re-manufacturing of used engines also new engines are produced at MB-MTR. 
Furthermore MB-MTR does not only sell complete re-manufactured engines, but also parts, sub
assemblies, like short-blocks and long-blocks, and special engines like oil test engines. 
A long-block is the body of an engine, an engine without side parts like: water pump or dynamo. A 
short block is a long-block without the cylinder head 

In 1996 MB-MTR realized a turnover of 153 million German marks, this is 23% of the total turnover 
of Mercedes-Benz Werk Berlin. In 1996 MB-MTR sold 14,250 re-manufactured engines, 4,570 new 
engines, about 2000 subassemblies and 350 special oil test engines. 
In 1996 MB-MTR re-manufactured about 60 engines a day. 

The contribution of the different products in the total yearly turnover of MB-MTR is depicted in figure 
1 on the next page. 
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Figure 1: Product structure as percentage of total turnover MB-MTR 

As can be seen in the figure, the re-manufacturing activities at MB-MTR made up 85% of the total 
turnover of MB-MTR in 1996. The other 15% was covered by the production of new engines. 

1.3 Organization 

At this moment (July 1997), 438 people are working at MB-MTR. The organization structure is 
depicted in figure 2. 

I Management I 

••••• M .. t~##g••••••••• 
•••••••••• w.w .. nee••••••••·••·•• 

Figure 2: Organization structure 

At MB-MTR two production departments can be distinguished: the re-manufacturing department and 
the assembly department. 
Each of the departments consists of several production units. 
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Assembly department: 
• Re-assembly of re-manufactured engines. 
• Testing of the re-manufactured engines. 
• Production of new engines. The production process for new engines is completely separated from 

the re-manufacturing process. No shared capacities and control systems. 

Re-manufacturing department: 
• Dis-assembly of used engines. 
• Cleaning of the dis-assembled parts. 
• Identification of the cleaned, dis-assembled parts. 
• Water pump re-manufacturing. Water pumps are dis-assembled, re-conditioned and re-assembled 

at once, without intermediate stocking of dis-assembled or re-conditioned parts. This is done out of 
efficiency reasons. 

• Crank-case re-manufacturing. 
• Crank-shaft re-manufacturing. 
• Parts re-manufacturing. 
• Sub-assembly. Sub-assembly orders are generated for item groups which are also sold as such e.g. 

oil pumps, dynamos and the already mentioned water pumps. 

The production departments are supported by the following cross functional staff functions : 
• Purchase. Responsible for the execution and control of the purchase activities. 
• Marketing and sales. Responsible for the marketing and sales activities. 
• Finance. Responsible for the cost accounting at MB-MTR. 
• Quality. Responsible for the quality assurance at MB-MTR. 
• Logistics. Responsible for the internal and external transport of Mercedes-Benz Werk Berlin. 

Apart from the above mentioned staff functions, MB-MTR uses the services of the information system 
department of Mercedes-Benz Werk Berlin, called OIVI. Within this department a special team is 
responsible for the maintenance and support of the information system used by MB-MTR. The 
information system used by MB-MTR is TRITON 2.2 ofBAAN. 

1.4 Environment 

In this subparagraph the engine re-use network and the position of MB-MTR in this network is 
described. The re-use network forms a closed chain (used engines are exchanged for re-manufactured 
engines). 
The engine re-use network is presented in figure 3. Here the physical flow of used engines and parts to 
MB-MTR and re-manufactured engines from MB-MTR to the customers are visible. 
The different participants of the re-use network are described from the MB-MTR point of view. 

Before the different participants are described, the position of the central storage facility in 
Germersheim within the Mercedes-Benz company must be explained. Germersheim is the central 
storage facility where all service parts, including re-manufactured engines and parts, of Mercedes
Benz are stored. The stock of service parts is controlled by Germersheim. Mercedes-Benz Werk Berlin 
and Germersheim are separate cost centers. 
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Figure 3: The re-use network 
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Two different types of customers for the re-manufactured engines and parts of MB-MTR can be 
distinguished: 

• Germersheim. 
Germersheim generates replenishment orders for MB-MTR to replenish the stock of re-manufactured 
service engines and parts in Germersheim. All ordered re-manufactured engines and parts are 
delivered to Germersheim. Germersheim receives orders from the local repair facilities for a re
manufactured engine. If the engine of an Mercedes-Benz driver breaks down, the car is brought to a 
local repair facility (MB-dealer). If the engine is too damaged for repair, the local repair facility can 
decide, in dialogue with the owner of the car, whether a re-manufactured engine is ordered and built 
into the car. The requested re-manufactured engine is delivered from stock via a regional handling 
point to the local repair facility, where the engine is built into the car. 

• External customers 
The external customers represent about 5% of the total yearly turnover of MB-MTR. The external 
customers order directly at MB-MTR and the re-manufactured engines and parts are also directly 
shipped to the customers. This is done outside the official service network of Mercedes-Benz. This 
explains the term ,,external customers". Contrary to customer orders from Germersheim, the external 
customers do not supply used engines for the re-manufacturing process. Therefore MB-MTR only 
delivers re-manufactured engines, sub-assemblies and parts that are manufactured out of parts which 
are expected not to be needed for re-manufacturing orders from Germersheim on the short term. 

Suppliers 
Used broken engines are sent to MB-MTR by the local repair facilities via regional handling points, 
which store the individual engines and send them to MB-MTR in economic lot sizes. 
Not all the dis-assembled parts can be re-used due to the quality standards. Some engine parts are 
always replaced by new parts. Therefore also parts are purchased from external suppliers. 

Subcontractors 
Some of the dis-assembled parts are externally re-conditioned by subcontractors. 

Recycling firms 
Parts from the re-manufacture process which can not be used by MB-MTR for the re-manufacturing 
process, are sorted according to the type of material, and are sold to external recycling companies. For 
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an engine that is re-manufactured, approximately 99 % of the dis-assembled parts can be recycled of 
which, on average, 72 % of the parts can be re-used in the re-manufactured engines. See figure 4. 

ll% 7,5% 6% G,5% 1% 

Figure 4: Recycle balance re-manufacture engine 
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CJ recyclable Iron 
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o recyclable oil, 
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■ not recyclable 
waste 

Used engines, which can not be used for re-manufacturing, are also sold to recycling firms to be re
used on material level. These engines are not dis-assembled at MB-MTR. Reasons for this can be 
either that the engine is too much damaged to re-manufacture or that there are too many used engines 
of one type already. 
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2 Problem description and project assignment 

2. 1 Introduction 

In this chapter the project assignment is stated based on a problem description. Furthermore, the 
method of approach, used during the graduation project, is explained. The different steps in the 
approach are described and explained. 

2.2 Problem description 

The characteristics of the re-manufacturing business in which MB-MTR is active are changing. The 
most important changes and problems MB-MTR is facing at the moment are: 

• The local repair facilities require a short delivery time. Germersheim has got the policy to deliver 
the re-manufactured engines to the local repair facilities inside Europe within 24 hours after the 
receipt of the order. To meet the requirement of the repair facilities, Germersheim has to remain 
high stock levels of re-manufactured engines. Germersheim wants MB-MTR to reduce the 
delivery time for the replenishment orders of re-manufactured items, in order to reduce the stock 
levels of re-manufactured engines. 

• During the last five years, the number of engine variants increased from 300 to 850. This number 
will substantially increase in the near future. The differences between variants can be big, e.g. 
different long-blocks, or rather small, e.g. different dynamo, oil pump or water pump. 
Due to the increased number of engine variants, the lot sizes in production are declining. This 
requires a higher flexibility in the production and assembly facilities of MB-MTR. Instead of large 
series of one type of engine, more smaller series of different engine types must be produced. This 
tendency is already visible in the present situation. Where in the past lot sizes of 100 engines per 
month of one engine type were no exception, today lot sizes of 5 to 10 pieces of one engine type 
are normal. 

• An increasing pressure on the costs for re-manufactured engines. The competition on the re
manufacturing market for engines is increasing. Competitors offer re-manufactured MB-engines of 
a lower quality, but also for a lower price. Moreover, the prices for new engines are declining, 
because of a more efficient use of materials and a better design and improved technology. This can 
negatively influence the decision of the customer to buy a re-manufactured engine. 

• The demand for re-manufactured engines is partly shifting from completely assembled engines to 
long-blocks. One of the main reasons for this is the high cost pressure on completely assembled 
engines. MB-MTR expects that the sales volume of re-manufactured engines will further decline 
and stabilize at a level of 12000 engines per year and that the sales volume of long-blocks will 
grow fast and reach a stable level of 10000 per year. 

The present logistic control concept does not offer MB-MTR the flexibility to cope with the above 
mentioned challenges in the market (for more details see chapter four). 
For this reason MB-MTR wants to change the present control concept in such a way that it enables 
MB-MTR to realize the following aims: 
1. The possibility to realize a cost reduction. This cost reduction could be realized on different areas 

e.g. reduction of inventory holding costs for end products, reduction of safety stocks, reduction of 
redundant stock. 

2. A way to realize a cost reduction, is to reduce the delivery time to Germersheim. This means 
reduce the time between the order entry from Germersheim and the delivery of that order to 
Germersheim. The requirement of Germersheim is a delivery time of three days. This means that 

B.N. Goossens Page7 



the time between the order entry from Germersheim and the delivery of that order to Germersheim 
may take only three working days. MB-MTR wants to be able to meet this requirement in the 
future. The delivery time requirement of three days is based on the actual delivery time of other 
similar re-manufacture facilities of Mercedes-Benz. 

3. A more flexible re-manufacture process. This means a method of control to enable the flexible 
production of shorter series of different engine types. This in order to realize the shorter delivery 
time for Germersheim as stated in the previous point. 

4. Integration of the long-block concept* in the future control concept. 

*The long-block concept can be explained as follows: 
In the future MB-MTR wants to sell re-manufactured long-blocks as well as completely re
manufactured engines. One long-block can be the basis for several completely re-manufactured engine 
variants. This means that a long-block can be considered as a sub-assembly as well as an end product. 
The future control concept must be able to deal with this. 

This has lead to the formulation of the graduation project assignment. 

2.3 Project assignment 

The project assignment can be stated as follows : 

Improve the present logistic control concept of Mercedes-Benz MTR, in order to meet the 
requirements of MB-MTR for the future control concept** . Describe the advantages and 
disadvantages of this control concept compared with the present control concept and determine the 
consequences of the changes in the control structure, for the function requirements of the supporting 
information system. 

** The requirements for the future control concept are the four aims described in the previous 
paragraph. 

The function requirements presented in this report will be focused on the new function requirements 
resulting from the proposed changes in the control structure of MB-MTR. 

The manufacturing of new engines at MB-MTR falls outside the scope of research. This is possible 
while the new engines and the re-manufactured engines are controlled separately and do not share the 
same capacities. An Enterprise Resource Planning-system (ERP- system) must however be able to deal 
with the manufacturing of new engines too. 
An ERP-system which is able to control the (complex) re-manufacture process, should also be able to 
control (the less complex) manufacturing process of new engines. This is a statement of people of 
MB-MTR, which proved to be true for the situation at MB-MTR. 

2.4 Project approach 

The method of approach used in this graduation project is based on the P-C-I-model ofT.M.A 
Bemelmans (1991) [l] . The logic behind this model is the following: 
• The way of controlling (the C) depends on the kind of process (the P) that must be controlled. 
• The functional requirements of a control supporting information system (the I) can be deduced 

from the way of controlling (the C) in a certain situation. 
Briefly stated, first there must be a control concept, based on the primary process, before information 
requirements can be defined. 

The improvements for the way of controlling or the design of the future control concept also have 
consequences for the process and the information system: 
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• The functional requirements of the information system are influenced by the future way of 
controlling 

• The future way of controlling can influence the process that must be controlled 

The approach that will be followed in this graduation project is presented in figure 5. Hereafter each 
of the steps will be discussed in more detail. The methods used to gather the required information are 
mentioned for all steps together at the end of this paragraph. 

Analysis of the present 

1 situation of MB-MTR 
Chapter3 

+ 
Possibilities for improvement Problems present situation 

2 of the present control concept - and requirements MB-MTR 
Chapter4 Chapter? 

Description of future control 
3 concept for MB-MTR 

Chapter 5 

• Evaluation future control 

4 concept 
Chapter5 

+ 
New function requirements 

5 for supporting software 
Chapter6 

Figure 5: Method of approach 

In the first step of the graduation project, the present situation at MB-MlR is analyzed. To stay in 
terms of the P-C-1-model, the process (P) and the control concept (C) of the present situation are 
analyzed. The analysis of the present situation makes it possible to better understand the possible 
improvements for the present control concept presented in chapter 4 and make a comparison of the 
present and future situation possible. Also parts of the present control concept can be used in the 
future control concept. 

In the second step possibilities for improvement of the present control concept are determined. The 
improvements are based on the analysis of the present situation and the requirements of MB-MlR for 
the future control concept. 

In the third step the future control concept will be presented as a whole. The emphasis will be on the 
changes compared with the present control structure. Control functions where no big changes with 
respect to the present situation are expected will only be mentioned, but will not be dealt with in 
detail. 

Step four is the evaluation of the future control concept. Advantages and disadvantages of the control 
concept are discussed. 
The criteria on which control concept are evaluated: 
♦ flexibility of control concept 
• complexity of control concept 
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♦ required planning effort 
♦ expected delivery time to be realized 
• expected revenues or costs 

From the future control concept new function requirements for the future control structure can be 
derived. This is done in step 5. 

Information gathering methods: 
As mentioned in the preface ofthis report, the graduation project forms part of the PAWS-project. 
This enabled the participation in the PAWS-project team at MB-MTR formed for the PAWS-project. 
The team members of the PAWS-project group were: 
♦ H.M: Driesch MB-MTR (OIVI) 
♦ F. Hecker MB-MTR 
• N. Munch MB-MTR (OIVl) 
♦ B. Bergmann MB-MTR (OIVl) 
♦ J. Englert MB-MTR (OIVl) 
♦ M. Meyer MB-MTR 
♦ J.E. van Oyen TU-Eindhoven 
♦ B.N. Goossens TU-Eindhoven 

OIVl is the information system department for MB-MTR. 

The project group had weekly meetings in which results, thoughts and ideas were discussed and 
evaluated. Also the team members have been interviewed (open interviews) individually on certain 
topics. 
Especially for steps two and three literature has been investigated. Solutions given in literature formed 
a reference for the design of the future control concept at MB-MTR. 
Besides the team meetings, interviews and literature, also two workshop at MB-MTR need to be 
mentioned. 
During the first workshop the ERP-system and the present control concept at MB-MTR were 
explained. This was done by showing the system on line on the hand of examples. This workshop has 
been very useful for steps one and two. 
The second workshop was a demonstration of the MPS-module in the BAAN software, by people of 
BAAN Hannover in Germany. This was especially useful for steps four and five. 
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3 Analysis of the present situation at MB-MTR 

3. 1 Introduction 
In this chapter, the present situation at MB-MTR is analyzed. First in paragraph 3.2 the re
manufacture process within MB-MTR is described, this is the Pin the P-C-1 model. In paragraph 3.3 
the control concept of MB-MTR in the present situation is analyzed, the C from the P-C-1 model. 

3.2 Process description 

In figure 6, the re-manufacture process at MB-MTR is shown. The figure and the process steps are 
explained in greater detail in the following text. 

receipt and 
inspection ~ .......... ~ 11..a-mbly ~ ... !!l'----1,...,,_.,D~~ .. li, .._-I ,..~ ~-!iii'-~ 

used products 

UNd 
proc>,CI 

'-----' Oil-aslllfnbMd 
palls ' R:-::.c:.ed 

--~1 ~:~ ~1 -------~-·_, ___ t_ 

Figure 6: Re-manufacture process 

3.2.1 Receiving 

The incoming used engines and new parts are inspected and put into stock. 
The used engines are inspected and classified into 150 different engine groups, because it is not 
possible to identify the exact engine configuration at arrival. The classification is made based on the 
big parts that an engine contains e.g . crankshaft, crankcase and cylinder heads. This is done while the 
availability of the big parts is critical for the re-manufacturing of an engine. The stock of used engines 
is controlled on the basis of the information on group level. 

