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" ... Every search begins with beginners luck and ends with the victor's being severely tested ... " 

- Pa ulo Coelho, "The Alchemist" (1995) 
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ABSTRACT 

This thesis describes the development of a stochastic model for evaluating the performance of a 
corrective maintenance process. The throughput time and costs per process cycle are considered as 
the performance indicators. The model provides insight in the effects of changes in sojoum times 
of process steps, costs of process steps and transition probabilities. The model is used to analyze 
performance improvement opportunities of Remote Site Monitoring for medica! equipment. 

Master's Degree Thesis II 



111 EXECUTIVE SUMMARY 

Philips Medical Systems is an international manufacturer of medical equipment providing 
equipment, service and consultancy for customers in the healthcare environment. The product 
portfolio encompasses X-Ray, Cardio/ Vascular Computed Tomography, Magnetic Resonance, 
Ultrasound and nuclear medicine imaging equipment as well as patient monitoring and cardiac 
systems. This research is carried out in the Business Group Magnetic Resonance at the Customer 
Support department. 

Nowadays service for medica! equipment during its lifetime is considered at the purchasing stage 
by customers and acts as a key determinant in the decision to buy medical imaging equipment. 
Philips wishes to be the customers' first choice for customer services and the Business Unit 
Magnetic Resonance aims to deliver products with high service, through service contracts. The 
business unit Magnetic Resonance focuses on three areas: speed of service, quality of service and 
costs of service. 

The processes for customer services have been analyzed as well as the costs and the performance. 
The customer support activities mainly consist of providing technical assistance and maintenance. 
Three categories can be identified: Corrective Maintenance, Preventive Maintenance and 
Condition Based Maintenance. 

The category Corrective Maintenance accounts for 70 % of the customer support costs on average. 
The speed of service is also only applicable to the Corrective Maintenance activities. 

Initiatives by MR Customer Support in the area of Remote Site Monitoring have led to the 
question whether Remote Site monitoring leads to improvement of maintenance process 
performance. The following was concluded: 

■ 

■ 

■ 

MR Customer Support has limited quantitative insight into outcomes of maintenance 
strategy decisions 

MR Customer Support wishes to define the factors of influence when looking at speed of 
service and service costs. 

MR Customer Support does not have quantitative insight into the possible contributions 
of remote site monitoring to increasing speed of service and reducing service costs. 

The assignment description is defined as follows: 

Design a quantitative model that enables PMS to make decisions regarding investments in remote 
monitoring with the aim of improving speed of service and reducing service costs. 

The following deliverables are identified: 

1. Analysis of current corrective maintenance processes 
2. Quantitative model of corrective maintenance process 
3. Identification of factors of influence on speed of service and costs 
4. Recommendations for (re) design of the corrective maintenance process 

A Markov Model is designed to model the process steps in the Corrective Maintenance process. 
To each of the steps, the actual time that is needed can be assigned as well as the costs. Next to 
this the probability of going from a certain step to another can be defined. 

The Markov Model provides insight into the current situation of the Corrective Maintenance 
process and possibilities for performance improvement. 
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The current situation has been analyzed. No Condition Based Maintenance is perfonned and little 
Preventive Maintenance. For the Corrective Maintenance process, mostly Tier 2 support at the 
helpdesk is used and little Tier 1 support is used. Waiting time is a large portion of the throughput 
time per process cycle. 

The factors of intluence on throughput time and costs are defined to be: the percentage of calls 
solved remote in Tier 1 and Tier 2 at the helpdesk, the percentage of calls solved during the first 
FSE visit (FTF) and the percentage of calls incorporated in the Pro-active maintenance process. 
Next to this, the time spent in each of the process steps of the CM process is of importance as welt 
as the costs for each of the phases. 

For the evaluation of the effects of changing these factors, scenarios were simulated yielding 
the improvement potential for different changes in the process. The scenarios were designed 
in a way that simulates possible changes with Remote Monitoring information. 

