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This master thesis re-designs the current preventive maintenance practices of Stork Food
Systems by introducing the exchange of line replaceable units. Two new designs are created and
then a model is constructed to evaluate the performance of the new designs as compared to the
current situation. Based on the calculations, it is observed that both designs save considerable
technician hours and are profitable for Stork Food Systems.
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This report is the result of a master thesis project at Stork Food Systems. Stork Food Systems not
only designs and produce production lines for poultry processing but also provides service for
the maintenance of these industrial systems. This project is conducted in one of the operating
companies within Stork Food Systems, namely at Stork PMT.

Poultry meat consumption has been increasing significantly in the last decades especially due to
the raising awareness on health issues. To meet the demands, slaughteries operate with long
production hours up to 6 days/week and 2-3 shifts/day. Since most of the time is spent for
production, the only available time for the maintenance of the machines seem to be the
weekends. But the limited available time in the weekends is mostly not enough to complete all
overhaul actions. Therefore this project aims to find a better way to deal with the overhauls.

The project consists of two stages, namely, diagnostics and redesign. In the diagnostics phase the
current situation is studied in details to identify all possible problems clearly. After the
diagnostics stage, two remedies to the current problems are recommended within the redesign
stage. The two new designs are then tested with a calculation model to quantify their benefits.

In the diagnostics phase, interviews are conducted and the available documents and information
systems are analyzed. As a result of the diagnostics phase, the project is clearly formulated and
the motives for the project are clearly identified. The motives for the project are divided to four
groups, namely time, cost, quality and full service.

From the time perspective, overhauls are found time-consuming and the available maintenance
time is found insufficient for the completion of overhauls. Since the technicians are also in
limited number, technician hours can also be considered as inadequate. From the cost
perspective, the current situation is also found costly, since the technicians have to go there for
overhauls and the slaughteries have to purchase the necessary tool sets for the overhauls.
Working only in the weekends, however increases the costs even further. From the quality
perspective, the overhauls are found not of high quality. The reasons can be listed as follows:
First of all the customer maintenance staff is usually not skilled enough to do the overhauls in the
correct way. Secondly, it is always not possible to send a technician or finding some experienced
technical people for the weekends, since they are all in limited number. Thirdly, the customers
use usually wrong tools in the overhauls which cause damage in some components. From the
full-service perspective, Stork wants to be more responsive to customer requests and gain more
profit in the future. Full- service interest of Stork together with the time-cost-quality problems
constitutes the motives for this project.

From the analysis of the current overhauls, it is seen that the overhaul of the units is the most
troublesome and time-consuming maintenance practice held at the slaughteries. But the reason
for the long durations is not the difficulty of overhauls but the large quantities of units inside the
machines. It is observed that units, especially the ones that do not need precise settings, can
easily be replaced due to its modular structure. Thus, the project focuses on the improvement of
the overhauls of the units and it is formulated as follows:
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"Redesigning the preventive maintenance practices by introducing the exchange of modular
units"

Then in the re-design phase two new designs are created, namely repair/exchange at slaughteries
and central overhaul.

Repair/exchange at slaughteries leaves the overhaul of the units completely to the slaughteries.
The slaughtery will purchase several units (for instance 3) initially. They will replace these 3
units with 3 of the used units in the machine at the moments specified by their preventive
schemes. They will overhaul the used units at the slaughteries during weekdays at the time where
production stops. Then they will continue repairing and exchanging 3 by 3 until all the units
inside the machine are replaced.

With the other approach, which is central overhaul, slaughteries outsource almost the whole
overhaul process of the units to Stork. In this approach, Stork will open a central repair shop in
Boxmeer and the overhaul of some of the units will be done in this central repair shop.
Overhauled units will be sent to customers before overhauls and their used units will be sent to
another slaughtery after the necessary central overhaul. The maintenance history of the units will
be followed with the marks on a predefined location of the units. Stork will purchase several
units initially to start the program. Since all units of customers will be replaced at once, the
initial number of purchased units has to be at least the maximum number of the units that
customers have inside their machines.

After determining the processes of each proposed design, a calculation model is constructed to
evaluate the performance of the new designs compared to the current situation. The analysis is
conducted for two different types of units, evisceration units and NIC units. It is shown that both
designs are more profitable than the current situation and saves considerable technician hours in
the weekends.

It is concluded that units which are relatively cheap and the ones that do not need special settings
seem more appropriate for RepairlExchange at slaughteries. The slaughteries having multiple
lines can also be good choices for this option given that the same units are used in all the lines.
For the central overhaul it can be said that the units that are frequently present inside the
customers' machines are better candidates. Since central overhaul depends much on the
participation rate of customers, it should be guaranteed that there exist enough number of
customers using the same type of unit.

Also some recommendations are proposed as a result of the whole project. The main
recommendations are about design for service concepts. Those concepts include ease of
disassembly, ease of cleaning, ease of part replacement, standardization, relatively static design
and modularization. As a final remark it can be said that one of the biggest obstacle for starting
reverse logistics processes like central overhaul is the internal resistance within the companies.
Therefore doubts of employees have to be eliminated first by educating them
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1 Introduction
Customer expectations of system availability, product quality and product reliability have
increased significantly in the last decades. This leads to a dramatic increase in the importance of
after sales service. Currently many companies producing or selling capital (industrial) goods
consider their service business as the critical factor to reach long-term success. In some
industries, the profits gained from the sales of service parts and from the provision of after-sales
services like repair, maintenance and upgrades, far exceed the margin on the sale of the product
itself. On the other hand, customer service plays also a significant role in customer relations such
that service support for the product secures and even increases the future profitability of
businesses by influencing the customer's purchase decisions. As expected, a lot of companies
use the quality of after-sales service as a competitive differentiator. (Cohen & Whang, 1997)

Lele (1997) discusses how the equipment manufacturers should respond to shifting customer
needs and how they should provide after-sales service that will sustain the competitive advantage
of a complete product offering. He considers modular replacement and designs as an effective
approach for the support of the product or a system. He argues that total replacement and repair
times and corresponding variable costs can be reduced by modular design. That is to say, if the
entire equipment is divided into modules or components, equipment becomes easier to be
repaired by allowing customers to replace modular components themselves.

This project aims to redesign the maintenance practices of an original equipment manufacturer
via the use of modular units. The motivation for the research has originated from the desire of
Stork PMT to respond to the requests of customers for service support. This chapter gives a brief
description about the company, its processes, machineries and service logistic network. Then the
initial project formulation and methodology will be given. The chapter will end with the
structure of the whole report.

1.1 Company Description
Marel Food Systems develops an extensive mix of high-tech processing equipment to fit current,
emerging and projected needs in the food industry. Marel Food Systems has officially acquired
Stork Food Systems since May 2008. This project is conducted at Stork Food Systems Stork
Food Systems designs, develops, produces and maintains industrial systems and production lines
for the processing of poultry and the production of convenience food. It is the market leader in
the field of poultry processing equipment. It has 10 operating companies throughout the world.
The organizational chart, which represents all these companies, can be found in Appendix A.

As being the largest of the operating companies of Stork Food Systems, Stork PMT (Poultry
processing Machinery and Technology) designs, manufactures, installs and services a full range
of systems for the poultry processing. Stork PMT's head office is located in Boxmeer where
around 450 people are employed. The main plant and central warehouse are located in Boxmeer
as well. Since this project is conducted at Stork PMT, it will be the company under consideration
within this project.

Stork PMT consists of several sectors, each of which is responsible for different activities. The
main sectors can be listed as Tender and Order Process (OOP), ~arts and Services Process
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Stork Food Systems has two central warehouses, in Gainesville (USA) and in Boxmeer (the
Netherlands). Gainesville is used as a central warehouse by Stork Gamco, which is one of the
operating companies within Stork Food Systems. Stork Gamco is active only in North America
and few countries in South America. It has production facility in Gainesville and a regional
warehouse in Delaware (USA).

Figure 1: Service Logistic Network of Stork Food Systems for Poultry Processing

ODP sector is responsible for the sale of parts and carrying out the maintenance on the machines.
ODP has several departments and sub-departments that are responsible for customer supports
like service visits, installation, receiving and handling spare part orders, training, service
agreements etc. This project is completed in the sub-department called Structural Group
Commercial and Technical Services (SG CTS). This sub-department is concerned with
improvement projects that try to find solutions to customer problems. The organizational chart of
Stork PMT can be found in Appendix A.

1.2 Service Logistic Network
Stork Food Systems serve its customers that are located all over the world. Figure denotes the
service logistic network of poultry processing in Stork Food Systems.

(ODP), Innovation Process (lNNOP) and Production Process (Production). These sectors are
process-oriented based on the results of sectors under their responsibilities and they are
supported with two other departments, Finance & Automation (F&A) and Human Resource
Management (HRM). The relationships between the main sectors can be observed from the
Appendix B.
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Stork PMT, however, uses Boxmeer as the central warehouse. The main plant of Stork PMT is
also located here. There exists also a second production facility in Dongen (the Netherlands).
Since Stork PMT is active worldwide, it has also regional warehouses in Moscow, Australia and
Brazil. Regional warehouses generally keep inventories for consumables and breakdown parts.
Since Stork PMT will be the company under consideration, the warehouse in Boxmeer will be
taken as the central warehouse in the model. Transportation of the parts to the regional
warehouses or slaughteries is done by means of truck, ship, plane or a courier. The technicians
are located mostly in central head offices next to central warehouses. There are also few number
of technicians situated in the subsidiaries in some countries.

1.3 Poultry Processing
Stork PMT provides machineries that are able to provide complete processing of chicken, turkey,
goose and duck. The typical poultry processes start with the arrival of the birds in crates at the
factory. The birds are then stunned and are shackled manually. Afterwards their necks are cut.
The birds are then scalded and the feathers are plucked. Next, the internal organs are separated
by evisceration machines. Birds and organs are chilled, either by air chilling or by water chilling.
Birds are then weighted and quality of birds is graded. According to the weights and qualities,
birds are allocated to the different parts of the process. Birds may then be portioned or bones can
be removed according to customer wishes. Birds or parts of the birds are packaged, labeled as the
next step. Finally they are put into storage and become ready for distribution. The figure of all
poultry processes can be found in the Appendix C. All these processes are handled one by one by
different machines that are very complex.

1.4 Stork Equipment
The machineries that Stork produces are made from metal parts to a large extent. The complete
product range consists of more than 300 product families, each of which is delivered with several
variations. Stork usually gives the customers the opportunity to select machines among some
alternative ones. One consideration in this selection may be the size of the chickens the
slaughtery will process. Figure 2 represents the common structure of Stork machines with an
example of evisceration machine. The highest level has three item types, namely sales unit, sales
unit fill-in and B-Ievel. Sales unit is a standard machine that is sold to the customer, sales unit
fill-in is a machine with different options and B-Ievel is a customer specific machine. Below the
highest level there exist a lower level, which consists of different item types, namely legend,
articles and raw materials. Legends are sub-assemblies of a machine and they can be composed
of other legends or articles. An article is a loose part such as bolt or a plate. Raw material,
however, is the standard base material that an article is made of. Steel plates, pipes can be given
as examples of raw materials.

In summary, the highest level (sales-unit, sales unit fill-in or B level) can be regarded as the
machine level. The article level can be regarded as the part level. Stork calls any item between
the machine level and part level, as legend. That is to say all components and sub-components of
a machine are considered as legend if it is not the lowest level.

3
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Figure 2: Structure of Stork equipment

As can be observed from Figure 2, a customer-specific evisceration machine can be shown as an
example to the B level. Below B level, an evisceration machine consists of legends like main
shaft, lug, cam, evisceration units etc. Different machines have different functional units and
they differ also in the number of occurrence inside the machine. For instance, an evisceration
machine can have up to 24 units inside. Evisceration units consist of legends like frame, presser
etc. and these legends are made up of parts like screw and bolts. For a better understanding,
please observe Figure 3 which represents the picture of the items in different levels.
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Evisceration Machine Evisceration unit
'---------- -----_/----v.
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Figure 3: Items in different levels
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1.5 Initial Project Formulation &Methodology
Stork PMT wants to respond to the customers asking for service support. But long and intensive
usage of production lines in the client slaughteries is an obstacle for Stork to provide a better
service, since it leaves little time for maintenance. Stork PMT especially has difficulties with the
current maintenance practices conducted at slaughteries. They are searching for a new way to
deal with the maintenance held at the slaughteries.

In order to proceed, the research approach is divided into two stages, diagnostics and redesign
stages. In the diagnostics stage, the current situation for the maintenance is described in details to
identify all possible problems clearly. Interviews and discussions are conducted with field
service engineers and service managers to have an insight about the current maintenance
practices. After understanding all of the problems, in the redesign stage better designs are
recommended by taking the results of the diagnostics stage into account. The new designs will be
explained in details to make whole processes clear. A model will also be developed to measure
the performance of the new designs.

