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Abstract 

Purpose: Within literature and practice it is stated that manufacturers face difficulties in making the 

transition towards a more service oriented organization. This study aims at ameliorating this 

transition for capital equipment manufacturers by proposing a conceptual design for improving the 

internal processes needed to deliver preventive maintenance service, such that it can be provided to 

a large customer base with few resources. 

Design/methodology/approach: Three cases were used to define key activities and problems for the 

delivery of preventive maintenance at a capital equipment manufacturer. The problems found were 

translated according to five information elements which were derived from literature.  

During a brainstorm session the regarded output of preventive maintenance was discussed. A 

business process redesign framework from literature was used to define the needed input data 

elements that were regarded to be necessary to generate the output. By means of iterative interview 

sessions with internal experts, a conceptual design was developed which connected the input 

elements such that the output could be generated without costing much resources. 

Both interviews and experiments were used to verify parts of the proposed concept. 

Findings: The design study resulted in a concept in which data is categorized among three main IT 

systems. By defining which data from each IT system is needed in order to carry out the key-

activities, it is known which data needs to be compatible with each other. During experiments it was 

found that making data compatible makes it possible to automate parts of the activities such that 

fewer resources are needed. 

Implications for theory: This study contributes to the service literature which focuses on product 

oriented companies who want to make the transition towards a more service oriented perspective. It 

provides a guideline to improve data streams needed to improve service activities within a 

manufacturing organization. The study also provides some new insights into the information- and 

technology- best practices of business process redesign, which can be valuable for organizations that 

want to redesign their business process in order to make the transition towards a more service 

oriented company. 

Implications for practice: The concept design itself is particularly aimed at the case organization. 

However, as general input data elements were defined, the concept could be used as a guideline for 

setting up an information system by other capital equipment manufacturers who want to provide 

preventive maintenance to their customers.  
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Executive Summary 

Stork Food Systems (SFS) is a global manufacturer of advanced equipment, systems, and services 

for the meat and poultry industries. SFS customers can be found all over the world and vary between 

slaughterhouses producing 500 and 13.500 birds per hour. SFS products are complex and suffer from 

wear out in the field. The core processes of SFS customers depend on the availability of the SFS 

equipment. As customers of SFS increasingly focus on their core competences and improving their 

process, the need for preventive maintenance increases. The goal of preventive maintenance is to 

keep availability and yield high, and decrease cost of ownership. Although carrying out preventive 

maintenance will cost money, cost of ownership is regarded to decline due to fewer costs for 

unplanned breakdowns, and higher returns due to better and more stable performance and yield. 

SFS recognized the maintenance market potential as their customers increasingly focus on their 

core competences (the slaughter process) and outsource (preventive) maintenance. To satisfy this 

market, SFS wants to provide high quality preventive maintenance. Delivery of preventive 

maintenance to customers’ equipment currently takes so many resources that SFS expects not to be 

able to serve the demand for preventive maintenance without dramatically increasing the amount of 

resources. Therefore, a design study was formulated as follows: 

“Design a business process to deliver preventive maintenance to customers such that internal 

activities, needed to deliver the service, are executed against the lowest costs, making the delivery of 

this type of service feasible for a large customer base”.  

A business process was defined here as ‘a set of logically related tasks that need to be performed to 

achieve a defined business outcome’ (Slack and Lewis, 2005). The regulative cycle (van Aken, 1994) 

was used to come to a concept design for the business process of preventive maintenance delivery. 

Within the proposed design IT system integration is an important aspect, as it improves the ability to 

automate parts of the processes needed to deliver the service. Current problems were described 

from an informational perspective in order to find problems for IT system integration. Within the 

design this informational perspective was continued in order to find a way to solve the problems 

within the new concept. The design study focused specifically on SFS’ organization. 

Diagnosis findings 

During the diagnosis phase it was found that problems regarding all information elements were 

present within the delivery of preventive maintenance service by SFS. The information elements 

were defined as information 1. -collection, 2. -sorting, 3. –distribution, 4. -sorting, and 5. –

compatibility according to Huber (1991). Information problems were derived by analyzing problems 
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in the specific activities needed for the delivery of preventive maintenance. Therefore, three cases 

(Germany-, UK-, and Brazil-case) were selected. After comparing the three cases, it was found that 

much of the problems were found within all the cases. The problems which were described by the 

service coordinators from a practical point of view were related to the information elements as 

derived from Huber (1991). It was noted that especially information distribution from the location 

where it is stored to the activity for which the information was needed, was frequently stated as a 

problem. Problems for the elements of information storage and compatibility were stated to be 

partly responsible for the bad information distribution. The result of bad information distribution was 

that certain key-activities in the provision of preventive maintenance could not be automated, such 

that many manual tasks were needed to provide the service. 

It was not possible to specify the total amount of resources needed to provide preventive 

maintenance. As such, the impact of the problems (quantitatively) could not be provided. First, not 

all data about resources spend on preventive maintenance tasks were reported. Second, if 

preventive maintenance data was reported it was stored in the same way as data not related to 

preventive maintenance, such that the resources spend for preventive maintenance only could not 

be filtered out. This was considered as a problem since it makes the monitoring and evaluation of the 

preventive maintenance activities impossible. Monitoring and evaluation is needed to discover 

bottlenecks or problems within the process and propose solutions for it. So, was related to an 

information collection and sorting problem. 

Design 

In order to solve the information problems a design concept was proposed in which several IT-

systems were integrated. The use of several IT systems made it possible to categorize types of data 

and assign them to a particular IT system. The framework by Reijers and Liman Mansar (2005) was 

used to categorize the data within three types: 

1. Customer data 

2. Product data 

3. Business process data 

In order to define which information is actually needed within the business process of providing 

preventive maintenance, a brainstorm session was planned during which the regarded output of the 

process and the regarded data elements needed to create this output were defined. Four data 

output elements were: 1. Preventive maintenance task, 2. Spares, 3. Engineers, and 4. Tools. The 

seven data input elements regarded to be needed were categorized according to the Reijers and 

Liman Mansar (2005) framework which resulted in the foundation for the design. 
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Customer data IT-system (Customer Relationship Management, CRM) 

1. General customer specific data 

2. Planning and dispatch data 
3. Reporting data 

Product data IT-system (Product Lifecycle Management, PLM) 
4. Generic product data 

5. Customer specific product data 

Business process data IT-system (Enterprise Resource Planning, ERP) 
6. Financial data 

7. Logistic data 
 

After several iterative stages of the design process in which key-users provided feedback on initial 

concepts, the design within Figure 1 was proposed. 

Within the design of Figure 1, the data input elements within the three information systems need 

to be integrated with each other. As a result data flows between each of the three systems are 

needed. The result of the design is a structured process of delivering preventive maintenance, and a 

more logical data structure, such that employees involved in the provision of preventive 

maintenance service can easily find the data they need, and are able to take over customers from 

each other due to a more standardized process and storage of data. 

Verification and validation 

Experiments were conducted to show that some parts of the process can be automated. Also 

interviews were used to discuss the effect of the proposed design. Although not the improvement for 

each key-activity was quantified, the activities that were quantified suggested a time reduction of 

 

Figure 1 Conceptual data flowchart design 
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50% when assuming 200 preventive maintenance contracts. As such the implementation costs are 

considered to be earned back within one year. 

Conclusion 

Sorting information and making it compatible, dependent on the need to synthesize data sources 

within activities, was found to be an important condition for automation and improving the business 

process for delivering preventive maintenance. Data compatibility also made it possible to integrate 

the information systems, such that processes which make use of data sources within several 

information systems can be automated. Further research is needed to generalize this design 

knowledge which could be used by manufacturing companies who want to extend their service 

business in order to improve the delivery of preventive maintenance for their products. 
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List of definitions 

AE-code 

Service part code which is used by SFS to classify spare parts (see also Appendix C). 

After sales service 

Dispatching service personnel to customer locations to install equipment, perform routine or emergency 

maintenance, or provide on-site training. 

Behavior view (business process redesign) 

The execution order of activities in a workflow. 

Business process 

A set of logically related tasks that need to be performed to achieve a defined business outcome. 

Capital equipment 

Machines or products that are used by manufacturers to produce their end-products or by service 

organizations to deliver their services. 

Condition based monitoring 

Monitoring of certain parameters of equipment or a process in order to predict when a failure will occur. 

Corrective Maintenance (see also reactive maintenance) 

Maintenance carried out after a breakdown in order to bring equipment back in a state such that it can 

produce products. 

Cost of Ownership 

Figure used at SFS to provide insight for customers into the preventive maintenance costs. It considers the 

costs for spares and engineers. 

Efficiency 

Expenses as a percentage of revenue. In terms of preventive maintenance; the cost for SFS of delivering 

preventive maintenance as a percentage of the revenue’s for preventive maintenance (both in terms of 

money and customer loyalty). 

Full service 

Total bundle of products and services that fully satisfies the needs and wishes of a customer related to the 

performance of equipment. 

Installed base 

Number of units of a particular type or system (in this case SFS equipment) actually in use within the 

market. 
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Key-activity (with respect to preventive maintenance) 

Activity that is considered to be needed in order to be able to deliver preventive maintenance to the 

customer. 

Legend 

Definition by SFS for a set of related parts which are connected by the function they carry out in the 

machine (sort of sub-assembly). 

Modification Work Order (MWO) 

Specification for the modification of equipment in the installed base management system. 

Operation view 

How an activity or process is implemented. Operations are used to perform required actions to fulfill a 

task. 

Pirate 

An organization that copies (spare) parts of original equipment and sell them to customers who own the 

original equipment. 

Preventive Maintenance 

Maintenance carried out in order to prevent equipment from breakdowns. 

Reactive Maintenance (see also corrective maintenance) 

Maintenance carried out after a breakdown in order to bring equipment back in a state such that it can 

produce products. 

Throughput 

Productivity of a machine, procedure, process, or system over a unit period (e.g. output per hour). 

Total cost of ownership 

Total costs involved for using a machine over some period. 

Workflow 

A pattern of activity enabled by a systematic organization of resources, defined roles and mass, energy and 

information flows, into a work process that can be documented and learned. 
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List of abbreviations 

 

A-parts   Consumables 

B-parts   Breakdown parts 

C-parts   Small Overhaul parts 

CRM   Customer Relationship Management (IT-system) 

CTS     Commercial and Technical Service (department) 

D-parts   Major Overhaul parts 

E-parts   Condition-dependent Overhaul parts 

ERP    Enterprise Resource Planning 

FSE    Field Service Engineer 

IB    Installed Base 

IT    Information Technology 

MWO   Modification Work Order 

PC(O)I   Process Control (Organization) Information model (PBI in Dutch) 

PLC    Product Lifecycle 

PLM   Product Lifecycle Management (IT-system) 

PMS   Preventive Maintenance Schedule 

PMT   Poultry processing Machinery and Technology 

SAP    Enterprise resource system used at SFS 

SFS    Stork Food Systems 

SG-CTS   Structural Group Commercial and Technical Service (department) 
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Chapter 1 Introduction 

1.1 Introduction 

This research is executed at Stork Food Systems (SFS). The focus of the study is on internal business 

processes, needed to efficiently support customers of SFS with applying preventive maintenance in 

order to keep machinery up and running. Due to competition in the food sector, efficiently producing 

is important for SFS’ customers. Preventive maintenance aims at improving product throughput, 

availability and yield. Before the project is discussed, this chapter first discusses relevant 

characteristics of SFS. Second, the assignment is introduced, and finally the research methodology is 

discussed in paragraph 1.4. The structure of the remaining chapters is discussed in paragraph 1.5. 

1.2 Stork Food Systems 

1.2.1 History and development of Stork Food Systems 

The history of Stork starts in 1835 when the thirteen-year-old Charles Theodorus Stork started a 

textile factory. Due to competition within this sector, the company started focusing on the 

production of industrial products like steam machines. In 1930 the company became a conglomerate, 

which produced several not related products like cranes, sea tugs, and production machines for the 

food industry. Despite bad results in the sixties, several acquisitions took place, one of them (in 1963) 

the acquisition of ‘Wiericke’, a producer of machinery used for the slaughtery of poultry. Due to 

automation, the poultry sector was rapidly expanding, and in 1975 the independent subsidiary Stork 

PMT (Poultry processing Machinery and Technology) in Boxmeer (The Netherlands) was established. 

Stork PMT expanded activities in 1976 to Gainesville (USA) where ‘Gainesville Machine Corporation’ 

was taken over and renamed Stork Gamco, which nowadays is the most important poultry processing 

equipment supplier in the USA. In 1988 Stork saw the trend of convenience food and acquired Titan, 

which produced machines for meatball production. Nowadays, Titan, also located in Boxmeer and 

Gainesville, is specialized in developing machines for the further processing of poultry, red meat, 

potato, and fish into semi finished, convenience food and meal component items. With this 

acquisition, Stork PMT became able to deliver full line solutions. In 2006 Stork PMT acquired 

Townsend, located in Iowa (USA) and Oss (The Netherlands) and named it Stork Townsend. Stork 

Townsend develops and produces specialized equipment for the pork and beef processing industry. 

Currently, Stork PMT also produces poultry machinery in Dongen (The Netherlands) and Piracicaba 

(Brazil). The facility in Piracicaba is named Stork Food systems LTDA. Due to the several locations of 

the production facilities, the risk of not being able to deliver (spare) parts to customers, due to 

unforeseen accidents (e.g. fire) at production facilities is reduced. This may be an important factor 

for customers whose costs dramatically increase when production is idle. Another subsidiary is Stork 
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Food & Dairy systems, located in Amsterdam (The Netherlands), which is specialized in the 

manufacturing of machines that extent product life and package dairy products and other food. 

Finally, Stork Food Systems BV is the name of all the international sales and service offices under the 

Food Systems group. The structure of SFS and its subsidiaries is summarized in Figure 2. 

In January 2009 Marel Food Systems acquired SFS. For Marel Food Systems, specialized in the 

processing of fish and red meat, SFS complemented its product line. Combined, the yearly turnover is 

estimated to be 660 million Euros with more than 4000 employees. Together, the companies expect 

to improve the integration of solutions within the food sector. The future integrated organizational 

setup is given in Figure 3. 

Within this setup the 

market in which Marel 

Food Systems is active is 

split up into four industry 

centers. Product centers 

are defined according to 

general activities within 

industry centers (e.g. meat 

harvesting). Products and 

services are delivered to 

the customer by the Sales 

and Service Unit.  As the company was within the integration process during the development of the 

thesis, the former name of the company, Stork Food Systems (SFS) is used within this thesis.  

1.2.2 Market characteristics 

During the economic downturn in 2009, Marel Food Systems focused on improving internal 

processes and synergies in order to drive down costs which free up capital to invest in new projects 

and markets. Currently, customers of Marel Food Systems, are again making profit. This gives 

positive future prospects. The poultry, fish, and meat market, in which Marel Food Systems is active, 

 

Figure 2 Subsidiaries of Stork Food Systems [source: Stork Food Systems] 

 

Figure 3  Organizational Setup Marel Food Systems [source: Stork Food Systems]  
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is expected to grow at a rate of 4-6%/year for the next years. Apart from the expanding operations in 

key-markets of North America and Europe, markets of South America, Eastern Europe, Russia and 

Asia are emerging and expected to grow up to twice the global rate in the next years. Especially 

expectations for the further processing industry are hopeful, since this sector is expected to perform 

better than most other segments. Although pirates who copy SFS-parts are active within the market, 

one of the important cash generators for SFS comes from the sales of spare parts. Therefore, an 

important issue for SFS is to prevent their customers from buying spare parts from pirates. With 

respect to the recovery from the economic crisis, knowledge from the past learns that demand has 

built up during the downturn, leading to above trend growth during the recovery. Despite the 

economic downturn, Marel Food Systems expects to remain global market and technological leader.  

1.2.3 Market Developments 

As SFS’ customers focus more on their core competences, they ask increasingly for product support 

like maintenance. As such, importance of after sales service delivery and selling new contracts to 

customers is increasing for SFS. Efficiently delivering after sales service such that customers are 

satisfied with the provided service is important. With the increase of after sales services delivered by 

SFS, customers demand insight in the total cost of ownership. Total cost of ownership is the total 

cost involved for using a machine over some period. It involves acquisition costs and costs for 

maintaining machines (borne by the customer) such that they perform their functions (Oliva and 

Kallenberg, 2003). As a result, customers ask for guarantees on total cost of ownership and machine 

performances, which can be fixed within a contract (although currently no standard procedure).  

Another trend is the increase of large slaughterhouses which can produce more efficiently than 

small slaughterhouses who, as a result, go bankrupt or be acquired by larger competitors. A second 

aspect of slaughterhouses is that they also catch the trend of the increasing further processing 

market and as such start further processing activities. These developments lead to a decreasing 

number of customers. However, the customers that remain are large and more professional and 

therefore have higher requirements in terms of yield. Although this trend is present, currently there 

are still many little slaughter houses left. 

1.2.4 Characteristics of the poultry processing process 

SFS distinguishes three processes in the market it is active in: poultry processing, fresh meat 

processing, and further processing. SFS can deliver full line equipment for the poultry and further 

processing process. For the fresh meat industry, SFS only delivers machines for part of the process. 

However, with the acquisition of SFS by Marel Food Systems, the concern can also deliver full line 

solutions for the fresh meat industry. Since the poultry process is the core business for SFS, this 
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process will be further elaborated. For the fresh meat processing, the steps are quite similar, 

although whole products (whole cows or pigs) are less likely to be sold than in the poultry industry. 