The following conclusions are drawn: 

1. The Markov Model as described in this report provides a good representation of 
the CM process in practice. 

2. Remote site monitoring offers possibilities to increase speed of service and reduce 
overall service costs. 

Annual savings are estimated €NQNhiW in 2007. 

3. The analysis shows that from the current situation an increase of Tier 1 remote fix 
and Pro-Active CM yield the highest potential savings. 

The following recommendations are made: 

1. PMS should use the Markov Model to evaluate the effects of different process 
changes. 

2. PMS should explicitly use the average throughput time per cycle and process costs 
per cycle as measures for CM process performance. 

3. PMS should focus on the development of a Preventive Maintenance Strategy and a 
Condition Based Maintenance Strategy as part of Pro-Active Maintenance 

4. PMS should focus on increasing the percentage of remote fix in Tier 1 

The results of the model should always be interpreted by the user and in combination with 
knowledge regarding the implications for the situation in practice. Therefore, the best parameter 
settings should be evaluated with taking into account the wishes and limitations in practice. 
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lv INTRODUCTION 

This introductive chapter aims at providing an overview of how this report is structured. The 
outline of the report is as follows: 

Chapter 1 wilt introduce the Philips organization and Philips Medica! Systems. The structure of 
the total Philips organization, as well as the specific department relevant for this project is 
presented. An introduction wilt be given to the medica! equipment that is produced and the service 
market for the relevant equipment. 

With the environment of the research discussed, the details of the research project are the focus of 
Chapter 2. The background of the assignment is discussed first. Next, the problem description 
and assignment description are discussed after which the methodology of the research is 
described. 

Chapter 3 presents the analysis of the current situation. The customer support processes as well as 
the performance and costs are discussed. Also, former initiatives in the area of customer support 
are described. The chapter concludes by identifying the direction for the design phase. 

Next, Chapter 4 provides the theoretica! basis for model development. The modeling technique is 
described along with modeling assumptions. The performance measures that will be modeled are 
described and the chapter concludes with the model building blocks. 

Chapter 5 is the chapter where the characteristics of the model are described more thoroughly. 
The data coltection is described as welt as the calculations used for the performance evaluation. 
Finalty, the current situation of the process is described. 

Subsequently, Chapter 6 provides four scenarios with different parameter settings to illustrate the 
effect of changes in the process. The scenarios are compared at the end of the chapter. 

The overall results of the research are described in Chapter 7. The current situation, the factors of 
influence on the performance and the opportunities for improvement are presented. 

The final chapter of the report, Chapter 8, provides the conclusions and recommendations and 
presents several thoughts on further research. 

Master's Degree Thesis VII 



11 COMP ANY DESCRIPTION 

1.1 ROY AL PHILIPS ELECTRONICS 

Royal Philips Electronics is the parent company of the Philips Group (Philips) and has its 
headquarters in Amsterdam, the Netherlands. The activities of Philips are organized in 6 operating 
product divisions, each of which is responsible for the management of its business worldwide, being 
Medica) Systems, Domestic Appliances and Personal Care, Consumer Electronics, Lighting, 
Semiconductors and Other Activities. 

7% E!1 Lighting 

□ Consumer Bectronics 

□ ü:>mestic Appliances 
and Personal Care 

□ Serriconductors 

■ Mldical Systems 

mMsc. 

At the end of 2004, Philips had 
approximately 140 production sites in 32 
countries and sales and service outlets in 
approximately 150 countries, employed 
about 162,000 people and recorded sales of 
EUR 30 billion in 2004. Figure 1-1 displays 
the sales per Philips division in 2004. The 
miscellaneous activities are Philips 
Research, Philips Centre for lndustrial 
Technology, Philips Design and Philips 
Intellectual Property and Standards. 