Therefore, the project can be formulated initially as follows:
"Redesigning the preventive maintenance practices applied at slaughteries"

1.6 Structure of the report
The report is organized as follows. In Chapter 2 it is given a detailed analysis about the current
maintenance practices conducted at slaughteries. Chapter 2 gives information about Stork's
current service activities, preventive maintenance schemes, spare parts and customers which will
be useful in understanding the problems. Chapter 3 presents the results of the diagnostics stage
with a cause and effect analysis in order to focus more on the drawbacks of the current situation.
It also introduces the research questions and scope of the research. Chapter 4 explains initially
'the processes of the new designs together with their necessary requirements, benefits and
drawbacks. Then, a mathematical model will be introduced that will measure the effectiveness of
the new designs compared to the current situation. Within the same chapter, the collection of
data, the calculation of some parameters, verification and validation of the model will also be
discussed. Chapter 5 will analyze the results of the mathematical model. Chapter 6 introduces the
implementation plan for Stork Food Systems. Finally, Chapter 7 gives the conclusion and
recommendations.

5
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2 Analysis of the current maintenance practices
Several components of Stork equipment need maintenance after some time. Slaughteries apply
corrective and preventive maintenances in order to keep the machines running and obtain high
performances from the machines. In this chapter all elements related to the current maintenance
practices will be analyzed.

2.1 Customers
Stork PMT has two types of customers, with contract or without contract. The customers without
contract generally have their own maintenance departments and apply corrective or preventive
maintenance by themselves. But Stork provides these customers user manuals and spare parts
when they purchase the whole equipment initially. It is their decision which type of maintenance
they prefer to apply. But generally they apply corrective maintenance.

The customers with contract, however, ask for Stork's expert knowledge for maintenance. In the
contracts, it is agreed that Stork technician will conduct a service visit to the slaughteries
periodically. Usually the frequency of this service visits are 3-4 times / year but this number can
change according to the operating rate and requests of slaughteries. During the visit, the
machineries are inspected and some components may also be replaced if necessary. About 90 %
of contract customers are of this type. Some of the customers however prefer to purchase the
necessary spare parts from external suppliers.

Some of the contract-customers not only ask for a service visit of a technician but also order
some spare kits before the visits of technicians. These service parts are of high quality and
exactly match with the components. In summary, it can be said that there exist two types of
contract customer, the ones asking for only service and the ones asking both for service and
spare parts.

The contracts are valued according to the extent of the service actIvItIes requested by the
customer. The payments, however, are done on a yearly basis depending on the service actions or
parts demanded by the customer in that year. While there are some slaughteries operating 5-6
days a week with 2 shifts per day, there are also some others that operate 5 days a week with I
shift. Stork PMT has mostly contract customers, especially in Europe. This project is related only
with the contract customers, since they are the ones who ask for Stork service.

2.2 Service Activities
Stork PMT provides its customers several service actions for the aim of helping their
maintenance activities. To begin with, Stork prepares preventive maintenance schemes for the
customers to prevent performance loss due to wear rates. Service call is another service activity
in which, slaughteries have the option to call Stork Food Systems to ask for some expert
knowledge about a problem. Stork has also a Help Desk service which provides support for the
control systems of customers.

Service visits are the most common service actIVIty that Stork provides to customers. It is
generally conducted in the weekends. In a typical service visit, the technician arrives at the
slaughtery on Friday afternoon in order to evaluate the last performance during the production.

6
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The technical status and settings of the equipment are assessed and adjustments are done if
necessary. On Monday morning the technician re-evaluates the performance during the
production after the start-up and then leaves the slaughtery. When the machine is set, it operates
generally with 99% precision. As time passes, the performance of the machines decreases to
96%. Service visits are therefore useful to bring the performance back to its high initial values.
According to the results of the service visits, the technician can also indicate that the
maintenance of some parts should be done earlier than the scheduled time.

The performance of the machines cannot always be restored via adjustments. Sometimes the
worn parts become the main reason for the poor performance. In such moments an overhaul
should be applied. Overhaul can be defined as replacement of the worn parts inside a machine. In
other words, the application of preventive maintenance to the machines can also be called as
overhaul. Since worn parts are replaced with the new ones during the overhauls, slaughteries
have to purchase the required service parts just before the overhauls. Overhauls are usually done
during service visits. It is possible that at some service visits more than one overhaul are
conducted for different machines. It might be also the case that no overhaul is done at some
service visits. Since this project is much related with overhauls, this issue will be discussed in
another chapter later.

2.3 Service Parts
Stork PMT uses an ABCDE classification for the spare parts. "A" parts are consumables which
need to be scrapped when they are worn. They are the parts that have direct contact with the
products, hence they are replaced frequently. "B" parts are repairable parts that have to be
replaced at the time of failure in order to continue the production process. The failure of these
parts jeopardizes the process. "A" and "B" parts are recommended in the initial investment
package of spare parts to make these parts accessible to the customers.

"C" parts are small overhaul parts that are subject to moderate wear out. These parts have to be
replaced at least every two years and at most two per year to assure correct working. "D" parts
are large overhaul parts that are less likely to wear out as compared to "C" parts. They have to be
replaced every 3 to 5 years depending on the operating rate of the slaughtery. "E" parts are
condition-dependant parts that are replaced according to the condition of the part during the
revision of the part. The focus on this project is mainly on the "C", "D" and "E" parts, since
these parts are the parts related to the overhauls.

2.4 OverhauIs
The customers do overhauls at predetermined maintenance moments. Three types of overhauls
exist, small, major and total overhauls. In small overhauls, only C parts are replaced. Therefore
the duration of small overhauls are shorter as compared to major or total overhauls. Since fewer
parts are replaced, the components do not also have to be disassembled to a large extent. In
major overhauls all C and D parts are replaced. It may also be possible that some of the E-parts
are replaced in small or major overhauls, since these parts are condition-dependant parts. In total
overhauls, however, all C, D and E parts are replaced. Usually major and total overhauls take
approximately the same time. It is even possible that a total overhaul takes less time than a major
overhaul due to the removal of a whole component.
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Not every legend (component) in the machine has to be overhauled. The components that have
wear parts (C, D or E parts) inside need periodical overhauls. Therefore it may be possible that
some components in the machine will not go through a small overhaul since it does not have any
C parts. As being the most-worn component of the machine, units need very frequent overhauls.
Current overhaul of the machines takes quite long time mainly because of the overhaul of the
units. But the reason for the long duration of "unit overhauls" is not the difficulty of overhauls
but the large quantities of units inside the machines. In fact, it is still easy to overhaul a unit
rather than overhauling another component of the machine, such as main shaft. Because in the
latter one, it is crucial to have a Stork supervisor at the slaughtery since machine is disassembled
to a large extent. However the overhaul of units is a repetitive action. Another important
consideration about the overhaul of the units is that some units need precise settings, when
placed in the machines. Right settings are important in order to take the best performance from
the units, thus Stork supervisors are very useful also in this step. Since the unit overhauls seem to
be the most time-consuming overhauls, this will be analyzed in details in the following parts.

In order to understand the current overhaul of the units, it is better to define each step of overhaul
clearly. As said before, the time of overhaul is decided according to the preventive maintenance
scheme of the slaughteries. The exact time, however, is determined by the agreement of the
slaughtery and Stork. The overhaul is planned generally for a weekend rather than a weekday
since customers work hard during the weekdays. When the exact date is scheduled, Stork
supervisor informs the customers about the initial requirements of the overhaul. He usually asks
customers to keep 2-3 employees for completing the overhauls for that weekend. He also
recommends customers to provide the appropriate service parts beforehand. From this time, it is
customer's responsibility to order the parts and to provide the employees who will complete the
overhauls. As said before, customers have the opportunity to order the service kits from Stork
when it is agreed in their contracts. They can also ask some more skilled technical employees
from Stork, when it is difficult for them to find skilled employees who will do the overhauls.

As said before the overhauls are conducted during service visits occurred in the weekends. On
friday, Stork supervisor checks whether everything is ready for the overhaul. He spends few
hours to assure that everything is ready before the overhauls. The overhauls usually start on
Saturday. All of the units are taken out from the machine and then disassembled. The necessary
parts (C, D or E) are replaced depending on the type of overhaul (small, major or total). Then the
units are assembled again and put into the machine. Since some units need precise settings,
inserting the units to the machine can take also considerable time. If the overhauls cannot be
completed on Saturday, the employees continue to work on Sunday. When there is still some
time available in the weekend, supervisor deals with other works or overhauls. On Monday, the
supervisor leaves the slaughtery after a non-problematic startup. The used parts are scrapped
after the overhauls and the technicians return to the central head office or a local office.

To make the situation clear, overhaul of an evisceration unit can be given as an example. Usually
the overhauls are completed by 2-3 employees optimally in order to decrease the lead time spent
for the overhauls. Small overhaul of one evisceration unit takes around 30 minutes with two
workers, while the major or total overhaul takes around 50 minutes with the same number of
workers. The number of units inside the machines changes from 16 to 24. Therefore the
completion of the all overhauls for the units takes quite a long time.

8
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As can be seen from Figure 4, the components within the machine may follow different
overhauls. Some components do not follow small (S) overhauls, since they do not have "C"parts
inside. Another thing that can be observed is that evisceration units need an overhaul at the end
of every year due to its relatively high wear rate compared to the other components. At some
time moments, for instance the end of period 3, many components need an overhaul which
increases the total duration of the whole overhauls. The figures of less preventive and more
preventive maintenance schemes can be found in Appendix D.
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Figure 4: Standard Preventive Maintenance Scheme of Evisceration Machine

There exist two differences between the preventive maintenance schemes, namely, the frequency
and the sequence of the overhauls. For instance, the overhaul of evisceration units are done once
in every 9 months, 12 months or 18 months, respectively, if more preventive, preventive or less
preventive maintenance schemes are applied. On the other hand, the sequence of "evisceration
unit overhauls" may also differ such that preventive and more preventive ones have the sequence
"Small-Small-Major-Small-Small-Total", while the less preventive ones have the sequence
"Small-Major-Small-Total". The sequences and the frequencies change from one unit to the
other as well. That is to say, for another kind of a unit such as final inspection unit, the sequences
and frequencies may be completely different. Figure 4 shows an example of a "P-Ievel"
preventive maintenance scheme of a whole evisceration machine.

2.5 Preventive Maintenance Schemes
Due to Stork's high knowledge about failure time of parts, Stork prepares preventive
maintenance schemes for every machine sold to the customers. The frequency of the overhauls
for any component in the machine is determined by this preventive maintenance schemes. These
schemes are prepared according to the working rate of each slaughtery. Basically, there exist
three types of maintenance schemes, less preventive (-2P), preventive (P) and more preventive
(2P). While less preventive schemes are suitable for the slaughteries working with a low working
rate, more preventive ones are more suitable for the ones that work for instance 2-3 shifts per
day.
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2.6 Units
Units are mentioned previously in Chapter 1.4 when introducing the Stork equipment. Most of
the machines have specific units that make contact with the products and do the necessary
operations on them. Evisceration, vent-cutter, neck cracker, neck skin inspection and final
inspection units may be given as examples to the units specialized to do specific functions. Units
are also diversified within each type of unit to be able to process chickens with different sizes,
weights or even feet. In other words within evisceration units there may be different types and
even version of units.

Some of the units like evisceration and vent-cutter units need precise settings when inserting to
the machines. Even though the overhauls are done correctly, if the units are not put with the
correct settings, the performance of the machines can decrease reasonably. The replacement time
of a unit, which needs precise settings, can take around 10 minutes, while it is around 4 minutes
for the units that do not need settings.

2.7 Performance Measures
Although the overhauls take quite a long time, they are tried to be finished during the weekend
hours. It is done usually by increasing the number of employees working on the overhauls. But
after some point, marginal contribution of an additional employee does not reduce the
maintenance time a lot. The reason for this may be the limited maintenance area or the nature of
the work itself. If all the overhauls cannot be completed in the available hours in a weekend, the
rest of the works is planned for another service visit that occurs in another weekend. Since it is
not allowed to continue the overhauls during the production hours of weekdays, the availability
of the machines cannot be a performance indicator. Hence in the re-design part new performance
measures have to be defined as well to see the contribution of the new designs.

System costs of current situation are not explained here since all costs will be explained in
Chapter 4 in details. Most of the cost formulas in current situation are exactly the same as the
new design alternatives.

2.8 Conclusions
This chapter has described the overhauls with its related elements. Following conclusions can be
drawn from the current preventive maintenance practices:
- The planning of overhauls and the replacement of parts are done according to the age of the
components, therefore tracking the history of the machines and its components are crucial. For
this reason, preventive maintenance schemes have to be taken into account in the new designs.
- The overhaul of the units is the most troublesome and time-consuming maintenance practice
held at the slaughteries. However, the replacement of the units, especially the ones that do not
need precise settings, is easy as compared to other components due to its modular structure.
Thus, the new designs should focus on the improvement of the overhauls of the units.