3.2.2 Dis-assembly 

Dis-assembly 
The used engines are completely dis-assembled one by one. This is done manually by one employee, 
using hand tools. It takes between 2 and 5 hours to dis-assemble an engine, depending on the number 
of parts (an engine contains between 500 and 900 parts). 
During the dis-assembly activity a first division is made into parts and sub-assembly groups. 
Examples of sub-assemblies are a water pump or a dynamo, examples of parts are crankcase, 
crankshaft or cylinder head The parts and sub-assemblies are gathered in boxes, which are also used 
for internal transport and storage. 
When a different engine type needs to be dis-assembled, the boxes in which the dis-assembled parts 
are gathered and the used hand tools have to be changed. This results in a change over time of 
approximately one hour. 
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Cleaning 
After the dis-assembly the parts are cleaned. Depending on the kind of parts or sub-assemblies, 
mechanical and / or chemical cleaning is / are used. The required time for the cleaning process 
depends on the type of part and the cleaning method used. Some parts do not have to be cleaned at all, 
other parts are chemically cleaned in batches, resulting in processing times of a few hours. 

Identification 
After cleaning, the parts are identified. The identification occurs optically, with examples of the parts 
(including identification) hanging on a board near the workstation. The identification requires only a 
few minutes. For approximately IO % of the parts the exact identification of the part is possible during 
the dis-assembly step. For the other 90% it is not possible to do so. The identification of the remaining 
90% is possible after the parts are cleaned. After the cleaning process serial numbers or type numbers 
become visible. 

3.2.3 Re-conditioning 

For the re-conditioning process a distinction has to be made between critical parts and non-critical 
parts. Critical parts are parts of which the availability for the re-manufacture process is critical. Most 
of the big parts of an engine are critical parts, because big parts are difficult to procure and decisive 
whether an engine can be re-manufactured or not. Small parts are mostly non-critical and easier to 
procure. 

The critical big parts are directly re-conditioned after the dis-assembly and not first stocked in a 
warehouse. After re-conditioning the big parts are stored in buffer stocks on the shop floor if the parts 
are directly needed in the re-assembly process, otherwise the big parts are put into stock in the 
warehouse. 

Small non-critical parts are first stored after dis-assembly and re-conditioned in batches. Batch sizes 
are determined by the material planners and are based on re-order levels, economic lot sizes for 
production or the batch size of a stocking box. 

For some sub-assemblies the dis-assembly, the re-conditioning of the individual parts and the re
assembly are executed when the sub-assembly is re-conditioned as a whole. After re-conditioning the 
re-conditioned (and re-assembled) sub-assembly is put into stock. This is done while it is not 
economical for certain sub-assemblies to store all the individual parts and to later re-assemble the 
same sub-assembly again, especially in the case where also the sub-assembly can be sold as such. 
The lead time for the re-conditioning of a part or sub-assembly varies between 2 days and 20 days. 
This time depends on the lot size of the re-condition order, the complexity and the quality of the part 
or sub-assembly. If the quality is low, extra re-condition steps have to be executed. For some parts and 
sub-assemblies the re-condition activity is out sourced. 

3.2.4 Re-assembly 

Re-assembly 
Four assembly lines are used to re-assemble the engines. The engines are manually assembled and are 
transported on a line between assembly work stations. The time to re-assemble an engine varies 
between 2 and 4 hours, depending on the number of parts of the engine. The engines are assembled 
according to the specifications of the engine variants that are ordered by Germersheim. MB-MTR can 
produce 850 different engine variants, of which 300 variants are made on a regular basis e.g. every 
month. 
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Quality check and Repair 
To assure the quality of the engines, a running test of20 minutes is used for every re-manufactured 
engine. If an engine fails the quality check, the engine is partly dis-assembled until the broken part is 
found and replaced 

Preservation 
A special preservation treatment is given to the engines before they are transported to Germersheim, 
because the engines are re-manufactured to stock and it's not known when they will be used. 

3.2.5 Transport 
The finished service engines are transported to Germersheim, where the engines are stored. The 
transport is sulrcontracted. The finished engines are transported to Germersheim once a day. The 
engines re-manufactured for external customers are directly shipped from MB-MTR to the external 
customers. 

3.3 Control concept 

In this paragraph the control concept of MB-MTR in the present situation is described. 

For the typology of the logistic control structure in a company often the Customer Order Decoupling 
point (COOP) is used, Hoekstra and Romme (1985) [3], Bertrand, wortrnann and Wijngaard (1990) 
[2]. The COOP indicates the point from where the flow of materials is controlled by the individual 
customer orders. In the COOP the production control is uncoupled. The production process before the 
COOP is controlled based on a planning, the part of the production process after the COOP is 
controlled by the customer orders. 
When looking at the present logistic control situation at MB-MTR the following applies: 

When MB-MTR and Germersheim are considered together as one company, the control concept can 
be characterized as a Make To Stock (MTS) environment. The re-manufacturing orders are generated 
by Germersheim based on the stock levels of the individual end products (engine variants) at 
Germersheim. The COOP is in this situation situated at the stocking point of end products in 
Germersheim. See figure 7. The re-manufactured engines are delivered from stock in Germersheim to 
the local repair facilities. 

re-conditioning part/sub-assemblies 

dis-assembly 

Figure 7: CODP present situation 

CODP 

material issue 

CODP = Customer Order Decoupling Point 

1111 =process 

~ = stocking point 

T = buffer stock 

G = Gerrnersheirn 

The reason that Germersheim is included in the control description is the special position of 
Germersheim. Germersheim is not only the "main customer" of MB-MTR, but Germersheim also 
controls the stock of re-manufactured engines, provides the forecast and demand planning to MB
MTR and controls the delivery process to the local repair facilities. 
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The planning process at MB-MTR is presented in figure 8. First a general description of the planning 
process is given. This is followed by a more detailed description of each of the planning levels at MB
MTR presented in figure 8. 

Germersheim 

MB-MTR 

Two months production 
program 

Create Master Schedule 
re-assembly orders 

Conf"aguration time-phased 
production orders 

Release production orders 
to shop floor 

Twelve months production 
forecast 

Simulation twelve months 
forecast 

------- Extra demand 
parts 

Figure 8: Present re-manufacturing planning process at MB-MTR 

Every month MB-MTR receives from Germersheim a twelve months rolling production forecast. The 
twelve months production forecast can be split up as follows: 
• A two months production program for the first two months. These two months are considered as 

actual production orders. The two months production program is fixed and can not be changed by 
Germersheim in the next forecast. 

• The remaining ten months are considered as a forecast. This forecast is not fixed and can be 
changed by Germersheim in the next forecast. 

The construction with the two fixed months is an agreement between MB-MTR and Germersheim. 
The reason why MB-MTR wants the first two months of the forecast to be fixed are: 
• For the timely supply of the parts and sub-assemblies for the re-assembly of an engine, MB-MTR 

uses a lead time of 4 weeks (see chapter 4 figure 13). This means that the re-condition orders and 
purchase orders for parts and sub-assemblies have to be generated 4 weeks in advance. 

• The two months production program contains information about which engine types are ordered 
and the quantity of each engine type ordered, for both months. No due dates for the individual 
orders are specified. All ordered engines are delivered before the end of the month. The exact 
delivery dates for the individual orders are determined by MB-MTR. The consequence is that an 
order for a specific month can be delivered between the beginning of the month and the end of the 
month, depending on decisions made by MB-MTR. This means that the planning made by 
Germersheim must calculate an extra month for the delivery time of an order, because of this 
delivery time uncertainty. 

The complete twelve months production forecast is used for simulation purposes. MB-MTR has 
created a test company which has no connections with the real operational system. In the test company 
Master Planning runs the complete twelve months forecast. The results of the simulation run can be 
used for planning purposes in the real company. 

The timely consequences of the planning method used at MB-MTR are presented in figure 9. 
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At time O the twelve months production forecast from Germersheim is received. 
The Master Planning schedules the re-assembly orders for the second (fixed) month of the production 
program. The Master Planning determines the sequence in which the orders are re-assembled and the 
assembly line on which the re-assembly orders have to be executed (see Master Planning). The re
assembly schedule for the second month is released to Material Requirements Planning (MRP). 
MRP calculates the start and end dates for the re-assembly orders. The MRP algorithm then calculates 
the start dates of the production for the parts and sub-assemblies via backwards planning. When the 
start date of a production order falls in the past, then the order is planned forwards with the present 
date (time 0) as starting date. The production orders and re-assembly orders generated by MRP are 
released to SFC. 
The production and re-assembly orders are released to the shop floor manually by the material 
planners. 

Master 
Planning 

MRP 

l 
SFC 

Time (month) 

0 month2 1 2 Time (month) 

O onlen month 2 l onlen month 2 2 Time (month) 

0 onlen month 2 1 onlen month 2 2 
Time (month) 

Figure 9: Time schedule present planning process of MB-MTR 

Master Planning 
MB-MTR is free to schedule the sequence of the ordered engines for a fixed month, because the only 
restriction is that the ordered engines for a fixed month are delivered before the end of the month. 
This gives MB-MTR the possibility to schedule the orders in such a way that the capacity usage 
efficiency is optimized. This is done in the following way: 

Clustering of orders of one engine group. The classification in engine groups for assembly can be 
based on characteristics like: similarity of long-blocks, petrol or diesel engines, similar production 
steps. Orders of a similar engine group are issued together to one assembly line. This is done in order 
to reduce the change over times for a specific assembly line. The change over times between engine 
types within one engine group are smaller than change over times between engines of different 
groups. Also similar engines types within an engine group are clustered for the same reason. The 
clustering is illustrated in figure 10. 

Engine types belonging to engine group 1 are allocated to assembly line 1. These are for example 
petrol engines. In the example engine types Axy and Bxy are both petrol engines, containing 
respectively long-block A and long-block B. On assembly line 1, first petrol engines containing long
block A are assembled, followed by the engine types containing engine long-block B. The decision to 
start the assembly on line l with engine types containing long-block A, can be based on material 
availability, urgency of the orders or custom practice. A similar reasoning is possible for assembly line 
2. Engine types Cxy, Dxy and Exy are diesel engines containing respectively long-block C, D and E. 
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Engine types assembled on the same assembly line and containing the same long-block, are indicated 
in the same color. 

Group Engine type Quantity Due date 

l Engine A25 14 31-10-97 
2 Engine E70 15 31-10-97 
l Engine B30 25 31-10-97 

production 
1 Engine A80 20 31-10-97 
2 Engine C20 18 31-10-97 

program 10-97 
1 Engine A0l 10 31-10-97 
2 Engine C25 22 31-10-97 
l Engine B10 10 31-10-97 
2 Engine D15 10 31-10-97 

Order sequencing per assembly line to finite capacity: 

assembly 
line 1 

assembly 
line 2 

Capacity 

Figure 10: Order sequencing for the assembly department at MB-MTR (Master Planning) 

MRP 
The MRP algorithm for the re-manufacturing processes is more complex than the MRP algorithm 
which is used for traditional production assembly situations. Usually, the necessary parts are produced 
or purchased, but in case of re-manufacturing, these parts will mainly become available by dis
assembly of used products and re-conditioning of the used parts. Due to this extra JX>Ssibility, three 
different quality levels of parts can be distinguished: 
• Used parts (dis-assembled parts) 
• Re-conditioned parts 
• Newparts 
For the allocation of parts during the material planning, this quality information is used to determine 
whether parts are re-conditioned and can be used in the assembly process, or that dis-assembled parts 
need to be re-conditioned, or that new parts need to be purchased. 

An extra complexity is that MB-MTR can use many alternative parts when assembling a re
manufactured engine. This has resulted in Bills of Material for the engines which consist of parts for 
which alternatives can be used. See figure 11 . 
In figure 11, the alternatives are indicated with six-sided boxes. For example, there are three 
alternatives for part lb on BOM-level 1, namely alternative Iba, lbb and lbn. Part lb can be 
considered as a "pseudo" . To assemble the engine not part 1 b is used, but one of the three alternatives 
ofpart lb. 
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Figure 11: MB-MTR DOM structure of a re-manufactured engine 

It is possible that relations exist between alternatives. This implies that an alternative can only be used 
in an engine together with a (limited) number of other alternatives. For example, when alternative lba 
on BOM-level I is selected, also alternative 2ba of part 2b on BOM-level 2, has to be selected. 
This has its influence on the MRP algorithm which is used. Normally the MRP-algorithm determines, 
based on the demand of a parent, the demand of the components, where there is no real alternative 
structure with regard to the components to be used. The MRP algorithm used by MB-MTR is besides a 
material planning tool also a BOM-configurator for the engines to be re-manufactured. This means 
that for each order an individual BOM-structure must be generated depending on the availability of 
the different alternative parts. This BOM-structure is called a production BOM. 
When generating a production BOM, the MRP algorithm uses first the alternative part with the oldest 
engineering date of the available alternative parts. 

BOM position part alternative engineering date on hand 
1b 1ba 31-3 -72 20 

1bb 17-3-76 30 
.... .... . ... 
1bn 20-8-96 10 

Table 1: DOM table 

The part with the oldest engineering date is on the first line of the alternatives of a certain part in the 
BOM. In an example where thirty parts are required, the MRP algorithm will allocate the available 20 
parts Iba and 10 parts of alternative lbb. If not enough parts are available, then a purchase order is 
generated for the alternative with the most recent engineering date (this is the alternative on the last 
line of the table). This is because this alternative generally will be the most easy to procure. This can 
be the alternative with the shortest lead time or the alternative which can still be procured. 

Alternatives can be either new or re-conditioned parts. This difference is not taken into account by the 
MRP algorithm. For this reason, it is possible that available new parts are used instead of re
conditioned parts when the available new parts have an older engineering date than re-conditioned 
parts. MRP does not take into account the stock of available used parts. If not enough re-conditioned 
or new parts are available MRP will generate a production order (see also SFC). 
Some of the parts are always replaced by new parts in the re-manufactured engines, because of quality 
requirements or economical aspects (cheaper to buy new parts than re-condition used parts). These 
parts can be controlled by MRP or by SIC, depending on the predictability of the demand for the parts. 
For new parts MRP will generate purchase orders. For some parts it is not known beforehand, if and 
how many parts are required. These parts are controlled with SIC. 
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Besides the dependent demand for parts based on the demand of the re-manufactured service engines, 
there is also an independent demand for parts. This demand comes from Germersheim, and goes via 
sales control directly to requirements planning. This extra demand is taken into account by 
requirements planning when determining the material plan. 

The MRP and SIC algorithm generate the information regarding the difference between the available 
parts in stock and the required re-conditioned and new parts for production. MRP generates purchase 
orders for items defined as purchase items. Production orders are generated for the parts that are not 
available and which are not defined as purchase items. 

In the assembly line some parts are kept in buffer stocks like for example screws. These parts are not 
controlled based on production orders or stock level, but are replenished from stock initiated by the 
assembly line workers. 

SFC 
The generated MRP orders are released to SFC. The material planners determine whether parts can be 
re-conditioned or that new parts should be bought. This is then the input for the re-conditioning 
process and for purchase management. 
The following orders are released to the shop floor by the material planners: 
• Dis-assembly orders. 