 

Figure 4  Poultry Processing Process [source: Stork Food Systems]  
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The poultry processing process is characterized by line production. Birds are processed while they 

move (suspended on shackles) through a line. This line consists of several steps (Figure 4), which can 

be elapsed if not every step is necessary (dependent on the end product). The process starts with the 

supply of birds in crates or containers. After birds are manually hanged on the shackles, which move 

through the line, the crates or containers are cleaned. Next, birds are stunned (electrical), their necks 

are cut and the blood is collected. Then, the birds are scalded which is needed in order to make the 

plucking of the feathers easier. After that, the birds are re-hung on different shackles in order to 

separate the “dirty” and “clean” process steps. During the evisceration process, the intestines are 

separated from the carcass and transferred to a separate pack shackle. The organs are inspected by a 

veterinary in order to detect illnesses. If approved, organs and birds can be chilled, weighted, and 

their quality can be graded. Based on weight and quality, a decision is made to allocate the bird to 

different parts through which the yield of each individual bird can be optimized. For example, a bird 

with a broken wing cannot be sold as a whole. However, by cutting the bird in portions the several 

parts can be sold, providing higher yield. The final steps in the poultry process are portioning and 

deboning (filleting). The meat harvesting process can recover tissue left on the bones, which also 

increases the yield per chicken. The above described process results in birds sold in one piece or 

separate sold parts. By extending the poultry process with the further processing process, even more 

types of products in several forms or flavors (e.g. chicken fingers) can be produced. Before being 

transported to supermarkets, products need to be packaged and labeled.  

Process performance is measured by parameters as line speed (birds per hour), percentage of birds 

processed well, and temperature. Since all steps within the process involve mechanical actions (if 

automated), which are liable to wear, maintenance is needed. Parameters like the amount of shifts 

per day, production days per week, the type of cleaning, and the characteristics of the input product 

(bird) are needed to predict when, and on what frequency maintenance is needed. 

1.2.5 Stork products and the use of preventive maintenance 

The use of SFS products varies between customers, according to their production schedules, 

amount of shifts a day, and production days a week. Capacity of production lines varies between 500 

and 12.000 birds per hour. The need for maintenance is dependent on the use of the equipment 

(amount of hours the equipment is used) and the criticality of the process (e.g. impact on supply and 

storage). For large customers, producing high amounts of products per hour, it is estimated by SFS 

that the costs of unplanned breakdowns during production hours is on average €300,- per minute. 

Although SFS can deliver complete production lines to customers, not every customer chooses to buy 

a complete line. Especially customers in North America often combine equipment of different 

suppliers into one processing line which is another difference that appears between customers.  
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Dependent on the criticality of their production process, customers either choose for reactive (also, 

corrective) maintenance, which is ‘maintenance carried out after a breakdown in order to bring 

equipment back in a state such that it can produce products’ (Kumar et al., 2004), or preventive 

maintenance, which is ‘maintenance carried out in order to prevent equipment from breakdowns’ 

(Swanson, 2001). Especially large, process oriented customers increasingly choose for preventive 

maintenance as their margins are so small that breakdowns heavily influence their profitability. 

Although most customers have their own maintenance department, SFS is often consulted about 

how a preventive maintenance regime could be set up.  

For SFS preventive maintenance aims at maintaining equipment such that breakdowns are 

prevented. This entails the timely exchange of worn parts before they result in a breakdown of 

equipment. An example is a bearing on a shaft which is worn out that far that the shaft cannot 

rotate, such that the equipment cannot perform its function anymore. Timely replacement of the 

bearing would have resulted in the equipment keep performing its function. 

SFS has created knowledge (and experience) about wear out patterns of several parts. They are 

able to provide a time interval for the exchange of these parts. However, for some parts it is harder 

to give a time interval. These parts either have a less predictable wear out pattern, or their wear out 

pattern is dependent on the circumstances at the customer, which, as mentioned, vary. As such, SFS 

has decided to plan quarterly inspection visits to check the state of parts with less predictable wear 

out patterns, and recommend which inspection dependent parts need to be exchanged. As such, 

preventive maintenance entails the exchange of parts according to a predetermined schedule, and 

quarterly inspection visits. Currently SFS is also working on a remote diagnosis system which serves 

as another trigger (apart from the time- and inspection trigger) for the exchange of parts.  

1.3 Assignment 

1.3.1 Initial Stork Food Systems assignment 

SFS is currently looking into the design and implementation of a full service concept. This concept, 

among others, entails preventive maintenance service delivery. Preventive maintenance must be 

organized, such that a large amount of customers is provided with the service in a cost efficient 

matter. However, delivery of preventive maintenance should not only be cost efficient for customers, 

but also for SFS. Although there is currently a strategy of how preventive maintenance could be 

implemented to serve customers, this strategy is currently not applicable to be used to provide 

preventive maintenance to a large customer base since it costs too much time and money. The 

cause, as mentioned by SFS, is the insufficient support and integration of information systems that 
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are used to deliver preventive maintenance. As a result of insufficient support and integration of 

these systems, many activities still need to be performed manually, resulting in high costs. 

The graduation project aims at the determination of the optimal design of the internal activities 

that need to take place at SFS to provide the customer with preventive maintenance. As SFS in the 

near future will sign more full service contracts, these activities should be designed such that the 

costs for delivering preventive maintenance are minimal, resulting in the generation of increased 

profit from preventive maintenance. This leads to the following initial project formulation: 

”A preventive maintenance business process should be designed, such that internal activities, that are 

needed to deliver the service of preventive maintenance, are executed against lowest costs, making 

the delivery of this type of service feasible for a large customer base.”  

Within this initial project formulation, a business process is defined as ‘a set of logically related 

tasks that need to be performed to achieve a defined business outcome’ (Slack and Lewis, 2005). The 

outcome in this case is preventive maintenance-service delivery by SFS to their customers’ capital 

equipment. Reijers and Liman Mansar (2005) developed a framework consisting of elements of a 

business process which need to be considered when (re)designing a business process. The authors 

came to this framework by synthesizing several elements of related frameworks (WCA, MOBILE, and 

CIMOSA). The advantage over the other frameworks is that it synthesizes the business process 

related elements from the other frameworks such that a more complete framework appears in which 

elements like the business process and the organization are further delineated into sub-elements.  

Focusing too much on a single element of the framework, ignoring the impact of the other 

elements, possibly reduces the overall value of the design. As such, this model helps in identifying 

the topics that should be considered on a more operational level. With the authors’ description of 

best practices for each element, a gap within literature of practical information about process 

redesign is filled. As such, the framework is meant to provide a set of ideas that assists in business 

process redesign. With the combination of several elements and the delineation of sub-elements, the 

designer has a strong tool when thinking about redesigning a business process.  

Within this the framework is used to cover the important aspects within the (re)design. Discussion 

of these elements is outside the scope of this paragraph and will be discussed in sub-paragraph 1.4.3 

which deals with the methodology of the (re)Design phase within this master thesis project. 

1.3.2 Design study approach 

A design study approach is chosen to carry out the assignment. The aim of a design study is to 

develop generic design knowledge (van Aken, 2004). Knowledge should contribute both to the 

academic and the practitioner worlds. More specifically, it should provide high-tech capital 
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equipment manufacturers who deliver preventive maintenance, with a cost effective solution for 

delivering service on a large scale to their customer base. Although knowledge will be gathered from 

a single case company (SFS), an attempt will be made to make this knowledge generic, such that it 

can be used within companies facing the same problems. As such, the knowledge will contribute to 

the literature about the transition from product- towards service-oriented, although it limits itself to 

preventive maintenance which is only one way for high-tech capital equipment manufacturers to 

contribute to the transition. The previously discussed framework will serve as a tool for the design. 

1.3.3 Deliverables 

A distinction is made between a scientific and practical outcome. The covering scientific framework 

is the transition from manufacturing-oriented companies towards a service-oriented perspective.  

The scientific contribution of the study is to provide manufacturers with design knowledge about 

how to (re)design their internal processes such that it is easier for them to efficiently exploit services 

on larger scale, which is part of making the transition according to Oliva and Kallenberg (2003). 

The practical deliverable is a proposal for a business process design that helps SFS in delivering 

preventive maintenance service against the lowest costs. This proposal will describe the tasks that 

need to be performed, the information that is needed to perform these tasks, and how technology 

could be improved in order to support these tasks and provide the right information when it is 

needed. The description will provide a further basis and a starting point for implementing the 

activities that are needed within the organization. If, for example, it is known which tasks need to be 

performed, further research could be done into how these tasks can best be performed and by 

whom. The practical deliverable can function as general design knowledge for other companies who 

struggle in adapting their business process on the demands of delivering preventive maintenance. 

1.4 Methodology 

Within the thesis several concepts from literature are used. The main concept which provides the 

foundation for the other concepts is the regulative cycle (van Aken, 1994) which consists of the bold 

blocks in Figure 5: Set of problems, Problem choice, Diagnosis, Plan, Implementation, and Evaluation. 

The cycle starts with a set of problems. The problem that capital equipment manufacturers face 

difficulties in making the transition from product- towards service-provider was identified within 

literature (Lemmens, 2009; 2010), and also found in practice for the case of SFS. The problem choice 

which resulted in the master thesis project at SFS is discussed in paragraph 1.4.1. Within the 

diagnosis step the problems are further analyzed such that they can be solved in the design stage. 

For the diagnosis within the regulative cycle, four steps were taken. These steps are discussed within 

paragraph 1.4.2. 
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The study should result in a proposal for SFS, which will be part of the longer term plan to further 

improve and extend its service business. This plan is developed in the design phase within the 

regulative cycle. Within this cycle the previously discussed business process redesign framework 

(Reijers and Liman Mansar, 2005) will be used to take into account all important aspects when 

proposing alternatives to solve the problems found in the previous phase. As the initial assignment 

emphasizes an informational problem, an information approach on the business process redesign 

framework is chosen. Elements of this information approach also come from literature. The business 

processes redesign framework, the underlying information processing theory, and the steps within 

the redesign phase of the regulative cycle are discussed in paragraph 1.4.3. 

Although actual implementation is not the aim of the thesis, it is taken into account during the 

design phase. What will be done in order to improve implementation is discussed in paragraph 1.4.4. 

1.4.1 Problem choice 

The design oriented approach applied in the problem solving project at SFS starts with the initial 

problem definition as defined by the problem owners. SFS’ statement that it is unable to efficiently 

deliver preventive maintenance to a large customer base with the current method forms the core of 

the problem. An initial stated reason is the inefficiency through which preventive maintenance is 

delivered which results in high costs, making the delivery of preventive maintenance financially less 

attractive. Especially when more people have to be hired to scale up the preventive maintenance 

service delivery, this is expected to be financially unfeasible. During the diagnosis phase, of which the 

steps are discussed in the next paragraph, more insight into the problem and its causes will be 

gathered. 

 

Figure 5  Methodology concept [sources: van Aken 1994, Reijers and Liman Mansar, 2005]  
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1.4.2 Diagnosis 

The four sequential steps within the diagnosis phase are discussed here.  

1.  Case selection 

In order to diagnose the problems as stated within the problem choice, cases were selected. Within 

this thesis a case refers to a customer of SFS (a slaughter-house). Two case selection criteria are:  

1. Some form of preventive maintenance delivery by SFS to the case (customer) must be present.  

A limited amount of customers is currently applying preventive maintenance, extending the 

amount of customers being served is regarded as impossible with current resources. 

2. Cases should differ in terms of geography and/or culture and as such be a representative 

sample for SFS’ customers.  

Cases are chosen which differ in terms of culture and geography, such that unexpected 

differences (as similarity is regarded) in preventive maintenance delivery can be derived.  

After consultation with the senior business consultant of the SG-CTS department (SG standing for 

Structural Group, and CTS standing for Commercial and Technical Service), it was found that three 

cases would cover most geographical and cultural differences. Three cases were also regarded as the 

maximum since the iterative process of comparing differences found within the used processes and 

feed them back across the cases was regarded as time consuming. With the selection of three cases a 

proper diagnosis, taking into account the discussion of the differences between processes of each of 

the three cases and adapting the processes, was estimated to take about 1,5 – 2 months. 

Together with the same senior business consultant it was planned to choose a case within three 

important markets: South America, Europe, and Asia. However, although the Asian market is rapidly 

expanding, preventive maintenance is not yet delivered in Asia. As such, the three selected cases are: 

1. ‘Moy park Dungannon’, located in the United Kingdom (further referred to as the UK-case); 

2. ‘Emsland’, located in Germany (further referred to as the Germany-case); and 

3. ‘Sadia’, located in Brazil (further referred to as the Brazil-case). 

2.  Semi-structured interviews (initial data gathering) 

The second step in the diagnosis-phase is the gathering of data concerning the problem. Therefore, 

initial semi-structured interviews were planned for each case. At SFS the CTS (service) department is 

divided in clusters consisting of several countries. Service coordinators are responsible for the service 

delivery at a selection of customers within their cluster (dependent on the workload per customer). 

The selected cases are in different clusters such that three service coordinators will be interviewed.  

Semi-structured interviews are used when it is not exactly known which answers are possible. This 

way of interviewing provides the interviewee with the possibility to further nuance his answers, such 
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that a better picture of the problem is provided to the researcher. The semi-structured strategy also 

provides the researcher with the ability to ask further questions when answers are not clear. Due to 

the open character of the interviews it is important that the researcher knows which directions are 

under attention, such that there is not too much deviation from the topic. As the initial assignment is 

design oriented, the PCI-model (in Dutch PBI; Bemelmans, 1998) is used as a framework for the semi-

structured interviews. Within this model the P stands for process, the C for control (originally B for 

‘besturing’), and the I for information. Within this model it is assumed that its’ parameters depend 

on each other. For example, the way how ‘control’ is designed depend on the type of process which 

needs to be controlled. As such, these parameters are interdependent. A fourth parameter, O 

(standing for organization) was added in order to describe how service processes are organized for 

the specific case. As such a PCOI (in Dutch PBOI) model is used as a guideline for the questions during 

the semi-structured interviews. The questions that were used as a guideline are given in Appendix A. 

3.  Problem analysis (further data gathering) 

After the semi-structured interviews have taken place, a more structured approach will be used to 

provide further insight into the problems. This structured approach starts with drawing flowcharts of 

the current processes that are used at SFS to provide preventive maintenance. Both the initial 

interviews and a follow-up meeting to go through the processes are used to draw the flowcharts.  

When the flowcharts are drawn they are discussed separately for each of the three cases. During 

the discussions possible problems for each activity within the several processes are discussed. An 

indication of the time needed will be given per activity on an ordinal scale from 1-10. The ordinal 

scale gives a time indication for the activity with respect to other activities within the process. For 

example, a time indication of 10 for an activity indicates that it takes longer than an activity with a 

time indication of 5. However, the activity with indication 10 does not take necessarily twice as long 

as the activity with indication 5. The time indication can be used later in the project to decide for 

which problems a solution will be designed. 

By involving several members of the service department, involvement and awareness with 

potential users of the designed solution is created. By involving people who face the problem within 

the development of a solution (which also entails the diagnosis of the problem), they will feel that 

the solution is designed in cooperation with them and will more likely adopt the proposed solution. 

Apart from the discussion of the processes with the involved service employees of the three cases, 

the processes are also discussed with members from the SG-CTS department as this department is 

responsible for optimizing and standardizing service processes and procedures. 
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4.  Evaluation (elaboration on the data) 

In order to visualize the problems an overview of the flowcharts with its problems for each activity 

will be made. If hard objective data for problems are available they will be collected. The ERP system 

(called SAP) can be used to derive data. Together with the time indication, the objective data can be 

used to choose the problems for which a solution needs to be designed. 

1.4.3 (re)Design 

During the design, a well justified solution needs to be developed for causes of the problems that 

were found during the diagnosis phase. A design deliverable can be a performance improvement of a 

business system (van Aken et al., 2007). Within this project, the practical deliverable is a business 

process design which decreases the amount of resources needed to provide preventive maintenance 

to a large customer base. A business system is defined as a methodical procedure or process, used as 

a delivery mechanism for providing goods or services. As mentioned, the framework by Reijers and 

Liman Mansar (2005) is used to cover important aspects that need to be considered during business 

process redesign. The framework (Figure 6) is therefore used as a tool during the redesign.  

1. Customers 

A business process is needed to create 

products (services), consumed by customers. As 

such, customers are on top in the model. With 

the diagnosis of three cases, possible important 

customer differences to consider within the 

processes needed to deliver preventive 

maintenance are taken into account. 

2. Products 

Products or services need to fulfill the 

requirements of the customer. Requirements 

were studied in a benchmark study conducted in cooperation with Vectia (a consultancy company) 

and defined for SFS as: 1. Yield, 2. Availability, and 3. Total cost of ownership. Yield is defined as the 

productivity of the customers’ equipment. Within the poultry sector this is regarded as the amount 

of meat that can be harvested from the carcass. Availability is the percentage of time the equipment 

is available when it should be available. As such, maintenance during non-production hours does not 

affect availability. Although the definition availability was used by the benchmark study, throughput 

is seen as a more important performance parameter. Throughput is defined as the amount of 

products that are processed within a specified time. Availability is seen as a variable of throughput. 

 

Figure 6  Framework for Business Process Redesign 
[source: Reijers, Liman Mansar 2005] 
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Total cost of ownership was defined in paragraph 1.2.3. The delivery of preventive maintenance 

should contribute to these customer requirements. 

3. Operation view & 4. Behavioral view 

The business process should deliver the service according to the three requirements. Therefore it is 

important to keep their importance in mind when (re)-designing the preventive maintenance 

process. The business process is divided in the framework into the operation- and behavioral-view, 

according to the operational and behavioral perspective of a workflow as defined by Jablonski and 

Bussler (1996). The operational view considers how an activity or process is implemented. 

‘Operations are used to perform required actions to fulfill the task’ (Jablonski and Bussler, 1996). 

Within the case of SFS the task is to deliver preventive maintenance. Required actions are for 

example deriving the spare part need or planning an inspection visit. 

The behavioral view considers when an activity or process is executed. Jablonski and Bussler (1996) 

defined the behavior perspective as: ‘the execution order of activities in a workflow’. A workflow is 

defined by Russell et al. (2006) as: ‘a pattern of activity enabled by a systematic organization of 

resources, defined roles and mass, energy and information flows, into a work process that can be 

documented and learned’. For example, the derivation of the spare part need is best executed after 

an inspection visit is carried out, as extra parts can be recommended during an inspection visit. 