This part ends the diagnostics stage of the project. Next chapter will present the results of the
diagnostics phase with a cause & effect diagram. The design question will then be formulated
clearly and the redesign stage will be started.
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3 Motivation for research & research questions
Currently many slaughteries operate 5 days/week with 2-3 shifts/day; therefore they are
complaining that there is not enough time for maintenance. Weekends rates are usually higher
than the weekdays, and the travelling times of technicians are relatively high, this result in
relatively high maintenance costs for slaughteries. When the overhauls are conducted at
slaughteries, they have to purchase the right tool sets to disassemble some components which
increase the costs even further. But not every slaughtery use the right tools to do the overhauls. It
is also difficult for customers to find experienced technical people to work during the overhaul
weekends. The customer maintenance staff usually has lack of knowledge about overhauls and
number of Stork's technicians is not enough to handle all customers with contract. All of these
create also quality problems about the overhauls. Apart from this, Stork wants to be more
responsive to customer requests to provide full service concept in the future. All these causes
encourage Stork to find a better way for the completion of overhauls. The motives for the project
can be understood by analyzing Figure 5.

Figure 5: Motives for the research

Galnlng more profit.
,..-- from Hl'Ylce

\f---- Customer m.lntenance .taff
have lack of knowledge

DiflIcutt to find .ome exparienced
technlc.1 people for the WIl.kendl
Unable to send technlcl.n. to every
.laughtery due to the limited number

of technicl.nl wtthln Stork~~ ~~~- .......
___~~__""2" ~ :r-__-+lStorllIs wining to find a blttBrway

to dell with ov8ltlauls
Slaughteriea hay. to purch... Ihe

right tool. for completing the over!laull

HaYing Stort< techniclalll during ----W
every overt1aul COila a lot

DoIng ovem.ull In the weekencl&
COlt more.1 compared to ---..

norm.1 working holn

Slaughterie. operate with __.........
long production 110_

Overh.ula lake re'lOn.blelime--.........

I
I

I

I

I

I

I
I
I

When delivering any type of service, it is important that the service is delivered on time, at a
reasonable cost and with desired quality levels. In other words, it is important to find a perfect
balance of well-known Time-Cost-Quality (TCQ) triangle. Time, cost and quality are accepted
widely as the criteria for the success of a task for more than 50 years. So-called "iron triangle" is
common way to measure the success of project management (Atkinson, 1999). Similarly since
1992, Stork PMT has also started an organizational development process, which is called TKK:
the Dutch abbreviation for Time, Quality and Costs. The aim was to creating a more efficient and
more effective organization. From this point of view, it can be proposed that current preventive
maintenance practices are not optimal.

I As a remedy for this problem, the overhaul of the units is decided to be redesigned. As you
remember, the overhaul of the units was found the most troublesome and time-consuming
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maintenance practice as the conclusion of chapter 2. Since units can be quickly replaced, it is
thought that the available time for the overhauls can be increased by doing the overhauls of the
units off-line.
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In literature, there exists a similar concept called line replaceable units (LRUs). Brick & Uchoa
(2007) define LRUs as the components that can be removed and replaced depending on the
availability of the maintenance resources at the places where the systems are installed. Their best
advantage is the quick replacement which decreases the costs significantly (That is to say, in a
technical system consisting of many components, there exist several levels, known as indentation
levels. The replacement of LRUs can be seen as the replacement at a higher level than
replacement of parts. However, not every indentation level has the possibility of a quick
replacement, possibly due to the lack of spares. LRUs provide a two-level maintenance
methodology by enabling the replacement of module level components first and the repair of
insdie parts later. Karmarkar & Kubat (1987) name LRUs as assembled module such that
although repair comprises the replacement of the entire module, the individual components in it
are themselves replaceable. They argue that such replacements reduces the down-time of the
system, with apparently slower step of component replacement being done 'off line'. They also
mention about the possibility of centralizing the repair sites in order to gain economies of scale
in equipments and repair skills as well as in support inventories of components. They believe that
via modularization, the used module can be shipped for reconditioning instead of products or a
service engineer having to travel.

Line replaceable units are used in literature mostly for the cases of corrective maintenance. Due
to their quick replaceability property, units reduce the down-time of the machines considerably
in case of failures. But in the situation of Stork PMT, the replacement of units is recommended
for the customers who are applying preventive maintenance. The rationale for this suggestion is
to create more available time for maintenance and to save some technician hours. In Stork Food
Systems, replacement of the units is called as Repair/Exchange (Rle) program.

3.1 Project formulation
According to the current problem and suggested remedy, the research assignment can be
formulated as follows:

"Redesigning the preventive maintenance practices by introducing the exchange of modular
units and quantifying the benefits ofnew designs as compared to current situation"

The research assignment raises the following sub-questions:

- Which type of units can be candidate for an Rle program?
It is not possible to include all types of units in the program. There should be some
considerations for deciding the best maintenance practice for a unit.
-Where is the best place for the overhaul of the units? At a central repair shop or at the
slaughteries?
If the overhaul will be done at the slaughteries, the necessary tools, necessary parts and possibly
a Stork supervisor have to be present during the overhaul. If the units will be overhauled

12



centrally, around 20 of units have to be transported and returned at every overhaul time that
increases the transportation cost significantly.
-How can the new processes be managed?
R/e program has to be consistent with the current preventive maintenance practices. In order to
show the applicability of the new processes, every step has to be identified clearly with the
necessary requirements.
- What is Stork's benefit from introducing the exchange of line replaceable units?
Justification for Repair/Exchange program can be grounded on the benefits of this program for
Stork. Apart from the quantitative analysis, the qualitative benefits should also been identified.
- What are the customers' benefits from introducing the exchange of line replaceable units?
The profitability of introducing line replaceable units is also highly related to the customers'
willingness for the program.
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3.2 Project Scope
Stork PMT will be chosen as the company to study in this project. Although Stork PMT has
customers worldwide, only customers inside the European Union are taken into consideration in
this project. The reason for this is the possibility of free movement of the goods between the
countries in EU. It is observed during the analyses that it is nearly impossible to send some
goods and take them back in the presence of borders between the countries. Therefore every
market has to be considered and analyzed separately.

During the project, two different units, namely, Nuova evisceration and Neck skin inspection
(NIC) units are analyzed. The reason for choosing these two units is the difference in the nature
of the units. Evisceration units are known as less standardized and need more precise settings as
compared to the NIC units. However with the model developed, it will be possible to investigate
also other types of units provided that the necessary input values specific to that unit are entered.

13
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4 Redesign of the maintenance practices via introducing line
replaceable units

In this chapter, two alternative ways for improving the overhauls are firstly given to understand
the difference of the introduction of line replaceable units from the current situation. Then the
model, which will be used as the basis to quantify the new designs, will be introduced in details.
Next, explanation of data collection and the calculation of input parameters will be given. The
chapter finishes with the verification and validation of the constructed model.

4.1 Alternative ways for introducing line replaceable units
After analyzing the current situation, having interviews with the people from different
departments, two reasonable approaches are proposed to introduce the line replaceable units. The
first approach enables slaughteries to complete the overhauls at the slaughteries, while the
second approach brings central overhaul of the units. The requirements, processes, benefits and
difficulties within these two approaches will be discussed in this chapter.

4.1.1 Repair /exchange (R / e) at slaughteries
One way of introducing the replacement of the units is outsourcing the overhaul of the units
completely to the slaughteries. Currently overhaul of the units is done under Stork supervision at
the slaughteries.

Processes
This approach is introducing the replacement & revision of units at slaughteries. The idea is that
the slaughtery will purchase several units (for instance 3) initially. They will replace these 3 units
with 3 of the used units in the machine at the moments specified by their preventive schemes.
They will overhaul the used units at the slaughteries during weekdays at any time without
stopping the production. Then they will continue repairing and exchanging 3 by 3 until all the
units inside the machine are replaced. Service parts can be provided from Stork or from external
suppliers according to the choice of customers. But in this design alternative, Stork technicians
will not deal anymore with the overhaul of the units.

Requirements
It could be thought that Stork supervisors can still be present during the overhauls by visiting the
slaughteries during the weekdays rather than weekends. But such a situation is not possible. The
reason why Stork can not send a technician for the overhauls is that the completion time of all
overhauls is expected to last between several days and a week, depending on the speed of the
workers and the total number of units inside the customer's machine. Due to the discontinuous
nature of the overhaul, it is not efficient in terms of cost and technician-hours to have a
technician until the end of all overhauls. That is why the slaughtery personnel have to be trained
beforehand about how to do overhauls and settings in this approach. The training has to be done
in a successful way, since there is no chance to ask for supervision for the overhaul of the units.
If either the overhauls or settings are not done in a correct way, the performance of the machines
may decrease significantly.

In summary, the initial requirements of this approach can be summarized as follows:
-Agreement of the slaughtery to purchase several units
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-Training the customers priorly about how to do the overhauls
updating the manuals if necessary
-Slaughteries have to have the right tools to complete the overhauls

5TDRI~R

and how to do the settings,

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

lmporlantconsiderations
There exist also some important considerations regarding the overhaul process. This part
summarizes these considerations

Figure 6: Exchange of units at Repair/exchange

The process can be understood better with Figure 6. The purchased units (a, b, c) are replaced
first with the first three units during the non-production hours of the weekdays. When inserting
the new units, the settings of the units already inside the machine are exactly copied. The used
units are then overhauled by the maintenance department of the slaughtery. The type of the
overhaul (small, major or total) is determined according to the preventive maintenance scheme of
the slaughtery. Since this is an off-line maintenance, the production does not have to be stopped
during the overhaul. When putting the overhauled units inside the machine back, it is important
that next units that will be taken out of the machine are the right ones. That is to say, the units
that have not been overhauled yet have to be taken for the next overhaul. Hence it is crucial to
identify every time which units are taken out from the machine.

Another important consideration is that after the completion of the all overhauls, the initially
purchased units (a, b, c) should not be present in the machine. If they are kept inside the
machine, there will be units with different ages inside the machine which is a really unwanted
situation. The preventive maintenance schemes are based on the age of machines and its
components. If there exist units with different ages inside one machine, the current preventive
maintenance schemes cannot be followed anymore and the workers cannot identify what kind of
overhaul they should apply on a random unit taken from the machine. Thus it is important to
leave the initially purchased units (a, b, c) always outside and use them as temporary units during
overhauls.

Pros & Cons
If the advantages and disadvantages are considered from the time-cost-quality perspectives
which are introduced in chapter 3, one advantage of this approach for the slaughteries is that
slaughteries incur less cost per overhaul, since the overhauls can be done in the weekdays rather
than only weekends and slaughteries do not have to call for a Stork supervisor at every overhaul
or find many technical employees for a specific weekend. Furthermore slaughteries gain
knowledge about the parts and overhauls which will make them more experienced in analyzing
the problems in the future. One disadvantage of this approach for the slaughteries may be the
considerable initial investment cost in the beginning and the inventory holding cost for every
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period. Additionally, slaughteries do not have Stork supervision during the overhaul of the units
anymore which can raise serious quality problems about overhauls. The trend in the customers'
maintenance staffs is that they become more and more unqualified day by day. Hence it is
doubtful whether they can manage the overhaul of the units successfully by themselves.

Applying RJe program at slaughteries has also several advantages for Stork. First of all, there
will be some savings from the number of technicians sent to slaughteries in the weekends.
Secondly, Stork gains initial profit from the sold units and training. The only disadvantage of this
approach is that the profits from each overhaul can decrease in the long-term since the overhaul
of units is outsourced completely to the customers rather than being completed under Stork
supervision.

4.1.2 Central Overhaul
In this approach, the slaughteries outsource almost the whole overhaul process of the units to
Stork. The overhaul of the units will not be done anymore at the slaughteries. It will be done in a
central repair shop. For the European market, the central repair shop is decided to be built in
Boxmeer, next to the central warehouse. After the preliminary analysis of the customer data, it
has been observed that the customers using the same type of unit are scarce in number due to the
wide variety of units. Moreover, transportation costs within Europe change almost not with the
distance. Therefore opening several repair shops in different parts of the Europe with high initial
investments is not considered as a reasonable alternative. Since the production facility, central
warehouse and majority of the technicians are all located in Boxmeer, the central repair shop that
will service European customers is agreed to be built in Boxmeer. Unlike the previous design,
central overhaul has to be managed by Stork people to a large extent. That's why it is explained
with more details.

Processes
In this approach, Stork will open a central repair shop in Boxmeer (the Netherlands) as said
before. Please note that the customers outside the Europe have to be analyzed separately within
their own market, since movement of goods from/to these countries is limited. The overhaul of
the units of the European customers will be done in the central repair shop. The processes in
central overhaul are as follows. Units equal to the number of units inside the machine of the
customer will be sent from central repair shop (Boxmeer) to the slaughtery just before overhauls.
The maintenance crew of the slaughteries will replace all units with the used units in the machine
within a short time. It would be beneficial if these replacements coincide with the regular service
visits of Stork technicians. Then Stork supervisor can also help in the settings of some units. That
is to say, if the arrival of the units and routine arrival of the Stork technicians are arranged to
coincide at the same weekend, setting of the units to the machines can be done under the
supervision of Stork supervisor. After the replacement of the units at the slaughteries, the used
units will be sent to the central repair shop. Here the units will first be quickly inspected for
confirming that units are in the right number and condition. Then they will be partly
disassembled and be sent to cleaning machines to remove the possible meat particles and dust
from the units. The units will then be overhauled in central repair shop and will be ready for the
next demand from another slaughtery using the same type of unit. Figure 7 shows the processes
in a clear way.
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Figure 7: Process diagram for central overhaul

Requirements
To do the overhauls centrally, first the decision of which units to overhaul centrally has to be
taken. Then Stork has to provide a number of units for starting the repair and exchange program.
Since in this scenario all units of customers will be replaced at once, the initial number of
purchased units has to be at least the maximum number of the units that customers using the
same unit have inside their machines. For instance, this number can be 24 for an evisceration
machine, since some machines have 24 units at most. Since the overhaul will be done centrally
rather than at slaughteries, the customers do not have to purchase the right tools for
disassembling or re-assembling the unit. In order to increase the participation to the program,
Stork has to do some marketing activities. In order to make the customers return the units, return
conditions will be specified within the contracts. As an example, the units can be sold with
deposit such that the customer takes back the deposit when they return the units.