The classification in groups (see 3.2.1) is used to release used engines to the dis-assembly process. 
The dis-assembly orders are controlled via the dis-assembly group number. A re-manufacture 
order contains the for the engines in that order related engine group (dis-assembly) number, which 
is used to trigger the dis-assembly process. This means that each time a certain engine is re
manufactured an used engine of the related engine group is dis-assembled. While not all the parts 
meet the required quality standards, more engines need to be dis-assembled than that must be re
assembled (approximately 20% extra). This percentage is an average percentage based on 
experience. 

• Re-assembly orders. Generated by MRP 
• Production orders. Generated by MRP. MRP checks the stock of available re-conditioned parts and 

new parts, but does not take into account the stock of used dis-assembled parts. When not enough 
re-conditioned or new parts are in stock, MRP generates a production order. The material planner 
in SFC checks if enough used parts are available for the generated production order. When enough 
used parts are available, the material planner releases a re-condition order. If not enough used 
parts are available, the material planner generates a purchase order. 

The material planner has got the flexibility to make changes in the generated MRP-orders after the 
orders have been released to SFC. It is possible to change the order status e.g. a re-condition order 
into a purchase order, change alternatives in the production BOM, the start or end date of an order, 
the quantity etc. 
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4 Possibilities for improvement of the present control concept 

4. 1 Introduction 

In this chapter it is analyzed, whether improvements for the present control concept are possible. 
Based on this analysis possibilities are determined for MB-MTR to change the present control 
concept, in order to meet the requirements of MB-MTR for the future control concept, as presented in 
chapter two. 

4.2 Description of possibilities for improvement 

The most important requirement for MB-MTR is to reduce the costs of the re-manufacturing process. 
To realize this cost reduction, MB-MTR wants to increase the flexibility of the re-manufacture process 
and reduce the delivery time to Germersheim. In this way MB-MTR hopes to be able to reduce the 
stock levels of re-manufactured engines and so to reduce the inventory holding costs. To realize the 
cost reduction, MB-MTR wants to improve the present control concept in order to make the above 
mentioned changes possible. 

The present situation can be characterized as a Make To Stock (MfS) environment (see chapter 3). 
MTS firms characteristically sell a standard product requiring little customer interface regarding 
product specifications. Normally there is little uncertainty in product configurations, so that the 
company is able to produce larger production quantities and maintain finished product inventories. 
The assurance that the finished product will be sold enables the company to increase the utilization of 
it's manufacturing facilities since fewer changeovers are necessary. The company is able to deliver the 
product to the customer with short delivery times since it can be delivered directly out of the stock of 
finished products. Important is that a MTS strategy requires the firm to forecast the demand for end 
product configurations and to use inventory to buffer against uncertainties and reduce delivery times. 
The characteristics of a re-manufactured engine at MB-MTR do not seem to justify the chosen MTS
strategy. Many characteristics seem to contradict with the above mentioned characteristics of a 
standard MTS environment. Examples of such characteristics are: 
• The relatively low demand for many end product configurations and the high material and labor 

costs for each end product prohibit the use of finished product inventory as an effective hedge 
against demand uncertainty and as a means to reduce the customer lead times. 

• Increasing competition among engine re-manufacturers may seriously affect the firms sales 
volumes by variations in quality, price, lead time etc. Market developments like the introduction 
of the long-block, favorable quality/price relations and decreasing lead times are methods to 
increase the firms competitiveness and achieve cost reductions. 

These characteristics can lead to the following problems also present at MB-MTR: 
• The large number of different end product configurations makes the forecasting of these items 

difficult as the number of end product forecasts increases and the volume for each end product 
configuration decreases. 

• The inability of the firm to forecast the end product configurations accurately may result in 
material shortages and surpluses leading to customer service problems on the one hand and high 
inventory levels of end product configurations on the other. 

• The delivery performance may be maintained at the expense of large finished product inventories. 

The above mentioned product characteristics and problems of the present MTS situation and the 
requirements of MB-MTR mentioned in chapter 2, refer to a change in the manufacturing planning 
and control strategy. 
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A Make-To-Order (MTO) strategy is not considered as an option for MB-MTR, because the total time 
required to re-manufacture an unique end product configuration is significantly greater than the 
established delivery lead time. In this way MB-MTR is not able to realize the delivery time 
requirement of three days. See paragraph 4. 4. 

A possibi Ii ty is to change from a MTS-strategy to an Assemble-To-Order (.4 TO)-strategy. 

Normally, an ATO company sells a wide variety of customized products requiring some customer 
interface regarding product specifications. The end product frequently belongs to a certain product 
(engine) family. Each family consists of end products that are inherently similar, but which differ 
based on customer specifications. There is greater uncertainty in demand for the individual product 
configurations as compared with the MTS products described earlier. Also the wide product variety 
prohibits the use of finished product inventory as a practical method for reducing customer delivery 
times. Instead, inventories of finished components and sub-assemblies are maintained from which end 
products are assembled after customer orders have been received. Producers of ATO products are 
often in a competitive environment with other producers of similar products. This puts extra pressure 
on the A TO firm to reduce both price and delivery times in order to avoid future sales being lost to 
competitive companies. 

A change from the present MTS strategy to an Assemble-To-Order (ATO) strategy seems to be a 
logical and appropriate choice. 

Apart from the need to change to an ATO strategy, also the possibility to implement an ATO control 
concept at MB-MTR has to be investigated. Also the choice for an ATO strategy has to be in line with 
the requirements formulated by MB-MTR for the future control concept. 
In paragraph 4.3 it is investigated whether the product structure at MB-MTR permits the 
implementation of an ATO control concept and how the long-block concept can be integrated in the 
ATO concept. In paragraph 4.4 it is investigated whether it is possible to realize a delivery time of 
three days when changing to an ATO control strategy. In paragraph 4.5 the consequences of the 
introduction of the ATO strategy for the planning process and the flexibility of the re-manufacturing 
process are discussed. Finally, in paragraph 4.6 the cost reductions that are to be expected with the 
introduction of the A TO control concept are analyzed. 

4.3 A TO product structure and integration of the long-block concept 

Not every production situation is suitable for an ATO control concept. For an ATO situation it is 
important that from a relative small amount of common sub-assemblies and parts many different 
variants of re-manufactured engines can be assembled. 

The product structure for an ATO situation is presented in figure 12. This is referred to in literature as 
the "neck of the glass" [2]. 
It must be investigated whether the product structure at MB-MTR for re-manufactured engines 
permits such a neck of the glass structure and how the long-block concept fits into the ATO product 
structure. The following two points are investigated: 

1. What sub-assemblies and common parts can be distinguished and kept in stock based on forecasts. 

2. Is it possible to create a product structure at MB-MTR that corresponds with the required product 
structure for an ATO situation (see figure 12), which is in line with the preferred decomposition 
proposed in the previous point. 
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Figure 12: Product structure Assemble-to-order situation 

Re. 1 The common sub-assemblies and parts are in an ATO situation produced based on forecasts 
and put into stock. When a customer order is accepted the sub-assemblies and parts are issued from 
stock and the final assembly of the engine can be executed. 
Sub-assemblies and common parts, from which the engine variants can be assembled to order, have to 
be distinguished. This is very important, because this can have consequences for the stock levels of the 
different parts and sub-assemblies, the planning activities, the lay-out of the final assembly working 
place etc. 
In the case of MB-MTR this is very difficult, because of the alternative structure in the BOM and the 
dependent relations between alternatives. 
The next example gives an indication of the difficulties that might occur: 

Assume an engine variant can be composed out of the following parts and sub-assemblies: parts a, b, 
c, d and e and the sub-assemblies x and y. The engine variant can be built from sub-assembly x, with 
the parts a and band sub-assembly y, with parts c and d or sub-assembly y, with parts c and e. See 
figure 13. 

Engine 

X 

A B or C 

D E 

Figure 13: BOM structure with alternative 

Obviously this will make the planning process for the sub-assemblies and common parts, based on 
forecasts, very complex. Moreover, the choice for a certain alternative depends on the availability of 
the different alternatives for the required part, at the moment of the configuration of the production 
BOM. See paragraph 3.3. 
Therefore it would be wise to choose the sub-assemblies and common parts in such a way that most of 
the alternative decisions are already made and incorporated in the sub-assemblies. In this case few 
alternative decisions are left to make among and between common sub-assemblies and common parts, 
when an engine is assembled. This would reduce the control and coordination effort for the final 
assembly process. 
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The long-block would be a good option to serve as a sub-assembly. The long-block can form the basis 
for the final assembly of an engine variant. Reasons to support the idea to take the long-block as the 
most important sub-assembly of an engine variant are: 
• Most of the alternative decisions in the BOM are made during the sub-assembly of the long-block. 

In this way no difficult alternative configuration has to be executed at the moment the final 
assembly is started. Also the most important critical (big) parts, which need the most control 
effort, are already included in the long-block 

• It is easier to plan long-blocks than many different sub-assemblies and common parts which make 
up the long-block, especially when for those parts still many alternative decisions are possible. In 
the present situation the alternative decisions are made by MRP during the configuration of the 
BOM. This can stay the same for the long-blocks. A long-block contains on average 70% of the 
parts of a complete engine variant. In this way MB-MTR does not have to make big concessions 
with respect to the present MRP logic. This logic is based on the principle that first the alternative 
parts with the oldest engineering date are used This logic helps to optimize the use of re
conditioned parts. See 3.3. 

• The place to stock a long-block will be significantly smaller than the total stocking space of the 
individual sub-assemblies and parts that make up the long-block. Also important is that the 
inventory registration will be much easier in case of stocking the long-blocks. 

• To be flexible in the final assembly department, the total lead time of the final assembly has to be 
as short as possible. In this way more (different) engine variants can be assembled per hour. In 
case of the long-blocks this lead time will be much shorter than when an engine has to be built up 
from smaller sub-assemblies and parts. 

The other sub-assemblies and common parts that are needed for the final assembly process, apart from 
the long-block, make up on the average 30% of the total number of parts of an engine. Examples are: 
Water pumps, Dynamos, screws, rubber rings etc. The supplementary sub-assemblies and common 
parts can be considered as non-critical. Material planners at MB-MTR stated that the availability of 
these supplementary items should not cause many problems, because normally sufficient parts are in 
stock to meet the demand for those items. 

Theoretically it would be possible to make a further decomposition of the long-block into smaller sub
assemblies and common parts and start the final assembly process based on these sub-assemblies. This 
would increase the potential flexibility and commonality of the sub-assemblies and parts. The reason 
why this option is not recommended is that this option would strongly increase the total coordination 
effort for MB-MTR. More items need to be controlled and stocked. Also inside the long-block many 
alternatives and relations between the different alternatives exist, what makes the planning process 
very complex, in terms of MB-MTR ,,impossible", and also the generation of the final assembly 
schedule will demand great coordination effort. The possibility to use the extra flexibility effectively is 
questionable. Material planners at MB-MTR strongly advised against the further decomposition, 
because of the reasons already mentioned. 

Re. 2 When the proposed decomposition in point l is taken as the starting state, then the desired 
product structure can be presented by figure 14. To make figure 14 easy to, the product structure is 
strongly simplified. The principle however remains the same. Besides the long-blocks also the 
remaining complementary sub-assemblies and parts of an engine variant needed in the final assembly 
have to show some degree of commonality. 
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Numbers to support the existence of the product structure presented in figure 14 are presented below. 

First it is investigated whether one long-block can form the basis for many different engine variants. 
This relation can be presented by a ratio. The ratio for long-block X can be defined as: The number of 
different engine variants that can be produced out of long-block X. 
For the calculation of the total average ratio for all the long-blocks together the following percentages 
and numbers supplied by MB-MTR, are used: 
• 25% of the long-blocks form the basis for 1.2 engine variants 
• 50% of the long-blocks form the basis for 4.0 engine variants 
• 25% of the long-blocks form the basis for 8.0 engine variants 
The figures and percentages are obtained from an internal research report of MB-MTR. 

The total average ratio = (0.25 * 1.2 + 0.50 * 4 + 0.25 * 8) = 4.3 
So on average one long-block is the basis for 4.3 engine variants. 

Also something can be said about the relation between the engineering age of an engine and the ratio 
between long-blocks and engine variants. The older an engine variant the lower the ratio. This means 
that the total average ratio is likely to increase in the near future, because old engine variants are 
taken out of production after a certain time and new engine variants are added to the product range. 
This is favorable for the commonality of the long-blocks needed in an A TO control situation. 

Besides the ratio long-blocks / engine variants also the sales volume of the different engine variants is 
very important, because the total average ratio is based on all different engine variants at MB-MTR, 
but does not take into account the sales volume of the different engine variants and the related long
blocks. If an 20/80 situation exist, 20% of the engine variants are responsible for 80% of the sales 
volume, then it is important to know the average ratio of this 20% of the engine variants. If the 
average ratio for this 20% is higher as 4.3, then the average ratio for the total sales volume of engine 
variants will be higher too. 
Example: 
20% of engine variants 80% of sales volume: ratio = 8 
80% of engine variants 20% of sales volume: ratio = 2 
Then the average ratio for the sold engine variants will be: (0.8 * 8 + 0.2 * 2) = 6.8 
This ratio is the most important for MB-MTR, because stock levels of long-blocks will be based on the 
engine variants that are expected to be sold. Of course also the opposite applies, when more engine 
variants are sold with a low ratio. 
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Besides the commonality of the long-blocks also the commonality of the other sub-assemblies and 
parts must be investigated. No exact figures about the commonality of these parts are present at MB
MTR. Material planners at MB-MTR were asked to estimate the commonality of some important sub
assemblies like water pumps and dynamos and to give an indication of the commonality of the 
supplementary parts and sub-assemblies in general. 
It was stated by the material planners that the commonality of water pumps and dynamos have a 
significantly higher commonality ratio than the long-blocks. Random samples showed ratios varying 
from 5 to 20. Also it was stated that the ratio for other sub-assemblies and common parts the average 
ratio will generally be higher than the average ratio of the long-blocks. 

It can be concluded that it should be possible to create a product structure at MB-MTR necessary for 
the implementation of an A TO control situation and which is in line with the proposed decomposition 
in point 1. The long-block plays a very important role in realizing the neck of the glass at MB-MTR. 
From the long-blocks, common sub-assemblies and parts a wide range of engine variants can be 
assembled. 

4.4 Reduction delivery time of customer orders 

The delivery time for an ordered engine is defined as the time between the order entry from 
Germersheim and the delivery of the order to Germersheim. 

To investigate whether the delivery time of three days is possible, first the structure of the lead time in 
the present situation has to be investigated. 
The structure of the lead time at MB-MTR in the present situation is presented in figure 15. 

The total lead time and the lead time for the individual processes are presented in bold type letters 
above the double sided arrows. The lead times include: the processing times, waiting times (in buffer 
stocks and on the shop floor), set-up times and change-over times between processes. The process 
times for the different processes are presented in italic type letters below the corresponding process 
boxes. 
The total lead time for the re-conditioning of an engine is determined by the part or sub-assembly with 
the longest individual lead time, because all the parts and sub-assemblies have to be available before a 
re-assembly order can be issued. The individual parts and sub-assemblies have lead times varying 
between 2 days and 20 days. Therefore the lead time and process time are set equal to 20 days. 
The dis-assembly process is triggered by the re-assembly orders, but uncoupled from the customer 
orders via a stocking point. The dis-assembly process is executed parallel with the re-condition 
process. 
The individual lead time for a re-manufactured engine is 28 days, see figure 15. When considering the 
delivery time for an engine defined as the time between the order entry from Gennersheim and the 
delivery of the order to Gennersheim, then the delivery time varies between 5 weeks for the first 
engine of the month program, and 9 weeks for the last engine of the month program. The average 
delivery time for a re-manufactured engine is then 7 weeks or 35 days. The requirement of MB-MTR 
is to bring the time between order entry and order delivery back to three working days. 

The total lead time of a re-manufactured engine is too long to start production of the complete engine 
after the order entry from Gennersheim and still deliver an engine within three days after the order 
entry. Particularly the lead time for re-conditioning (20 days) forms a problem. 