5. Organization structure & 6. Organization population 

As can be seen in Figure 6, three blocks support the business process. The first is organization which 

is further composed of structure and population. The organization structure considers the elements 

of a business like for example the several departments, users, or roles. Examples of departments 

currently involved with preventive maintenance are the service department (consisting of clusters 

(groups of users) per country) which delivers service to the customer, and the structural service 

group department whose function it is to structure and improve the service delivery to the customer. 

The organization population entails the individuals and relationships between them. Here it needs to 

be considered what type of employee (for example a specialist or a generalist) can best carry out a 

certain task. For example, currently a specialized employee, familiar with the customer situation and 

the equipment is needed to derive the spare part need. If this task could be executed by a less 

specialized person, the specialist could be used for other (more) valuable processes. 

7. Information 

Elements of information processing were derived from organizational learning literature in order to 

relate them to current problems in the delivery of preventive maintenance as found in the analysis. 

According to Huber (1991), (organizational) learning is a way to create knowledge (information) 
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which can be used to further improve and develop an organization. As the practical deliverable of the 

project is to improve the organization by making the process of preventive maintenance delivery 

more efficient, information processing elements are used as a guideline in the thesis in order to find 

ways to improve this process. Originally Huber (1991) provided four information aspects of which 

three are used. The information element is an important perspective of the thesis.  

Figure 7 shows the elements by Huber (1991), and three 

elements that are derived from it. Information collection (1) is 

regarded as a more familiar definition within SFS. As IT-

systems are under investigation, information storage (2) is 

considered to be a more straightforward definition within this 

thesis than organizational memory. Information interpretation 

will not be used, as the focus is on how information is spread 

through the organization instead of how distributed 

information is given one or more commonly understood 

interpretation. The elements as proposed by Huber (1991) are 

extended with two elements: information sorting (4), and 

information compatibility (5). This is done because it is 

regarded that information collection is easier when it is sorted 

according to some criteria. Information compatibility is 

regarded to be important as it improves the ability of 

automating information distribution (3) which without 

compatibility would need human interpretation which results in manual activities. 

8. Technology 

Technology can be used to support the activities that need to take place in the business process. It 

is also considered to be connected with the information element since the information sharing and 

allocation can be arranged by information system technologies. Following from the initial 

assignment, technology will be an important element in the design study. 

9. External environment 

Within the framework, also other parties apart from the customer are considered as the external 

environment. An example in this case is a supplier of spare parts. Dependent on the problems which 

are found, design alternatives considering the external environment could be proposed. However, 

especially the internal business process will be under investigation. 

 

 

Figure 7  Information elements used in  
thesis [derived from: Huber, 1991] 
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10. Design alternatives and Solution justification 

The previously discussed elements of the business process redesign framework are used to come to 

a grounded design proposal. However, in order to come to this proposal, several alternatives for the 

stated elements need to be weighted. In order to weigh alternatives they are reviewed according to 

their contribution to the product (requirements) and customer elements. In order to come to a 

balanced, high-quality solution, synthesis-analysis iterations are used. During these iterations 

information and knowledge from several sources (literature, ‘hard’ data, and interviews) is used 

(when available) to propose possible solutions, evaluated against the requirements. The evaluation 

leads to iterations in which disadvantages of initially proposed solutions are taken into account. The 

use of several information sources, called triangulation, improves reliability. 

In order to evaluate proposed solutions, alternatives will be discussed with several employees 

involved in preventive maintenance delivery. Estimations about the needed resources (based on 

current resources and their costs) are used to weight the alternatives. Interviewing problem owners 

and present and discuss several alternatives during group discussions are used to define the 

alternatives’ ability to contribute to yield, availability, and total cost of ownership. As there is 

currently no explicit defined process to deliver preventive maintenance, activities discussed in the 

diagnosis phase may serve as a starting point for redesign. Also ideas of problem owners or other 

employees involved in the process can be used. Expert knowledge of outsiders (e.g. business 

consultants) can be used to prevent to suffer from a ‘tunnel vision’.  

The final solution will be further elaborated and needs to be justified. During this phase it should be 

proven that the proposed design solution indeed solves the problem. As the previously described 

design steps will be followed, the solution already has a grounded justification since it is based on 

both a methodological procedure and several sources of input information used to evaluate the 

solution. By involving company personnel, they will feel a sense of ownership to the project and as 

such enhancing its credibility. A financial cost/revenue analysis can support this credibility. Although 

some estimation is needed in order to come up with a cost/revenue analysis, the use of grounded 

estimations based on realistic data helps in the justification of the proposed solution. 

1.4.4 Change plan development 

Stakeholder involvement 

During the design phase, the implementation of the proposal should already be taken into account. 

What exactly will be the steps to implement the proposal depends on the final design. Apart from the 

steps that need to be taken, people must be willing to take these steps, otherwise change is 

impossible. Therefore, stakeholders from the three cases (service area managers and service 
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coordinators), and SG-CTS employees involved in the creation of service documents are involved 

through the use of interviews and discussions about possible design alternatives. This involvement is 

supposed to create a sense of ownership, which in the end helps when the proposal needs to be 

implemented. Since preventive maintenance is only delivered to a selected amount of customers, 

not all service employees are currently involved in the delivery of preventive maintenance. For the 

employees currently not involved in preventive maintenance delivery, the proposal likely is a major 

change, whereas for the employees involved in the delivery of preventive maintenance, 

implementing the design should be a relief. The design could in first instant be tested with this last 

group who is familiar with preventive maintenance. These employees will serve than as a role model 

for other service employees currently less familiar with the delivery of preventive maintenance.  

Although the assignment is supported by management, emphasize on the improved efficiency 

(decrease of costs) and proof for this will further increase management support and secure future 

investments in the optimization of service delivery. As service employees work with targets (revenue 

gained through service), the potential increase in revenues, and the securing of revenues due to 

contracts could make them more sensitive to offer preventive maintenance to their customers. 

Therefore, hard data to convince people of the added value of preventive maintenance (both for the 

customer as for SFS) could be used. So, especially internal communication between service 

employees (service coordinators and service area managers) should create buy in and awareness. 

Also, some developmental activities will be needed. Which developments are exactly needed 

depend on the problems, causes, and proposed solutions. As the initial defined problem states, 

current information systems do not enough support preventive maintenance delivery. Therefore, 

(although not certain) the Information Technology (IT) department is likely to be involved in the 

process. As such, this department should reserve some resources. When alternatives in which IT is 

involved are designed, an employee from IT is likely to be involved to discuss the possibilities. 

Implementation 

Actual implementation of a proposal is not regarded to be part of the study. First, the study is part 

of a long term plan to further optimize the activities needed to deliver services. Second, the design of 

a proposal is regarded to take so much time that not enough time is left to implement the change.  

1.5 Structure of the report 

After the introduction about the assignment, the company for which the assignment is carried out, 

and the methodology in chapter 1, chapter 2 discusses the diagnosis phase in which three cases are 

used to derive key-activities within preventive maintenance, and problems that appear within these 
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key-activities. Problems found in chapter 2 will be translated into the informational elements 

according to Huber (1991) as defined in paragraph 1.4.3 (page 24). 

Chapter 3 starts with a further description of the design methodology, and the design requirements 

of the preventive maintenance delivery process. The business process redesign framework is used to 

define the input needed to deliver preventive maintenance. The idea of using the framework here is 

to take all important aspects into account in the design of the business process. Paragraph 3.5 

describes how the previously found informational problems are solved by the proposed design. 

Within chapter 4 the added value of the proposed design is investigated by using experiments and 

interviews. With the development of some temporary Excel tools it is shown that parts of the design 

can be realized and indeed improve the current situation in terms of resources needed. 

The findings from using an information perspective during the design of a business process will be 

related to scientific literature in chapter 5. Within this chapter three best practices related to 

information and technology are proposed for further research. 

The thesis ends with chapter 6 in which conclusions, limitations, and recommendations for further 

research and practitioners are provided.  
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Chapter 2 Diagnosis  

2.1 Introduction 

In order to diagnose the problems, the processes currently used to deliver preventive maintenance 

were mapped. A first draft of the process was drawn according to one of the three cases which was 

chosen randomly using the random number generator (www.random.org). As such each case had a 

similar chance for being selected (1/n). The generator provided the number 1 which corresponded 

with the Germany-case, and a session was planned with a service coordinator involved in the 

Germany-case. As formally defined flowcharts were not present for much of the processes, 

subjective information from this session served as a basis to draw process flowcharts. In order to 

confirm that information was interpreted correctly within these charts, they were discussed with the 

service coordinator from the Germany-case after completion. After the iterative process of drawing, 

discussing, and adapting the flowcharts, they were confirmed by the service coordinator.  

The second step in the diagnosis was to generalize the flowcharts by discussing them with the 

service coordinators from the other two cases. As such it was checked whether the same or other 

procedures and steps were used. Therefore, initial case interviews (Appendix B) served as a basis. 

Differences were noted and fed back to the involved service coordinators in order to check whether 

they were familiar with these other procedures and steps. 

During the initial session also some related tasks carried out by the SG-CTS department were 

mentioned. These tasks mainly involved the provision of service documents (e.g. the example 

structure of the preventive maintenance schedules, inspection lists, and service exploded views) and 

keeping them up to date. In order to map these processes, also sessions with the responsible SG-CTS 

employees were carried out. Based on these sessions, again flowcharts were drawn which were 

finally approved by the responsible employee who carried out the process in the flowchart. 

After the description of the applied preventive maintenance strategy and the involved key-activities 

in paragraphs 2.2 and 2.3, the similarities and differences are discussed in paragraph 2.4. Paragraph 

2.4 also contains a problem analysis in which the problems found are discussed per key-activities and 

related to the five previously found information flow related elements as derived from Huber (1991): 

1. information collection, 2. information storage, 3. information distribution, 4. information sorting, 

and 5. information compatibility. 

The underlying specific sub-processes of the key-activities which are part of the service blueprint 

will not be discussed, as these consist of too detailed steps which are only applicable within the 

organization in which the master thesis is carried out. An overview of all these processes is given in 

Appendix E. Also the problems that were mentioned per case are provided within this overview. 

http://www.random.org/
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2.2 Preventive maintenance strategy background 

Within SFS, preventive maintenance is delivered to the customers’ equipment. It entails the timely 

exchange of parts within equipment before they break down as a result of wear out. Wear out is the 

result of both repeating mechanical movements of parts, and environmental circumstances in the 

field. Examples of environmental circumstances are aggressive or mild cleaning (dependent on the 

countries legislation with respect to permitted detergents in the food industry), the type of chicken 

which is the input of the production process (battery chickens generally contain less dust than free 

range chickens), or the way how first line maintenance (daily maintenance: e.g. lubricating) is carried 

out by the customer. SFS offers about 30.000 spare parts of which 30% is produced internally and 

70% externally. The parts produced internally reflect 60% of the total value of the parts. 

In order to exchange the right parts on time, SFS provides a preventive maintenance schedule 

(PMS) in which revisions are planned for ten years (split up in quarters). The selection of service parts 

that need to be exchanged is based on a criticality analysis (Failure Mode and Effects Analysis). The 

interval for these parts is based on knowledge and experience of SFS service engineers. As the 

overhaul interval depends on the environmental circumstances in the field, each PMS consists of 

three levels: less preventive (-2p), preventive (p), and more preventive (+2p). Dependent on the 

environmental circumstances a preventive level is chosen. Within the PMS, overhaul types, which 

can be small, major, or total, are given. These overhaul types are provided on a legend-level. A 

legend is the SFS-definition for a set of related parts which are connected by the function they carry 

out in the machine. It can be compared with a car’s engine which is a sub-assembly within the car. 

The type of overhaul is provided on legend level. Information about which parts within the legend 

need to be exchanged is stored within the AE-code of service parts. Within a machine, each part that 

suffers from wear out is given an AE-code. The exact definition of the A, B, C, D, and E code is given in 

Appendix C. Table 1 provides the parts that need to be exchanged for each type of overhaul.  
 

 

Table 1  Spare part packages [source: Stork Food Systems] 

Small overhaul A-parts C-parts  Added with recommended E-parts 

Major overhaul A-parts C-parts D-parts Added with recommended E-parts 

Total overhaul A-parts C-parts D-parts All E-parts minus ‘recommended’ E-parts 
 

Some remarks with respect to E-parts need to be mentioned. First, E-parts are parts that are 

replaced upon inspection (as can be read in Appendix C) due to their unpredictable failure pattern or 

high replacement costs. As such they are only replaced within a small or major overhaul when it was 

found necessary during an inspection. The reversed is the case for a total overhaul. For such an 

overhaul all E-parts are replaced unless recommended otherwise. The service engineer responsible 

for the inspection is provided with an inspection list containing the parts that need to be inspected.  
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A second notable remark from the table is the absence of B-parts. B-parts are breakdown parts 

which are not replaced preventively since they do not follow a predictable wear out pattern. 

Examples of B-parts are electrical parts. These are characterized by sudden breakdown without any 

warning. B-parts can easily be exchanged and are advised to keep on stock. 

For the overhauls, the service engineer (or the customer, dependent on who is carrying out the 

overhaul) is provided with a service exploded view on which the parts that need to be replaced 

within the legend are marked with a color code consistent with the AE-code. An example of a service 

exploded view is provided in Appendix D. 

2.3 Preventive maintenance service blueprint 

Based on the sessions, a preventive maintenance delivery blueprint was drawn and confirmed by 

the involved employees. Five key-activities within the blueprint were defined: 1. Create PMS, 2. 

Spare part order process, 3. Engineer planning, 4. Judge PMS, and 5. Preventive maintenance related 

changes. The blueprint is provided in Figure 8 and is explained within this paragraph. 

The process starts with a 

customer who wants to 

implement preventive 

maintenance. Likely there 

are some activities needed 

to persuade the customer 

to use preventive 

maintenance. However, as 

these are beyond the 

scope they will not be 

discussed within this 

thesis. Either the 

equipment for which the 

customer wants to receive 

preventive maintenance is 

newly bought at SFS or it is 

used. For new equipment 

a PMS for the customers’ 

equipment can be created 

as the structure and state of the equipment is known. For used equipment, first a 0-measurement is 

 

Figure 8  Preventive maintenance delivery blueprint [source: Stork Food Systems]  
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needed to evaluate the equipment state and perform the necessary actions to bring the equipment 

in a state such that preventive maintenance can be carried out according to a schedule. The 

reasoning behind a PMS is to replace parts before they fail. For new equipment there is grounded 

reasoning to decide when which parts need to be replaced. For used equipment, the state of the 

equipment should be such that this reasoning can also be applied by using a schedule. How the PMS 

is created and which reasoning is exactly used is beyond the scope of the thesis. 

As it is known in which state equipment is and the necessary actions are taken to be able to follow 

a PMS, this schedule can be developed. The first key-activity of developing the PMS is a separate 

process which is indicated by the funnel shaped block ‘1 Create PMS’. 

When the customer specific PMS is created, preventive maintenance can be delivered to the 

customer according to this schedule. This entails the engineer planning and material delivery. Apart 

from people and material needed to perform the maintenance according to the PMS, the figure 

shows that people and material are needed to perform other activities not in the schedule. Examples 

are equipment modifications, or triggers from condition based monitoring (currently under 

development) which indicate a problem with the equipment. The second and third defined key-

activities for preventive maintenance are the spare part order process and engineer planning, 

indicated by the funnel shaped blocks ‘2 spare part order process’ and ‘3 engineer planning’. 

A reason why a PMS and related documents need to be updated is when the PMS is not applicable. 

This could be caused by specific customer circumstances which increase wear, or structural design 

problems which cause faster wear than originally thought. A fourth key-activity is therefore indicated 

by the funnel shaped block ‘4 Judge PMS’. As long as no technical changes and feedback results in the 

need to change the PMS, the PMS can be followed. 

When only preventive maintenance is carried out, this does not change the technical structure of 

equipment. If the structure remains unchanged and the PMS is applicable in the situation, the 

schedule can be followed. However, if the equipment structure is changed, as for example is the case 

when modifications are carried out, this could influence the PMS. Therefore, technical changes 

should be monitored and processed. Software is under development in which the actual equipment 

structure in the field (called installed base) is kept up to date. The funnel shaped block ‘5 preventive 

maintenance related change’ refers to the fifth key-activity which is needed to be able to carry out 

preventive maintenance after modification of equipment in the field. This entails updating the PMS, 

inspection lists, and service exploded views. 

Further discussion of the 5 key-activities would result in a too detailed and specific outline of 

actions within these key-activities and are therefore outside the scope of this paragraph. A detailed 

overview of each key-activity can be found in the flowcharts of Appendix E.   



 

R.W.F.J.M. Lemmens, February 2011                                               33  Page  

 

2.4 Findings from the case comparison 

2.4.1 Process similarities 

In general, key-activities of the preventive maintenance delivery blueprint and the underlying 

activities (as in Appendix E) were found to be similar among the three cases. Although the processes 

were not formalized, they appeared to be the same based on the discussion of the flowcharts with 

the service coordinators of the three cases. 

 A remarkable similarity was the absence of data about the value spares sold to customers. 

Although the total value of sold spares is stored per customer, the preventive maintenance share 

within this value could not be derived. Also time needed by service coordinators to carry out the 

steps within the preventive maintenance delivery process is not recorded or stored. Therefore, a 

time indication on an ordinal scale (1-10) with respect to the actions within key-activities was asked 

for as previously discussed in paragraph 1.4.2. Time indications are also provided in Appendix E.  

Absence of data about the value of preventive maintenance spares, and the time needed to carry 

out activities to deliver preventive maintenance is a data collection problem. The result of this 

problem is that financial gains and costs of preventive maintenance (although SFS is convinced of its’ 

added value) cannot be provided. As such, before suggesting process improvements, performance 

data should be present in order to be able to evaluate improvements against quantitative data of the 

current situation. As long as this information is unavailable, the value of suggested improvements 

can only be evaluated with qualitative personal knowledge and expectations of persons familiar with 

preventive maintenance delivery (e.g. service coordinators), or external people with experience in 

preventive maintenance delivery by capital equipment manufacturers. 