ImponantConsiderations
There are some important considerations that have to be taken into account if central overhaul of
the units will be done. As said before, the decision of the type of next overhaul is taken
according to the age of the unit and preventive maintenance scheme of the customer. When the
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overhaul of the units is done at the slaughteries, there exists no problem in determining the type
of overhaul, since the customers know exactly in which period the units are according to the
preventive maintenance scheme prepared initially for the customer.
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Figure 8: Life cycle of a unit in central overhaul

However if the overhauls will be done centrally, a worker in the central repair shop may not
identify what kind of overhaul he should do on an arrived unit. Therefore, an identification
method is needed to understand the next overhaul type of the unit. This identification can be
done by serial numbers or by a simple mark on a predefined location of the units. Since some
parts are replaced at every overhaul, the place of the mark or serial numbers has to be on a part
that is nearly never worn or broken so that the history of the unit can always be followed by this
mark. For the sake of simplicity, marking is preferred within this project.

STCJRI.,·

But in reality, the identification of the next overhaul is not always so easy. As remembered from
Chapter 2.4.1, preventive maintenance schedules differ in two aspects, the frequencies and the
sequence of overhauls. The difference in frequencies do not create any problem for the central
overhaul since the customers know from their maintenance schemes at which times they should
ask for the overhauls. Thus customers with different schemes will ask centrally overhauled units
more frequently, while some will order less. The problem occurs when some schemes differ in
the overhaul sequence. As can be observed from the Chapter 2.4.1, the overhaul sequence of
"preventive" and "more preventive" maintenance schemes of evisceration units are S-S-M-S-S
T. But "less preventive" customers have the sequence S-M-S-T. If a unit with only a S mark
arrives at the central repair shop, the workers cannot identify whether another small or a major
revision has to be done. They have to know the preventive maintenance scheme of the slaughtery
sending those units.

To understand how the type of overhaul is identified, please look at Figure 8 where an example
of a part of a life cycle of an evisceration unit is denoted. As can be observed, a unit consists of
non-service parts called as frame and service parts (C, 0, E) that are changed at some overhauls.
Initial units without any marks are sent to the customers asking for the overhaul of the units.
After using these units for a time period, the same slaughtery asks for another overhaul due to its
preventive maintenance scheme. They send the used units back to the central repair shop. The
workers in the central repair shop check the presence of a mark in the unit to understand which
overhaul they should do. Since there exist no mark in the unit, the unit is taken under small
overhaul and a mark (S I) is put according to the type of overhaul done. When the same unit
arrives at the repair shop in the future, workers can understand that the next revision is again a
small one since it has only one S mark. They put one more S mark on the unit after the revision
and send the unit to a demanding slaughtery. At the third arrival of the same unit, the workers see
two S marks and decide to do an M revision. The life cycle of the unit in Figure 8 is based on an
assumption that the units are always given to the slaughteries having "preventive" or "more
preventive" maintenance schemes discussed in Chapter 2.4.1.
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To prevent this difficulty two solutions can be thought. One way to understand the next overhaul
type of a unit in the central repair shop is notifying the workers about the source slaughtery of
the units. If the management infonns the workers about the preventive maintenance level of the
slaughtery that send the units, workers can identify the next necessary overhaul. But this brings a
big administration difficulty. Hence the only way to integrate central overhaul to the
maintenance practices seems to change all preventive maintenance schemes (preventive, less
preventive, more preventive) in such a way that they will all have the same operation sequence.

It is also important to identify the overhaul type of the units that arrive firstly at the central repair
shop. That is to say, when slaughteries start to participate to the central overhaul, the time period
in which their own units are, have to be identified in order to decide about the necessary overhaul
and the corresponding mark on the units. Since their units are not new, the age of the units
cannot be known by the workers that meet these units at the first time. Hence, it is crucial that at
every unit's first visit to the central repair shop, the managers infonn the workers about the
current status of the units so that the workers can keep up with the history of the unit in a correct
way. Since such a process is also not manageable, in the first visit of the whole units taken from
the slaughteries, it is decided to conduct always a total overhaul in the beginning.

When a slaughtery orders centrally overhauled units, the available units in the stocks of central
repair shop will be delivered. These units may be at any age. It could be possible that a
slaughtery will take a unit that may have older parts than its previous units. The main assumption
here is that the age of the sent unit does not affect the perfonnance of the machines. That is to
say, all sent units have the same perfonnance and do not create any problem until the next
overhaul moment. However, sent units with different age than the ones in the slaughtery create
another administration problem. The units disrupt the preventive maintenance scheme of the
customer. The problem can be illustrated with the following example in Figure 9.
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Figure 9: Standard Preventive Maintenance Scheme of Evisceration Unit
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Assume that above preventive maintenance scheme belongs to a customer who participates to the
central overhaul. The slaughtery asks centrally overhauled units at the end of year 2. The only
available units in the central repair shop are sent to the customer. When next revision moment at
the end of year 3 comes, the preventive maintenance schedule of the customer points out that a
major revision has to be done. But the units just inside the customer's machines need an 5
revision, since the unit has three marks (51-52-M) on it. The reason between this difference is
that the preventive maintenance schedule of a customer is prepared according to the initial units
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that the customer has. With central overhaul, slaughteries use different units than their initial
ones.
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This problem does not affect the decision of the workers in the central repair shop, since they
decide the overhauls according to the marks on the frame. The only effect is on the pricing
issues. The slaughtery should not be charged less or more than the cost of their current
preventive maintenance scheme. That is to say, the customer should not be charged according to
the unit he currently has. It could be possible that this customer takes always old units and these
units need more expensive overhauls (major and total overhauls) every time. The only
manageable solution for this problem is having long-term (maybe 6 years) contracts with the
customers and charging the customer with the same amount for whatever overhaul he asks. In
such a situation, the current preventive maintenance schemes will be used only to determine the
moments of overhauls. The types of overhauls will not be important since they have all the same
prices. The price of one overhaul can be calculated by averaging the overhauls within the
contract years. Therefore, in this approach, the slaughteries will pay the same amount each year
independent of the type of overhaul their units need.

The last consideration is about the planning issue. When more and more customers participate to
the central overhaul program, it may be possible that customers ask for centrally overhauled
units for the same weekend. Such a situation does not create a big problem, since the overhaul
moments are usually determined by the mutual agreement of Stork and the customers. The
overhauls can be done some weeks before or some weeks after due to the availability of
technicians or units. This planning issue does not bring so much difficulty since it is also
currently done with the customers. Another important consideration about the planning issue is
arranging the replacements of the units at the same weekend for the service visits. As said before,
supervisor has to be at the slaughtery periodically either for other overhauls or for inspection. If
the planning of the activities are done in such a good way that the overhauled units arrive at a
weekend that the Stork supervisor is there, the setting of the units to the machines can be done
also in a perfect way. Stork has big doubts about the capability of the slaughteries in setting the
units by themselves.

Pros & Cons
Although the first approach, R/e at slaughteries, may have the potential to cause some quality
problems, this approach seem to provide good levels for time, cost and quality aspects discussed
in chapter 3. To summarize, the advantage of this approach for the slaughteries can be listed as
follows: Maintenance is completed within a short time, therefore the slaughtery give its focus on
productivity. The quality of the overhauls is better due to the right tooling and the high-skilled
workers. In addition, slaughteries do not have purchase the tools used for disassembling the
units. They do not also have to find big amount of maintenance workers who will work in the
weekend when overhaul will be done. There exist also some disadvantages for the slaughteries.
The biggest disadvantage is that they will not own their initial units anymore. They will use
different units at every time period. Although the performance of the units are assumed to be the
same, it is possible that some customers will not be willing to use the units of other slaughteries

From Stork point of view, central overhaul will save time and money. By doing the overhaul
centrally, the intelligence will be gathered within Stork and training opportunities for field
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service engineers will be created. Furthennore by analyzing the wear ratios of the used units, it
may be possible that some prevention maintenance schemes are revised and some improvements
in the design are proposed. The overhaul action will be of better quality since all the process is
outsourced to Stork employees. Since the focus in service activities will increase with central
overhaul, the loyalty of customers will increase. The biggest drawback of central overhaul for
Stork is the big initial investment to start up the central overhaul. Administration and planning
difficulties can also be counted as two disadvantages of central overhaul.

4.2 Model
The processes and requirements of the two new design alternatives are explained in details in the
previous chapter. In this chapter, a model will be created to answer the design questions
fonnulated in chapter 3 and to quantify the perfonnance of the new designs compared to the
current situation. As can be remembered from chapter 3, the current situation for overhauls was
diagnosed as ineffective from three perspectives, time, cost and quality. Since it is hard to
quantify the quality of to work, this aspect will only be discussed qualitatively. Time and cost
aspects of the new designs will be measured quantitatively.

The model is basically a calculation model. It is just used to evaluate the perfonnance of
different alternatives for overhauls rather than to detennine the optimal overhaul action. For any
unit type specified by the user, the model helps to support the decision whether introducing line
replaceable units to current maintenance activities is beneficial or not. In order to show that
replacing line replaceable units is a reasonable action, we have to prove that such an action is
beneficial for both slaughteries and Stork. This is the reason why the model looks through Stork
and the customer perspectives.

The model mainly describes what the average overhaul-related cost for any slaughtery will turn
out to be and how the overhaul-related profit of Stork will change, when the units start to be
replaced. In this sense, it can be considered as a descriptive one. Results of the model can
provide an insight for Stork managers to choose the best preventive maintenance practice for a
unit.

4.2.1 Key Assumptions
The assumptions that are valid within the model are as follows:

The customer demands for units or parts are deterministic, since the time of overhauls is
pre-detennined.

There are no additional failures between preventive maintenance actions
The slaughteries will return the used units within several days after the replacement.
All units are assumed to be middle-aged (3 years)
The central warehouse has infinite supply of spare parts
The transportation cost from central warehouse to central repair shop is negligible since

they are assumed to be located very close.
The transportation costs for forward and return flows are the same.
All slaughteries complete the overhaul of a unit approximately same time.
All slaughteries are assumed to work 5 days/ week so that whole weekend is assumed to

be free for the overhauls
All slaughteries are assumed to use the standard preventive maintenance schemes.
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All transshipments are assumed to be regular rather than an emergency one; hence

delivery time takes 2-3 days.
Overhauls are assumed not to stop or delay the production, in other words. It is assumed

not to have overhaul-related downtime in the system.
The available time for a worker or technician is assumed 12 hours / day for the weekend.
Scrapping costs are assumed zero since scrapping cost of plastic materials are thought to

compensate the gains attained from the scraps of metal parts
The packing costs are already included in the prices of the materials.
When central overhaul is conducted the overhaul duration will decrease by 20 % and

when it is done without Stork supervision the overhaul duration will increase by 20%.

4.2.2 Performance measures
As said before, the model looks through both customer and Stork perspectives. From the
slaughteries perspective, the overhaul-related cost is taken as the performance measure to
evaluate the design alternatives. Overhaul-related cost can be defined as "any cost incurred by
the slaughtery regarding the overhauls". A reduction in overhaul-related costs can be a good
indicator for the willingness of slaughteries to change their current preventive maintenance
practices. Overhaul-related costs are measured for every slaughtery within a user-defined time
period and they consist of an initial cost that occurs once in the beginning and periodical ones
that occurs at every overhaul depending on the type of overhaul.

From the Stork perspective, overhaul-related profit and technician usage in the weekends are
chosen as the performance measures. Overhaul-related profit can be defined as "any profit
gained by Stork regarding the overhauls." Profit is chosen as a performance indicator since Stork
is a service-organization and wants to earn more from service activities. Similarly, overhaul
related profits of Stork have an initial part that occur once in the beginning and a periodical part
whose frequency is determined by the user-defined time period. Technician-usage in the
weekends is chosen as the other performance indicator since Stork technicians are in limited
number and slaughteries demand technicians a lot in the weekends that is the only time that
slaughteries is available for maintenance. As said before, down-time or availability of the
machines are not considered as performance measures since overhauls are assumed not to be
done during production hours.