This means that a Make-To-Order (MIO) control concept, when the production of an order is started 
after the order entry, is no option for the future control concept. 
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Figure 15: Lead time structure MB-MTR present situation 

A possibility to deliver an order from Germersheim within three days after the order entry is to 
change to an Assemble-To-Order (A TO) control concept. 

Figure 15 gives support for the statement that the delivery time requirement of three days can be 
realized if the re-manufactured engines are assembled to order. 
If the customer orders are assembled to order then the material issue process, the re-assembly process, 
the testing and the transport to Germersheim may take only three working days. 
In the present situation the lead time for these activities is eight days (5+ l+ l+ 1). The cumulative 
processing time for these activities is about two and a half days. As can be seen in figure 15, the 
difference between the lead time and the cumulative process time is mainly caused by the material 
issue lead time. Material issue includes: generation of the picking orders, the order picking and 
delivery of the material to the right assembly line. The material issue lead time is five times as high as 
the processing time. The main reason for this difference is that MB-MfR wants to have four days of 
production in the buffer stock. between material issue and re-assembly, after the materials have been 
issued for specific re-assembly orders. This is done for safety reasons, in case there is not enough 
capacity to issue the materials to the assembly lines e.g. illness of employees, broken handling 
systems. Also the difference between the lead time and the process time for testing of the re
manufactured engines is big. The daily transport is sub-contracted. Looking at the number of engines 
produced per day (about 60), one truck load per day is optimal with respect to the fill rate of the truck. 

For a detailed analysis of the possibility to realize a delivery time of three days in case of the ATO 
control structure, see appendix 1. 

4.5 Planning process and flexibility of the re-manufacture process 

The present planning structure unnecessarily reduces the flexibility of the present re-manufacture 
process, with respect to the volume and mix of the re-manufactured engines. 

Volume flexibility is the flexibility to react to fluctuations in the total amount of demand for engine 
variants per period. 
Mix flexi bi Ii ty is the flexibility to react on variations in the mix of ordered engine variants. 

The following points give an illustration of the inflexibility due to the present planning structure: 

• The first two months of the production program are fixed. The demand for service items in general 
and for re-manufactured engines in particular is uncertain and difficult to predict. It is difficult to 
foresee which engine types are likely to break down in the near future. Therefore the two fixed 
months of the production forecast experience large forecast errors. The problem now is that no 
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short term changes can be made within the time fence of the two fixed months. There is no 
flexibility in the production planning process. Consequences are that production orders that are not 
needed immediately, due to disappointing sales figures, are produced and production orders which 
are needed urgently, to fulfill unexpected demand, have to wait for the next fixed months program. 

• Because of the two fixed months and the high uncertainty in demand Germersheim has got a 
safety stock of at least two months average demand per item. One month safety stock to deal with 
the lead time of 28 days and one month for the delivery time fluctuation of four weeks (see 3.3). 
The high safety stock can be explained by the fact that the demand for a certain month has to be 
planned two months in advance. In reality the average stock levels of certain engine variants at 
Germersheim are frequently three or even four months average demand This is due to extra safety 
stock to compensate for the forecasting errors or planning misfits. 

• Presently the generated production orders for MB-MTR are replenishment orders and no real 
customer orders. This makes that MB-MTR has no real insight in the market developments in the 
short term. This can trouble the planning activities of MB-MTR and stimulate planning mistakes. 
For example: based on a replenishment order MB-MTR might conclude that the demand for that 
engine is increasing. One customer order may be responsible for the crossing of the re-order level 
at Germersheim, whereas the real demand for that engine is declining. 

• MB-MTR and Germersheim plan the yearly production volume in a year contract. In the contract 
an agreement is made on the amount of engines that Germersheirn will order at MB-MTR each 
month of the coming year. Consequences of the structure of this year contract can be explained by 
the following example. 

Example: 
Assume that Germersheim agrees in the year contract to order l 000 engines each month, not 
regarding seasonal patterns or holidays. Assume that for a given month the forecasted demand is 500. 
However the contractual amount of I 000 engines must be ordered. This means that for the remaining 
500 engines Germersheim is free to order the engine types they like. Of course they will order those 
engines for which they think the demand in the next months will be high. In that way Germersheim 
can build up stock for those engines that are expected to sell well. The problem is that for those 
engines there has been no return of used engines, because the demand is speculated. This means that 
for the production of that extra demand MB-MTR needs to procure a lot of new parts which makes the 
engines expensive. These engines are referred to as critical engines, because the components for this 
engines are not available. 

• In the present situation MB-MTR has little or no influence on the level of end products at 
Germersheim. The high stock levels of end products to buffer against the high uncertainty in 
demand, retain many critical parts which are not available for MB-MTR in case the parts could be 
used alternatively, to fulfill unexpected demand for those items. The safety stock at Germersheim 
is not alternatively applicable. 

Many of the above mentioned problems can be avoided by the introduction of an ATO control 
concept. 

A decomposition of the production step re-assembly can be made by the introduction of the two 
separate production steps sub-assembly andjinal assembly. This extra decomposition is necessary to 
better support the planning and control process for engine re-manufacturing in an ATO situation. In 
an A TO situation the production steps sub-assembly and final assembly are controlled differently. The 
sub-assembly process is controlled planning based and the final assembly is triggered by the 
individual customer orders. 
The introduction of the ATO control concept also has consequences for the position of the CODP. The 
CODP will shift from the stock of end products at Germersheim to the stock of sub-assemblies and 
common parts after the sub-assembly process. This will also have consequences for the physical stock 
levels at MB-MTR and Germersheim. The stock of end products at Germersheim will be eliminated 
and replaced by a stock of sub-assemblies and common parts at MB-MTR. See figure 16. 

B.N. Goossens Page26 



CODP ◄ ----------------------------------

re-conditioning Sub-assembly material issue final assembly testing transport 

CODP = Customer Order Decoupling Point 

= process • = buffer stock 

dis-assembly = stock keeping point G = Germersheim 

Figure 16: Production process ATO situation 

Together with the introduction of an ATO strategy also the planning structure has to be changed to 
cope with the specific characteristics of the ATO situation and to increase the volume flexibility and 
mix flexibility of the re-manufacture process. 
The most important changes are the introduction of the Master Production Schedule (MPS) and the 
Final Assembly Scheduling (FAS). Both play an important role in the control process ofan ATO 
situation. 
• The Master Production Scheduling for the anonymous planning based production of MPS-items. 

The MPS is a plan for the production of MPS-items for a certain period of time. MPS-items are 
those items that are planned by the MPS to be produced based on forecasts. 

• The Final Assembly Scheduling for the customer order driven final assembly process. 

An extensive description of the ATO planning process and the increased flexibility to be expected via 
the introduction of the ATO control structure are presented in chapter 5. 

4.6 Expected cost reduction A TO control concept 

In this paragraph the expected cost reductions which can be achieved when implementing the ATO
control concept are discussed. The emphasis will be on the reduction of the inventory holding costs. 
For other cost reductions that are to be expected in the ATO control situation, it will be very difficult 
to quantify the expected cost reductions. 

A complication regarding the total levels of inventory is that MB-MTR and Germersheim are separate 
cost centers. 
This means that a reduction of the stock level of service engines (at Germersheim) reduces the cost at 
Germersheim, but brings no cost reduction for MB-MTR. The work in progress and the stock levels of 
parts and sub-assemblies at MB-MTR will increase to make the stock reduction of service engines at 
Germersheim possible. That means that the costs for MB-MTR will increase, because all the costs 
made to create an assemble to order situation are on the account of MB-MTR. Of course this situation 
does not stimulate MB-MTR to put in the effort and money if no return on investment is expected, 
quantified in a cost reduction for MB-MTR. 

Therefore an agreement should be made between MB-MTR and Germersheim to create a win-win 
situation. 

This is a sub-optimization out of the Mercedes-Benz company point of view. The problem however is 
more complicated, because also political decisions are involved. 
It is not worthwhile to look at the cost reductions for MB-MTR and Germersheim separately. A cost 
reduction for Germersheim would automatically mean increasing costs for MB-MTR, in case MB
MTR and Germersheim are considered as separate cost centers. The strong mutual relationships are 
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the reason to consider only integral costs. How both parties can profit from the integral cost reduction 
should be of later concern. 

In the present situation with the fixed time fence of 2 months and the uncertainty for Germersheim 
about the exact delivery date of the engine variants, high levels of engine variants are kept in stock at 
Germersheim. At Germersheim the average stock level of an engine variant varies between 2 and 3 
months average demand. The total annual average stock level of engine variants at Germersheim is 
6000 pieces. 
For simplicity reasons, seasonal demand patterns and the presence of capacity stock are not taken into 
account in this analysis. 

For the ATO control concept the following changes are expected/necessary: 
• The stock of engine variants at Germersheim will be replaced by a stock of MPS-items (sub

assemblies and common parts) at MB-MTR. 
• The average stock level of MPS-items at MB-MTR must be sufficient to compensate for the 

cumulative production lead time to produce the MPS-items. A cumulative lead time of one month 
is a realistic estimate. See figure 15 in paragraph 4.4. In case of MB-MTR this means that the 
average stock level of MPS-items will be one month average demand per MPS-item, supplemented 
with a safety stock to deal with the variation in the monthly demand. 

• If Germersheim still wants to deliver the local repair facilities within one day, then Germersheim 
shall have to keep a small safety stock of engine variants, to compensate for the delivery time of 
three days from MB-MTR to Germersheim. A safety stock of one planning period (one week) 
average demand should be sufficient to compensate for the three days delivery time. This is a 
conservative estimate to not overestimate the expected cost reductions. 

Germersheim: 
The 6000 engines represent 12 weeks average demand (three months). The remaining safety stock at 
Germersheim of one week average demand equals 6000/12 = 500 engines. This is a reduction of 5500 
engines. 
Thus the total stock level of engine variants at Germersheim will be reduced from 6000 engines to 500 
engines. This is less than one tenth of the present stock level. 

MB-MTR: 
At MB-MTR a stock of MPS-items of one month average demand must be built up, to be able to start 
the final assembly process after the order entry. This equals a stock of 2000 engines ( 6000/12 * 4). 
The 2000 engines are stocked in the form of MPS-items like long-blocks, water pumps, dynamos, 
screws etc. 

• Integral cost reduction: 

In the first place there is a reduction of the stock of engine variants at Germersheim of 5 500 pieces. If 
the value of an engine variant in stock is set equal to the cost price of an engine variant, then the total 
cost reduction can be formulated as follows: 

Formula I. 
I CR = 5500 * CP(EV)av 

CR = Cost Reduction 
CP(EV)av = Average Cost Price for an Engine Variant in stock at Germersheim 

Formula 2. 

850 850 

CP(EV)av = (1/ Xio1) * L [CP(EVn) * X(EVn)] ; with L X(EVn) = Xio1 
n=l n=l 
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CP(EVn) = Cost Price of engine variant n 
X(EVn) = number of engines of engine variant n in stock at Germersheim 
Xw1 = Total number of engine variants in stock at Germersheim. In the present situation X101 = 6000 
MB-MTR re-manufactures 850 different engine variants 

Opposite to the cost reduction there is an increase in the stock of MPS-items at MB-MTR. 
This cost increase can be calculated as follows: 

Formula 3. 

I CI = 2000 • CP(EV)av • p 

CI = Cost Increase 
p = percentage ; with 0 < p ~ l 

The cost price to value the stock of MPS-items necessary for one engine variant is lower than the cost 
price for the complete engine variant at Germersheim. This is presented in formula 3 by multiplying 
the average cost price for an engine variant with a percentage p. 
The height of the percentage p must be estimated by MB-MTR. Hereby the following costs factors 
should be taken into account: 
• The final assembly costs 
• The testing and preservation costs of the engine 
• The transport costs from MB-MTR to Germersheim 
• The stocking costs made by Germersheim to stock the engine variants 
These costs are made after the receipt of a customer order and should be subtracted from the cost price 
for the complete engine variant. The higher the contribution of these costs to the total cost price of the 
complete assembled engine variant, the lower the percentage p should be. 

The Integral cost reduction is obtained to balance the cost reduction, caused by the reduction of the 
stock of engine variants, with the cost increase, due to the increase of the stock of MPS-items at MB
MTR. The integral cost reduction is presented in formula 4. 

Formula 4. 

I ICR = [5500 • CP(EV)av] - [2000 • CP(EV)av • p] 

ICR = The Integral Cost Reduction. 

An interesting point to look at is the height of the required safety stock levels of MPS-items in the 
A TO-situation, compared with the required safety stock levels of complete engine variants in the 
present situation. 

In the A TO-situation the forecasts are made on MPS-item level. The MPS-items show a higher degree 
of commonality than the engine variants. This means that the forecasts made for the MPS-items refer 
to larger amounts than the individual forecasts made on engine variant level. 
The forecasts on a level with high commonality and the increased forecast numbers due to the 
aggregation of the items to be forecasted, can be responsible for more accurate forecasts. The 
fluctuations in demand for the individual engine forecasts are smoothened on MPS-item level. 
This phenomenon is illustrated in table 3 of appendix 4. The forecasts on MPS-item level, in this case 
a long-block, is relatively stable compared to the individual forecasts for the engine variants 
containing the same long-block. The great fluctuations per planning period for the individual engine 
variants are smoothened on the long-block level, due to the aggregation on MPS level. 
Apart from the more stable demand pattern per planning period on MPS-item level, also the 
fluctuation in the monthly demand is reduced considerably, compared with the fluctuations on engine 
variant level. The latter is very important for the determination of the height of the safety stock level 
for the MPS-items. 
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A method to calculate the safety stock level for an item often found in literature [2,4] and also used in 
Germersheim, is the following: 
Assumption: Normally distributed forecast errors. 

ss = safety stock 
k = safety factor 
Ch = the standard deviation of errors of the forecasted demand over the production/replenishment* 
lead time, in units 

* = In case of the present MTS situation it is better to speak of the replenishment lead time for the 
engine variants stock at Germersheim. For the MPS-items in the ATO-situation the replenishment 
lead time for the stock of MPS-items equals the cumulative production lead time for the required 
MPS-items. 
The safety factor k must be determined based on the safety stock policy of the company. Criteria like 
the required delivery performance or safety stock costs are involved. Also different values of k can be 
determined for different groups of items. 

In appendix 4, the reduction of the safety stock for a single long-block is calculated on the hand of an 
imaginary example. The numbers used in the example in appendix 4 are imaginary, but realistic. 
The variations in the demand are a prudent reflection of the variations that might occur in reality. 
The calculation method is also applicable for other MPS-items like water pumps or dynamos. 
The example must be seen as an indication of the possible safety stock reductions that can be achieved 
if the safety stock is kept on MPS-item level, instead of end product level. 
At the end of appendix 4 some general formulas are presented, which can be useful to give a first 
impression of the possible reduction of the safety stock that can be achieved. 

The example in appendix 4 shows the following results: 
When the safety stock is kept on MPS-item level and not on end product level, considerable safety 
stock reductions (in units) can be achieved. 
In the example, the safety stock of long-blocks in the present situation , tied up in engine variants and 
in the safety stock for the autonomous demand for long-blocks, is compared with the safety stock of 
long-blocks in the ATO-situation. Keeping the safety stock on MPS-level results in a stock reduction 
of more than 70%. See appendix 4 for more details. 

The relatively high safety stock reduction is caused by the following factors: 
• In the present situation there is a safety stock for every individual engine variant. The total safety 

stock on component and sub-assembly level is the sum of these individual safety stocks. 
• The standard deviation of errors of forecast, for the engine variants is relatively high compared to 

the average demand forecast for the engine variants. See table 4 in appendix 4. 

The ratio aL \ Xaven,ge for the engine variants in the appendix, varies between the 12 and 45%, 
whereas the ratio for the aggregated forecast for long-blocks in the A TO-situation is only 6%. 