2.4.2 Process differences 

Despite the generally common key-activities for delivering preventive maintenance, three 

differences were mentioned by the service coordinators of the three cases: 1. Varying payment 

conditions and agreements per country, 2. Deriving customer confirmation, and 3. Local offices. 

First, a difference that appeared resulted from payment conditions and agreements which varied 

per country. For instance, offers were not send in the UK-case as the price of spares, and the need 

for it according to the PMS was agreed upfront, such that no offer was needed for each overhaul. 

Within the Brazil- and the Germany-case customers requested an offer per overhaul, resulting in two 

extra steps for the service coordinator: 1. making an offer, and 2. deriving confirmation.  

Second, deriving customer confirmation was also regarded different between the three cases. 

Especially within the Brazil-case it was mentioned that it cost much time before an offer is confirmed. 

For the Germany-case an email is send and often directly confirmed. This difference was discussed 
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and assigned to the customers’ management and devotion towards preventive maintenance. It was 

also suggested that this could be a cultural issue. However, within the same Brazilian customer, 

consisting of several slaughterhouses, differences in terms of devotion towards preventive 

maintenance could be seen between these slaughterhouses which actually produce under the same 

brand name. A problem resulting from late confirmation is time pressure, and running behind on 

schedule. For instance, in the Brazil-case, spares have to be shipped to Brazil, leaving less time 

between offer and confirmation. The element of information sorting could partly be related to the 

difference in customer devotion and the time criticality of deriving customer confirmation (due to 

distance). As discussed by Reijers and Liman Mansar (2005), the process could be split up dependent 

on the customer type or distance such that exceptions are isolated from the normal flow. The design 

alternative of isolating exceptions is a best practice which is part of the business process operation 

element in the framework of Reijers and Liman Mansar (2005). 

Third, the key-activity of spare part delivery also varied for the Brazil-case, as spare parts are first 

send to the local office in Brazil. For the other two cases there was no local office. As a result of two 

separate offices, internal orders for the Brazil-case had to be placed within the ERP system of both 

the Boxmeer and the Brazil office. Customers in Brazil are supported from the Brazil office. As the 

capacity of field service engineers in Brazil is low, the overhauls according to the PMS need to be 

planned carefully. Therefore, the quarterly planning in the PMS is transferred into a monthly 

planning such that the amount of work is better spread over available capacity.  

2.4.3 Problem analysis 

An overview of the problems found within the key-activities as provided in the preventive 

maintenance delivery blueprint can be found in Table 2. As can be seen in the table a categorization 

is made per key-activity into common problems which were mentioned for each case, and unique 

problems which were found for single cases and were not confirmed as general problems.  

Create PMS (1) 

First, an information distribution problem was derived as data about sold equipment and spares is 

stored within the information system, but the actual product structure as is present at the customer 

(installed base (IB) data) is not updated within the system in which this data should be stored. 

Currently the IB management system is under development such that this problem will be solved. 

Second, a compatibility problem was found as the IB data in the Product Lifecycle Management 

(PLM) information system is not compatible with the PMS data in Excel. As a result manual activities 

are needed to generate a customer specific PMS. ‘Half’ versions sold to the customer also are 

regarded as compatibility problems. Half versions appear as customers are free to choose only parts 
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of a modification. When a version increase is released, a new example PMS is made for this new 

version. If however the customer chooses for part of the version increase, part of the example PMS 

from the previous, and part of the new version is needed. As such the new version is not compatible 

with the example PMS that is used to derive the spare part need for the customer. 

Third, sorting of data was regarded a problem as several legends have the same name but consist 

of different parts, making it difficult to couple the right data to the right legend. Another problem 

about information sorting is the structuring of legends. Within the IB data, the order of legends is not 

always the same as within the example PMS, making comparison less straightforward. 

A unique compatibility problem was found for the Brazil-case where PMS’s are transformed 

manually from a quarterly into a monthly planning in order to be able to plan work more efficiently.  
 

 

Table 2  Problem analysis overview [source: Stork Food Systems] 

1. Create PMS 

Common problems Unique problems 

 Installed base (IB) data not up to date   Adapt PMS to monthly planning (Brazil) 

 Hard to retrieve actual IB status  

 Many manual activities needed  

 No example PMS for ½ versions  

 Different legend naming and structuring  

2. Spare part process 

Common problems Unique problems 

 IB data not up to date  Derive customer confirmation 

 Many manual activities/checks needed  Spares for exchange or test units/parts 

 Sort spares per overhaul/legend  Structure of automatic offer in e-mail 

 Way to report inspection (e-parts)  

3. Engineer planning 

Common problems Unique problems 

 Field service engineer (FSE) capacity  Careful planning for abroad customers 

 Estimate of time needed for overhaul  

 Needed FSE or stand by employee in combination with 
customers’ knowledge 

 

 Ability of customer to carry out overhaul  

4. Judge PMS 

Common problems Unique problems 

 No standard logbook kept by customer  Procedure not known 

 No active feedback seeking  

 Revisions by customer not reported when ready  

5. preventive maintenance related changes 

Common problems Unique problems (SG-CTS) 

 Modifications ordered by customer not always feed back in 
IB data 

 Many manual activities (AE-changes not automatically 
processed in related docs). 

 Not reported when modifications are installed (by 
customer) 

 Change of structure and order of legends in equipment 
lay out (related to Inspection List structure) 

 What to do with ½ versions  Hard to retrieve changes 

 Only 1 responsible for updating IB in PLM  Use of several storage discs 
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Spare part process (2) 

First, an information distribution problem due to not up to date IB data was mentioned as wrong IB 

data increases the chance that wrong spares are sent to the customer. With the previously 

mentioned development of the IB management system this problem is likely to be solved. 

Second, incompatibility of data resulted in many manual activities and checks needed to derive the 

spare part need. Due to this problem, automated information distribution is impossible. Data 

incompatibility was also a problem within the reporting of e-parts for which the overhaul is decided 

upon inspection. As no standardized procedure is present to report e-parts to be overhauled, this 

information cannot be transferred automatically to the spare offer document. 

Third, information sorting was mentioned as a problem since parts that belong to a specific 

overhaul, but are sent to the customer together with other parts, need to be filtered out easily by 

the field service engineer who carries out the overhaul. A ‘sticker’-project is running for this problem. 

The unique problem of deriving customer confirmation for offers is already discussed. Especially for 

the Brazil-case this problem was present, whereas within the UK-case no confirmation was needed.  

A second unique problem of the use of test parts in a line was mentioned for the Germany-case, as 

this case is geographically attractive to be used for test parts as it is close to the development centre 

in Boxmeer. Test parts may not be exchanged during overhauls. However, information about test 

parts is not always stored in the information systems. 

A third unique problem mentioned by the Germany- and Brazil case is the use of exchange units. 

With the decrease of available time to carry out overhauls, the use of exchange units, which can be 

replaced fast and easily and maintained separate from the equipment, is likely to increase. Problems 

may appear when customers have several lines, since exchange units are not interchangeable due to 

different parts that need to be replaced within different time slots. Exchange units are also not 

stored within the PLM system such that too few parts are found when deriving the spare part need 

according to the structure in PLM. This is regarded as an information storage problem. 

Finally, the unique problem mentioned by the Germany-case that the outline (naming and subject) 

of an automatic generated e-mail containing an offer is not straightforward, is regarded to be a 

matter of linking other data, which is already available, to the automatic e-mail generation. As the 

information is already available this seems to be an information distribution problem. 

Engineer planning (3) 

First, capacity problems cannot directly be related to an informational problem. However, new 

techniques related to information collection can reduce needed capacity. For instance remote 

monitoring can reduce the amount of inspections needed and as such partly solve this problem. 
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Second, information storage and distribution were regarded to be the reason for the problems for 

estimating the time needed for overhauls (although this was not noted as a big problem). Most of 

this information is present at field service engineers who know the customers’ situation. Although 

some time schedules are available per activity in Excel, they are not coupled to the PMS. 

A unique problem mentioned by the Brazil-case is the necessity to carefully plan each overhaul. 

Although this is also important for other cases, it was found to be especially important for cases for 

which transportation and time is costly. This is especially the case for customers abroad. For these 

customers, it is a problem when not all needed spares arrive on time for the overhaul. For instance, a 

field service engineer who traveled a large distance but cannot perform its job due to missing or 

wrong parts is seen as a waste of resources. Local stocks can partly solve this problem. 

Judge PMS (4) 

First, information collection was considered as a problem in the judgment of the PMS. Although 

field service engineers can provide feedback on the PMS, parts/breakdown statistics which can be 

used to evaluate the PMS are not measured. Also information about implemented modifications was 

not always present. The IB management system should improve this information shortage. 

A second problem related to parts/breakdown statistics was information compatibility. During a 

pilot within the Germany-case, the customer kept a logbook. However, this logbook was not 

standardized such that other customers can also use it, making it impossible to use statistics from a 

large sample. Remote monitoring could improve the data collection at the customer. 

One unique problem that was mentioned was that the service coordinator was not familiar with the 

procedure to judge the PMS. This could be marked as an information distribution problem.  

Preventive maintenance related change (5) 

First, again the information distribution problem of keeping IB data up to date was mentioned as a 

problem. Although the needed data is present within the organization (at least as sales data), it is 

currently not always processed within IB data. The IB management project will solve this problem. 

Second, related to the previous problem is the reporting when modifications are carried out. 

Although this would provide an extra check, it is considered as unlikely that customers order a 

modification (to improve production) without implementing it within their equipment. 

Third, the compatibility problem due to ‘half’ versions was already considered for PMS creation. As 

documents need to be adapted to the half versions, many manual activities are needed. 

Fourth, information storage is hampered by only one responsible employee for updating IB 

information in the PLM system. The IB management system will reduce pressure for this employee. 
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With respect to the unique problems, most of them were mentioned by the responsible employees 

from the SG-CTS department as this department is involved in maintaining service documents.  

First, a unique information distribution problem is considered to result in the manual activities that 

are needed after changes in the product structure. Information compatibility is an important element 

to improve (and automate) information distribution as compatibility results in the possibility to 

combine data without human interpretation needed. 

A second problem mentioned by the SG-CTS department members is related to both information 

storage and distribution. As several storage discs are used to save information, information on each 

of the locations needs to be updated after changes. As the storage locations are not connected, this 

cannot be automated which results in many manual activities. 

2.5 Discussion 

 Table 3 is inferred from Table 2 and summarizes problems at SFS that appear within key-activities 

of preventive maintenance delivery, according to the informational elements by Huber (1991). 

As can be seen in the 

matrix, problems related 

to all informational 

elements were found. 

Information distribution 

related problems are most 

frequently mentioned. However, also compatibility and storage of information was often mentioned. 

Collection and sorting of information were both considered a problem for two of the steps of 

preventive maintenance delivery. Although most of the information is somewhere within the 

organization, more feedback from the field is needed to evaluate and improve the maintenance 

strategy. Also collection of performance data about preventive maintenance delivery could be used 

as a strategic tool to define bottlenecks, evaluate, and improve the preventive maintenance strategy.  

Incompatibility of data was found to be very important as it makes automatic data distribution 

impossible, such that extra manual activities are needed.  

It can be concluded that several informational elements need to be considered during the design. 

Following the organizational learning literature, the informational elements will be used in chapter 3 

to further improve and develop the process of preventive maintenance. Due to the lack of overall 

preventive maintenance performance data it is not possible to quantitatively evaluate the entire 

concept with respect to the current situation. However, parts of the process can be evaluated with 

both quantitative and qualitative data as will be seen in chapter 4. 

 

 

Table 3 Information problem classification matrix 

                       Informational 
problems 

  

Key-activities __________                                        

Collection Storing Distribution Sorting Compatibility 

Create PMS   x x x 

Spare part process x x x x x 

Engineer planning  x x   

Judge PMS x  x   

Preventive maintenance 
related changes 

 X x  x 
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Chapter 3 Design 

3.1 Introduction 

Starting point within the design are the findings from the analysis phase in which it was found that 

information distribution was most often mentioned as a problem. Information compatibility was 

considered to be an important prerequisite in order to be able to automate the distribution of data.  

Preventive maintenance service delivery is considered as a business process for which a definition 

was provided in paragraph 1.3.1. Characteristic for a process is that it has in- and output 

(Nieuwenhuis, 2008). Process output is similar to the outcome of the business process in the 

framework of Reijers and Liman Mansar (2005) which is products. However, in this case the business 

outcome is a service (preventive maintenance).  

A top-down design strategy approach is chosen in order to prevent from losing the overview and 

get lost in details of the preventive maintenance delivery process. As part of the top-down strategy, 

after defining design requirements in paragraph 3.2, paragraph 3.3 explains what exactly should be 

provided more efficiently. As such paragraph 3.3 results in the definition of what output the 

preventive maintenance process should deliver from the service providers’ (SFS) perspective. 

According to the defined output, paragraph 3.4 describes which data elements are regarded to be 

needed in order to produce this output efficiently. In other words, what data input is needed to feed 

the business process, such that the aimed output can be created efficiently. A brainstorm session 

(Appendix F) with SG-CTS employees is conducted to define regarded output, and input.  

Data distribution was considered as the main problem in the current process. So, the previously 

found data input elements are not distributed well within the business process. Since compatibility of 

data was another major problem, the next step in the design is to order data input elements within 

the business process redesign framework in paragraph 3.5. Although all elements concern data and 

therefore belong to the information element, they were related to the elements 1. customers, 2. 

products, and 3. business process. This categorization led to clusters of related input data elements 

which gives a structured overview. The data input elements need to be connected with each other in 

order to deliver the in paragraph 3.3 defined process output. Structuring the data input elements 

provides insight into which parts of the data needed to be compatible with each other.  

During the design concept development in paragraph 3.5, data input elements were linked such 

that regarded output can be created efficiently. The development entailed iterative steps in which 

initial design concepts were improved according to feedback from potential users.  

The potential improvement of the new situation is outside the scope of this chapter and will be 

compared with the current situation and quantified in chapter 4.  



 

R.W.F.J.M. Lemmens, February 2011                                               40  Page  

 

3.2 Design requirements of the preventive maintenance delivery process 

The assignment originates from the statement that the current process needed to deliver 

preventive maintenance to customers’ equipment is inefficient. Therefore, the main goal of a new 

process design is that it results in more efficient 

delivery of preventive maintenance, such that the 

costs of preventive maintenance delivery are lower 

compared to the current design, also taking into 

account the revenues of preventive maintenance. 

Revenues of preventive maintenance entail both 

financial revenues and customer loyalty. Apart 

from this goal, requirements which were regarded 

to contribute to the goal were defined together 

with the senior business consultant of the SG-CTS 

department. The stated goal was: 

“More efficient delivery of preventive maintenance” 

The requirements of the design that should contribute to this goal were defined as: 

1. A clear and logical data structure to improve data flows and ease of use. 

2. Increased data accessibility such that the one who needs data can easily find and access it. 

3. A structured and uniform procedure such that data is stored on the specified location. 

4. Preferably the use of existing IT systems. 

An overview of the main goal and requirements of the design is given in Figure 9. 

3.3 Defining the output of preventive maintenance 

A brainstorm session (Appendix F) with SG-CTS members was organized to derive the aimed output 

which should result from the preventive maintenance delivery process. This output was regarded 

necessary in order to carry out preventive maintenance at customers. Following from the problem 

analysis and the assignment, the current business process is unable to efficiently create this output. 

Following from the brainstorm session, four general output elements (1. Preventive maintenance 

task, 2. Spares, 3. 

Engineers, and 4. 

Tools) were defined 

and related to the 

more operational 

key-activities as 

 

Figure 9 Design requirements [source: Stork Food 
Systems] 

Figure 10 Linkage of main activities with brainstorm elements 
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provided in the preventive maintenance delivery blue print. The output elements and their 

relatedness with the key-activities are provided in Figure 10. 

First, as can be seen, key-activities ‘Create PMS’, ‘Judge PMS’, and ‘Preventive Maintenance related 

changes’ are regarded as part of the more general output element ‘Preventive maintenance task’ (1), 

consisting of both the creating and maintaining preventive maintenance task related data. Judge the 

PMS and preventive maintenance related changes relate to the maintenance of this data. 

Second, spares (element 2) are regarded to be needed to carry out the preventive maintenance 

task of element 1. Sending the right spares to the customer is therefore also an output of the 

preventive maintenance delivery process. 

Third, engineers (element 3) are needed to carry out the preventive maintenance tasks by replacing 

the parts as described within the task with the spares as send to the customer. 

Finally, the engineer needs tools (element 4) to carry out the preventive maintenance task.  

3.4 Defining the data input elements of preventive maintenance 

During the second part of the same brainstorm session (Appendix F), the data input elements of the 

preventive maintenance process, which were regarded to be needed to create the previously defined 

output, were defined. This part of the brainstorm session initially resulted in many detailed 

documents which were regarded as the input. However, after a discussion the consensus was 

reached that general data input elements would improve the structuring (according to the 

requirements) of several types of data. However, still seven data input elements were defined:  

1. General customer specific data 
2. Generic product data 
3. Customer specific product data 
4. Planning and dispatch data 
5. Reporting 
6. Financials 
7. Logistics 

First, customer specific data (1) is needed as the business process results in a service provided to 

the customer. Examples are customer specific agreements concerning the service, or address data.  

Second, as preventive maintenance aims at maintaining customers’ capital equipment, also data 

about this capital equipment is needed. Although SFS is producing standard products, customers 

often demand deviation from the standard to fit within their particular process. As such, this data can 

be split up into generic (2) and customer specific (3) product data. Generic product data entails for 

example product drawings or maintenance strategies that can be applied for standard products. 

Customer specific product data entails product drawings of the customer specific equipment and 

their maintenance strategy. 
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 Third, planning and dispatch data (4) was mentioned. Preventive maintenance is not a one-time 

action but needs to be triggered each time when needed. The triggers come from the maintenance 

planning which was regarded as generic or customer specific product data. 