4.2.2.1 Overhaul-related cost & Overhaul-related profit
Before listing the system costs and profits, it is essential to discuss the nature of them. Figure 10
shows a common preventive maintenance scheme of slaughteries for some of the units. As you
see, every 9 months an overhaul (Small, Major or Total) is applied for such kind of units. Since
these overhauls differ a lot from each other in terms of costs and durations, their costs are
calculated separately within the model. It is assumed that at every overhaul time (where there
exist arrows in the figure) a periodical cost is realized. Hence inventory-holding cost for the
preceding nine months together with all overhaul cost constitutes the cost per overhaul. For
instance cost per small overhaul means, all 9-month- cost preceding a small overhaul. The
frequencies of overhauls, however depends on the duration of the analysis. For example, if Stork
wants to see the impact of a change in preventive maintenance practice after the first three years,
it has to be recognized that there exist no profit from total overhauls within these period.
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According to Figure 10, more than five years have to pass to realize a profit from a total
overhaul.
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where
k denotes index of customers
j denotes the index for units
o denotes the index ofoverhauls (0=1,2,3 where overhaul 1 represents small overhaul,
overhaul 2 represents major overhaul and overhaul 3 represents total overhaul)
n denotes the index of overhaul frequencies
AC denotes the average NPV of overhaul-related costs incurred by the slaughteries
OCokdenotes kth slaughtery' cost per overhaul type 0

ICk denotes initial overhaul-related cost ofa slaughtery k
fo denotes frequency ofoverhaul type 0 within the year ofanalysis
kj denotes the number of customers using unit the same unit type j
wacc denotes the weighted average cost ofcapital
ton denotes the year when n rh ofoverhaul type 0 takes place

(1)k = 1,2...k jk.
)

Figure 10: Cash flows

From the perspectives of the slaughteries, cost is one of the most important motives for investing
on a new proposal. Since the model investigates for which units it could be profitable to
introduce the replacement of units, the decision will be the decision of all slaughteries using the
same unit. Thus, the cost of each slaughtery will be averaged for each design alternative in order
to find the cost of a random slaughtery under every scenario. Then the net present value (NPV)
will be found by taking interest rate, year of analysis and frequencies of overhauls into account.
The NPV of new design alternatives will be compared with each other and with current situation
to see the difference in average cost for the slaughteries. Equation I shows the NPV of the
average overhaul related cost of slaughteries (AC). The frequencies of each overhaul type (fo) is
also calculated within the model according to the user-defined duration of analysis and operation
sequence. In the model overhaul-related slaughtery costs are divided into two parts, initial
investment cost, which occurs once at the beginning and periodical cost that occurs at every
overhaul period. Please note that most of the formulas below are all applicable for current
situation and the two new designs. But some of the formulas are only valid for some design
alternatives which will be explicitly mentioned.

3 f.

IICk + IIOCOk *!(l+waccrton
AC = k k 0=1 n=1
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From Stork perspective, however, profits from each slaughtery per any overhaul will be
calculated separately and then are added together to see which design alternative is better for the
group of slaughtery using the same unit. Please note that in central overhaul there exist initial
investment costs of Stork that cannot be allocated to each slaughtery but to the all. Hence it is
added to the total profit gained from all slaughteries. That is to say, to make a fair comparison
between the alternatives, aggregate profits are used. Since the decision is taken per customer
group rather than per customer, this does not create any problem. Net present value (NPV) of
each scenario will be calculated similarly as in the slaughtery perspective. As can be seen from
equation 2, overhaul-related profit is divided into two types of cash flows, initial and periodical
ones. These cash flows are either gained from every slaughtery or they are incurred once per a
group of all slaughteries. This latter type of cash flow can be considered as scenario-dependant
cash flow and it is in use only in the design alternative of central overhaul.

3 ~ ~+h+h

TP=-/SC+ I/~ +I(IO~k *I(l+waccrton)-PSC* I(l+waccrtn(2)
k k 0=1 n=1 n=l

k =1,2...k
J

where
TP denotes total NPV of the overhaul-related profit ofStork gained from all the
slaughteries
ISC denotes initial cost of the design alternative to Stork
IPkdenotes initial overhaul-related profit of Stork from slaughtery k
OPok denotes Stork's profit per overhaul type 0 from slaughtery k
PSC denotes periodical cost ofdesign alternative to Stork
tn denotes the year when n Ih of overhaul takes place

Initial cash flows
Since Stork is the service provider and slaughteries are the customers, the initial cost of
slaughteries is closely related to the initial profit of Stork as can be seen from the 3rd and 4th

equations. Please note that these equations are general cost & profit equations. That is to say, the
elements of the function can be zero in some situations. For instance in central overhaul, ICk and
IPk are zero since no tools and units are initially sold, no training is given to slaughteries

ICk = m'ool *ClOol + m,r *Crr + m j * su j *cu j k = 1,2...k j (3)

where
mlOo!denotes margin set by Stork for the tools
ClOD! denotes cost of tools to slaughteries in the design alternative
m1rdenotes margin set by Stork for training the slaughteries
C1rdenotes cost of training given to slaughteries in the design alternative
mj denotes margin set by Stork for the units
SUj denotes the number of unit type j initially sold to customers in the design alternative
CUj denotes the cost of unit type j to Stork

IPk = (m,ool -1) *C IO01 + (m,r -1) *Crr + (m j -1) *su j *cu j k =1,2...k j' (4)
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For only central overhaul, Stork incurs a big initial investment cost as seen in equation 5. It
consists of marketing costs and cost of initial units produced by Stork. The number of units that
will be produced is however determined according to the slaughtery that has the highest number
of unit inside his machine. The reason for this is that if that slaughtery wants to participate to the
central overhaul program, Stork has to have enough units to send beforehand.

ISC =Cmarker+ pU j * CUj (5)

where
Cmarkerdenotes marketing cost ofcentral overhaul to Stork
PUj denotes the number of unit type j produced by Stork

Periodical cash flows
Periodical cash flows, however occurs as time passes, especially when an overhaul is done.
Every slaughtery may incur cost of materials, labor cost of slaughtery, transshipment costs,
technician cost and inventory holding costs periodically as observed from the equation 6.

OCok =(CMat)ok+ (CSL) ok+ (CTrans) ok+ (CTech)ok + (C/H) ok 0=1,2,3 k =1,2 ...k j (6)

where
(CMar) ok denotes cost ofmaterials to slaughtery k at overhaul type 0
(CSL) ok denotes cost of labour cost of slaughtery k at overhaul type 0
(CTrans) ok denotes cost of transhipment to slaughtery k at overhaul type 0
(CTech) ok denotes cost ofStork technician to slaughtery k at overhaul type 0
(C/H) ok denotes cost of inventory holding to slaughtery k at overhaul type 0

25

PSC = CI + Coverhead (8)
where

CI denotes inventory holding cost of Stork
Coverheaddenotes yearly overhead cost of Stork

As said before, there exist some scenario dependant-costs in the central overhaul that can only be
allocated to the group of slaughteries rather than each slaughtery. This is shown in Equation 8.

0=1,2,3 k =1,2 ...k j (7)OPok= (PMat)ok+ (PTrans)ok+ (PTech)ok

where
(PMar)ok denotes profit of Stork from selling materials to slaughtery k at overhaul type 0
(PTrans)ok denotes profit of Storkfrom transhipment to slaughtery k at overhaul type 0
(PTech)ok denotes profit ofStork from technicians at slaughtery k at overhaul type 0

Stork, however gain profit from every slaughtery due to the sold materials, transshipment or
technicians at every overhaul moments as can be seen from equation 7. But the profits are highly
dependent to the type of overhauls. It can be expected that since more parts are replaced in total
overhauls, the profit from these overhauls are the highest.
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Transshipment costs & profits
The transshipment cost is the cost of sending any material from the central warehouse of Stork to
slaughteries or vice versa. Slaughteries account for these costs and Stork gains little profit from
the transshipment. In the model, transshipment costs are based on the rates of a courier company.
Transshipment costs changes according to two variables, namely, weight of transshipment and
the zone of the destination country where the slaughtery is located. But it is observed that the
zone of the destination country does not affect the transshipment costs a lot within the same
continent. Therefore in the model the transshipment costs and profits are only dependant to the
weights of the transshipment as can be seen from the equations 9 and 10. The fuel charges have
already been included in the coefficients. Since central overhaul have both forward and
backward transshipment, the number of flows is also included in the formula.

(CTrans)ok= fl* (it + V I * Wok) 0=1,2,3 k =1,2...k j (9)

where
fl denotes number offlows oftranshipment (1 ifonly forward, 2 ifforward and backward)
f, denotes fixed cost of transhipment
VI denotes unit variable cost of transhipment
Wok weight of the transhipment at overhaul type 0

(PTrans)ok=(mlrans-1)*(CTran.~)ok 0=1,2,3 k=I,2 ...k j (10)

Where
m,ransdenotes the margin set by Storkfor the transhipments

nkj denotes the number of unit type j inside the machine of customer k
Pi denotes price of a part i
qij denotes quantity of the part i in unit j
Ci denotes cost of a part i
BOMj denotes bill of material of unit type j
So denotes service part list replaced at overhaul type 0

Cost of materials & Profits from goods sold
Slaughteries purchase the materials that have to be replaced by means of kits consisting of parts
or by means of units. Therefore, the cost of materials is different in the design alternatives. Cost
of a service kit is calculated according to the prices of the parts inside this kit. Please note that in
small service kit only "C parts" (small overhaul) are present. Therefore major service kit and
total service kits cost more since they have more parts (D and E parts). Equation 11 represents
the cost of goods to slaughteries. Please note that the prices of the items are around 15% lower if
the slaughtery chooses to buy from external suppliers.
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(Cmat)ok =nkj * LPi *qij
iEBOM j
iESo

where

0=1,2,3 k =1,2...k j (11)
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dc denotes labor cost per hour at central repair shop at Stork
dSoj denotes duration ofcurrent overhaul type 0 ofunit j in the design alternative

Although slaughteries always pay the same (an average price) for the centrally overhauled units,
Stork realizes different profits at each different type of overhaul. That is to say, in small
overhauls Stork realizes profits from goods sold due to the replacement of few parts, but in total
overhauls Stork realizes losses since many parts are replaced. Please note that in the central
overhaul dSoj is lower than current situation

Stork gains profit from service kits if the slaughteries purchase the parts from Stork rather than
from external suppliers. In such a situation, the profit function can be formulated as in equation
12.

(PMat)ok =nkj * L (Pi - c) *qij 0=1,2,3 k =1,2...k
j

(12)
ieBOM j

ieSo

(14)k =1,2...k
J
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(PMat)ok =(CMa)ok -nkj *( LCi *qi) +clc *dso) 0=1,2,3
ieBOM j
ieSo

Labor cost of slaughtery
Labor cost of slaughtery is incurred by the slaughtery in each type of design alternative. That is
to say, if the units are overhauled at slaughteries, the slaughteries must have the technical
employees to complete these overhauls. Even if the overhauls are done centrally, labors are
needed to do the replacement action of the units and setting the new units to the machine. To
overhaul the units, the units have to be taken out from the machines in each scenario. After the
overhaul, they have to be put with some settings to the machines. Since this action may take
considerable time (dej), the time of this action is considered separate from the overhaul time.

In central overhaul however, the customer purchases units rather than kits. This time parts are
not sold to customers but are replaced by Stork. Thus the cost of parts is used in the calculation
of the cost of units. Since the units are final materials that are sold to customers, their prices are
determined by multiplying with a margin. As said before the cost of overhauled units are set
according to the frequencies of overhauls within the duration of analysis and the price is the
same for each type of overhaul. Equation 13 represents the cost of goods to slaughteries in
central overhaul. Please note that the formula in parentheses denotes the average cost of any
overhaul conducted in duration of analysis.

3

Llo *« LCi *qij) + clc *dso)
0=1 ieBOM j

ieS 0=1,2,3 k =1,2...k j (13)
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Llo
0=1

I
I
I
I
I
I
I

I
I
I

I
I

I
I
I
I
I

I
I



I
I
I rut To, ,I' .,1.. "

ll,ultT"'ne w- ·.¢f1It', Dl Tee.."' '"'-:lID..-' STORK"

I
I'
I
I
I
I
I'
I
I

Since weekdays hour and weekend-hour costs are different, the labor cost has to be multiplied
with overtime rate (or), if necessary. Labor cost of one slaughtery (clSk) is estimated according to
the country where the slaughtery is located. Therefore labor costs highly depend on the economic
situation of the country where the slaughtery is located. Labor cost of slaughtery is shown in the
equation 15. Please note that in "R/e at slaughteries", dSoj is higher than the current situation.

(CSL)ok =nkj*(or*clsk*(dsoj +de) 0=1,2,3 k=I,2 ...k
j

(15)

where
clsk denotes labor cost (per hour) ofan employee ofa slaughtery k
dej denotes duration of taking out and putting a unit j
or denotes overtime rate

Technician Costs & Profits:
Technician costs include the cost of hours that a Stork supervisor spent for the complete overhaul
of units. It is not difficult to guess that "R/e at slaughteries" do not include any technician costs
since overhaul of the units are done by slaughteries themselves. Central overhaul, however incur
technician cost for only the duration of replacement time of units. Equation 16 and 17 shows the
formulas of cost of technicians to slaughteries and profit of Stork from technicians, respectively.