The results presented are based conservative figures. The real environment will show even greater 
variations in demand, resulting in higher safety stock reductions and greater differences between the 

ratio aL \ Xaverage of engine variants and long-blocks. 

The general formula for the safety stock reduction for all long-blocks comparing the present situation 
with the ATO-situation is given in formula 5. See also appendix 4. 
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• Total safety stock reduction for all long-blocks (safety stock reduction in units) : 

Formula 5: 

N Mn N N 
safety stock reduction = k * r. [ r. ot(EVnm) ] + k * r. [ aL(LBn)Aur] - k * r. [ aL(LBn)AGG] 

n=l m=l n=l n=l 

EVnm = Engine Variant nm containing long-block n (LBn) 
N = number of different long-blocks 
Mn = number of different engine variants containing long-block n 

O"L(LBl)Aur = the standard deviation of errors of forecast for the autonomous demand for long-blocks 

O"L(LB 1 )AGG = the standard deviation of errors of forecast for the aggregated demand for long-blocks 
k = safety factor 

Factors that influence the quantity of the stock reduction: 
• Mn, the number of different engine variants containing long-block n. An increasing m will lead to 

a higher safety stock reduction. This means, the higher the commonality (an increasing m) of a 
long-block (or MPS-item), the higher the possible safety stock reduction. 

• k, the safety factor. Ifk increases also the absolute safety stock reduction (in units) increases. In 
the example of appendix 4, the absolute safety stock reduction increases from 13.8 units to 20.8 
units, when k increases from 2 to 3. This is an increase of more then 50%. High values of k are 
used when the forecast uncertainty is relatively high. This is the case at MB-MTR 

• The accuracy of the forecasts (lh) . Because in the ATO-situation the forecasts are made on the 
aggregated MPS-level, the forecasts will be more accurate. This means a reduction of the 

O"L(LBn)AGG in formula 5. This implies again an increasing safety stock reduction. The standard 
deviation of errors of forecast is also influenced by the fixed fence of the forecasting horizon. This 
fixed time fence will be reduced with one month in the A TO-situation. If the length of the fixed 
time fence decreases, the accuracy of the forecast will increase, because the flexibility to adjust the 

forecasts on the shorter term increases. The more accurate forecasts can lead again to a lower O"L. 

To translate the reduction of the safety stock in a reduction of the integral inventory holding costs, the 
stock reductions in the present situation and in the ATO-situation have to be multiplied with the cost 
price of the stocked items. 
The engine variants in the present situation have a higher value than the long-blocks in the A TO
situation. Therefore the cost prices to value the safety stocks, have to be chosen carefully. To be exact 
the value of the total safety stock of all the MPS-items has to be compared with the total safety stock 
for all engine variants. 
A faster way to become an indication of the safety stock reduction that can be achieved is to compare 
the safety stock of long-blocks with the safety stock of engine variants, like in the example of 
appendix 4. A long-block makes up about 70% of the complete engine variant. Besides, other MPS
items are likely to have a higher commonality than the long-blocks and thus have at least equal safety 
stock reduction percentages. 

If the safety stock reduction percentage of the long-blocks is taken as a norm for estimating the total 
safety stock reduction for all the MPS-items, and the same cost price logic to value the MPS-items is 
used as presented in formula 3, then the value of the total safety stock reduction (costs) can be 
approximated by formula 6, presented in appendix 5. 

Other advantages of keeping MPS-items in stock instead of engine variants are mentioned below: 

• The MPS-items are alternatively applicable. This means that the MPS-items can be used in more 
then one engine variant, depending on the commonality of the MPS-item. This increases the 
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flexibility of the (safety) stock of MPS-items and compensates for planning/forecast misfits. This is 
illustrated in the following example: 
For a certain engine family, engine variants containing the same long-block type, a forecast is 
made. 

Example: 
Forecast 

EVIi IO 
EV12 IO 
EVI3 5 
EV14 5 
LBI 30 

Customer orders 
8 

12 
8 
2 

30 

For a certain time period 30 long-blocks are forecasted, derived from the individual demand forecasts 
for the engine variants containing the related long-block. The real customer orders for the engine 
variants do not exactly correspond with the forecasts, but because the long-blocks can be used in all 4 
engine variants, the aggregated customer orders on long-block level can be met. 

• The MPS-items have to be stocked at MB-MTR. This means that in case redundant stock exists, 
the redundant stock can easily be re-used on material/part level. Especially critical parts tied up in 
the redundant stock and needed urgently for other long-block re-manufacturing, can be obtained 
by dis-assembly of the redundant long-blocks. This increases the flexibility. 

• If the accuracy of the forecasts increases and less critical parts are tied up in the engine variant 
stock at Germersheim, a more efficient use of the critical parts is possible. This can result in a 
decreasing need for new, expensive parts in the re-manufacturing process. It is very difficult to 
estimate the possible cost reduction that can be achieved with the reduced need for new parts. 

• If the safety stock is kept on MPS-item level, MB-MTR has got the possibility to make a 
differentiation between the safety stock policy for the different MPS-items. 
MB-MTR can have different safety stock policies for different MPS-items, based on the specific 
characteristics of the MPS-items. Individual planning forecasts and determination of the standard 
deviation of errors of forecast can be used, in order to determine the optimum height of the safety 
stock buffers per MPS-item. 
In this way the relation between the specific problems on MPS-item level, like demand 
uncertainty, and the solution, the height of the safety stock buffer, is made clear. This enables MB
MTR to adjust the buffer policy per MPS-item to the nature of the uncertainty of the MPS-item, 
which increases the chance of a more effective use of the safety stock policy. 
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5 A control concept for the ATO situation at MB-MTR 

5. 1 introduction 
In paragraph 5.2 the total control concept for the ATO-situation is presented. Special attention is paid 
to the integrated position of Germersheim in the total ATO control concept. 
In paragraph 5.3 the changes in the control structure, compared with the present situation, are 
described in more detail. The focus will be on the control functions MPS, MRP and FAS. Control 
functions for which no (big) changes are expected, will not be described in this chapter. A complete 
description of all the control functions of MB-MTR for the present control situation, already exists 
and can be found in the PAWS document, Mercedes-Benz MTR; business Control Model, Van Oyen, 
Goossens, Driesch (1997) [12). 
In paragraph 5.4 the advantages and disadvantages of the ATO-control concept compared with the 
present control concept, are discussed. 

5.2 Assemble-To-Order control concept 

In this paragraph the ATO-control concept will be described. First the total concept is presented to 
show the relations and the main information flows between the different control functions. Also the 
position of Germersheim within the control concept is explained. After the global description, the 
changes in the control functions with respect to the present control structure will be described. The 
activities as well as the information exchange with other functions are discussed. 
The control concept presented here is designed based on the situation at MB-MTR and should be 
considered as a proposition for improvement of the present control concept and a way to achieve the 
requirements stated by MB-MTR for the future. 

The total control concept is presented in figure 17. 
The first thing that is noticed, when looking at the figure, is the special integrated position of 
Germersheim in the ATO control concept. This shows again that MB-MTR and Germersheim should 
not be considered as two separately operating cost centers, but as complementary business units that 
should cooperate very closely in order to control the re-manufacture process of engines as efficiently 
as possible. 
The cooperation between MB-MTR and Germersheim and the information exchange between the two 
is of crucial importance for a successful implementation of the suggested A TO-control concept. 
Without this interaction it must be questioned if the proposed A TO-control concept can be realized. 
Expected cost reductions, shorter delivery times and a more flexible re-manufacture process are 
favorable for both parties and form a healthy basis to start negotiations about the possibility of 
implementing the proposed control concept. 
For the description of the control concept it is assumed that the cooperation will form no problem. 
Scenarios of what MB-MTR should do if Germersheim does not want to cooperate, are discussed in 
the recommendations in chapter 7. 

There are several linkages between the different control functions in figure 17. These interfaces 
represent the flows of information that allow the respective functions to be performed. These 
information flows will be described simultaneously with the description of the respective functions. 

The stocking point at Germersheim in the ATO situation consists of capacity stock to buffer against 
peaks in the demand (seasonal patterns) and a small buffer stock to buffer against the delivery lead 
time of three days from MB-MTR to Germersheim. With the introduction of the ATO strategy the 
capacity stock of long-blocks should be situated at MB-MTR. This way the capacity stock of long
blocks can be reduced too. See advantages in paragraph 5.4.1. 
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Figure 17: Control concept A TO-situation (MB-MTR/Germersheim) 

In the COOP the MPS-items and supplementary common sub-assemblies and parts are stocked. 
In the next paragraphs, the planning process of the A TO control concept will be discussed in detail. 

5.3 The planning process 

In this paragraph the planning process for the ATO-situation will be analyzed. A proposition is made 
for the design of the planning process for an A TO control concept at MB-MTR. 

The proposed planning process is based on the Manufacturing Resources Planning framework, in 
literature often referred to as MRP II, Vollmann et al. (1988) [11); Bertrand et al. (1990) [2] ; 
Verwoerd (1993) [10) . 

Important difference with the present situation at MB-MTR are the introduction of the Master 
Production Schedule, the MPS and the Final Assembly Scheduling, the FAS. 
The future structure of the planning-based part of the planning process for an A TO-situation is 
presented in figure 18. This structure is close to the approach of the planning process found in 
literature and in line with the above mentioned MRP II-concept. 

First a brief description of the planning process is given for a good overview of the process. Then the 
MPS and the MRP will be described in more detail in respectively paragraph 5.3.1 and 5.3.2. The 
description of the MPS and the MRP is followed by a description of the part of the production process 
that is controlled by the customer orders via the Final Assembly Schedule (FAS) in paragraph 5.3.3 . 
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Figure 18: Planning-based part of the planning process A TO control concept 

Germersheim provides to MB-MTR a time phased forecast for each engine variant per planning 
period. At MB-MTR these forecasts are translated into a time phased production plan (material plan) 
for the MPS-items per planning period. This is done in the MPS-module using planning BOMs and 
checking the available capacity. The production plan is aggregated with the forecasted extra demand 
for the MPS-items originating from Germersheim or other external customers. The production plan is 
released to the MRP. In the MRP the time phased production plan will be translated in production 
orders for the common sub-assemblies, based on information like the BOM of the MPS-items and the 
stock levels for the sub-assemblies and re-conditioned parts. The time phased production orders are 
released to SFC, where the production orders are executed. The re-condition process is controlled by 
SFC based on the actual stock levels of the used parts, just like in the present situation. 

Other differences compared with the present situation will be the length of the fixed time fence and 
the length of the planning periods. 
The present fixed fence of two months and the planning periods of one month are too big. This 
unnecessarily restrict the flexibility of the planning process. 
A proposition for a possible fixed time fence and the lengths of the planning period is presented in 
paragraph 5.3.4. 

5.3.1 Master Production Schedule (MPS) 

The MPS is a plan for the production of MPS-items for a certain period of time. MPS-items are those 
items that are planned by MPS to be produced based on forecasts. The MPS must be realistic. This 
means that MB-MTR must have sufficient capacity to produce the scheduled production quantities. At 
the same time the MPS has to be in line with the expected sales volumes of the engine variants 
provided by Germersheim. Therefore the MPS has to be created in close interaction between MB
MTR and Germersheim and both parties have to agree upon the proposed MPS. Another important 
factor is that the MPS does not contradict with the year planning which is also an agreement between 
MB-MTR and Germersheim. What is valid for the MPS should also apply for the year planning. It 
must be realistic. In the present situation, in the negotiations for the year contract, MB-MTR tries to 
deliver as many engines to Germersheim as possible to reduce the costs for MB-MTR. This creation of 
artificial demand will eventually work against MB-MTR in next negotiations. Also critical parts and 

B.N. ~ Page 35 



capacity is tied up in surplus stock of complete engine variants at Germersheim, which could be used 
better by MB-MTR for the production of other engine variants, or sold as such. This would increase 
the volume flexibility of MB-MTR. 

An important decision which has to be made is the MPS-level: At what level of the product structure 
the MPS should be situated. 
Because the MPS-items have to be forecasted, the number of MPS-items has to be limited. The 
forecasting of all individual MPS-items will be a very time consuming and in the case of MB-MTR, a 
very complex activity. Complex because, in the case of MB-MTR, a higher BOM-level of the MPS
items also means more alternatives and dependent relations between alternatives in the BOM to take 
into account in the forecasting process. 
In literature the following three criteria are mentioned which can help to determine the MPS-level for 
a certain production situation, Bertrand, Wortmann and Wijngaard, (1990) [2] : 
• In many situations it is good to couple the MPS to a level in the product structure where the variety 

of the items is small and the commonality of the items is high. In an ATO situation this level in 
the product structure is formed by the sub-assemblies and common parts. See figure 12 in 
paragraph 4.3. 

• It is preferable to couple the MPS-level to the COOP. This is because for the COOP as well as for 
the MPS-level applies that the production process before the COOP respectively the MPS-level, is 
controlled based on a planning. 

• Choose the MPS-level there where it is preferred to keep the safety stock. This is the level with a 
relatively high degree of commonality for the MPS-items. 

When the above criteria are taken into account, and also what is said in chapter 4 about the product 
structure and the COOP for an ATO situation, a good possibility for MB-MTR would be to put the 
MPS-level on the level of the long-blocks and supplementary sub-assemblies and common parts. 

Other support to put the MPS-level on the level of long-blocks and common sub-assemblies and parts 
was found in W.J. Tallon (1992) (7) . 

The degree of market competitiveness can form a major factor which influence the choice for the 
MPS-level. As mentioned in chapter two, MB-MTR has to deal with an increasing level of 
competitiveness for re-manufactured engines. A measure of a firms competitiveness is the delivery 
time performance. If MB-MTR changes to the ATO strategy then MB-MTR has to deliver non
standard end products within a competitive lead time, set by MB-MTR on three days. Failure to 
deliver within a competitive delivery time may result in future sales lost to competitors which are able 
to do so. 
The relationship between the MPS planning system design and the delivery times achievable in an 
ATC-situation is depicted in figure 19 [7]. 
The vertical axis represents the number of MPS-items specified for the planning system. The 
horizontal axis represents the average cumulative processing time required to produce the end 
products. The shape of the curve illustrates the 'hour glass shape" product structure as presented in 
figure 12 and also in figure 14. 
A decision must be made as to the point in the product structure where the master scheduling is to be 
performed. The point selected in figure 19 represents the lowest level in the product structure where 
master scheduling is performed. This is also the point where the number of MPS-items which have to 
be planned in the MPS is minimized. This way the size of the MPS planning system is minimized too, 
because less MPS-items have to be planned. 
This point also determines the proportion of the total processing time that is used for the production of 
the MPS-items based on forecasts, indicated in the figure with MPS lead time. The remaining 
cumulative processing time is required to complete the end products. This is the time required for the 
final assembly activities and other operations like testing of the engines and transport to 
Germersheim, after the entry of a customer order. In figure 19 this period is indicated as the final 
assembly lead time. For simplicity reasons the transport to Germersheim is included in the final 
assembly lead time in figure 19. 
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The final assembly lead time can be considered as the minimum possible lead time for the engine 
variants. In case of MB-MTR the minimum lead time should be at the maximum three days 
(including the transport to Germersheim). 

Raw 
Material 

High 

Number of 
MPS-items 

Low 

0% 

MPS 

Lead Time 

1 Final Assembly 

End 
Products 

-►,.._- - - - - -► 

Lead Time 

100% 
Cumulative processing time 

Figure 19: Effect of MPS design on delivery lead time. 

If master scheduling is performed earlier in the production process, e.g . at component level, a large 
number of MPS-items must be planned, due to the wide variety of components. Furthermore, a 
significant proportion of the total processing time would need to be performed after the receipt of the 
customer order. This would result in relatively long final assembly times and thus long delivery times. 