Fourth, reporting (5) was considered as an important data input element as this element closes a 

maintenance task, but also triggers follow up activities or changes in the maintenance planning. 

Fifth, financial data (6) was mentioned during the brainstorm. Financial data is needed to make sure 

that the customer receives the right bill. 

Finally, logistical data (7) was considered as an important data input element. Logistic data entails 

the data needed for the actual delivery of the right spares and engineers.  

With the definition of the output elements of the preventive maintenance process and the data 

input needed to generate the output, the process can be further designed. During this step the 

previously found informational problems need to be considered and, when possible, prevented. 

Other input elements from the framework, like for example technology, now become important as 

they can contribute in solving the problems. The design process is further described in paragraph 3.5. 

3.5 Designing the business process 

A first step in making the distribution of information (which was defined as an important problem 

in Table 3) more efficient is to categorize the data input elements. This improves the clear and logical 

data structure which was one of the requirements. Storage of data according to this classification will 

improve accessibility, as the data is accessible from one logical storage location. Categorizing the 

data provides better insight into which data needs to be compatible with each other, as several data 

input elements synthesize within various activities within the business process. Three elements (1. 

Customer data, 2. Product data, and 3. Business process data) from the business process redesign 

framework (Reijers and Liman Mansar, 2005) were used, leading to the following categorization: 

Customer data      Product data       Business process data 
1. General customer specific data 1. Generic product data     1. Financials 
2. Planning and dispatch   2. Customer specific product data  2. Logistics 
3. Reporting 

Data elements within the customer data are dependent on the customer and vary per customer. 

Data elements were also categorized as product data. Although some debate was present for the 

categorization of customer specific product data, as this can both be categorized under customer 

data and product data, it was decided to categorize it provisional under product data, as the current 

IB management project (which is part of this data element) is also seen as customer specific product 

data. Financial and logistic data were regarded as part of standardized processes (e.g. offer/order 

process) for all customers. Therefore, they were categorized as business process data. 
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Several information systems are used at SFS to store information. With the classification of 

customer-, product-, and business process data, three information systems were assigned: 

Customer data  Customer Relationship Management (CRM) system 

Product data  Product Lifecycle Management (PLM) system 

Business process data  Enterprise Resource Planning (ERP) system 

As previously mentioned, the data, and therefore also the information systems, need to be 

integrated in order to efficiently provide the output. During the iterative design process several data 

flowcharts were drawn which integrate the three information systems. Feedback from stakeholders 

was used to adapt the flowcharts. This led to the data flowchart design in Figure 11. Within the next 

section first the general design is shortly discussed. Second, the influence of the design on 

information elements will be discussed per information element. The order of discussing the 

information elements is not consistent with the order in which they were previously described. A 

new order is used as this order knocks out explanation for following descriptions, and as such 

reduces redundant data within this chapter. 

 

  Figure 11 Data flowchart design 

As can be seen the three information systems are drawn with the customer in the middle. Within 

the business process redesign framework the customer is on top of the framework emphasizing that 

the customer is the most important element for which most of the activities take place. Within the 

design of Figure 11 this idea is implemented by putting the customer central and drawing a dotted 

line to emphasize that the customer influences (indirectly) all the processes. 
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3.5.1 General design description 

PLM: Product data is stored within PLM. This system both contains generic, and customer specific 

product data. Customer specific data is always created from the generic product data by copying a 

product structure from the PLM-design environment to the PLM-IBM environment. This customer 

specific product data can then be modified by ‘modification work orders’ in which the parts that 

need to be added or deleted are specified (again from the design environment). The history of 

modification work orders gives an overview of the transformation of this customer specific product. 

Coupled to the generic product structure is the maintenance concept. When the generic product 

structure is copied to the PLM-IBM environment and made customer specific, also the maintenance 

concept should be copied such that the maintenance concept also becomes customer specific. The 

same ‘modification work orders’ can be used to update the maintenance concept in case of 

modifications. The location of IBM in PLM was already decided during the IBM project. Although the 

customer specific maintenance concept could also be regarded as customer specific data belonging 

to the CRM system, it is decided to store it provisionally within PLM, as is the case for IBM. 

CRM: Case management is the basis for the CRM system. For each action at the customer, a new 

case is created. As such, cases can be created for customer calls, but also for preventive maintenance 

tasks. As preventive maintenance can be planned upfront (according to the maintenance concept 

within PLM), triggers follow the overhaul planning. It was proposed to capture the maintenance 

planning within the customer specific contract from where the creation of a case is triggered. From 

case management a spares offer/order trigger and a work order trigger needs to be created. 

Activities carried out at the customer are also reported back on the case in order to close a case. Also 

the status of offers/orders is stored within case management such that the service coordinator has a 

structured overview. A work order trigger is needed to trigger the field service engineer. The field 

service engineer who is planned for the specific activity needs the documents to carry out this 

activity. Therefore, again a link from the documents in PLM to CRM is needed. 

ERP: The spare offer/order process is currently captured within the ERP system and therefore also 

captured within the new design within this system, as this process is regarded to work fine. The spare 

part offer/order trigger and the work order trigger created in CRM should be transferred to ERP in 

order to start the offer/order process, and to store financial data from the work order within the 

financial environment within ERP. Financial data from the spares are stored within the financial 

environment via the offer/order process. Installed base data from the PLM system is needed to offer 

the right parts to the customer. Contract data from CRM is needed to provide the offer according to 

the customer specific agreements. The status of the offer/order process should be provided in CRM 

case management. Therefore also a link from ERP to CRM is needed.  
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3.5.2 Information collection improvement 

The collection of data was not considered as a major problem as most data is currently present 

somewhere within the organization. However, more feedback from the field and storing this data in 

order to be able to statistically analyze it, and use it to assess the applicability of the maintenance 

concept is advised. This data could be gathered within case management. Case management is a part 

of the CRM system in which all actions (cases) by SFS at customers are recorded. If the customer for 

example has a problem, he calls the service desk which stores the customer call within case 

management. Also cases need to be made for problems reported by the remote diagnosis system 

(which is under development), or the field service engineer. 

A second problem that was related to information collection was the confirmation of offers. 

Although this unique problem is dependent on the customer and cannot be solved only by improving 

data collection, recording the status of maintenance activities will provide the service coordinator 

with a clear overview which was considered as an improvement.  

3.5.3 Information storing improvement 

First, information about the time that engineers need to carry out maintenance tasks was not 

stored. It was proposed to also define the durations of maintenance tasks within the maintenance 

concept which is coupled to the product structure in PLM. Although this is considered to take time 

when developing a PMS, it is considered to decrease the time needed to plan field service engineers, 

which is an activity which appears more frequently than developing a PMS. 

Second, information storage was also mentioned as a problem as information stored on several 

locations is currently not coupled such that changes are automatically updated among the several 

storage locations. By using the concept, information within the three systems is coupled such that 

changing it in one system results in updating the same information in the other system. 

Information storing was also found for the unique problems when using test parts or exchange 

units. As information about these parts/units was not stored within the PMS wrong parts were 

replaced. Although the design concept provides no direct solution for this unique problem, it is 

considered easier to store this information within the customer specific product data in which also 

the customer specific maintenance strategy is stored. Some way has to be found that this data can 

be imported into the maintenance strategy such that the right spares are triggered. 

3.5.4 Information sorting improvement 

An information sorting problem was regarded for the order of legends of equipment within the 

PLM system and the corresponding order of legends within the maintenance concept of the same 
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equipment in Excel. By coupling the maintenance concept, previously in Excel, to the equipment 

structure in PLM, the structure of both data can be standardized. 

Also information needs to be sorted per activity, such that it is clear to the customer which spares 

belong to which activity. As activities are sorted in the design concept according to a case within case 

management, this need can be fulfilled more easily.  

3.5.5 Information compatibility improvement 

Information compatibility was regarded an important prerequisite for the automation of 

information distribution. With respect to the creation of maintenance data, the maintenance 

concept was not compatible with the product structure. By coupling and storing both this data within 

PLM, it is regarded that it is easier to keep this data compatible. The mentioned problem of half 

versions cannot be solved with a business process. As for each version the maintenance concept may 

vary, this entails much manual work. When possible, maintenance data should be assigned to the 

highest possible level in a product structure. In that case, changes in lower levels of the product 

structure should not influence the content of this data. 

Compatibility problems were also mentioned for deriving the right spare parts. When the PMS is 

not compatible with the actual product structure at the customer, wrong parts can be sent. By 

updating both the product structure and the maintenance concept within the IB environment with 

the use of a modification work order, both data elements are kept compatible.  

3.5.6 Information distribution improvement 

The focus here will be on data flows between information systems as this integration is regarded as 

an important prerequisite in improving the business process of delivering preventive maintenance.  

 First, data from the maintenance concept in PLM needs to be distributed to contract data in CRM. 

Here, data is used to trigger maintenance activities needed to carry out preventive maintenance. 

Also the maintenance documents need to be transferred from PLM to the field service engineer who 

is assigned to the maintenance task in the field service engineer planning in CRM. 

Second, triggers from the CRM system should be distributed to the ERP system in order to start the 

spares offer/order process which is already present within this system. The work order trigger and 

contractual data from the CRM system is needed in the ERP system in order to settle the financials. 

Data from the ERP system should be transferred back to the CRM system in order to track the status 

of the offer/order process, such that the service coordinator has a structured overview per case. 

Finally, the PLM-IBM data should be transferred to the offer/order process in order to be sure that 

the right parts, according to the up to date product structure are send to the customer.  
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With the improvement of the information elements, it is regarded that the information distribution 

will become easier as information can be easier found and is compatible. 

3.6 Discussion 

Within the design, each information system is an important chain in the delivery of preventive 

maintenance. Therefore, no single system can be marked as the most important. As a result, system 

integration is important and data flows between the systems need further attention when 

implementing the design.  

 An important aspect of the design is that it provides a structured and uniform procedure which can 

be used in order to provide preventive maintenance. An important advantage is that preventive 

maintenance activities no longer have to be initiated by the service coordinator but are triggered by 

the contract for which the customer specific maintenance concept (planning) is the basis. 

With respect to the requirements, data is stored within clear and logical storage locations as 

defined by some key-users during a brainstorm session (Appendix F). Due to this regarded logical 

categorization also accessibility of data is improved as it is easier to find data. Due to the structured 

and uniform procedure it becomes easier to transfer work from one service coordinator to another, 

without the need to transfer tacit knowledge which is present only by the service coordinator. 

Finally, the design contains information systems which are already used by SFS (PLM and ERP) or 

which are currently already under development (CRM). 
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Chapter 4 Verification and validation 

Within the design, seven data input elements needed for the preventive maintenance process were 

defined. It takes resources to generate and maintain this input. For the creation and maintenance for 

two of these data input elements (1. generic product data and 2. customer specific product data) the 

new situation could be compared with the former situation in order to evaluate part of the impact of 

the new design. Also part of the preventive maintenance process of generating the output with the 

data input elements could be evaluated by comparing the former with the new situation. Part of the 

process which was evaluated was the derivation of the right spare parts needed. 

Figure 12 provides an overview of the data input and process output for the internal business 

process for preventive maintenance delivery. The process output is used to actually carry out 

preventive maintenance at customers. The influence of the new design is discussed only for the 

highlighted elements since only data of the former and new situation could be derived (by interviews 

and experiments) for these elements. As discussed within chapter 3, both generic and customer 

specific product data is stored within PLM. This data can be further categorized as the product 

structure and the maintenance concept. The focus within this chapter is on the generation and 

maintenance of both generic and customer specific maintenance data. The process output ‘spares’ is 

further referred to as an operational activity. The chapter is structured according to Figure 13. 

 

 

  

 

 

 

 

 

 

Figure 12 Elements used for verification and validation 

 

Figure 13 Structure of chapter 4 
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Within the following paragraphs interviews were used to validate the improvement for the 

generation and maintenance of preventive maintenance basis data. Experiments with Excel tools 

were conducted to validate the improvements for the generation and maintenance of customer 

specific maintenance data, and for the operational activity of deriving the spare parts. Interviews 

were also used to further discuss the outcomes of the experiments. 

4.1 Generating generic preventive maintenance basis data 

4.1.1 Former situation 

Table 4 gives an overview of the average time needed for activities in the former situation. The 

time indications were based on knowledge of employees from the SG-CTS department involved in 

these activities. The activities are subdivided according to stages of the product development process 

(initial 0-series, evaluate feedback on 0-series, free for sales) as the maintenance concept is also 

developed during these stages. The average total time needed in the former situation is 160 hours. 

4.1.2 New situation 

For the new situation, estimations are provided in Table 5. 

 

 

Table 4 Average duration creation of generic basis data per machine [source: Stork Food Systems] 

Former situation 

 Initial 0-series Evaluate feedback Free for sales Total: 

 #days #FTE #days #FTE #days #FTE  
AE-coding+ overhaul planning 2 4 2 4 0,5 4 144 hours 
Make inspection list 0,25 2 0,25 2 0,25 2 12 hours 
Create service exploded view - - - - 0,5 1 4 hours 

Total: 68 hours 68 hours 24 hours 160 hours 
 

 

 

 

Table 5 Estimation of average duration creation of generic basis data per machine [source: Stork Food Systems] 

New situation (estimation) 

 Initial 0-series Evaluate feedback Free for sales Total: 

 #days #FTE #days #FTE #days #FTE  
AE-coding+ overhaul 
planning 

2 4 2 4 0,5 4 144 hours 

Make inspection list + 
decline boundaries 

1 3 4 2 1 2 104 hours 

Create service exploded 
view 

- - - - 0,5 1 4 hours 

Define task duration 2 4 2 4 1 2 144 hours 
First line maintenance 0,5 4 0,25 4 0,25 2 28 hours 
Maintenance 
instruction 

1,5 4 0,75 4 0,75 2 84 hours 

Total: 216 hours 224 hours 68 hours 508 hours 
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As an experiment was considered to take too much time, the estimations were derived during 

interviews with employees from the SG-CTS department currently involved in similar activities. 

Within the design of the maintenance concept three new documents (in red) were identified: 1. task 

duration, 2. first line maintenance, and 3. maintenance instruction. As these documents have to be 

created extra, more time is needed during this stage. As can be seen, the creation of an inspection 

list (yellow) takes more time in the new situation. This is because within this activity also the 

definition of decline boundaries was taken into account. Decline boundaries are specifications about 

inspection parts which describe when a part needs to be disapproved. As this activity is currently not 

carried out, the time for it is both based on knowledge of current activities and estimation. 

The new situation is estimated to take 508 hours which is a 300% increase. This is time needed only 

once in the products’ lifecycle (PLC) which is about 10 years. The creation of new documents should 

improve the ability to carry out maintenance tasks by customers and field service engineers, which is 

an activity that appears on average each quarter for each machine in a service contract. 

4.2 Maintain generic preventive maintenance basis data 

4.2.1 Former situation 

Preventive maintenance data is liable to change due to version increases of equipment, feedback 

on the maintenance concept, and customers’ process changes. Maintenance of generic data is again 

a responsibility of the SG-CTS department. During an interview with several SG-CTS department 

members the amount of maintenance activities was set as follows: 

Data maintenance due to version increases 6 times per machine 

Data maintenance due to feedback on maintenance strategy 6 days per PLC 

Data maintenance due to customers’ process changes Very rare 

 

In case of one of the reasons for change, the earlier created generic data needs to be adapted. As 

such, the time needed for the maintenance of generic preventive maintenance data is again split up 

into the former and the new situation. In Table 6 an estimation of duration for the former situation is 
 

 

Table 6 Average duration maintenance of generic basis data per machine [source: Stork Food Systems] 

Former situation  

 

Feedback on 
maintenance 

strategy (total) 

Version increase 
(per version 
increase) 

Customer process 
(per process 

change) Total: 

 #days #FTE #days #FTE #days #FTE  
AE-coding+ overhaul planning 6/PLC 4 0,75 1 0,25 1 200 hours 
Make inspection list - - 0,5 1 - - 4 hours 
Create service exploded view - - 0,5 1 - - 4 hours 
Cost of ownership 1 week/year (1 FTE) for all machines - 

Total: 192 h./mach 14 h./increase 2 h./change 208 hours 
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provided. A total of 208 hours was found. However, this amount only takes into account one version 

increase. As on average 6 version increases per machine were estimated, and process changes were 

not taken into account (as these are very rare) a total of 276 hours was expected for the 

maintenance of generic preventive maintenance data per machine, during its PLC (10 years). 

4.2.2 New situation 

The same documents as were found for the creation of generic preventive maintenance data need 

to be maintained. Time was estimated during a session with SG-CTS members who are likely to be 

responsible for maintaining this data in the future. Table 7 provides the outcomes of this meeting. 

Again, taking into account 6 version increases and neglecting customer process change (as this is 

very rare) a total of 772 hours was estimated to be needed to maintain the maintenance documents. 

Within the estimations it was taken into account that the maintenance of the inspection list, the 

exploded view and the cost of ownership can be automated to a large extend. However, about 3 

times as much time is needed for keeping the generic maintenance data up to date in the new 

situation. This is due to the fact that more documents need to be maintained. The definition of task 

duration should improve the ability to automate the planning of maintenance tasks in the CRM 

system. The first line and maintenance instruction documents should improve both the ease and the 

quality of maintenance for FSE’s and the customer himself. So, more time is needed during the 

preparation of preventive maintenance documents. It is supposed that this extra time investment is 

earned back in the new situation with a time and quality reduction in the operational activities of 

preparing the spare part need for maintenance jobs, their planning, and carrying out the 

maintenance (see paragraph 4.6). 