(Ceeh)ok =m/eeh *tover *csover 0=1,2,3 k =1,2...k j (16)

where
tover denotes number ofovertime(Saturday-Sunday) hours the technician worked
CSover denotes cost per one overtime hour ofStork supervisor
mTech denotes margin set by Stork for the technicians

(Pr h) k = (m h -1) *(t *cs ) 0=1,2,3 k =1,2...k J. (17)lee 0 lee over over

Inventory Holding Costs:
When slaughteries apply the design alternative "R1e at slaughteries", inventory holding costs are
incurred by the slaughtery for every time period. Please note that since the demands for parts or
units are deterministic and it is assumed that these items arrive just before the overhauls, hence
there exists no inventory holding costing for those items. 20% percent of the value of inventory
is taken as the holding cost. This percent includes storage space costs, handling costs, risk costs
on inventory and capital costs. Since this percentage is on a yearly basis, it is multiplied with
time between overhauls as seen from equation 18.

I
I
I
I

e/H = tbo*O,2*suj* CUj* mj
where

tbo denotes time between overhauls

(18)

I
I
I
I
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In the calculations of the profits gained from central overhaul, inventory holding cost should also
be also included, since several units are purchased by Stork in the beginning. This cost is
scenario-dependant costs that cannot be allocated to one slaughtery but to the all. This is the
reason why this cost will be subtracted from the sum of periodical profits gained from all
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slaughteries in only central overhaul case. Equation 19 represents the equation of inventory
holding costs incurred by Stork

(19)

Overhead costs
As can be remembered, a central repair shop has to be opened in the design alternative of central
overhaul. It is decided that a "working place" can be reserved for the central overhaul of units in
Boxmeer due to the high building and rent costs. Therefore, a fixed cost has to be deducted
periodically for compensating such costs like the electricity, insurance, depreciation, cleaning,
special tooling and management. Since the cost is on a yearly basis, it is multiplied with time
between overhauls as observed from equation 20.

Co denotes the yearly overhaul cost per m2

Area denotes the area of an optimum working place neededfor the design alternative

4.2.2.2 Technician usage in the weekends
Previous chapter tries to quantify the designs through the cost perspective which is discussed in
Chapter 3. This chapter introduces a performance measure which will quantify the designs
through time perspective. The performance measure that is used can be called as technician
usage in the weekends. It shows the time that the technician spent for the whole overhaul of
units.

I
I

I

Coverhead= tho *co *Area
where

(20)
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As said before, weekends are the only available time that a technician can work on the machines
due to the current operating rates of most of the slaughteries (2-3 shifts). Since technicians are
limited in the number, the technician hours in the weekend becomes really critical. When a
technician is sent to a slaughtery for one weekend, even if the required overhauls are completed
quickly, the technician deals with other maintenance works or overhauls. If overhaul of units are
done in the weekdays, then the technician can work with lower pace during the weekend can
reach other maintenance works easier. If huge time is saved for the weekend by doing the
overhaul of the units in the weekdays, then maybe one of the service visits can also be cancelled.

4.2.3 Input & Output
The user enters the following inputs to find the slaughtery costs and profits for each scenario.
-Bill of materials (which parts are present inside units): This input is taken from Oracle PLM
system of Stork Food Systems. With this input, all parts and their type (C, D or E) will be
identified.
- In Items List (a specific unit is used in which "sold machines"): This input is also taken from
Oracle PLM system of Stork Food Systems. This list will be compared with the all customers list
to find the number of units that each customer has inside their machines.
-Entire customer list of a specific machine: This input will be taken from SAP system of Stork
Food Systems. The location of the slaughtery will be learned with this input.
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-Overhaul and exchange duration of units at the slaughteries (small, major and total) with the
corresponding number of required workers: Since this value is changing from one unit to the
other, it will be taken from the user
-Time between the overhauls of unit according to maintenance scheme with "preventive" level
-Margins for sales, training and transshipments: Since margins are determined highly by the
managers, they will also be taken from the user.
-Duration of analysis: The user has to identify for how many years the analysis should be
conducted

From the slaughteries perspective, NPV of average overhaul-related costs is the final output.
From the Stork side, NPV of all overhaul-related profits is the final outcome. Apart from the cost
and profit, technician hours spent in the weekend is another output. Since the model evaluates
cost per small overhaul, major overhaul and total overhaul separately it will be also possible to
see for which type of overhauls the scenarios will yield better results. The distribution of costs
and profits will also give insight to managers about the possible improvements on the current
preventive maintenance practices.

4.3 Data collection and computation of input parameters
This chapter summarizes how the data is collected and how some input parameters are estimated.
As you remember, one of the input variables was the bill of material of a unit. Bill of materials is
useful in showing which parts are present inside the units. Furthermore via bill of materials, the
ABCDE classification of the parts can also be understood. Bill of materials can easily be
collected from Oracle Agile PLM system of Stork. But one important requirement here is that the
materials inserted in the model have to be all in part level (the lowest level). If the bill of
materials includes some subcomponents, then weights, costs and types of some parts cannot be
understood by the model, hence the calculations cannot be completely precise.

Another input variable was entire customer list of a specific machine. The historic sales data of
all machines can be found in the SAP system of Stork. Stork announces a different machine code
when they make a machine that is technologically new or they produce a machine with different
number of units inside. Since this project is in the unit level rather than machine level, codes of
all possible machines, in which the unit under consideration may be located, have to be entered
to the system.

Data from SAP shows only which customer purchased which machine. But the project is
concerned with which units are located in which customer's machines. Therefore, "In Items List"
should also be collected from Oracle Agile PLM system of Stork. This list includes a sales unit
number that has a linkage with SAP customer list.

Cost and weight of each part are taken also from SAP and already saved in the model. That is to
say, the model can calculate cost or weight of any material easily, since it has its own cost and
weight database. Labor costs per country are estimated comparative to the labor costs in the
Netherlands by proportioning minimum labour wages in the ED countries. The data of minimum
labour wages in the ED are taken from Eurostat (Statistical Office of the European
Communities).
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Figure 11: Transshipment costs within Europe

4.4 Model Verification and Validation
Whatever modeling technique is being used, the output of the model can be realistic and valid as
long as the model is proved to be a good representation of the system. There are two steps for
judging how good a model is with respect to the system. First it has to be confirmed that the
computer model is built in accordance with the conceptual model. This step is called verification.
Secondly it has to be proved that the conceptual model is an accurate representation of the
system under study. This second step is called as validation (Kleijnen, 1995).

The fitted functions can be found in the Appendix E.

The conceptual model is translated to computer model by using Visual Basic. Kleijnen (1995)
and Sargent (2007) recommends several steps for verification. The steps that are followed in this
project is as below:
- Object oriented programming is used since it is a good and highly recommended programming
practice. This type of programming brings simplicity, modularity and modifiability to the model.
- The computer model is programmed step by step and all intermediate results are closely
followed

For the transshipment costs, the data of a courier company (DHL) is used. Figure II represents
the average transshipment costs of DHL within Europe. The costs of DHL is converted to two
linear functions with more than 0,99 fit in a statistical program and the transshipment cost
parameters are then estimated as follows.

(CTrans)ok =

After analyzing some invoices and conducting some interviews with field service engineers and
managers; margins, hourly labor and supervisor costs, overhaul and exchange duration of units,
are determined. The estimated value of these parameters together with other cost parameters can
be found in Appendix E.
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- The final results are compared with some manually calculated results and some company
budgets
- The model is run with some different inputs to check the reliability of the results. But an
extensive input and output analysis is not conducted, since the model is not a stochastic or a
simulation model,

When constructing a model, abstraction by means of assumptions is needed to eliminate the
unnecessary elements within the system. But sometimes, this abstraction may lead to some
inaccuracies. Hence it is important to check the goodness of our model. The model validation is
done through the following steps:
- The whole process is understood by regular meetings with the manager and the assumptions are
carefully discussed during these meetings.
- Real-world data is tried to be collected by analyzing customer invoices or conducting
interviews with the responsible managers.
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5 Scenario analysis
Different designs are described by means of scenarios. The scenarios will be compared according
to some performance measures to decide which action is the best for the group of slaughteries
using the same unit. Scenario 1 represents the current situation, while scenario 2 characterizes
the repair/exchange at slaughteries and scenario 3 corresponds to central overhaul. Scenario
I and Scenario 2 have two options. As said before, some of the slaughteries prefer to buy the
spare parts from Stork, while some purchases them from external suppliers. Therefore scenario
1A and 2A denotes the situation where customers purchase the parts from external suppliers,
while scenario 1Band 2B are the scenarios where slaughteries purchase the service parts from
Stork. Majority of the customers of Stork prefer to buy the parts from external suppliers. In this
sense, it could be said that Sc IA is currently more probable. Table 1 shows the summary of
scenarios.

Table l' Scenarios
Sc lA Stork send only technicians to slaughteries for the overhaul of the units

(current situation)
Sc IB Stork send service parts and technicians to slaughteries for the overhaul of the

units (current situation)
Sc 2A The slaughteries initially purchase 2 units. Overhaul of the unit are done by

slaughteries
Sc 2B The slaughteries initially purchase 2 units. Overhaul of the unit are done by

slaughteries but Stork send the service parts at every overhaul
Sc 3 Overhaul of the units are done by Stork at a central place

As said before the analysis is conducted for two units, namely evisceration unit and neck skin
inspection (NIC) unit. Costs and profits are calculated for the customers who use the units with
the same unit numbers. The calculation cannot be done for the customers using the same
machine types for some reasons:

-Within each machine there exist too many alternatives for units. That is to say, two customers
using the same machine can use a totally different unit from the each other. Therefore it could be
both costly and time-consuming to take a unit and change it to another type of unit.
- There is also a version difference within the same machines that it may be technically
impossible to put a unit from the old version machine to the newer version one.

5.1 Evisceration units
Before presenting the results of the model, it can be beneficial to give some information about
the evisceration units. Evisceration units are used for removing the internal organs of the
chickens. Thus the units need high precision. To be able to operate chickens with different sizes
and types, these units are highly diversified. The units also need specific settings when being
inserted to the machine. That's why this action should be done under Stork supervision. Figure
12 shows the frequencies of standard evisceration units within European customers. Only the
frequencies larger than two are presented in the figure.
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Older version of the machines has less standard units than newer versions. While version 0 of the
above evisceration machine has 2 standard units, version I of the same machine has 16 standard
units and the future version has 20 standard units. In the early machines, the units were low in
number and they could still operate different sizes of chicken by a change in the settings of the
units. But in the later versions different units are designed and produced for many type of
chickens. This is the reason why units inside version 1 machines have fewer users as compared
to the ones inside the version 0 machines.

All evisceration units in Figure 12 have similar costs and weights. Therefore, the following cost
and profit analysis is conducted according to only one specific unit type. But the model can
perform the same analyses for the other units as well by entering the inputs specific to those
units. The unit chosen for the analysis is decided to be unit number 3963731. Hence, the
following results are particular to this type of unit.

I
I

5.1.1 Cost of Siaughteries
Figure 13 shows the cost per overhauls for the slaughteries under different scenarios. As can be
observed, Scenario lA costs less than scenario IB for any type of overhaul, since it costs less for
the slaughteries to purchase service parts from external suppliers.

I
I

Another observation is that small overhauls cost more for the slaughteries in Scenario 2A than
scenario 1A. The reason for this is that small overhauls take less time as compared to other type
of overhauls and therefore, in scenario 2A the savings in service costs paid to Stork is not big
enough to cover the high inventory holding costs. Scenario 2A and 2B have also high initial
investments costs in the beginning which can make the customers reluctant to participate. But for
the major and total overhauls they result in cost savings.
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In Scenario 3 (central overhaul), the slaughteries do not have to pay any initial amount but they
have to pay the same amount for each type of overhaul. As compared to the scenario IA and IB,
it can be said that in scenario 3 they will pay more for the small overhauls but considerably less
for the total overhauls.

Cost per s1aughtery
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Figure 13: Cost per overhaul of evisceration unit

Figure 13 has showed the costs per any type of overhaul, but it does not explain enough which
scenario costs less for the slaughteries. Figurel4 represents net present value of 6-year costs of
slaughteries. The duration of analysis is taken as 6 years since it is the cycle time of standard
preventive maintenance scheme for evisceration units as seen in Chapter 2.5. The operation
sequence for the third scenario is chosen as "TSSMSS" since it is the most common sequence
within the customers. The reason of applying total (T) overhaul at the beginning is the
uncertainty about the age of the incoming initial units as said before. But in the first two
scenarios, it may be possible that the first overhaul is not a T overhaul, hence it could be less
costly to do total overhaul later in the future. Therefore, the overhaul sequence for the scenarios
lA, lB, 2A and 2B is selected as "MSSTSS" which represents a middle-aged unit. In the
sensitivity analysis part, a worst case and best case will be analyzed to see the benefit or loss due
to the total overhaul done in the beginning.