Delivery times can be shortened by master scheduling and stocking items near the end of the 
production process. However the closer the master scheduling takes place to the end of the completion 
of an end product, the more committed the MPS-item is to a specific end product configuration. , the 
more difficult it may be to forecast and the greater the number of MPS-items to be forecasted. Another 
important factor to take into account is that inaccurate forecasts for MPS-items near the completion of 
the production process can translate into high inventory levels. This is an important factor for MB
MTR, because forecasting service items is difficult and often uncertain. This can be seen in the 
present situation where the inventory levels of engine variants at Germersheim are high, caused by 
inaccurate forecasts due to long delivery times. 
For MB-MTR a trade-off has to be made between the number and position of the MPS-items within 
the product structure and the proportion of the total processing time to be performed after customer 
order receipt. 

The location of the MPS activities at the level of the long-blocks and complementary sub-assemblies 
and parts is supported by the above mentioned arguments: 
• The number of MPS-items is kept relatively small. Considering the long-block as an MPS-item 

will guarantee the number of MPS-items to be close to the optimum as indicated in figure 16. This 
will reduce the planning effort for master scheduling the MPS-items. 

• Forecasting long-blocks and common sub-assemblies and parts will result in more accurate 
forecasts, because forecasts on engine family level and individual engine variant level can be 
aggregated on MPS-item level. Forecasting on component level is in case of.MB-MTR very 
difficult. The alternatives and the dependent relationships in the BOM's of the engine variants 
complicate the forecasting of the individual components. An extra complicating factor is that the 
choice for alternatives depend on the availability of raw materials in the form of used engines and 
used parts. Forecasting on a higher level in the product structure, e.g. on end product level, is 
more inaccurate. 
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• The remaining final assembly time after the receipt of a customer order is kept relatively small. 
The lead time for the final assembly, started from the MPS-items, varies between 0,5 and l hour, 
depending on the number of sub-assemblies and common parts which are used in the final 
assembly process, to complete the engine variant. Apart from the final assembly also the testing of 
the engine and the transport of the engine to Germersheim must betaken into account regarding 
the total delivery time, defined as the time between the receipt of a customer order and the delivery 
of the order to Germersheim. A detailed analysis of the possibility to realize a delivery time of 
three days is presented in appendix 1. 

Criteria to identify the MPS-items are: 
• The total lead time for production of the MPS-item or the purchase lead time in case the MPS-item 

has to be procured externally. If the lead time is too long to start production after the order entry 
and still meet the delivery time requirement of three days. To assure the timely availability of the 
items, the production or purchase has to be started based on forecasts. 

• The possibility to plan the item based on the average usage per planning period. When items can 
be controlled usage based then this should be preferred to a control method based on forecasts and 
a MPS. This will reduce the planning effort and the control complexity. 

• How critical is the availability of an item for the final assembly of an engine variant. This criteria 
is only interesting if the item can not be procured or produced on the very short term, short enough 
to be triggered by a customer order without endangering the delivery time of three days. 

One item that meets all the presented criteria and must be considered as a future MPS-item, is the 
Jong-block. 
The total lead time for the production of a long-block is much too long to start production after the 
order entry and still meet the delivery time requirement of three days. Therefore the production of 
long-blocks has to be based on a planning. 
The long-block is a critical sub-assembly and contains many specific and critical parts with long 
production lead times and purchase lead times. 
Another reason is that also long-blocks will be sold separately in the future. The forecasts for the long
blocks that will be sold and the forecasts for long-blocks derived from the forecasts for engine variants 
can be easily aggregated on MPS-level. 

For other items, like common parts or sub-assemblies, the decision to make them MPS-items is less 
evident. It must be investigated per item individually whether the item must be considered as a MPS
item and the consequences of this decision have to be investigated. 
Material planners and management at MB-MTR stated that, apart from the long-block, not many 
critical sub-assemblies and common parts could be distinguished. 
The remaining sub-assemblies and common parts have a higher commonality than the long-blocks. 
Furthermore it was stated that many of the complementary sub-assemblies and parts could be 
controlled usage based. 

A problem when deciding whether an item must be a MPS-item or not, is that very little information 
about the items is available at MB-MTR that can support this decision. Reason for this is the 
complexity of the product structure and the many possible alternatives. 
Especially in the beginning this decision will be a process of trial and error. It is impossible to give 
rules that uniquely identify all the MPS-items. It remains a question of interpretation and common 
sense. The criteria presented here can support the decision of what items should be MPS-items. 
It is impossible to discuss all the sub-assemblies and common parts individually. To show some 
problems that can occur when MPS-items are determined, some examples are given. 

For sub-assemblies like water pumps and dynamos, which are also sold as such, a different 
interpretation of the criteria can lead to a different decision. 
On the one hand they can be considered as MPS-items, because the lead time for production is too 
long to start production after the order entry. Also the forecasts for the separate sub-assemblies and 
the demand originating from the engine variants can be aggregated on MPS level. 
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On the other hand it might be interesting to look at the possibility to control these sub-assemblies 
usage based. When the average demand for water pumps and dynamos turns out to be relatively stable 
then it could be possible to control the stock levels for these sub-assemblies with Statistical Inventory 
Control (SIC). This would reduce the planning and control complexity. The focus will be on the 
setting of the parameters in the ERP-system like: stocking policy, re-order level, order quantity. 

An example of a critical part, specific for a certain engine variant, is a special screw only needed in 
the final assembly for that engine variant. It must be questioned if such an item must be a MPS-item, 
also when the lead time for procurement is long. It might be easier and economically attractive to keep 
the forecasted year production, or another appropriate time period, for that screw in stock with a 
certain safety stock level. Especially when the screw has a low value and the required storage space is 
small this possibility is attractive. This way no difficult planning algorithms are necessary. 

The decision to consider an item as an MPS-item is no final decision. A constant evaluation of the 
MPS-items is necessary. This should be a constant and dynamic process. 

Planning of the MPS-items 

The MPS-items can be planned using Planning Bills Of Material (PBOM). 
A planning bill can be defined as an artificial grouping of items in a bill of material format, which is 
used to facilitate master scheduling or master planning. The MPS planning BOMs are required when 
it is necessary to forecast and plan at a product level below the end product configuration, due to high 
end product configuration variety. 
In an ATO situation the end product configurations can be assembled from a group of common parts 
and a small number of options. In this case it can be useful to use modular PBOMs. An example of a 
modular BOM structure is given in figure 20. 

Production plans that are stated in more aggregated terms may need to be disaggregated to lower 
product levels in order to produce significant common part sets. That is, there may be only a small 
number of parts or sub-assemblies common to all engine variants produced by MB-MTR, but there 
may be a very large number of components or sub-assemblies that are common to an engine family. In 
this case, the disaggregation of the company' s production plan by engine family would increase the 
common part set and make the use of modular planning bills more feasible. 

Engine family 

Feature Feature 

common parts Option Option Additional 
option 

Option Option 

Option 

Figure 20: Modulair BOM structure 

Engine variants can be grouped according to engine families. Every engine family has a module of 
common parts, present in all engine variants of the engine family . Also modules for options of unique 
components for specific end product configurations can be distinguished. These modules are called 
"features". A feature is group of alternative, mutually exclusive options. The modules do not 
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necessarily have to be producable sub-assemblies, but can also be a logical collection of components, 
also called "pseudo". The pseudos are not physically produced, but used for planning purposes only. 
An advantage of the PBOMs is that they better support the Master Production Scheduling than end 
product BOMs. 
The relations between engine families and modules are expressed in percentages. 
The aggregate plan (the MPS) at engine family level can be translated into a MPS for the modules 
using the percentages in the PBOM. 
The advantage of aggregated forecasts on engine family level is that as a rule aggregated forecasts are 
more accurate than detailed forecasts on end product level. Besides the planning process will be 
easier, because only the fractions in which the modules occur in the engine family have to be 
forecasted, without bothering about the combinations in which the modules will be ordered. 
In appendix 2 an example of a PBOM for the situation of MB-MTR is given. 

At MB-MTR some dependent relationships between options of different features exist. This can be a 
complicating factor when the individual option percentages have to be forecasted. It must be tried to 
keep the dependent relationships between options of different features in the PBOMs to a minimum. 
When no other alternative is possible and the relationship is of great importance, the dependent 
relationship between two options of different features can be programmed in the logic of the PBOM. 
This can be the case if the options form a matched set of parts. The changing of the logic should only 
be done when it is used very often and no alternative solutions can be found. For example parts that 
form a "matched set" can be brought together in the same option. 

End product BOMs still will be necessary for the final assembly of the engine variants. 
The working of the Master Production Schedule is presented in appendix 3. Here the working is 
explained on the hand of an imaginary example for long-blocks. Also the Available To Promise logic 
is explained. This will be used in the FAS-process described in paragraph 5.3.3. 

5.3.2 Material Requirements Planning (MRP) 

MB-MTR changed the standard MRP logic to cope with the particularities of he re-manufacturing of 
engines. The biggest changes made by MB-MTR are in the logic of the MRP-module. The MRP-logic 
is able to generate a product configuration based on the availability of the different alternatives, taking 
into account the dependent relationships between the alternatives. The logic also helps optimizing the 
use of re-manufactured material. For a more detailed description of the MRP-logic of MB-MTR see 
chapter 3. 
Presently no better (standard) MRP alternative is available on the market which is able to cope with 
the problems or particularities of the engine re-manufacturing at MB-MTR. The flexibility concerning 
the production Bills of Material generated by MRP, is guaranteed by giving the material planners the 
possibility to make manually changes at shop floor level, if problems occur. This should only be done 
in exceptional cases. 
Uncertainty about production lead times caused by quality differences in the used material, and the 
yield of certain production steps also depending on the quality, is included in the parameter settings 
like scrap factors and average lead times, for different quality levels of the required materials. 

An important difference with the present situation when the ATO control concept is adapted are the 
items for which the MRP-run must be executed. The MRP will no longer be executed for complete 
engine variants, but for long-blocks and commons like sub-assemblies. A consequence of this change 
is that the MRP will no longer use end product bills of material to configure complete engine variants, 
but bills of material on MPS-item level, e.g. BOMs for long-blocks, water pumps or dynamos, in order 
to produce the planned MPS-items. 
A danger of this approach is that a different alternative decision within one long-block type might 
have consequences for which complementary parts will be needed to assemble the complete engine 
variant. Because the alternative decisions are made after the items have been planned, this would 
cause serious problems. In a research on long-blocks people of MB-MTR have investigated if such 
relationships, between long-blocks and complementary parts, exist and to what extend (internal 
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report, MB-MTR documentation). Conclusions of this research showed that no important 
relationships were found 
Because the long-block represents about 70% of the complete engine variant, the changes for the MRP 
are kept to a minimum. 

In this way the strong points from the present MRP-logic are kept to a maximum for a large and very 
important part of the engine, namely the long-block. Also the present flexibility, when producing the 
forecasted long-blocks or sub-assemblies, can be maintained 

5.3.3 Final Assembly Scheduling (FAS) 

The part of the production process that is controlled by the individual customer orders is controlled in 
the Final Assembly Scheduling (FAS). In the FAS the customer orders for engine variants are 
translated into the demand for the required MPS-items. The availability of the MPS-items is checked 
This can be done using the Available To Promise logic (the ATP-logic) of the MPS-module. For an 
explanation of the ATP-logic see appendix 3. Very important is that also the capacity restrictions of 
the final assembly process are taken into account when the customer order has to be accepted. If the 
engine variant can be assembled then the customer order can be accepted Also the availability of 
other required critical parts or sub-assemblies can be checked and the resource restrictions are taken 
into account. 

In the present situation the sales activities are situated at Gennersheim. Presently the orders for re
manufactured engines are accepted by Gennersheim. The engines are delivered from stock and 
replenishment orders are sent to MB-MTR when the stock levels of the engine variants reach the re
order levels. 
For the future situation where the engines will be assembled to order the present structure has to be 
changed. 
For the A TO situation the following planning structure of the FAS process and the sales order 
acceptance is proposed. See figure 21. 

Resources 
restrictions/ 

ATP 

customer order engine variant 

Order acceptance 

Production order engine variant 

Creation Final Assembly Schedule 

Final Assembly Schedule 

Customer 

Gennersheim 

MB-MTR 

BOMengine 
variants 

Stock levels 
sub-assemblies/parts 

Figure 21: Customer order driven part of the A TO planning process 

An order for a re-manufactured engine variant, originating from the local repair facilities, is sent to 
Gennersheim. At Gennersheim it is decided whether the order can be accepted or not. This decision is 
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based on the availability of the for that engine required MPS-items and the resource restrictions of the 
final assembly process. The required information for making this decision is provided by the FAS at 
MB-MTR. If the ATP for the MPS-items are positive and no capacity problems are to be expected, the 
order can be accepted and sent to MB-MTR. Here the order triggers the final assembly process and the 
engine variant is delivered to Germersheim within three working days. 
The FAS requires end product BOMs of the engine variants to create the FAS and check the material 
availability. 

It would also be possible to locate the sales order acceptance at MB-MTR. This would have the 
disadvantage that the time between the demand for an engine and the acceptance of the order would 
be longer. Also the location of the sales order acceptance at Germersheim would prevent 
Germersheim from sending orders to MB-MTR that will not be accepted. 
The proposed structure of the FAS process requires a very close coordination between Germersheim 
and MB-MTR with respect to the information exchange. Germersheim should have the possibility to 
look in the information system at MB-MTR, to make the decision of the order acceptance based on the 
latest up-to-date inventory information at MB-MTR. 
With the possibilities of information systems now a days this should be no problem. Presently MB
MTR already has got the possibility to look at the stock levels of re-manufactured engines in the 
information system at Germersheim. 

The final assembly process at MB-MTR will not be very re-manufacture specific. The only exception 
compared with the FAS in standard ATO-situations, is the creation of the Final Assembly Schedule. 
It is possible that, for the sub-assemblies and common parts on MPS-level, still alternatives and 
mutual relationships between alternatives exist, at the moment the FAS must be created. This means 
that it must be possible when generating the FAS, that the alternatives and mutual relationships are 
taken into account. This must be programmed in the FAS-logic. The logic can be compared with the 
MRP-logic described earlier. The difference will be that the number of alternatives and relationships 
will be much smaller and the BOM out of which the FAS has to be generated much easier. 
The extra alternative configuration during the creation of the FAS makes the FAS-process more 
complex, but it also makes the FAS-process more flexible. If one alternative configuration can not be 
built, then it might be possible to choose an other alternative configuration of the same engine variant, 
which can be built. 
Still MB-MTR has to be very careful with this extra flexibility. MB-MTR should make a trade-off 
between the extra complexity of the control process and the increased flexibility of the FAS-process. 
It is recommended to keep the alternative possibilities and the mutual relationships to a minimum, in 
order to reduce the processing time of the FAS configuration. Alternatives that are not rarely used and 
which make the control process unnecessarily complex should be eliminated. 

5.3.4 Time fence and planning period 

In the A TO-situation it is recommended to work with more detailed planning forecasts. The present 
fixed fence of two months and the planning of one month are too long to be able to properly react on 
market changes or changed demand forecasts on the short term. 
For the MPS a fixed time fence is proposed of one month with planning periods of one week. 
The fixed fence for the planning horizon should be at least as long as the total cumulative production 
lead time of the MPS-items. As can be seen in figure 15, this cumulative lead time is about 20 days. 
The reason for the fixed fence of one month is that changes in the forecasts inside the fixed time fence 
of one month, can not be realized in time unless special reschedule measures are taken. Changes 
outside the fixed fence of one month can be realized without endangering the timely availability of the 
MPS-items. 
The planning has to be time phased with short planning periods of one week. It is important that the 
forecasts are more time specific to give MB-MTR the opportunity to plan the availability of the MPS
items more accurately, what can improve the delivery performance and to give Germersheim the 
opportunity to specify more accurately the due dates for the required MPS-items. Also the planning 
periods should correspond with the planning periods used by the MRP, which are periods of one week. 