 

 

Table 7 Estimation of average duration maintenance of generic basis data per machine [source: Stork Food Systems]  

New situation (estimation)  

 

Feedback on 
maintenance 

strategy (total) 

Version increase 
(per version 
increase) 

Customer process 
(per process 

change) Total: 

 #days #FTE #days #FTE #days #FTE  
AE-coding+ overhaul planning 6/PLC 4 0,75 1 0.25 1 200 hours 
Maintain inspection list + decline 
boundaries 

4/PLC 2 1 1 0,5 2 80 hours 

Maintain service exploded view - - - - - -  
Cost of ownership 2 days/year, 1 fte for all machines  
Maintain task duration 4/PLC 2 1 2 - - 80 hours 
First line maintenance 10/PLC 2 0,25 2 0,5 2 172 hours 
Maintenance instruction 4/PLC 2 0,25 2 - - 68 hours 

Total: 544 h./mach 38 h./increase 18 h./change 600 hours 
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4.3 Generating customer specific preventive maintenance basis data 

4.3.1 Former situation 

In the former situation hardly any customer specific preventive maintenance concept was made. As 

such, this phase initially took no time. However, spending no time within this phase will increase time 

needed to derive the spare part need each quarter, which is an operational activity (see paragraph 

4.5). As products in the field deviate from each other due to modifications, the need for customer 

specific preventive maintenance concepts, which make it easier to carry out operational activities, is 

growing. Within paragraph 4.5 an experiment was carried out for which the time needed to derive 

the spare part need according to the former method (without customer specific PMS) was recorded. 

4.3.2 New situation 

For the new situation, customer specific preventive maintenance data was created. Generic 

preventive maintenance data served as a basis. Transforming generic data into customer specific 

data is an operational activity that was performed by the service coordinator. Within this phase the 

actual equipment structure as in the field (which is likely to deviate from the generic structure) needs 

to be synthesized with the maintenance concept. Within the generic maintenance concept an 

overhaul planning is defined for specified sub-assemblies (called legends) of the most complete 

equipment (which is equipment with several options that are possible). An option usually consists of 

one or more legends. As such, it is possible that for a customer who did not chose an option, certain 

legends which are in the generic maintenance concept are not in his machine. According to the 

equipment specifications, parts within legends may deviate, although the legend itself will appear 

within the machine. An example is the legend ‘curve’. Within a clockwise rotating machine this curve 

is different than in a counterclockwise rotating machine. However, the maintenance concept for both 

legends is the same. As such a generic maintenance concept can be used as a basis for several 

machines. Figure 14 shows how the generic data should lead to customer specific data. 

As can be seen, the customer specific 

equipment structure needs to be compared 

with the generic equipment structure in 

order to decide whether the generic PMS 

will be applicable for this structure. If the 

generic PMS can be used, the customer 

specific equipment structure needs to be copied in the customer specific PMS, and the overhaul 

planning from the generic PMS needs to be copied to the customer specific PMS. When the customer 

 

Figure 14 Create customer specific PMS 
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specific equipment is not comparable with the generic equipment, an employee from the SG-CTS 

department needs to decide which overhaul planning to use for the equipment. 

From the process design concept and Figure 14, two activities that need to be carried out are: 1. 

Copying the customer specific equipment structure from the PLM information system to the customer 

specific PMS in Excel, and 2. Copying the generic PMS overhaul planning to the customer specific PMS. 

The first step entails data transfer from PLM to Excel in which PMS’s are currently made. An Excel 

macro was designed to test whether it is possible to automate this transfer. With the Excel macro, an 

information extract from PLM was automatically transferred into a PMS layout. Even more PMS’s 

could be created simultaneously by using a batch (.txt) input file. With respect to the informational 

elements, the Excel macro made it possible to make PLM data compatible with Excel PMS data, 

which is a prerequisite for automation of the operational activity of deriving the spare part need. 

As it is not guaranteed that the order of legends in the customer specific PMS (created from the 

PLM extract) is the same as in the generic PMS, copying the overhaul planning still remains a manual 

activity. In order to be able to improve this step, a way needs to be found to make the order of 

legends compatible between the PLM data extract and the generic PMS. Although the order could be 

made the same, legends may be deleted or added in the field. A second suggestion therefore is to 

provide the service coordinator with a notification when more or less legends appear in the customer 

specific structure, such that he can decide to initiate further action.  

An experiment was conducted to find out the time needed to create the initial customer specific 

preventive maintenance data. 

A description of the 

experiment is given in 

Appendix G. The findings 

(Figure 15) were that creating 

an empty PMS (the first of the 

two previously discussed 

activities) with the developed 

tool cost 3 to 6 minutes, 

depending on the batch size. 

Copying the overhaul 

planning from the generic PMS to the created empty PMS (the second of the two previously 

discussed activities) cost minimal 5 minutes per machine and is dependent on influencing factors 

(see Appendix G). Generally a preventive maintenance contract is agreed for a whole line, consisting 

on average of 50 machines. As such the whole process of creating initial customer specific preventive 

 

Figure 15 Experiment outcome create customer specific PMS 
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maintenance data would cost 1*6+50*5 minutes = 256 minutes (+/- 4,25 hour) if no problems exist. 

For each problem (e.g. order and naming of legends) about 10 minutes can be added. As for the 

generic data, the initial customer specific preventive maintenance data only has to be created once. 

It is important here to note that it was found that it is possible to connect data from several 

information systems. By improving the compatibility (for example the order of legends), even more 

steps can be automated such that the time for the second step can be reduced or such that 

influencing factors can be limited. As will be discussed in paragraph 4.7 the Excel macro is a 

temporary solution which needs to be translated into a more structured solution.   

4.4 Maintain customer specific preventive maintenance basis data 

4.4.1 Former situation 

Within paragraph 4.3 it was discussed that hardly any data was formerly made customer specific. 

As such, maintaining customer specific preventive maintenance basis data was not necessary and no 

resources were needed to maintain customer specific preventive maintenance basis data. 

Due to deviations of machines when installed at the customer, the need for customer specific 

maintenance data increases. The maintenance of customer specific preventive maintenance data will 

be the service coordinators’ responsibility. This entails both keeping the product data up to date 

according to the customer specific structure, and keeping the maintenance data for this structure up 

to date. Only customer specific data was formerly kept ‘up to date’ by keeping notes about changes 

in the ERP system. With the IB project currently under development, this data will be kept up to date 

in the PLM system which was also taken into account in the design. 

4.4.2 New situation 

Within the new situation the spare part need will be derived from PLM data and customer specific 

maintenance data. As such, both need to be up to date. Within the new situation the IB in PLM is 

kept up to date with IB management. With MWO’s the IB structure is adapted according to the real 

situation when a modification is ordered. As such the modification notes within the ERP system are 

history and the service coordinator has more certainty that the right spare parts are delivered. 

However, not only PLM needs to be up to date, also the PMS which was initially extracted from 

PLM need to be kept up to date. With respect to modifications on equipment it is possible that 

legends are added, deleted or changed. In case of deleted legends in the structure, they also have to 

be deleted in the PMS. Deletion of legends could influence the maintenance frequency for other 

legends. The same counts for added legends. However, when legends are added, also an overhaul 

planning for this legend has to be added to the PMS.  When legends are changed this entails 

changing an item code in PLM which also needs to be changed within the PMS. As long as the 
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structure within PLM is up to date and the legends within the PMS are compatible with the legends 

within the up to 

date PLM structure, 

the right parts will 

be sent. 

A tool which 

derives the spare 

part need according 

to PLM and PMS 

data (which is 

further discussed in 

paragraph 4.5) 

automatically gives a 

notification when 

the structure deviates among the two data sources. With the use of IB management it is regarded 

that PLM is up to date. As such, in case of a notification the PMS is most likely not up to date with the 

latest IB structure within PLM. So, finding deviations is automated in the new situation and is part of 

the operational process. Tracking the reason for the deviation is a manual activity which is not part of 

the operational process. As the tool already provides the row numbers in which the deviation was 

found, it was estimated that updating the PMS on average costs 5 minutes per machine (Figure 16). 

When the maintenance strategy (PMS) is stored within PLM instead of within an Excel file, it would 

be possible to update it with an MWO. As such, all data needed for deriving the spare part need is 

within the same system and compatible with each other such that automation becomes more easily. 

4.5 Operational activities 

4.5.1 Former situation 

Within the former situation the needed spare parts were manually derived from the generic PMS 

and PLM structure (Figure 17). This process was imitated for one machine and times where recorded. 

First the total, major, and small spare part lists were extracted from PLM and the right version of the 

PMS was found for the machine. Finding and extracting the right documents took 10 minutes. 

The next step was to check the type of overhaul planned for each legend and derive the parts that 

are needed for the overhaul from either the total, major or small spare part list. This activity took 20 

minutes. For a more complicated machine this would take longer. The final step was to copy the 

parts within an order in the ERP system. With the functions copy/paste, this took only 5 minutes. 

 

Figure 16 Experiment outcome adapt customer specific PMS 
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 The total process took 35 minutes. However, in this case there were no problems. A possible 

problem could be 

that a legend from 

the PLM structure 

which contains 

service items was 

not within the 

example PMS. In 

that case the SG-

CTS department 

needs to be 

consulted about 

what type of 

overhaul to plan for the particular legend. Problems like these were estimated to take about 10 

minutes extra per problem. So, 35 minutes is regarded as the minimum time needed per machine. 

4.5.2 New situation 

Within the new situation an Excel tool is used to derive the spare part need from the PLM output 

and the PMS. In case of deviations between the two data sources a notification is provided by the 

tool. Regarding that PLM is kept up to date with IB management, the PMS needs to be updated in 

case of notifications. As previously discussed finding deviations between the PMS and the PLM 

structure is part of the operational process. However, time needed for updating the PMS according 

to the automatic 

notification was 

taken into 

account within 

the maintenance 

of customer 

specific data 

(paragraph 4.4).  

Activities within 

this process were 

timed. In the case of up to date data (both PLM and PMS) deriving the spare part need took 

minimally 10 minutes per batch (Figure 18). 

 

Figure 17 Experiment outcome derive spare part need, former method 

 

Figure 18 Experiment outcome derive spare part need, new method 



 

R.W.F.J.M. Lemmens, February 2011                                               57  Page  

 

A major difference with the other activities is that the derivation of the spare part need comes back 

more frequently (once per quarter per machine). As such each time reduction for this activity has a 

larger effect than for example a time reduction for an activity which only is needed 6 times per PLC 

(which is on average 10 years). Paragraph 4.6 further emphasizes the effect of the new situation. 

4.6 Comparison of the former and new situation 

4.6.1 Structural improvements 

In order to compare the former with the new situation some assumptions are made: 

1. Generic preventive maintenance basis data is created once per machine. 

2. Customer specific preventive maintenance basis data is created once per customer machine 

(only in the new situation) costing 4 minutes per contract and another 5 minutes per machine. 

3. Generic preventive maintenance basis data needs to be maintained 6 times per machine due to 

version increases and an overall amount of hours during its PLC because of field feedback. 

Process changes are currently so rare that they are not taken into account. 

4. Customer specific preventive maintenance basis data needs to be maintained 12 times per 

customer specific machine due to version increases (average: 6 times in PLC) and feedback on 

the maintenance strategy (estimated: 6 times in PLC). Process changes are not taken into 

account. 

5. Only deriving the spare part need is considered here as an operational activity which needs to 

take place each quarter for each machine in the contract for a PLC of 10 years. 

Following from the estimations and experiments the following times are used for each activity: 

 Former situation New situation 

1. Create generic data 160h * # machine type 508h * # machine type 

2. Create customer data 0h (not in former situation) (4/60h + ( 5/60h * # machines in contract)) * # contracts 

3. Maintain generic data 370h * # machine type 772h * # machine type 

4. Maintain customer data 0h (not in former situation) 12*1/6h * # machines in contract * # contracts 

5. Operational activity 35/60h * 40 * # machines in 

contract * # contracts 
1/6h * 40 * # contracts 

 

The creation and maintenance of generic data takes on average a fixed amount of resources per 

machine. The resources needed for other activities (create customer specific data, maintain 

customer specific data, and operational activities) are dependent on the amount of contracts and the 

amount of machines in a contract. With a realistic case consisting of 100 machine types and 50 

machines in a contract (contracts are most often closed per line consisting of ± 50 machines), the 

impact of the amount of contracts on total time needed per year is given in Figure 19. Within the 

calculation, the times per activity are summed and divided by 10 in order to provide the hours 

needed per year. As such the fixed hours are spread over the whole PLC. 
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As can be seen, fixed costs per year due to creation and maintenance of generic documents are 

higher in the new situation. However, extra time needed per contract (the slope of the line) is far 

more less in the new situation than for the old situation. As a result, the new situation will be more 

profitable at about 75 contracts (keeping initial design costs for the new concept out of scope). It is 

expected that the next year, between 100 and 200 maintenance contracts will be present. 

An important aspect that is not taken into account is the resources needed to plan maintenance 

and carry out maintenance. With the 

creation of the new documents, the 

time needed to carry out these 

activities is regarded to decrease. 

Also a quality improvement is 

regarded due to these documents as 

for example decline boundaries are 

more specifically provided such that 

the FSE has clear guidelines which 

are now lacking. Another qualitative 

advantage is the documentation of 

knowledge (explicit) by describing 

first line maintenance and the 

maintenance instruction. As such 

knowledge sharing is less dependent 

upon the employees who have this 

knowledge in mind (tacit). Since currently the time for planning and carrying out activities is not 

monitored, it is not taken into account in the calculations (nor for the old and the new situation). It is 

expected that this improvement will strengthen the effect that is currently visible. 

Within the calculations, a realistic average value for two variables; amount of machine types, and 

amount of machines in contract, was chosen (100 and 50 respectively). However, as these are 

variables, their value is not the same for each contract. The amount of machines for which generic 

maintenance data needs to be created and maintained changes over time due to development of 

new products and disposal of discontinued products. Within the graph of Figure 20 the continued 

lines represent the amount of hours needed for 100 machine types and 50 machines in a contract (as 

in Figure 19). The dotted lines represent amount of hours needed to create and maintain 

maintenance data for 150 machine types and again 50 machines in a contract. As can be seen in 

Figure 20, the amount of machines influences costs more drastically for the new situation than for 

 

Figure 19 Impact of amount of contracts on hours needed 
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the former situation. This is due to the fact that for each machine about 300% extra time is needed 

to create and maintain documents. For 150 machine types, the new situation becomes more 

interesting with respect to the amount of resources needed at 110 contracts (not taking into account 

the reduction in planning and field service engineer time, and quality improvement). 

 Second, the amount of machines in a contract also influences the amount of hours needed. 

However, in this case the slope of 

the line is changed. This is because 

the amount of machines in a 

contract is multiplied with the 

amount of contracts (on the X-

axis) and the initial (fixed) costs 

are independent on the amount of 

contracts. As such, the initial 

starting-point of both lines is the 

same, but the amount of hours 

needed increases with a higher 

rate for each additional contract. 

Within Figure 21 the amount of 

machine types was set at 100 

machine types. The amount of 

machines in the contract was set 

on 50 for the continued lines 

(according to the situation in 

Figure 19), and on 80 machines in 

a contract for the dotted lines. 

As can be seen in Figure 21, the 

amount of hours needed per year 

increase per contract with a 

higher slope (β) in the old 

situation. The amount of 

machines in the contract has a 

less dramatic effect in the new 

situation. 

 

Figure 20 Impact of amount of machines types on hours needed 

 

Figure 21 Impact of amount of machines in contract on hours needed 
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As the total amount of hours needed is dependent on several variables it is impossible to give an 

exact improvement in amount of hours needed to maintain equipment by following the new design. 

It is however clear that the new situation is less dependent on the amount of contracts which is 

expected to increase in the next years as more customers are expected to buy a preventive 

maintenance service contract. As such the new situation will be an improvement. Apart from the 

amount of hours needed, the chance for mistakes will be decreased by using a structured method. 

Within the experiments Excel was used to show that it is possible to make data compatible with each 

other. However, Excel also has some disadvantages; these will be discussed in paragraph 4.7. 

4.6.2 Implementation costs 

One aspect that also needs to be taken into account is the cost for implementing the new design. 

Six activities are needed for implementation: 1. Preparation, 2. PLM design, 3. ERP design, 4. CRM 

design, 5. Integration, 6. Global implementation. Four resources were regarded to be necessary to 

carry out the activities: 1. ICT capacity, 2. Project team, 3. Project responsible, 4. User groups. 

It was stated that PLM, ERP, and CRM design by the ICT department could be carried out in parallel. 

Also ICT activities needed for the integration of the three IT systems can be carried out to some 

extend in parallel with the design of the three IT systems. However, some of the integration tasks can 

only be carried out sequential after whole or partly finishing of the three main IT systems. The steps, 

preparation and global implementation are considered as sequential steps. During a session with the 

senior business consultant from the SG-CTS department, the matrix in Table 8 was filled in. 

As licenses for PLM and SAP are already available, they are not taken into account. Since CRM will 

also be used by the sales department for other activities than preventive maintenance (this project is 

running), CRM licenses are also not taken into account here. 

Assuming 100 machine types for which maintenance data needs to be created and maintained, and 

on average 50 machines in a contract, the design will become profitable after ±1 year in case of 200 

preventive maintenance service contracts. 

Table 8 Estimation of implementation costs [source: Stork Food Systems] 
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Chapter 5 Discussion 

5.1 Introduction 

This chapter will first discuss an important practical limitation of the design which is the use of tools 

not supported for the whole organization. Second, the scientific contribution will be discussed by 

using the redesign best practices (Reijers and Liman Mansar, 2005). 

5.2 Use of tools within organizations 

Excel was used as an experiment tool to improve data connections and automate data distribution. 

It was shown that the Excel tools could improve the former situation. However, it should be 

emphasized here that it is not the intention of the Excel tools to make them part of the procedure. 

This is because it was stated by service coordinators, the SG-CTS senior business consultant, and the 

IT-specialist who were involved within the iterative design phase, that tools like these (for instance in 

Excel) do not contribute to structurally solving problems. The major disadvantage is that these types 

of tools are not spread within the company but are only used by some employees who are familiar 

with it. Another disadvantage mentioned is the supportability and the integration with other IT-

systems. Version increases of software are often initiated and supported by the ICT department such 

that correct integration of systems is guaranteed. In case of these unsupported tools, the correct 

working cannot be guaranteed after changes/development of one or more of the IT systems. 