As seen from the Figure 14, repair/exchange at slaughteries (scenarios 2A and 2B) costs the
highest for the slaughteries within 6 years. That is to say, slaughteries do not realize the return on
investment in scenario 2 within 6 years. Scenario 3, however, cost more than scenario lA and
nearly same as scenario lB. The main reason for the cost difference between scenario lA and 3
seems the unnecessary total overhaul conducted initially within central overhaul. Nevertheless, it
could be argued that central overhaul do not bring much additional costs to slaughteries.
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5.1.2 Profit of Stork
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Figure 15: Profit of Stork per overhaul of evisceration unit

Figure 15 shows the profit of Stork from each type of overhaul of evisceration units. At scenario
lA, Stork only profits from the technicians who are doing the overhauls at the slaughteries. In
Scenario 1B, Stork also gains profits from the sale of service parts before the overhauls. In
scenario 2A, Stork has no profit from the overhauls anymore, since the overhaul of the units is
outsourced completely to the slaughteries. In scenario 3, Stork has a high initial investment cost
in the beginning. Since the price of overhauled units are set in the middle of small, major and
total overhauls, Stork gain profits when small and major overhaul are applied due to the
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5.1.3 Technician hours in the weekend

As said before, the technicians visit slaughteries 3-4 times per year. At their visits during the
weekend, they work very hard up to 12 hours/day. If the overhaul of the units is done in the
weekdays, the workload of the technicians could be decreased. Figure 17 shows the technician
hours spend in the weekend under each scenario. Scenario 2A and 2B saves 7 technician hours
averagely for the small overhauls and 15 technician hours for the major and total overhauls.
Scenario 3 reduces all type of overhauls to 3 hours which equals to the exchange time of all
units.

Figure 16: NPV of 6-year profits of Stork for evisceration unit overhauls

replacement of few parts. But at the total overhauls, Stork faces losses. Please note that the costs
in scenario 3 are allocated to all of the customers using the same units within the area. Therefore,
the average profit in this scenario is highly dependant to the number of participants of the central
overhaul. If the number of participants is few, the average profit values will also be lower since
more costs will be allocated to each customer.

The net present value of the total profit gained from all slaughteries within 6 years is represented
in Figure 16. As observed from this figure, scenario 2A brings more profit to Stork than scenario
1A. The main reason for the increase is the profit gained from the initial sale of the units. Similar
increase can be observed when moving from scenario 1B to 2B. With scenario 3, Stork earns
considerably more profit as compared to scenario 1A. The main reason for this is that
slaughteries start to purchase service parts from Stork rather than external suppliers by means of
overhauled units. Scenario 3, however, is lower than scenario 1B since it has also some costs in
the negative side. From this figure, it could be said that new designs are promising in terms of
profitability.
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Figure 17: Technician hours spent in the weekend for overhaul of evisceration units

As said before, a typical technician visit includes arrival at Friday and leaving on Monday after a
non-problematic start-up. Therefore, reduction in the overhaul times will not make technicians
leave the slaughteries early. They will either work with a lower pace or other works will be
allocated to them. In order to realize the savings from the technician hours, more units have to be
taken under repair/exchange program. When the reduction in the technician hours is about 22-24
hours, which is the available working hours in the weekend, then a technician weekend can be
saved. That is to say, when replacement of units cause a reduction of one weekend time, then one
of the service visits which occur 3-4 times to slaughteries can be cancelled. This can save one
technician for a weekend.

5.1.4 Breakeven Analysis for Central Overhaul

Cash flow within 6 years(central overhaul)

*n

• costs

• prellt per owrhaul

n: number of
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Figure 18: Cash flows for central overhaul of evisceration units
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In scenario 3, Stork invests a considerable amount of money and the profitability highly depends
on the participation of the customers to the program. Hence a breakeven analysis is conducted to
analyze this scenario. Figure 18 shows the cash flow of Stork within 6 years. Some costs and
profit values are dependant to number of participant slaughteries.

According to the results of the breakeven analysis, 2 customers are found to be enough to
breakeven. That is to say, Stork can profit from central overhaul with the participation of at least
two customers with 6-year contracts. It is also possible that some customers have two or more
production lines. In such a situation, if the units in evisceration machines are the same, 1
customer could also be enough to breakeven. As you remember from Figure 12, there exist 15
European customers who use the unit under analysis. Hence 13% customer participation is
needed to start the program for this unit. But the required participation rate increases, when
another unit in the area is analyzed due to the low number of customers as can be seen from
Figure 11.

5.2 NIC units
NIC units are used for inspection of the neck skins of the chickens. They have fewer types as
compared to evisceration units. Figure 19 shows the frequencies of NIC units within European
customers. Only the frequencies larger than two are presented in the figure.

NIC unit frequencies In Europe
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Figure 19: NIC unit frequencies in Europe

Inserting NIC units to the machine do not need special settings; hence this action can also be
completed without Stork supervision. Above NIC units have approximate costs and weights. The
analysis is conducted for the unit 3914848. Although he following results is particular to this
type of unit, it can also be generalized for also other type of NIC units.
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5.2.1 Cost of Siaughteries
Figure 20 represents net present value of 6-year costs of slaughteries for the overhaul of NIC
units. The duration of analysis is taken as 6 years since it is the cycle time of standard preventive
maintenance scheme for NIC units. The cost calculation is based on the operation sequence of
"SMSMST", since it is the most common sequence within the customers. Only in scenario 3, the
overhaul sequence starts with the T overhaul. Costs per overhaul for the NIC units can be found
in Appendix F.

NPV of Siaughteries' costs for NIC unit overhauls(6 years)

I
I
I
I

1A 18 2A

scenarios

28 3

o cost of slaughtery labor

• cost of imentory holding

o cost of transhipment

o cost of super.isors

• cost of materials

o initial costs

I
I
II

I
I
I
I
I
I
I

Figure 20: NPV of 6-year costs of slaughteries for the NIC units

As seen from figure 20, the cost differences between the scenarios are not large as compared to
evisceration units. Scenarios 2A and 2B are slightly larger than 1A and 1B. Scenario 3 is again
found less costly than the scenarios 2A and 2B.

5.2.2 Profit of Stork
The net present value of the total profit gained from all slaughteries within 6 years is presented in
Figure 21. Profit per overhaul under different scenarios can be found in Appendix F. Scenario
2A and 2B are again larger than lA and lB. The main reason for the difference is again the profit
gained from the initial sale of the units. Scenario 3 is larger than the most probable current
situation (scenario 1A), since slaughteries start to purchase service parts from Stork in this
scenario.
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Figure 21: NPVof 6-year profits of Stork for the NIC units
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5.2.3 Technician hours in the weekend
Figure 22 shows the technician hours spent in each scenario for the overhaul of NIC units.
Scenario 2A and 2B do not need any technician hours since all of the overhauls are done by the
slaughtery during the weekdays. In Scenario 3, approximately 2 hours is spent for the
replacement of the units.

technician hours In the weekend
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Figure 22: Technician hours spent in the weekend for overhaul of NIC units

Savings in technician hours with the new designs is smaller in NIC units as compared to the
evisceration units. The main reason for this fact is that the duration of the overhauls is lower for
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Cash flow within 6 years(central overhaul)

5.2.4 Breakeven Analysis for Central Overhaul
For the central overhaul a breakeven analysis is also conducted for NIC units. Figure 23
represents the cash flows within 6 ears.

NIC units. In order to reflect the benefits of these savings in reality, more units have to be taken
under repair/exchange program. For instance, if one slaughtery starts to apply repair exchange
program for both evisceration units and NIC units, then some weekends may be saved for the
technicians. Replacing only one type of units does not bring enough benefit on the technician
usage.
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Figure 23: Cash flows for the central overhaul of NIC units

As a result of the breakeven analysis, 3 customers are found to be enough to breakeven within 6
years. Since the number of customers using the unit was 7 (as seen in Figure 19), more than 40%
participation is needed to start to profit from the central overhaul.

5.3 Sensitivity Analysis
In this part, an analysis is conducted to test the sensitivity of several inputs. It is used to
understand the effect of some input parameters in the behavior of the output. Operation
sequences, contract years, number of units sold to customers and overhaul margins are chosen as
candidates for the sensitivity analyses.

Operation sequences
Figure 24 shows how the net present value of costs of slaughteries change according to the
different operation sequences of evisceration units. Time between overhauls is taken as 1 year. It
has been decided priorly that total overhaul (T) will be conducted as the first overhaul in the
central overhaul. Therefore, this assumption is not changed in the figure, that is to say, it is
assumed that TSSMSS is always applied at scenario 3. One thing from the figure that can be
observed is that the dominance of one scenario over the other does not change much, depending
on the overhaul sequence. Secondly, knowing the age of the first incoming units may make the
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central overhaul more desirable. As can be seen in the figure when the slaughteries follow the
same schedule with the central overhaul (TSSMSS), central overhaul becomes more promising.
But if the units from the slaughteries need a total overhaul after 6 years (SSMSST), central
overhaul costs relatively high as compared to scenario lA and lB. These situations shows the
best and the worst situations for the central overhaul.
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Figure 24: Influence of operation sequence

Contract Duration
The price of overhauled units changes according to the contract durations. When contracts are
signed with the customers, the overhauls within the contract years are specified and a price is set
for the overhauled units. Figure 25 shows the change in price of overhauled units when the
contract duration changes. But it is highly recommended that the contact years for the central
overhauled units are kept same for all of the customers to maintain the same price to each
customer.

price 011 oll8mauled unit (without deposit)

----
I
--+- price 011 oll8rhauled unit I

(without deposit) I
I----------------------j

I
3 4 5 6

I
I
I
I

contract duratlon(~ara)

Figure 25: Influence of contract duration on the price of overhauled units
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Figure 26 shows how the breakeven number required for the central overhaul changes according
to the contract years. The contract duration do not change the required number of customers to
breakeven within cycle time. The reason can be understood by analyzing the Figure 25. The
price of overhauled units is calculated according to the contract years and the overhauls that will
be applied during these years. Hence if some customers do not accept to have contracts of 6
years (cycle time), they have to know that they will pay more for one overhauled unit. If some of
the customers are following more preventive maintenance schemes it could be guessed that the
number of customers required to breakeven in 6 years will be halved since time between
overhauls for these customers are 6 months rather than 1 year.
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Figure 26: Influence of contract duration on the breakeven numbers

Units sold to customers

Table 2: Influence of units sold in ReDairlExchaosze at Slau2hteries
Sc2A(6-year slaughtery Sc2A(6-year total

Units sold costs) profit)
1 26500 14000
2 28000 20000
3 30000 27000

Current
situation:

Scenario 1A 24000 8000

As can be remembered Stork usually gains the most profit in Scenario 2, on the other hand the
same scenario costs the highest to the slaughteries. For the number of units sold to slaughteries a
sensitivity analysis is conducted. Selling even one unit is not found beneficial within 6 years
from slaughtery perspective. The reason why scenario 2 always costs more to slaughteries might
be high prices of the units and high inventory holding costs. These two costs could not be
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compensated with the savings from the working hours of technicians and slaughtery labor. In
order to make scenario 2 promising, margins for the new units, which are reasonably high, can
be lowered. Table 2 shows how the profit of Stork and cost of slaughteries in Scenario 2A
change according to the units sold. All of the values are created fictitiously due to confidential
issues.

Current
situation

Scenario 18 10000 35000

h IdfT bl 3 I na e : n uence 0 over au e umlmar2ID
Overhauled
unit marQin Sc 3 (6-year slaughtery costs) Sc 3 (6-year total orofits)

1 10000 24000
1,2 11000 30000
1,4 13500 35000
1,7 14000 37000

Overhauled unit margin
Table 3 shows how the cost of slaughteries and profits of Stork change as the overhauled NIC
unit margin increases. Please note that all of the values presented in the table are created
fictitiously due to confidential issues. It can be observed that total profit of Stork within 6 years
can be increased significantly by increasing the margin. But customer costs also have be taken
into account while changing the margin.
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6 Implementation Plan
Both designs alternatives are found profitable for Stork and it is shown that they decrease the
workload of Stork technicians in the weekends to a large extent. But in order to implement any
of the alternatives, some steps have to be taken. This part summarizes these steps and explains
the use of the program.

6.1 Implementation of the alternative designs
For the first design alternative, which is repair/exchange at slaughteries, the following actions
should be taken.

• A good training program should be provided for the slaughteries to explain how to
complete the overhauls and do the settings

• The requirements mentioned in Chapter 4.1.1 has to be clearly explained to the
customers

• The manuals about the overhauls have to be revised if necessary.
• It has to be provided that the slaughtery have all the tools to complete the overhauls
• As a recommendation, units like NIC, inside/outside washer seems more reasonable for a

successful start for this alternative, since these units can be exchanged easily.
• Due to the large investment cost in the beginning, the number of units that should be sold

to slaughteries has to be determined carefully. Moreover, high margins of new units may
be lowered in case of multiple purchases.

• Repair/exchange at slaughteries might be a good option, especially for the slaughteries
having multiple lines given that the same type of units are used in all lines.