Page42 
B.N. Goossens 



The MPS should normally not be changed for planning periods within the fixed time fence. The fixed 
part of the MPS correspond with the already released orders on their way to the stocking point. 
The MPS is meant to bring stability in the planned orders. The immediate processing of changed 
forecast by the MRP would lead to impossible and unnecessary planning changes. 
On the other hand, a relatively fixed MPS also got the disadvantage that it is not possible to react on 
short term changes in forecast, without causing the MRP to generate all kind of unexpected reschedule 
messages. 
For this reason it will be necessary to sometimes change the MPS on a shorter term than the 
cumulative lead time. This should not necessarily lead to big problems, because changes can be 
compensated by flexibility on lower levels in the control chain. Examples ohhis flexibility are: 
• Safety stock 
• Commonality of parts 
• Reduction of lead times 

The consequences for the inventory levels and the possible cost reduction of the changed fixed time 
fence and the shorter planning periods, are discussed in paragraph 4.6. 

5.4 Advantages and disadvantages A TO-control concept 

In this paragraph the advantages and disadvantages of the proposed A TO-control concept are 
discussed. Special attention is paid to the increased flexibility of the ATO control structure. 

5.4.1 Advantages 

• In the A TO-situation a reduction of the integral inventory holding costs can be achieved. This is 
discussed in detail in paragraph 4.6. 

• The responsibility for the stock of MPS-items is shifted to MB-MTR. This means that a reduction 
of the inventory holding costs in the A TO situation, through a more efficient control of the stock, 
is favorable for MB-MTR, in order to reduce the integral costs for MB-MTR as a cost center. 

• The strong points from the present MRP-logic and the BOM-structure are maintained. The only 
change with respect to the present situation, is that the MRP has to be executed on MPS-item level 
instead of engine variant level and that also Bills Of Material have to be available on MPS-item 
level . 

• The changed planning structure, introducing the MPS, can help in realizing a more realistic 
planning based on criteria like: available resources and expected demand. 

• The long-block concept can easily be integrated in the A TO-control concept. Autonomous demand 
for the long-blocks is taken into account by the MPS and is aggregated with the demand for long
blocks derived from the demand for engine variants. Also only one aggregated safety stock is 
required. The same is true for other MPS-items that can be sold as such. Because the autonomous 
demand has already been taken into account in the planning process, the extra demand for the 
MPS-items will not conflict with the demand for engine variants. 

• The ATO-situation gives the possibility to keep capacity stock on MPS-level. This means that the 
capacity stock of for example long-blocks can profit from the advantages of keeping MPS-items in 
stock instead of end products. Lower levels of capacity stock are to be expected, depending on the 
capacity stock policy. Capacity stock can be considered as a form of safety stock. This means that 
the calculations to determine the possible capacity stock reduction will be similar to the 
calculations for the safety stock reduction presented in paragraph 4.6. 
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An important advantage, and one of the requirements of MB-MTR for the future control concept, is 
the improved flexibility of the re-manufacturing process. How this increased flexibility can be 
accomplished via the ATO strategy is stated in the following points: 

• It is possible for Germersheim to make changes in the demand planning on a shorter term. The 
fixed time fence can be reduced from two months in the present situation to one month in the 
ATO-situation (see 5.3 .5.). This gives Germersheim one month of extra margin to adjust the 
forecasts, based on short term changes in demand This prevents MB-MTR from using critical 
parts and sub-assemblies to re-manufacture engine variants which are not needed on the short 
term. The parts and sub-assemblies are available for more urgent customer orders. 

• Also the introduction of the planning periods of one week gives Germersheim the possibility to 
improve the planning for the timely availability of the ordered engine variants. Gerrnersheim will 
no longer has to wait and see whether the engines are delivered at the beginning of the month or 
maybe at the end of the month. Together with the delivery time reduction to three days, this should 
give Germersheim the possibility to control the delivery process of the engines better. 

• By replacing the stock of engine variants at Germersheim by a stock of MPS-items (and 
supplementary parts) at MB-MTR, MB-MTR is given the possibility to profit from the high 
commonality and alternative applicability of the MPS-items. The (safety) stock of an MPS-item 
can be used in several engine variants depending on the level of commonality. This gives MB
MTR the flexibility to use MPS-items for the re-manufacturing of a specific engine variant, which 
was originally not planned for. Also a higher demand for a certain MPS-item, originating from a 
higher demand of an engine variant containing the related MPS-item, is compensated by a lower 
demand for another engine variant, containing the same MPS-item. This extra flexibility gives 
MB-MTR the possibility to plan more accurately. Also the historic evaluation of the stock level of 
an MPS-item can help in optimizing the forecast accuracy, because from this extra information 
can be obtained of the demand fluctuations of an MPS-item. 

5.4.2 Disadvantages 

• The introduction of the MPS will require more planning effort from MB-MTR and a closer 
coordination between Germersheim and MB-MTR. The change to an ATO strategy require big 
changes in the organization and working methods of MB-MTR and Germersheim. People at MB
MTR or Germersheim may be not willing to change at all. This will be a complicating factor in 
the changing process from MTS to A TO. 

• For MB-MTR a change to an A TO-control concept will result in higher stock levels at MB-MTR. 
This increase of stocking costs can be compensated for if MB-MTR benefits from the integral 
reduction of inventory holding costs. It must be possible to create a win-win situation for both 
parties. For example, MB-MTR might charge higher prices for the re-manufactured engines and 
MPS-items to compensate for the higher inventory holding costs. This price should be determined 
in such a way that both parties are able to reduce the total costs. The disadvantage is that this will 
be a sub-optimization from the Mercedes-Benz point of view. This requires negotiations with 
Germersheim and political games. This falls outside the scope of this report and will therefore not 
be discussed in his chapter. 

• Changing to an A TO-situation will have consequences for the re-manufacturing process. New 
functions and concepts will have to be introduced like the MPS, the FAS, the ATP-logic etc. 
Present functions and methods will have to disappear or must be changed like the actual way of 
master scheduling the orders from Germersheim or the re-assembly process. 
In the final assembly process the required flexibility will have consequences for the final assembly 
control. MB-MTR shall have to deal with decreasing lot sizes, due to the requirement of accepting 
customer orders on a daily basis and deliver the order to Germersheim within three working days. 
This will also result in higher cumulative change over times. This means that the flexibility in the 
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final assembly department must be high enough to support these changes. In the present situation 
no separate final assembly department exists. This means that when the ATO strategy is adapted, 
this point should be taken into account when designing the final assembly department. 
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6 ATO function requirements of the information system 

6. 1 Introduction 
In this chapter the new function requirements for the supporting information system, which refer to 
the ATO control situation, are determined. This is the I in the P-C-I-model presented in paragraph 
2.4. 
In this chapter the function requirements description is limited to the new function requirements, 
because a complete overview of all recycling specific function requirements of MB-MTR already 
exists in the form of a PAWS-document [8] . The recycling specific requirements presented in this 
document are also valid for the proposed A TO situation. 
The function requirements discussed in this chapter, are limited to the following control functions: 
MPS and the FAS. Both of the control functions will be discussed in a separate paragraph. The 
reasons of the restriction to the mentioned control functions, is that most new requirements based on 
the proposed A TO control concept, are related to these control functions. 
For the MRP and the SFC no new function requirements needed to be determined. 

6.2 Function requirements MPS 

In the present situation a form of Master Scheduling is performed at MB-MTR. See paragraph 3.3. 
This way of Master Scheduling can not be compared with standard Master Production Scheduling 
techniques found in literature [2, 10, 11) . 
The people at MB-MTR were not familiar with the standard MPS module in the TRITON software of 
BAAN, the present ERP-software of MB-MTR. When the TRITON-system ofBAAN was selected by 
the people of MB-MTR, the MPS module was not included in the deal. For this reason, a one day 
workshop was organized in which BAAN consultants of BAAN automotive from Hannover 
(Germany) explained the working of the MPS module as present in the latest version of the BAAN 
ERP software, BAAN IV. 

J. In the present situation MB-MTR does not use a MPS as described in chapter 5. The first 
requirement therefore is the introduction of a MPS in the ERP-information system of MB-MTR. 

2. The MPS must have the possibility to define a fixed time fence. 

Most ERP-systems standard have the possibility to define a fixed time fence. 

3. It should be possible to make changes in the MPS within the fixed time fence of the MPS. 

Sometimes it will be necessary to change the MPS on a term much shorter than the cumulative 
lead time of the MPS-item. This should not necessarily lead to big problems, because changes can 
be compensated by flexibility on lower levels in the control chain. See paragraph 5.3.4. 

4. The MPS must be a rolling plan with flexible definable planning periods. 

For example the first two weeks of the planning are defined day precise, the rest of the planning is 
defined week precise. 

5. It must be possible to perform a simulation run of the MPS in a test company environment that is 
an exact copy of the real company. 

This is an important requirement for MB-MTR, because due to the complexity of the re
manufacture process a simulation run of the proposed MPS is a good and effective way to check 
the feasibility of the MPS. Secondly if changes are made in the MPS, a simulation run can show 
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the problems that occur due to the changes. This way severe problems can be detected before 
implementing the changes in the real company environment. Often the consequences of changes 
made in the MPS occur after the changes have been made. In the engine re-manufacturing 
environment of MB-MTR more changes in the MPS are to be expected, compared with more 
traditional manufacturing environments. Reasons are the greater uncertainty in demand and 
resources availability. 

5. The MPS-module should support the use of Planning Bills of Material (PBOMs). 

The functionality of PBOMs in MPS-modules available today, offer more than sufficient tools to 
customize the PBOMs in order to support the PBOM requirements of MB-MTR for the ATO 
situation (see paragraph 5.3.1.). The working of planning BOMs was shown in the demonstration 
of the MPS module of BAAN IV during the workshop at MB-MTR. 

9. It should be possible to check the MPS for critical capacities, to ensure the feasibility of the MPS 
for production. 

Most ERP-systems offer the possibility to execute a Rough-cut Capacity Check (RCP) for the 
generated MPS. 

1 J. The MPS must be a rolling plan with flexible definable planning periods. 

For example the first two weeks of the planning are defined day precise, the rest of the planning is 
defined week precise. 

12. Jt should be possible to establish a forecasting method for every (MPS) item individually. 

Not for every MPS-item the same forecasting method has to be used. Expensive, critical MPS
items, like long-blocks, justify more forecasting effort than less expensive, less critical MPS-items. 
For example long-blocks could be forecasted with complex statistical forecasting methods, like 
exponential smoothing, whereas the forecasts for water pumps simple forecasting methods can be 
used. 
The workshop showed that this is possible in most ERP-systems. 

13. The MPS should be able to generate FAS orders based on forecasts. 

MB-MTR should have the possibility to generate FAS orders in case capacity stock is required for 
fast moving engine variants. Also capacity stock might be required to compensate for seasonal 
patterns in the demand for (fast moving) engine variants. 

14. The MPS should at least be able to generate the following information: 
• Final assembly requirements to FAS The capacity requirements of the generated MPS have to 

be communicated to the FAS 
• Order delivery promises (ATP) to FAS and Sales order acceptance. 
• Capacity requirements to RCP. 
• Material order releases to MRP. 
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6.3 Function requirements FAS 

In the present situation the final assembly process execution and control of the engine variants is 
executed by the SFC. The scheduling of the re-assembly orders including the order sequencing on the 
assembly lines, is executed by the Master Planning function. See paragraph 3. 3. 
In the A TO situation the final assembly process has to be triggered by the individual customer orders. 
The final assembly order execution and control will be executed by the FAS. Also the detailed 
capacity planning of the FAS capacities will be executed by the FAS function. 

1. The FAS should be able to plan and schedule the final assembly of customer orders on a daily 
basis. 

2. The FAS should be able to check the availability of MPS-items via the ATP-rows of the MPS
items, provided by the MPS. 

3. Customer orders, defining engine variant, quantity and delivery time, should be checked 
according to the future avai /obi Ii ty of the required MPS-i terns using the ATP-rows of the Master 
Production Schedules (see appendix 3) and the available final assembly capacity, in order to be 
able to accept the customer orders. 

4. The FAS should be able to check the availability of non-MPS parts and sub-assemblies based on 
up to date inventory level information. 

This is standard in most ERP-systems. 

5. The FAS should be able to make a Final Assembly Schedule configurations based on the following 
information: 

• End product BOMs of the engine variants. 
• Information of MRP about which production BOM configurations have been planned. 
• Information of SFC about changes made in the by MRP generated production BOMs. 
• Up to date, usable inventory levels of all items used in the final assembly process. 
• Detailed final assembly capacity usage information. 

This is standard in most ERP-systems. 

6. The FAS should be able to generate purchase orders. 

This should be possible for parts with a very short delivery time, which can be procured after the 
order entry without endangering the due date of the order. For example MB-MTR can "purchase" 
parts from the new engine manufacturing also situated in "Werk Berlin". 

7. The FAS should be able to calculate the earliest availability date for customer orders, when the 
delivery time requirement can not be met, due to missing parts. 

If an order can not be delivered within the required delivery time, then it should be possible to 
calculate the earliest possible delivery time of the ordered engine and report this back to the "end 
customers" (the local repair facilities) . 

8. It should be possible for the FAS to deliver MPS-items, like long-blocks or water pumps, directly 
from the stock of MPS-items at MB-MTR, without creating a Final Assembly Schedule. 

Availability checks will still have to be executed, using the ATP-logic. 
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9. It should be possible to define the order type ''final assembly ". 

At MB-MTR the differentiation between order types is needed for the cost accounting at MB
MTR. The following order types are presently used at MB-MTR (in the SFC): 

• Dis-assembly orders. 
• Re-condition orders for parts. 
• Assembly orders with BOMs. 
• Rework orders. These are orders that are generated by the material planners to improve the quality 

of the items. Production steps for rework orders are not included in the routings in the form of 
inactive routing steps. Rework orders require extra production scheduling. 

• "New-part" assembly orders. These orders are generated for assemblies that may only contain new 
parts. 

For the ATO situation the order type "assembly orders" should be replaced by the new order types 
"sub-assembly " needed in the SFC, and the order type ''final assembly ", needed for the FAS. 

I 0. The FAS should be able to take alternatives and mutual relationships between alternatives into 
account when the FAS is configured. 

It is possible that still some alternative end product configurations are possible at the moment the 
FAS is generated, due to alternative part options in the end product BOMs. This will not be 
standard in an ERP-system. Therefore the configuration of the FAS with an alternative part 
selection option, should be programmed in he logic of the FAS. This can be compared with the 
MRP-logic described in paragraph 3.3 . See also paragraph 5.3 .3. 
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7 Conclusions and recommendations 

Considering the characteristics of the re-manufacturing process, like the high uncertainty in the 
demand for re-manufactured engines, and the problems that MB-MTR is facing at the moment, it is 
recommended that MB-MTR should change the control concept strategy from a Make-To- Stock 
strategy into an Assemble-To-Order strategy, in order to be able to meet the goals formulated by MB
MTR. 

Apart from the need of changing to an ATO control strategy, also the possibility of implementing an 
A TO control concept, with a delivery time of three days, has been investigated. 
Research on the possibilities for the implementation of an A TO-control concept at MB-MTR has lead 
to the following conclusions: 
• It is possible to distinguish sub-assemblies and supplementary parts, with a relatively high 

commonality, from which the end products can be assembled to order. The long-block should be 
considered as the most important sub-assembly, which forms the basis for the final assembly 
process of an engine variant. This way the aim of an integration of the long-block concept in the 
future control concept is met. 