These disadvantages were confirmed during informal conversations about the research project (not 

intentionally part of the research) with an IT specialist of a major Dutch commercial vehicle 

manufacturer, and a planner/process developer of a Dutch producer for metal shafts and rollers. 

These external professionals emphasized the ease of use like for example Excel to experiment in 

order to propose possible solutions for improving processes. However, these solutions should in the 

end be developed within the organizations’ software systems. These statements could be seen as an 

indication that organizations struggle with ‘self made’ tools that are not supported by ICT. Several 

causes could be stated, like for example the lack of efficiency of current information systems (like 

was the case for SFS), or the lack of ICT capacity to further develop IT systems. 

5.3 Scientific contribution 

Within their article, Reijers and Liman Mansar (2005) proposed a list of best practices that can be 

used to redesign a business process. Appendix H provides an overview of these best practices. Within 

the thesis, an information perspective was chosen to develop a business process for the delivery of 

preventive maintenance service.  

Information compatibility and sorting were considered as two important aspects to improve the 

process at SFS. Information compatibility was needed to be able to synthesize several sources of 
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information, and automatically generate new information (needed within the process) from this 

basis data. The basis data should in that case be compatible, such that human interpretation of the 

information is not needed. Information sorting improved the ability to find information when 

needed. Also sorting information made it easier to define which data needed to be compatible. 

The best practices proposed by Reijers and Liman Mansar (2005) are oriented towards: customers, 

business process operation, business process behavior, organization, information, technology, and 

the external environment.  Information and technology are two orientations which fit with the focus 

within this thesis. For each orientation two best practices were described: 

 Information best practices: 

1. Control addition: check the completeness and correctness of incoming materials and check 

the output before it is send to customers. 

2. Buffering: instead of requesting information from an external source, buffer by subscribing to 

updates. 

Technology best practices: 

1. Task automation: consider automating tasks 

2. Integral technology: try to elevate physical constraints in a business process by applying new 

technology 

For each best practice its influence on Cost, Quality, Time, and Flexibility was provided in so called 

devils quadrangles. Although only found within one organization, the potential effect on the 

information best practice for information compatibility and sorting is given within Figure 22. 

Information compatibility is expected to 

improve time as it provides the ability to 

derive other information more quickly from 

it. It is also likely to improve quality as less 

interpretation is needed to derive the 

information, and due to automation, fewer 

mistakes can be made. However, it 

potentially increase costs and decrease 

flexibility. For information sorting, again time 

to find information most likely decreases. 

Quality and flexibility is supposed to stay 

neutral and costs are proposed to increase as 

the information needs to be stored according to the classification.  

 

Figure 22 Quadrangle information best practice [Source: 
Reijers & Liman Mansar, 2005] 
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With respect to the technology related best practices, the amount of IT systems is proposed as 

another potential best practice.  Too many IT systems increase the amount of data transfers needed, 

making it harder to provide compatibility of information systems. However, too few IT systems make 

it harder to categorize data, such that it becomes uneasy to find it back. Somewhere, there should be 

an optimal solution which possibly depends on the type of organization and the process the IT 

systems should cover. It is proposed that, without losing sight on the categorization of data, 

decreasing the amount of IT systems makes it easier to integrate the various elements of the 

business process. The technology quadrangle with the potential best practice, ‘decrease IT systems’ 

is provided in Figure 23. 

Decreasing the amount of information 

systems is proposed to result in less 

flexibility but higher quality due to stability 

and supportability. Cost may be decreased 

although in first instance some costs may be 

needed to integrate activities within other 

information systems. Decreasing the amount 

of information systems is regarded to have 

no influence on time.  

The three proposed best practices 

information compatibility, information 

sorting, and decreasing amount of IT systems are derived from the research conducted at SFS. More 

research is needed to find evidence for the effect of these potential best practices. 

  

 

Figure 23 Quadrangle technology best practice [Source: Reijers 
& Liman Mansar, 2005] 
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Chapter 6 Conclusions and recommendations 

6.1 Findings 

In this master thesis, a business process concept was designed in order to make delivery of 

preventive maintenance service by SFS more efficient. Efficient, here, means that more customers 

can be served with the service with proportionally same, or fewer resources than currently the case. 

Within the specific case of SFS it was found that customization of service, needed for preventive 

maintenance service delivery, takes so many resources that expanding it to a larger customer base is 

impossible with the currently available resources. As SFS wants to fulfill the increased customer need 

for preventive maintenance, it needs a more efficient business process concept. Although the 

concept was designed for SFS, it is regarded that also other equipment manufacturers can use it as it 

is composed of general product-, customer-, and business-process elements. 

Starting point for the design was a problem analysis in which several information problems were 

noticed. Information problems were categorized according to information elements derived from 

Huber (1991) which are: information -collection, -sorting, -storage, -compatibility, and -distribution. 

It was found that problems with respect to all elements were present at SFS, although information -

distribution, -compatibility and -storage were most frequently mentioned. In order to improve 

information -distribution and -storage, information -compatibility was found to be a necessity. By 

making information compatible, task automation, which was one of the business process redesign 

best practices defined by Reijers and Liman Mansar (2005), became possible for some tasks. 

Information-input, that was regarded necessary in order to provide the aimed output of preventive 

maintenance, was classified according to three elements of the business process redesign framework 

by Reijers and Liman Mansar (2005): customer data, product data, and business process data. An IT 

system was assigned for each of the elements, such that compatible data was stored within one 

system. By defining generic and customer specific data, a clear and logical data structure appeared 

which made it possible to define which parts of the data-input needed to be compatible. Activities 

needed to provide preventive maintenance were classified under one of the three IT systems. 

With the development of Excel tools, it was tested whether activities needed in the delivery of 

preventive maintenance, indeed could be carried out more efficiently. With the Excel tools it was 

shown for SFS that customer specific data could be generated semi-automatically from generic data. 

As data elements were stored in different locations, manual activities were still needed to make data 

compatible. Storing data according to the framework was regarded to diminish manual activities. 

In order to make it possible to store data according to the designed concept, programming and 

further development of the IT systems is necessary. Costs of development and implementation of the 
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concept were compared to the regarded advantages as derived from interviews and experiments. It 

was found that the design and implementation costs can be earned back within approximately 1 

year, assuming a doubling of preventive maintenance contracts from 100 to 200 contracts. 

6.2 Limitations 

The proposed concept was based on elements of the business process redesign framework by 

Reijers and Liman Mansar (2005), and on what was regarded by SFS as important output of 

preventive maintenance. The focus of the project was on information, according to the elements 

derived from Huber (1991). Although information is the focus of the project, other elements of the 

business process redesign framework were taken into account although they were considering from 

an informational perspective. For example, information elements with respect to customers and 

products were assigned. As such, the thesis limits itself by only considering information related 

problems. How tasks should be carried out and by whom (human resource perspective), is not 

discussed, although the concept will impact the human perspective as with the automation of tasks, 

activities within jobs are likely to change. For example, deriving the spare part need, which was 

considered a quite specialist job done by the service coordinator, has become less specialized by the 

partly automation of this process. It was shown (with Excel tools) that for the case of SFS, parts of the 

spare part process can be automated,  making the spare part derivation less specialized such that it 

can be executed by a less specialized (and cheaper) employee. 

The effect of the proposed concept was based on interviews and experiments. Although this gave 

insight into the expected effect of the concept, it is still based on assumptions. However, not all 

effects could be taken into account. First, the effect on planning preventive maintenance was not 

considered due to time limitations. Second, it was only possible to evaluate time for preventive 

maintenance execution qualitatively as the concept is not implemented yet. As it is not known how 

much time jobs currently take, there is no data to compare (and evaluate) the new situation with. 

Quality of preventive maintenance was supposed to improve by the generation of new documents 

(e.g. maintenance instruction, first line maintenance list). However, also this improvement cannot be 

evaluated with facts as the concept is not yet implemented.  

Although some aspects of the regarded improvement were only evaluated with qualitative 

judgments, some aspects were also evaluated by experiments with factual data. Comparing results 

from experiments with data about the current situation showed an improvement. It is regarded that 

elements which could not be evaluated by experiments or factual data at this stage, at least will be as 

good as they were, such that the concept will be an improvement on the current situation. More 

quantitative data needs to be gathered to further prove the added value of the designed concept. 
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6.3 Recommendations for further research in service literature 

After identification of a profit opportunity within the service arena, the next step in making the 

transition from product to service oriented is setting up structures and processes to exploit it (Oliva 

and Kallenberg, 2003). Although it is considered that the design concept and the three defined 

potential business process redesign best practices will help in setting up structures and processes for 

(originally) product oriented organizations who face difficulties with exploiting the preventive 

maintenance service profit opportunity, the thesis provides only proof in terms of expectations from 

interviews and pseudo experiments (comparing the old situation with the new situation) within SFS. 

Testing the concept within a larger population of companies who face the same problems would 

improve validity and could be used to generalize the proposed added value of the concept, and the 

use of the three potential best practices for business process redesign.  

Another aspect that could be taken into account in further research is the effect of the proposed 

design on the customer. Although the customer was considered as the most important element in 

the proposed design, knock-out any negative effect on the customer would improve the concept.  

6.4 Recommendations for practitioners 

For the specific situation of SFS it needs to be considered whether the extra defined maintenance 

documents indeed have added value with respect to decreased amount of resources needed, and 

the expected quality improvement. It needs to be taken into account that some documents are not 

limited to only the effectiveness of the internal process as they can also be used for other purposes 

like customer training. So, not only time and quality improvements need to be taken into account. 

Another recommendation is the monitoring of the preventive maintenance performance. In the 

case of SFS the resource- and spare part usage due to preventive maintenance only could not be 

derived. Statistics about the amount of extra parts per PMS that are recommended after inspection 

could be valuable to evaluate a PMS and its overhaul planning. Also data about breakdowns at 

customers (logbook) would be valuable to evaluate the preventive maintenance strategy. However, 

for SFS it would be helpful when each customer provides the data in the same manner such that it 

can be used to calculated statistics without transforming data (which again would take many manual 

activities if each customer has its own method). The proposed concept and especially case 

management within CRM could be part of the solution. With the IB project currently under 

development, the customer specific structures are already kept up to date. Measuring of the 

preventive maintenance performance helps in defining bottlenecks and improvements in the 

preventive maintenance delivery process. 
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As compatibility of information is considered as an important condition for task automation, it is 

important that information across the organization is consistent. As such formalizing and 

standardizing information creation would improve compatibility. An example is the product structure 

within the PLM system which does not always follow the same structure as in the maintenance 

document. Differences between the two resulted in difficulties in automating for example spare part 

derivation (with the Excel tool). Therefore, it is important that the different departments in the 

organization (for example development and service) formulate procedures about how to define and 

compose documents like for example the product structure. 

Within the design, three main IT environments are defined: Enterprise Resource Planning, 

Customer Relationship Management, and Product Lifecycle Management. Activities within the 

business process use and combine several information sources. Defining these sources and their 

storage location helps in optimizing the activities (e.g. by automation), and create insight into their 

relationships (how is or should the information being connected). The concept can be used to create 

an overview of other important activities apart from preventive maintenance. 
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Appendices 

Appendix A: Initial interview questions 

 

General questions: 

Customer name: 

Location (Country, Place): 

Size (linespeed, shifts, #lines): 

Installed base Stork: 

Costs of spares sold (last 4 years): 

 

Process questions: 

1. What type of preventive maintenance is delivered to the customer? 
2. What other related service activities are delivered to the customer? 
3. What was needed to make the delivery of preventive maintenance possible? 
4. How is preventive maintenance delivered to the customer? 

 

Control questions: 

1. Which data about the customer is collected? 
2. What entails service performance for preventive maintenance by SFS? 
3. Is service performance measured? 
4. How is service performance measured? 

 

Organization questions: 

1. Who has which responsibilities during preventive maintenance delivery? 
2. How is the reporting structure? 

 

Information questions: 

1. How is data collected? 
2. How is data stored? 
3. How is data processed as information? 
4. For which processes is this information used?  
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Appendix B: Initial case interview summaries 

 

UK-case 

Customer name: Moy park Dungannon 

Country: United Kingdom 

Place: Dungannon 

Average line speed: 10.500 (at input, divided over Cut-up, Debone and AMF) 

Production lines: 1 

Schematic lay-out SFS equipment:  

 

Costs of spares sold (last 4 years): ? 

 

Process 

For Moypark Dungannon preventive maintenance entails several activities. Currently parts are 

overhauled according to a predefined PMS. Second, the first steps are planned for a service level 

agreement for which specific appointments are made about what performance the Stork equipment 

should have under certain conditions (this is currently not implemented). Third, the customer has a 

software support contract which means that he is supported when he faces software problems. 

In the past training was also provided to the customer. Although training is not directly related to 

maintenance, it aims at the fine tuning of machinery which can be regarded as a maintenance task. 

The initial (one time) costs of the training were much lower than the constant gains the customer has 

now from the increase of yield.  

Before preventive maintenance according to a PMS can be delivered, the equipment has to be 

brought into a state such that the schedule indeed can be followed and as such the chance on 

disruptions is low. For older equipment it is a trade off whether to bring the equipment in a certain 

state such that preventive maintenance can be delivered (often much work) or provide spare 

packages and maintain the equipment on a much lower ‘preventive’ level (with more responsibilities 

for the customer). 
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A problem with following a PMS is that working parts are exchanged before they fail. However, 

exchanging ‘good’ parts is contradictive for engineers and customers. Therefore both groups need to 

be persuaded that not replacing these seemingly good parts will most likely result in a breakdown 

and eventually costs much more than replacing the ‘good’ part. 

The use of a ‘value quantification tool’ to predict the possible yield improvements, its costs and gains 

in order to persuade the customer is not used. 

Delivering the services especially entails the delivery of the right spare parts and FSE. Most often 

overhauls are only supervised by service engineers. The actual overhaul is the responsibility of the 

customer. Dependent on the service level agreement these activities are likely to be extended. 

 

Control  

In order to deliver preventive maintenance, overhaul parts need to be sent to the customer on time. 

Therefore it must be known exactly what type of machine is at the customer. During quarterly 

inspection visits, machine performance is measured. After fine-tuning during the inspection visits 

performance is again measured and reported. Performance is not constantly monitored. Breakdowns 

and downtime is often registered by the customer in a logbook. Before an inspection visit, this 

logbook is discussed with the customer in order to check whether certain equipment needs more 

attention during the visit. Stork has only limited insight into the overall performance of customers. 

The monthly price for the service is derived from the ‘cost of ownership-calculation’ which is the 

calculation of the price of spares according to the PMS. Extra costs for maintenance apart from the 

schedule are paid by the customer. Although it is taken into account that spare parts are send to the 

customer on time, before the overhaul is planned, there is no service performance (as delivered by 

SFS) measured.  Within the ERP-program the value of the parts send to the customer can be derived. 

However, within this program no distinction made between parts from the PMS and other parts. It is 

also impossible to derive the sold parts for a single machine.  

 

Organization 

The customer has a long term service contract (about 3 year). As such, there is a fixed budged for 

which Stork must deliver the services according to the service agreement. Within the agreement it is 

described which activities belong and do not belong to the service and the budget such that faults by 

the customer are not paid by Stork. Since a fixed price is paid each month to Stork it is not specified 

(and offered) to the customer which parts with their individual costs are sent to the customer 

(customer confirmation of an offer is not needed due to fixed contract costs).  
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The service area manager is doing the contractual negotiations and is informed about the 

maintenance activities at the customer. When problems are detected the service area manager is the 

first responsible. The coordination of delivering spare parts and service engineers is the responsibility 

of the service coordinator. When an inspection or an overhaul is carried out by a service engineer, 

the service engineers reports in ‘Lotus Notes’. This report is used by the service coordinator to 

implement further action when needed. The planning of the service engineers is done in cooperation 

with the central service engineer planner. Except for the Benelux cluster, all service engineers are 

planned by this service engineer planner. 

 

Information 

Within SAP there is an overview per customer of the equipment present at his site with equipment 

numbers. Equipment can be delivered as a standard (sales unit), a standard for which the customer 

can choose from a variety options (sales unit fill in), and the customer specific equipment (B-level). 

The equipment number within SAP corresponds to the customer specific equipment. Within PLM the 

bill of material structure of the B-level can be found by filling in the equipment number. According to 

this structure and the PMS, a spare part package can be created. As the bill of material is in PLM and 

the preventive maintenance package is in Excel, a conversion program is needed. Since the spare 

part need is to a large extend derived from the information in PLM this information needs to be up to 

date. This is not always the case. When a spare part package is created this needs to be transferred 

to the ERP system which generates the work orders for the production department. 

The value derived from sales from spare parts are collected per customer by the orders, however no 

distinction is made between types of maintenance (planned vs. unplanned). There is also no standard 

procedure which can be used to trace back for which machine the part was sold. 

During inspection visits, performance of equipment is measured before and after the inspection 

(which entails more than only an inspection, also fine tuning). However, as performance is not 

measured at other times it is not exactly known how equipment is performing between the four 

inspection visits. Some customers are registering breakdowns in a log book. However, this is not 

always the case and often not standardized such that analysis by SFS is impossible. Analysis of 

breakdown data of specific machines within the SFS installed base could provide further insight 

which can be used during development of new products.  
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Germany-case 

Customer name: Emsland 

Country: Germany 

Place: Haren-Hüntel 

Average line speed: 13.500 

Production lines: 2 

Costs of spares sold (last 4 years, 2006-2009): €4,7 million 

 

Process 

Preventive maintenance according to PMS’s is provided to the customer.  

The distinction between the preventive levels (-2p, p, +2p) within a PMS are regarded to cover the 

differences between customers. However, feedback from the customer is important to stay focused 

on improving the frequency, as the customer will also assess the preventive level and whether it is 

not too preventive.  

Currently Emsland pays per part. And as such, service is not delivered according to a fixed payment. A 

fixed payment would decrease the effort needed to make an order, and check order confirmation by 

the customer. Although this is also regarded as creating a bond with the customer, it also takes quite 

some time. Spare part packages are often delivered correct. If this is not the case, the cause is most 

often the installed base data which is not up to date or not correctly maintained in the system. 