For the second design alternative, which is central overhaul, the following steps should be taken:
• A questionnaire or a market study can be conducted for learning the willingness of

customers to participate such a program
• A working place of approximately 20 m2 in Boxmeer can be enough for the overhaul

process
• At most 2-3 men should be assigned to this working place. But these people should be

flexible enough to work at another department when there exist no overhaul work
• Specialized tools and a cleaning machine has to be also purchased or provided to start the

overhauls
• It is highly recommended that the repair shop and overhauled units are separated from the

manufacturing area and new unit inventories (Ferrer & Whybark, 2000). Therefore a
place for storage should also be arranged for the overhauled units.

• Preventive maintenance schedules of customer have to be revised in such a way that all
customers have the same sequence in their schemes.

• This study investigates two different units as candidate units. A broader analysis can be
conducted to see the frequency of every unit inside the customers. Such analyzes can
determine the install base data in the unit level. The related data can be collected by using
the Oracle Agile PLM and SAP system.

• A standardized unit has to be selected for a possible start of the project so that most of the
customers could participate to the program.
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For a given type of unit, the model is also able to find all the customers using this unit inside a
specific area. With the breakeven analysis, it can also be understood how many of these
customers should participate to the program so that Stork will breakeven in central overhaul. The
program can be also used for calculating the price of any service kit or overhauled unit.

6.2 Use of the program
The model provides justification for applying any of the recommended designs. When
repair/exchange at slaughteries or central overhaul is wanted to be applied at any slaughtery, the
model can calculate the corresponding profit of Stork and the average cost of slaughteries. The
savings in technician hours can also be seen with the output of the program.

• A standard protocol has to prepared where and how to mark the units and which actions
should be taken by which department

• Long-term contracts should be made with the users of the selected standardized unit.
Special agreements can be made with transport companies since they have some special
offers for reverse logistics.

• It is important that units arrive at the repair shop at the right time with a reasonable
condition. Parts which have a damaged or broken core usually cannot be overhauled. To
satisfy the demands of other customers, each customer has to return their units on time.
These two issues have to be pointed within the contracts.

• Initial perceptions of customers about the products containing used components are
generally negative. Therefore, the concerns of customers about the durability of the
products have to be addressed before entering the market. (Ferrer & Whybark, 2000)
Therefore, the product has to be positioned to deliver positive value to the customer. In
order to make customer understand this value, the level of quality and the warranty of
overhauled products have to be equivalent to the new product. Giving the same warranty
for new and overhauled units can be an evidence for the equivalence of qualities. After
the start of the program, extra services like feedback from other customers can also be
used (ljomah, 2007).

• At last new units should be purchased or produced to start the program.
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As an example for the usage of this program, when a customer complains or have requests about
its preventive maintenance practices, the unit of the customer can be checked from Oracle Agile
PLM. Then all data about this unit can be entered to this program to specify all the customers
using the same unit. If there are very few customers using the same unit, the program will find
the central overhaul undesirable; hence central overhaul will not be an option for this slaughtery.
If central overhaul is recommended for the slaughtery then the price of the overhauled units will
be calculated according to the contract duration and the overhauls that will be conducted within
this contract duration.
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This chapter summarizes the conclusions to be drawn from this project and proposes some
recommendations.

"Redesigning the preventive maintenance practices by introducing the exchange of modular
units and quantifying the benefits ofnew designs as compared to current situation"

STORK"

As a summary it can be concluded that units that are relatively cheap and the ones that do not
need special settings seem more appropriate for this design alternative. The slaughteries having
multiple lines can also be good choices for this option given that the same units are used in all
the lines.

7.1 Conclusions
Here the qualitative and quantitative benefits of two proposed designs will be summarized. They
will be investigated mainly through time-cost-quality perspectives mentioned in Chapter 3.
Repair/exchange at slaughteries

• This design saves the highest technician hours for the weekend. Stork technicians spend
not anymore time for the overhaul of units. But savings in time lessen the workload of the
technician during service visits. More technician-hours have to be saved to make the
technician free for the whole weekend.

• From the profitability perspective, it is clearly shown that Stork will profit by applying
this alternative. The profits will come from the initial sale of the units. But slaughteries
learn how to do the overhauls by themselves. It could be a problem in the future for
attaining a full-service situation.

• From the slaughtery perspective, this alternative costs always the highest among the all
scenarios analyzed in Chapter 5. Especially for the evisceration unit, the difference is
considerably high. The main reason for this difference is very high prices of evisceration
units and their inventory holding costs accordingly. For the NIC unit, however, difference
from the current situation is not so high which can make them more appropriate for this
alternative than evisceration units.

• Although a quantitative analysis is not conducted for measuring the quality, it could be
claimed that the quality of the work in this design is highly dependant to the skills of the
slaughtery workers. The replacement of evisceration units is especially a tough job, since
special settings is required. Even though the overhauls are done properly, if the settings
of these units are not done correctly, the performance of the machine can decrease
considerably. In this respect, NIC units are found more appropriate for this alternative
than evisceration units, since replacement of NIC units are very easy.

During the project, first the problems related with current overhauls are diagnosed. Then two
new designs are constructed as a remedy for the problems. The processes of each design are
clearly explained and a model is constructed for quantifying the benefits of each design
alternative.

7 Conclusions and Recommendations
As remembered from Chapter 3, this project aims for the following aim:
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For the central overhaul it can be said that the units that are frequently present inside the
customers' machines are better candidates. Since central overhaul depends much on the
participation rate of customers, it should be guaranteed that there exist enough number of
customers using the same type of unit.

Central Overhaul
• This design saves considerable technician hours for the weekend. In this alternative, the

replacement of the units can be arranged to be done in the weekends during the regular
visit of Stork technicians. In such a situation, Stork technician can supervise the
replacement process and do the settings.

• It is clearly shown that total profits gained from central overhaul are much higher than
the most probable current situation. With the central overhaul, the customers who are
directed to purchase the new parts from Stork by means of overhauled units. But
profitability of central overhaul depends highly on the participation of customers. With
very low participation rate it could also be less profitable than the current situation.

• From the slaughtery perspective, central overhaul cost slightly more than the current
situation (1 A). The main reason of this difference is the total central overhaul that is
applied to all incoming units in the beginning. But still it can be said that central overhaul
is cost-efficient for slaughteries.

• Since both the overhaul and the replacement will be done or supervised by Stork people,
it is considered that this alternative assures a high quality. Presence of Stork supervisors
during the replacement is a good opportunity especially for evisceration units.

7.2 Recommendations
A focus on the design for service is needed for Stork to give a better service. When the units and
machines are designed, the maintainability considerations should also be taken into account.
Especially if Stork wants to invest in central overhaul, some design aspects are very important.
Amezquita et al (1995) summarizes these aspects as follows:

Ease of disassembly: It has been mentioned in Chapter 4.1.2 that wear indications of
the units can give some insights about the design of the products. Apart from this,
disassembly operation also can give good ideas about some design concerns like
serviceability. If disassembly is made easier, less time can be spent for this non-value
added stage.
Ease of cleaning: The designer should be aware of the cleaning methods so that the
surfaces that should be cleaned stay accessible and will not collect residue from
cleaning
Ease ofpart replacement: Parts that wear very frequently should be capable of being
replaced easily so that the time for reassembling the product can be decreased and
possible damages during the part insertion can be minimized.
Standardization: Commonality among products has to be increased. For instance even
fasteners that are used in parts can be standardized in order to reduce the complexity
of the disassembly and material handling processes.
Relatively static design and low rates of technology change facilitates the reverse
logistics since design changes may make new parts non-interchangeable with old
parts. Thus technological stability is important for using the units for long periods.
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Modularization: The assembly and disassembly times can be reduced significantly
with the modular designs. The modules should be functionally independent as much
as possible. Even if the technology change is high, with the modular designs, the units
can be functionally upgraded easily.

By starting a reverse logistics activity at its central location, Stork can utilize the experience of
workforce and product knowledge infrastructure but it is also possible that the focus of the plant
will decrease while the part variety and inventory increases. Companies that want to implement
reverse logistic process may face also internal resistance to the development of such a market.
Therefore doubts of employees have to be eliminated first by educating them (Ferrer &
Whybark, 2000). Nevertheless, as an original equipment manufacturer, Stork can use its name,
service quality and good relations with its customers as a good advantage to succeed in central
overhaul (Bras & Mclntosh, 1999).
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k : index of customers
J : index for units
o index of overhauls (0=1,2,3 where overhaul 1 represents small overhaul, overhaul 2

represents major overhaul and overhaul 3 represents total overhaul)
n index of overhaul frequencies
AC : Average NPV of overhaul-related costs incurred by the slaughteries
OCok k1h slaughtery' cost per overhaul type 0

ICk initial overhaul-related cost of a slaughtery k
fo frequency of overhaul type 0 within the year of analysis
kj the number of customers using unit type j
wacc the weighted average cost of capital
ton the year when n th of overhaul type 0 takes place
TP : Total NPV of the overhaul-related profit of Stork gained from all the slaughteries
ISC initial cost of the design alternative to Stork
IPk initial overhaul-related profit of Stork from slaughtery k
OPok Stork's profit per overhaul type 0 from slaughtery k
PSC periodical cost of design alternative to Stork
tn the year when n th of overhaul takes place
mlOol margin set by Stork for the tools
ClOo1: cost of tools to Stork in the design alternative
mlf margin set by Stork for training the slaughteries
Clf cost of training to Stork in the design alternative
mj margin set by Stork for the units
SUj: the number of unit type j sold to customers in the design alternative
CUj the cost of unit type j to Stork
Cmarket : marketing cost of central overhaul to Stork
PUj the number of unit type j produced/purchased by Stork
(CMat) ok: cost of materials to slaughtery k at overhaul type 0

(Csd ok : cost of labour cost of slaughtery k at overhaul type 0

(CTrans) ok : cost of transhipment to slaughtery k at overhaul type 0

(CTech) ok: cost of Stork technician to slaughtery k at overhaul type 0

(Crn) ok : cost of inventory holding to slaughtery k at overhaul type 0

(PMal)ok : profit of Stork from selling materials to slaughtery k at overhaul type 0

(PTrans)ok: profit of Stork from transhipment to slaughtery k at overhaul type 0

(PTech)ok: profit of Stork from technicians at slaughtery k at overhaul type 0

CI : inventory holding cost of Stork
Coverhead : yearly overhead cost of Stork
fl number of flows of transhipment (1 if only forward, 2 if forward and backward)
fl fixed cost of transhipment
VI unit variable cost of transhipment
Wok weight of the transhipment sent to slaughtery k at overhaul type 0

mtrans the margin set by Stork for the transhipments
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nkj
Pi
qij

Cj

BOMj

So
clc
dSoj

clsk
dej
toyer

CSover

mTech

tbo
Co

Area

the number of unit type j inside the machine of customer k
price of a part i
quantity of the part i in unit j
cost of a part i
bill of material of unit type j
service part list replaced at overhaul type 0

labor cost per hour at central repair shop at Stork
duration of current overhaul type 0 of unit j in the design alternative
labor cost (per hour) of an employee of a slaughtery k
duration of taking out and putting a unit j
number of overtime hours the technician worked
labor cost per one overtime hour of technician
margin set by Stork for the technicians
time between overhauls
the yearly overhaul cost per m2

the area of an optimum working place needed
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Appendices

Appendix A

Marel Food Sytems

Stol1< Food
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A1imentlcias Ltda. Australasia BV Systems BV

Stork PMT BV
Townsend Stol1< Food

Stol1< Titan BV Engineering
Company

Systems BV

Figure 27: Organizational Chart for Stork
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Figure 28: Organizational Chart for Stork PMT
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Figure 29: The relationships between the main sectors within Stork PMT
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Figure 30: Poultry Processing
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Figure 31: Preventive maintenance scheme for evisceration machines with "more preventive "level
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Figure 32 Preventive maintenance scheme for evisceration machines with "less preventive "level
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Figure 34: Preventive maintenance scheme for NIC machines with "standard preventive ''level
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Figure 35: Preventive maintenance scheme for NIC machines with "less preventive "level
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Transhipment costs (welght<1000)
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I Figure 36: Transhipment costs 1
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Figure 37: Transhipment costs 2

For the other cost parameters, following values are used:
-Weighted average cost of capital (WACC) is taken 8,26 %. This value is used when the net
present value of future cash flows is calculated.
-Marketing cost in the central overhaul is taken as € 4000.
-Price of the tool set of a unit is taken as around € 900.
-Overhead expenses (depreciation, electricity, insurance etc. ) per m2 per year is taken as 103,44.
-The area of repair shop for an overhaul of a unit is estimated to be 20 m2

.

New unit margin is taken as 3,5.
Overhauled unit margin is taken as 2,5.
AU other margins are taken 1,3.
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Appendix F

Cost per s1aughtery
• in~ial cosl per slaughlery

• slaughteries' cosl per small overhaul

D slaughteries' cosl per major overhaul

D slaughleries' cosl per lolal overhaul

Figure 38: Cost per slaughtery for NIC unit overhauls
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Figure39: Profit per slaughtery for NIC unit overhauls
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