• It is possible to define a final assembly process, with a cumulative lead time of two days. Together 
with one day for the transportation to Germersheim, it should be possible to realize a delivery time 
of three days. 

For the implementation of an ATO control concept at MB-MTR, some essential changes have to be 
made in the control structure, compared with the present MTS-situation. 
The most important changes are the introduction of the MPS and the FAS. Both play an important 
role in the control process of an ATO situation. 
• The Master Production Scheduling (MPS) for the anonymous planning based production of MPS-

items. 
• The Final Assembly Scheduling (FAS) for the customer order driven final assembly process. 

The introduction of the MPS and the FAS has lead to the formulation of new function requirements 
for MB-MTR, in case the ATO strategy is accepted. 

With the introduction of the ATO control concept, it is possible to realize the requirements ofMB
MTR for a future control concept. 
The following benefits are to be expected: 
1. A significant cost reduction can be achieved via a reduction of the total level of inventory, caused 

byan: 
2. Increased flexibility of the re-manufacture process. 

The required changes in the planning structure do not only affect MB-MTR, but they also affect 
Germersheim. For a successful and effective implementation, it is of great importance that both 
parties agree upon the A TO control concept and are willing to put in the required effort. The 
cooperation of Germersheim is very important. If Germersheim does not want to cooperate, the 
change from a MTS strategy to an ATO strategy will be very difficult. 

It depends on the willingness of Germersheim whether MB-MTR should proceed with the proposed 
change of the control strategy. If Germersheim does not want to cooperate at all, the change from a 
MTS strategy to an ATO strategy will be impossible. If Germersheim is willing to cooperate, MB
MTR as well as Germersheim can profit from the expected benefits of the ATO strategy. 
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Appendices 



Appendix 1 Delivery time ATO situation 

In this appendix the possibility to realize a delivery time of three days, defined as the time between the 
order entry and the delivery of that order to Germersheim, is analyzed for he ATO situation. 
For each of the three days activities are defined which have to be executed for that day, in order to 
realize the delivery time of three days. 

• Sales order receipt (Germersheim). 

• Sales order acceptance (Gennersheim and MB-M1R). 

• Configuration Final Assembly Schedule for customer order. 

• Scheduling FAS orders for day 2: 
* Order sequencing for assembly lines. 
* Generation material issue orders for next day. 
* Capacity planning scheduled orders. 

• Material issue of FAS orders for that day. 
The material issue orders for final assembly will require considerably less picking effort than the 
material issue orders for complete engine variants. This is caused by the fact that for the final 
assembly complete sub-assemblies, like long-blocks and waterpumps, can be issued from the stock 
of MPS-items. The material issue lead time for the FAS orders will only be a fraction of the 
material issue lead time for the complete engine variant. Also the safety buffer of four days for the 
re-assembly process has to be eliminated. 
The material issue of the FAS orders will have to be executed before the start of the production 
shift of the final assembly department. This way the final assembly process can be started at arrival 
of the shift. If this would cause big problems, the possibility can be investigated whether the 
material issue can be executed on day 1. ln the present situation the material issue is done at the 
beginning of the day. To issue the materials on day 1, the material issue process will have to be 
executed at the end of the day. This might cause problems for MB-MTR. Further research on this 
subject is recommended. 

• Execution of the scheduled final assembly orders for that day. 
The average processing time for the final assembly of an engine variant will vary between 0.5 and 
1 hour. This is on average 25% of the total assembly time for an engine variant, which varies 
between 2 and 4 hours. These percentages were given by material planners at MB-M1R. 

• Testing of the assembled engines. 
The processing time for the testing of an engine is 20 minutes. The lead time for testing is much 
longer due to high waiting times. 
Presently at MB-M1R experiments are held with the "cold'' testing of long-blocks. A "cold test" is 
a mechanical test of the long-block, to check the mechanical movements of the engine. The cold 
test can be done at the end of the assembly line of the long-blocks. The cold test could reduce the 
need for the "warm" running tests actually executed at MB-M1R for each assembled engine 
variant. A reason for this reduced need is that most problems which occur during the warm test of 
the engine, are mechanical problems. In the future, a warm test for every second or third 
assembled engine might be sufficient to guarantee the same engine performance. More research on 
this area is needed to give support for the above mentioned statements. 
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MB-MTR has already made the decision to install cold test installations in the assembly 
department. An important advantage of the cold test over the warm test is that the cold test is 
integrated in the final assembly process, whereas the warm test is executed in a special testing 
department outside the final assembly work shop. This way change over times and waiting times 
for the testing of the engines can be reduced 

Day 3: 

• Transport of the engines to Germersheim. 
Presently one full truck load of about 60 engines is transported to Germersheim each day. More 
transports to Germersheim per day are possible, but will cost extra and will substantially reduce 
the fill rate of the trucks. A possibility is to order a truck for the end of day 2 and ship the engines 
to Germersheim at night. In this case a trade off should be made between the extra delivery time 
reduction and the extra costs necessary to make the delivery time reduction possible. 

A delivery time of three days in an ATO situation should be possible, if the required MPS-items and 
other parts are available at the moment the customer order arrives. 
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Appendix 2 Modular planning BOM at MB-MTR 

The figure below shows an example of a modular planning bill for engine family n. The engine family 
is based on the common long-block n present in all engine variants of the engine family. 

1 

LBn 

EFn 

0,6 

SAll 

1 

SA 1 

0,5 

SA2 

0,4 

SA12 

SAn = sub-assembly n 

p 

SAn 

EF n = engine family n of engine variants containing long-block n 
LB n = long-block n 
p = percentage 

Figure 1: Modular Planning Bill 

The long-block n is a module of a common part/sub-assembly. 
Sub-assembly l (SA l) is a feature containing two options SA 11 and SA 12. This could be for 
example a waterpump. For 60% of the engine variants of engine family n waterpump SA 11 is used 
and the other 40% of the engine variants uses waterpump SA 12. The percentages should be based on 
historic demand figures and can be adjusted if necessary. 
Sub-assembly SA 2 is used in 50% of the engine variants of engine family n. 
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Appendix 3 Master Production Schedule 

In this appendix the use of Master Production Schedules is explained together with the Available To 
Promise (ATP)-logic, which is used at the order acceptation process. See Final Assembly Schedule in 
paragraph 5.3 .3 . 

The example is limited to the MPS-schedule for a long-block. The principle remains the same for 
other MPS-items. 
Variant nm indicates engine variant "nm" containing long-block n. 
The following time-phased forecast (planning period t) is provided to MB-MTR by Germersheim. 
The individual forecasts for the engine variants can be aggregated on MPS-item level (see table I). 
The aggregated forecast is used in the MPS-scheme for the planning of long-block lin table 2. 

Forecast act t t+l t+2 t+3 t+4 
Variant 11 15 15 
Variant 12 8 
Variant 13 20 
Variant 14 10 10 
Variant 15 8 

Long-Block I 6 6 6 

total LB 1 21 20 24 23 16 

Table 1: Forecast aggregation on MPS-item level 

The MPS are the firm planned production orders for the MPS-item. In this case the firm planned 
production orders for long-block 1. 
The Available-To-Promise indicates the number of MPS-items, which can, based on the planning, still 
be accepted. 
The customer orders are the already accepted customer orders. 
The planned available is the on the basis of the planning expected availability of the MPS-items. 
Calculation rules: 
ATP (t) = ATP (t-1) + MPS (t) - Customer orders (t) ; [2] 
Planned available (t + I)= Planned available (t) + MPS (t) - Forecast (t) ; [2] 

MPS LBJ act t t+l t+2 t+3 t+4 
Forecast 21 20 24 23 16 

Customer orders 10 5 
MPS 50 50 
ATP 40 35 35 85 85 

Planned available 10 39 19 -5 22 6 

Table 2: MPS-scheme 

The ATP for a certain period t has to be interpreted carefully. The ATP in table 2 at period tis 40. If 
however customer orders are accepted for more then 35 long-blocks, then the already accepted orders 
of 5 pieces in period t+ 1 can not be delivered in time. 
In literature the following rule is given to determine the ATP at period t. 
ATP (t) = min [ATP (t+n)] ; [2] 

n>O 
Of course the rule should apply for a certain fixed time fence. See paragraph 5.3.4. for the proposed 
fixed time fence for the case of MB-MTR. 
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Appendix 4 Expected cost reduction safety stock long-block 

In this appendix the consequences of an ATO-strategy for the safety stock level of a long-block is 
analysed. The present situation, where the safety stock of the long-block is tied up in the safety stock 
of complete engine variants, is compared with the A TO-situation, where the safety stock is kept on 
long-block level. A difference with the present situation is that also the autonomous demand for the 
long-block is taken into account. 
In this imaginary example the cumulative safety stock levels of the engine variants in units is 
compared with the aggregated safety stock level in units of the long-block. 
The length of the time periods l to 8 is one month, the same length as the production lead time for a 
long-block and the fixed time fence of the MPS. For simplicity reasons the fixed time fence for the 
present situation and the ATO-situation, or the production lead time for the MPS-items and the 
replenishment lead time for the engine variants, are set equal. In reality there is a difference of one 
month. This will be discussed in chapter 6. 
Table 3 shows the evaluation of the demand during the last 8 months for four engine variants 
containing long-block l (EVI l to EV14), the autonomous demand for long-block I and the 
aggregated demand for long-block I for each of the eight months. 
The first thing that is noticed when looking at table 3 is the relatively stable demand pattern of the 
aggregated demand for the long-blocks compared with the variations in the demand patterns of the 
individual engine variants and the autonomous demand for the long-block. This stable pattern is 
caused by the aggregation. which smoothens the individual variations. 

1 2 3 4 5 6 7 8 
EVll 8 10 12 8 6 6 8 6 
EV12 2 4 6 2 2 4 4 2 
EV13 14 12 10 12 12 10 12 10 
EV14 6 2 2 4 2 4 4 6 
LBl* 10 10 10 15 15 10 10 15 
LBl 42 40 40 41 37 34 38 39 

Table 3 

• = autonomous demand for long-blocks 

Based on the figures in table 3, the average demand over the last eight months can be calculated, 
together with the standard deviation. This is presented in the first two columns of table 4. 
If the forecast of the next months is based on this average, then the standard deviation can be 
considered as the standard deviation of errors of forecast. 
In the columns three and four the safety stock levels are calculated according to the formula presented 
in chapter 6, respectively for the safety factors k=2 and k=3 . 

Xaverag, • (Tl* ss (k=2) ss (k=3) 

EVll 8.0 2.2 4.4 6.6 
EV12 3.3 1.5 3.0 4.5 
EV13 11.5 1.4 2.8 4.3 
EV14 3.8 1.7 3.4 5.1 
LBl 11.9 2.6 5.2 7.8 
LBl 38.9 2.5 5.0 7.5 

Table 4 

* Xave,ag, = (L Xi)/ n and CTl = sqrt [L (Xi -Xave,ag,)21 (n-1)) for i=l to 8; assumption normally 
distributed forecast errors [4,9) 

ss = k • O"L ; assumption normally distributed forecast errors [4,9) 
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Also for the present situation, the safety stock of the autonomous demand for long-blocks must be 
taken into account, because if in the near future long-blocks are sold and the MTS situation is 
maintained, then also long-blocks will have to be stocked at Germersheim. 
The safety stock in the present situation is the sum of the individual safety stocks of the engine 
variants containing long-block 1 and the safety stock for the autonomous demand for long-block . 
Assumption: mutual independence of demand for long-blocks. 

• k=2: 
Present situation: 
ss = 4.4 + 3.0 + 2.8+ 3.4 + 5.2 = 18.8 units 
A TO-situation: 
ss = 5.0 units 
Safety stock reduction= 18.8 - 5.0 = 13.8 units. This is a reduction of the safety stock with 73% 

• k=J: 
Present situation: 
ss = 6.6 + 4.5 + 4.3 + 5.1 + 7.8 = 28.3 units 
A TO-situation: 
ss = 7.5 units 
safety stock reduction= 28.3 - 7.5 = 20.8 units. This is a reduction of the safety stock with 74% 

General formulas: 
The above quantified example can be translated in general terms as follows: 
EVnm = Engine Variant nm containing long-block n (LBn) 
The safety stock in units. 
Assumption: mutual independence of demand for long-blocks. 

• Present situation: 

Mn 

safety stock oflong-block n = k *[ L <JL(EVnm)] + k • O"L(LBn)AtIT 
m=l 

O"L(LB 1 )Am = the standard deviation of errors of forecast for the autonomous demand for long-blocks 
Mn = number of different engine variants containing long-block n 

• ATO-situation: 

I safety stock of long-block n = k • O"L(LBn)AGG 

O"L(LBl)AGG = the standard deviation of errors of forecast for the aggregated demand for long-blocks 

The next step is to aggregate the safety stock for all the long-blocks. This results in the following two 
formulas: 

• Present situation: 

N Mn N 
safety stock of all long-blocks= k • L [ L aL(EVnm) ] + k • L [ O"L(LBn)Am] 

n=l m=l n=l 

N = number of different long-blocks 
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• ATO-situation: 

N 

safety stock of all long-blocks = k * L [ aL(LBn)AGG] 
n=l 

N = number of different long-blocks 

Total safety stock reduction for all long-blocks (safety stock reduction in units): 

N Mn N N 

safety stock reduction = k * L [ L (J"L(EVnm) ] + k * L [ aL(LBn)Aur] - k * L [ aL(LBn)AGG] 
n=l m=l n=l n=l 

EVnm = Engine Variant nm containing long-block n (LBn) 
N = number of different long-blocks 
Mn = number of different engine variants containing long-block n 

aL(LB 1) AlIT = the standard deviation of errors of forecast for the autonomous demand for long-blocks 

aL(LB I )AGG = the standard deviation of errors of forecast for the aggregated demand for long-blocks 
k = safety factor 
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Appendix 5 Total safety stock reduction all MPS-items 

Formula 6 gives an approximation of the total cost reduction that can be achieved when the safety 
stock is kept on MPS-item level at MB-MTR, instead of on end product level at Germersheim. 
The safety stock reduction percentage of the long-block is taken as a norm for the calculation of the 
safety stock reduction for all MPS-items. Considering the fact that the commonality of other MPS
items is likely to be higher than the commonality of the long-blocks, the approximation is a 
conservative one. 

Formula 6. 

ITCRss = [ Qs5r • CP(EV)av] - [ (1-q) • Qs5r • CP(EV)av • p] 
TCRss = Total Cost Reduction in safety stock 
QsSp = Total quantity of safety stock (engine variants) in the present situation in units 
CP(EV)av = Average Cost Price for an Engine Variant in stock at Germersheim 
p = percentage ; with 0 < p ~ 1 
q = percentage of cost reduction of all long-blocks 

with: 
I. 

N Mn N N 
k * L [ L ot(EVnm)] + k * L [ot(LBn)Atrr] - k • L [aL(LBn)AGG] 

n=l m=l n=l n=l 
q= 

N Mn N 
k * L [ L O"L(EVnm)] + k • L [aL(LBn)Atrr] 

n=l m=l n=l 

EVnm = Engine Variant nm containing long-block n (LBn) 
N = number of different long-blocks 
Mn = number of different engine variants containing long-block n 

O"L(LB 1 )Atrr = the standard deviation of errors of forecast for the autonomous demand for long-blocks 

a L(LB I )AGG = the standard deviation of errors of forecast for the aggregated demand for long-blocks 
k = safety factor 

2. 

850 850 

CP(EV)av = (1/ Xtot) * L [CP(EVn) * X(EVn)] ; with L X(EVn) = Xtot 
n=l n=l 

CP(EVn) = Cost Price of engine variant n 
X(EVn) = number of engines of engine variant n in stock at Germersheim 
Xtot = Total number of engine variants in stock at Germersheim. In the present situation Xtot = 6000 
MB-MTR re-manufactures 850 different engine variants 
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