Modifications have an impact on preventive maintenance delivery since it often involves changes in 

the installed base. As such other parts are needed during an overhaul. This means that some articles 

are deleted and position numbers are deleted and replaced by another position number. It is often 

much work to find out what exactly is changed within a modification and which parts indeed are 

deleted. It is also not always communicated whether the modification is already carried out by the 

customer. 

 

Control  

Despite there is a whole strategy behind the PMS, and what it should bring for the customer. It is not 

measured by SFS what the result is for the customer when preventive maintenance is implemented. 

The only tool is the value quantification tool. However, this tool is only used to give a prognosis for 

the performance increase compared to the extra costs of preventive maintenance. Although this is 

seen as a lack of the current system, it is believed that customers’ themselves have insight into their 

performance and could compare the current situation with the past.  
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An example of customizing preventive maintenance is the classification of e-parts which are 

inspected during an inspection visit. E-parts are often expensive and their wear pattern is less 

predictable. However, there are no (clear) disapproving measures for e-parts, such that it is often 

engineer dependent to make the decision to replace a part.  

It is not registered when which e-parts are overhauled. This information would provide information 

which can be used to improve the PMS (based on historical data). 

When a crash occurs at the customer, this influences the PMS since after the crash several articles 

are replaced. It is unclear what needs to be done with the PMS (following or postpone) when a crash 

occurs. 

Currently there are no service level agreements. The interviewee believes that the possibility to give 

guarantees is also dependent of the circumstances at the customer.  

 

Organization 

The planning of preventive maintenance is the responsibility of the service coordinator. There is 

much SFS equipment present at Emsland, such that it is impossible to carry out all inspection visits or 

overhauls during a weekend (when there is no production). Therefore the service coordinator should 

take into account what needs to be done during a quarter and how this is planned.  

 

Information 

For Emsland there is a pilot for a reporting system in the service feedback system which is part of the 

lotus notes database. This reporting system contains fields in which the Stork FSE can fill in some 

options. The list which needs to be filled in for this reporting system is known as the inspection list. 

For other cases, an inspection list contains much prose in which the FSE provides a report per 

machine. Within the reporting system this information is much more structured. However, this 

inspection list should be developed according to the equipment which is at the customer. As this 

equipment changes, the inspection list also needs to be updated. The same counts for the PMS and 

the service exploded views. As long as there are no changes, following the PMS is possible. 

The customer was also trained to use a logbook and fill it in, in a general way such that SFS 

employees can derive information from the logbook. This took much effort. Before an inspection is 

planned the logbook is first discussed with the customer.  
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Brazil-case 

Customer name: Sadia 

Country: Brazil 

Place: several locations 

Average line speed: - (differs per location) 

Production lines: - (differs per location) 

Costs of spares sold (last 4 years, 2006-2009): - (differs per location) 

 

‘Although a customer name was provided, examples from practice did not focus especially on the 

specific company mentioned during the interview (Sadia has several slaughterers with Stork 

equipment in Brazil). This was not regarded as a problem as the overall processes do not differ much’.  

 

Process 

Due to the increasing living standard in Brazil there is an increase of mechanization. As a result yield 

becomes higher and more constant. Employees often do not work long for the same slaughterer. As 

such, it is hard to preserve knowledge within the slaughterers’ company. Already in the ‘80’s SFS 

implemented preventive maintenance in order to reduce piracy. The PMS’s were not very detailed 

that time. 

Currently still, old schedules need to be changed within the new structure. However, this is a time 

consuming job and probably not useful as it deals with dated equipment and new schedules do not 

fit the old equipment. 

Due to the limited capacity of field service engineers in Brazil, the preventive maintenance related 

tasks need to be planned with care. Therefore the schedules are further specified per month instead 

of the original quarterly partitioning. This increases the work that needs to be done by the service 

coordinator. The monthly partitioning is also used to give customers insight into the monthly budged 

they need to reserve for preventive maintenance. Therefore, Excel sheets with lead times for several 

types of overhauls are available to plan the work that needs to be carried out.  

 

Control 

The implementation of preventive maintenance is to a large extent dependent on the customers’ 

focus. Even within the Sadia companies there is a difference between location and customers’ 

commitment to preventive maintenance. Some customers have a low involvement concerning 

preventive maintenance, whereas others have a clear focus on availability, yield and cost of 

ownership and as such see the opportunity of preventive maintenance. An example is a customer 
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who decided during the financial crisis to reduce the amount of money spent on preventive 

maintenance. After a while he saw a decreasing performance and yield. Finally he decided to 

increase the maintenance level to the former level and again his yield increased. Performance data of 

this customer however is not available within SFS. 

Data about changes in the installed base need to be collected with care as they influence the 

correctness of the spare part packages sent to the customer. As most of the parts come from the 

production facility in the Netherlands, sending the wrong spare parts lead to high transportation 

costs. The development of the installed base management software package should manage changes 

in the installed base such that it is kept up to date. 

 

Organization 

Preventive maintenance within Brazil is established by the SFS office in Brazil. About 10 field service 

engineers are working for the Brazil office. Although the Brazil office is carrying out most of the 

activities, the processes are carried out in close operation with the office in Boxmeer. About 95% of 

the parts delivered to customers in Brazil are produced in Boxmeer and therefore need to be ordered 

in Boxmeer. A trade off has to be made between the transportation costs and the time which is 

available between inspection and overhaul. When parts are only ordered after the inspection is 

reported and the order is confirmed by the customer, there is a high chance that parts will not arrive 

on time before the overhaul is planned. As such, parts that are independent from the inspection are 

derived from the PMS and send (together with parts for other customers) on time by boat to the 

Brazil office where they are put on stock. Parts, of which their need is derived from an inspection, are 

sent by plane such that they are also on time. As such, the majority of parts are transported cheaply 

by boat. 

With respect to preventive maintenance carried out by the customer, it takes much energy to find 

out whether activities indeed have taken place.  

 

Information 

The Brazil office is working with the ERP program Microsiga. As the spare part need is initiated from 

the Brazil office, the ERP programs Microsiga and SAP need to interact. First, to order the needed 

parts in Boxmeer (order from Microsiga to SAP), and second to follow the order process from the 

customer in Brazil (Microsiga). There is no data collected about the total time needed to deliver 

preventive maintenance to the customer. 

Spare part need is derived from the PMS and the inspection visit. The field service engineer writes a 

report in which he also reports which spares are needed extra for the next overhaul.   



 

R.W.F.J.M. Lemmens, February 2011                                               78  Page  

 

Appendix C: Spare parts classification 

Code Explanation 

A 
A-parts are consumption parts, also known as consumables. These parts are in direct 
contact with the product and as such suffer from wear-out. They need to be replaced or 
refined periodically requiring easy accessibility. 

B 

B-pars are breakdown parts. This means that by failure of these parts, continuation of 
the production process is jeopardized. Pure B-parts are not replaced preventively but 
only on failure. Often, composed units are classified as B-part so they can easily be 
exchanged and replaced or overhauled while production continues. 

C 
C-parts are small overhaul parts. These are subject to moderate wear out and have to be 
replaced at least once per 2 years and at most twice a year to guarantee correct working. 
The difference with A-parts is the relatively long inter-replacement time. 

D 
D-parts are large overhaul parts that need to be replaced every 3 to 5 years to assure 
correct working. They differ from C-parts only in the period of replacement. 

E 

E-parts are condition dependent parts. Depending on their condition, it is plausible that 
these parts are replaced during an overhaul. During such a total check-up, inspection 
should demonstrate that it is necessary to replace these parts. E-parts are sometimes 
appended standard to an overhaul set. 
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Appendix D: Example service exploded view 
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Appendix E: Problem process analyses overview 

E.0 Service blueprint 
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E.1 Create customer PMS 
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E.2 Spare part process 
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E.2.1 Derive spare part need
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E.2.2 Offer creation

 



 

R.W.F.J.M. Lemmens, February 2011                                               85  Page  

 

E.2.3 Customer confirmation 
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E.3 Engineer planning 
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E.3.1 Inspection visit
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E.3.2 Supervise overhaul 
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E.3.3 Plan overhaul 
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E.3.4 Fine tune visit 
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E.4 Judge PMS 
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E.5 preventive maintenance related changes 
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E.5.1 Update IB 
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E.5.2 Update IL 
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E.5.3 Update service exploded view 
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E.5.4 Update PMS 
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E.6 Service coordinator tasks 
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Appendix F: Brainstorm session (output and input) 

In October 2010 a brainstorm session with the SG-CTS department members was prepared in order 

to define the regarded output and input of the preventive maintenance delivery process at SFS. The 

SG-CTS department was chosen for the brainstorm as this department focuses on structural solutions 

that support the operational activities of the service department. Operational insight was already 

gathered during the analysis phase in which service coordinators provided the key-activities from the 

preventive maintenance blueprint.  

Although it was clear that preventive maintenance should result for the customer in high 

throughput (availability), yield, and low cost of ownership, it remained unclear in what way 

preventive maintenance exactly contributes to these customer satisfaction elements. Within the 

design of the business process of preventive maintenance delivery, output of the process was 

regarded as the starting point for a top down approach in which the business process is designed 

according to what it should deliver. The brainstorm was divided into two successive sessions. 

The first hour of the brainstorm session was dedicated to defining the regarded output of the 

preventive maintenance 

delivery. First, a short 

introduction was provided 

in which the three aimed 

customer satisfiers in 

relation with preventive 

maintenance were 

discussed. The main 

question within this part of the brainstorm was to define necessities, needed to carry out preventive 

maintenance (according to the figure above).  

Also the key-activities from the preventive maintenance delivery blueprint (1. Create PMS, 2. Spare 

part process, 3. Engineer planning, 4. Judge PMS, 5. Preventive maintenance related changes) as 

found during the analysis were presented to provide some input into the brainstorm session. 

Each member was asked to write down what he regarded as the necessities to carry out preventive 

maintenance. All input was collected and written down on a whiteboard after which each element 

was discussed with the group.  Four general output elements resulted from the discussion (1. 

Preventive maintenance task, 2. Spares, 3. Engineers, 4. Tools). During the session it was also 

discussed how the defined elements could be related to the key-elements from the analysis. It was 

stated that the key-elements were specific operational activities, whereas the output elements were 
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more general. As such, the output element ‘Preventive maintenance task’ consists of generating the 

task (what should be carried out when) and maintaining this data. Therefore the three key-activities 

Create PMS, Judge PMS and, Preventive maintenance related changes were regarded to be part of 

this general output element. The relation between the key-activities and general output elements is 

provided in the figure below. 

  

 
The second part of the brainstorm session was devoted to defining the data input elements that 

were regarded to be needed as input for the preventive maintenance delivery process, in order to 

create the output elements. Within the top-down approach this seemed to be a logical order. The 

main question during the second part of the session was which type of data elements were regarded 

to be needed to take care that the right preventive maintenance task, spares, engineers, and tools 

are present when needed, such that preventive maintenance can be carried out at the customer.  

The figure below was used to structure the discussion. Examples of current data sources like 

Product drawings, PMS’s, and inspection lists were mentioned before the members were asked to fill 

in possible input data. 

 

Again all input was collected and written on the whiteboard after which each element was 

discussed. Many detailed documents were mentioned (likely, due to the given examples). However, 

consensus was reached that more general elements under which these documents could be 

categorized, would provide more a better overview. The following data input elements were defined: 

1. General customer specific data, 2. Generic product data, 3. Customer specific product data, 4. 

Planning and dispatch, 5. Reporting, 6. Financials, and 7. Logistics.  
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Appendix G: Experiment generate customer specific preventive maintenance-data 

A. Former situation 
In the former situation spare part packages were derived from the example PMS. A total spare 

part list was created from PLM for a particular machine. It was decided for which quarter in the 

PMS the spare part package needed to be send to the customer and obsolete parts from the 

created spare part list were deleted. As such, the creation of a customer specific PMS is a new 

step. This step is necessary to decrease the time needed to derive the spare parts (which is 

another experiment). 

 

B. New situation: Create customer specific PMS with the Excel macro 
The process of creating a customer specific PMS is split up in two parts: 1. Creating the empty 

PMS (which is considered to take little time, independent on the amount of machines), and 2. 

Filling the empty PMS (which is considered to take much time, dependent on the amount of 

machines). The figure gives the steps within each of the two parts. Together with a service 

coordinator each step was carried out, and the time for each step was measured.  

 

 Creating empty PMS (3 minutes small batches, 6 minutes large batches) 

0. A batch file was already created and consisted of four machines: 

1242301 E 1 

1279600 E 1 

1279500 E 1 

1279300 E 1 

1. Importing batch file and extracting total overhaul file from PLM took 2 minutes for the batch 

of 4 machines. Generally, this takes no more than 5 minutes for more machines according to 

the service coordinator. 
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2. Running the ‘Create PMS’ Excel tool and assigning the .csv file and startdate took 1 minute. 

 
Creating an empty PMS takes 3 to 6 minutes for a complete batch. 

 

 Filling empty PMS (5 minutes, only done for 1 machine) 

Example PMS’s are stored on machine code and version. However, within the empty customer 

specific PMS there is only a customer specific serial number and a product description. The serial 

number gives most accuracy when deriving the machine code and version within SAP or PLM. 

When several PMS’s exist for various versions it first has to be decided which version to use. If 

PLM is up to date the correct version is in PLM. Within the experiment no problems were present 

with finding the version. Searching took 1,5 minute. 

For filling the empty PMS the data had to be copied from the example PMS to the customer 

specific PMS. This was done by using the codes ctrl-c/ctrl-v. Sometimes the structure of the 

example PMS deviates from the structure within PLM. During the experiment the structure 

between the example PMS and the PLM structure was consistent. As such copying the data took 

3,5 minutes. 

 

Filling the empty PMS took in this case 5 minute for 1 machine which was considered as an 

average complex machine. 

 

Remarks 

1. There were no elements found that could influence the time for creating an empty PMS 

(besides power outburst or PLM not responding). 

2. There are elements that could influence the time needed for filling an empty PMS: 

a. Finding the right version example PMS for the version in PLM 

b. Structure of legends in example PMS varies with structure of legends in empty PMS 

c. Naming of legends in example PMS varies with names of legends in empty PMS 

If one of the elements appears, the service coordinator has to go deeper within the structure of 

the product and compare the reasons for difference. If the service coordinator can find out which 

legend in the empty PMS corresponds with the legend in the example PMS he can copy that row. 

Otherwise he should contact the SG-CTS responsible employee. 

The above elements impact the time with about 2-10 minutes per problem. Dependent on the 

size of the machine (amount of legends) this could heavily impact the total time.  
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3. Repeating the experiment with several service coordinators would improve reliability. It was 

however considered that each service coordinator is able to carry out the steps such that the 

total time will not deviate much.  

 

Concluding, the creation of a customer specific PMS is necessary to improve the process of 

deriving the accurate spare part need for a specific customer. Deriving the spare part need 

without a customer specific PMS is not possible anymore. It takes at least 8 minutes to create a 

customer specific PMS for one machine. Per extra machine minimal 5 minutes need to be added 

to this time. However, many factors can influence these 5 minutes. The fact that these factors 

exist also make it impossible to automate this part of the process. An overview of the time 

needed is given in the figure. 
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Appendix H: Best Practices  

(source: Reijers and Liman Mansar, 2005) 

 

1. Customer 

 Control relocation: ‘move controls towards the customer’ 

 Contact reduction: ‘reduce the number of contacts with customers and third parties’ 

 Integration: ‘consider the integration with a business process of the customer or a 
supplier’ 

2. Business process operation 

 Order types: ‘determine whether tasks are related to the same type of order and, if 
necessary, distinguish new business processes’ 

 Task elimination: ‘eliminate unnecessary tasks from a business process’ 

 Order-based work: ‘consider removing batch-processing and periodic activities from a 
business process’ 

 Triage: ‘consider the division of a general task into two or more alternative tasks’ or 
‘consider the integration of two or more alternative tasks into one general task’ 

 Task composition: ‘combine small tasks into composite tasks and divide large tasks into 
workable smaller tasks’ 

3. Business process behavior 

 Resequencing: ‘move tasks to more appropriate places’ 

 Knock-out: ‘order knock-outs in an increasing order of effort and in a decreasing order of 
termination probability’ 

 Parallelism: ‘consider whether tasks may be executed in parallel’ 

 Exception: ‘design business processes for typical orders and isolate exceptional orders 
from normal flow’ 

4. Organization   
a. structure 

 Order assignment: ‘let workers perform as many steps as possible for single orders’ 

 Flexible assignment: ‘assign resources in such a way that maximal flexibility is preserved 
for the near future’ 

 Centralization: ‘treat geographically dispersed resources as if they are centralized’ 

 Split responsibilities: ‘avoid assignment of task responsibilities to people from different 
functional units’ 

 Customer teams: ‘consider assigning teams out of different departmental workers that 
will take care of the complete handling of specific sorts of orders’ 

 Numerical involvement: ‘minimize the number of departments, groups and persons 
involved in a business process’ 

 Case manager: ‘appoint one person as responsible for the handling of each type of order, 
the case manager’ 

b. Population 

 Extra resources: ‘if capacity is not sufficient, consider increasing the number of 
resources’ 

 Specialist-generalist: ‘consider to make resources more specialized or more generalist’ 

 Empower: ‘give workers most of the decision making authority and reduce middle 
management’ 
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5. Information 

 Control addition: ‘check the completeness and correctness of incoming materials and 
check the output before it is send to customers’ 

 Buffering: ‘instead of requesting information from an external source, buffer it by 
subscribing to updates’ 

6. Technology 

 Task automation: ‘consider automating tasks’ 

 Integral technology: ‘try to elevate physical constraints in a business process by applying 
new technology’ 

7. External environment 

 Trusted party: ‘instead of determining information oneself, use results of a trusted party’ 

 Outsourcing: ‘consider outsourcing a business process in whole or parts of it’ 

 Interfacing: ‘consider a standardized interface with customers and partners’ 