Figure 1-1: Sales per division as percentage of total 
sales in 2004 (Source: Philips Annual Report 2004) 

1.2 PHILIPS MEDICAL SYSTEMS 

Philips' medica) activities date back to 1918, when it first introduced a medica) X-ray tube, and 1895, 
after it bought CHF Muller of Hamburg, which manufactured the first commercial X-ray tube. By 
1933, the company was manufacturing medica! X-ray equipment in Europe and the United States. 
Today, Philips Medica) Systems is a global leader in the following businesses: 

1. Diagnostic Imaging Systems - X-ray machines, Computed Tomography, Magnetic 
Resonance, Ultrasound and nuclear medicine imaging equipment, used to create images of 
various parts of the body in varied detail for radiologists and cardiologists. 

2. Customer Services - Consultancy, equipment financing, asset management and equipment 
maintenance and repair. 

3. Clinical Solutions - healthcare IT systems as well as patient monitoring and cardiac devices. 

Between 2000 and 2003, Philips doubled the size and scope of its Medica) Systems business through 
approximately EUR 5 billion in acquisitions to position the company as a global player in this 
market. With 30,790 employees the sales for 2004 were EUR 5.88 billion. See figure 1-2 for the 
organizational structure of Philips Medica) Systems (PMS). 

Cardiac & 
Monitoring Systems 

X-Ray 
Csrdio I Vascular X

Ray 

Production Location 

Cleveland Helsinki 

Ultrasound 

Components 

Figure 1-2: Organizational structure of the division Medica! Systems 

1.3 BUSINESS UNIT MAGNETIC RESONANCE 

Business Unit 

Thlrd party 
business 

The business unit (BU) Magnetic Resonance (MR) develops, produces, sells and provides service for 
medica) equipment in the area of Magnetic Resonance Imaging. Figure 1-3 displays the 
organizational structure within the business unit. 
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Development 

Cleveland 

Helsinki 

Manufacturing 

MR Helsinki 

Marketing PMO 

Logistics Physical Distribution 

Figure 1-3: Organizational structure of the BU Magnetic Resonance 

1.3.1 PROGRAM MANAGEMENT GROUPS 

The BU MR has production facilities in Best (The Netherlands), Helsinki (Finland) and Cleveland 
(USA). The production facility in Best produces 90% of the systems, whereas the Cleveland location 
is mainly used as a development site. Helsinki produces some of the "open systems" and has 
development activities as well. These production locations are denoted Product Management Groups 
(PMGs). 

The installed base (total number of systems installed at customer sites) is approximately 4300 
systems worldwide of which approximately 4000 are still in use (up till 2005) and MR sells 
approximately MM Magnetic Resonance scanners per year. In this market PMS faces 
competition by competitors such as Siemens, GE, Hitachi and Toshiba. 

1.3.2 SALES AND SERVICE ÜRGANIZATIONS 

Next to the PMGs there are sales and service organizations, which are divided over four regions, 
being North America (NA), Europe Middle East & Africa (EMEA), Asia Pacific (ASPAC) en Latin 
America (LAT AM). 

Every region has its own sales and service organization, 
known as the Sales & Service Region (SSR). Each SSR is 
then divided in districts, known as Sales and Service 
Districts (SSDs). These SSDs operate as country 
organizations (sometimes multiple countries, e.g. Benelux) 
and operate sales and service for all BU's (meaning for all 
types of products ). 

Figure 1-4 displays the percentage of the installed base for 
MR in each of the SSRs. EMEA is a large market with 
MMiiM % of the total units installed. NA is the largest 

6% 

45% 

Figure 1-4: Percentage of installed 
base per SSR (Source: PMS intranet) 

market where still a lot of market share is to be gained. Figure 1-5 shows the sales in number of units 
per SSR for the last 4 years, where the regions NA and LAT AM are combined. 

confidential 

Figure 1-5: Sold units per region (Source: PMS intranet) 

1.4 CUSTOMER SUPPORT 

Customer Support or Customer Service (CS) within Philips Medica) Systems focuses on the 
provision of high quality and cost effective service for customers of PMS. Next CS focuses on 
offering a broader range of value added services, as demanded by customers. CS wishes to be the 
customer's first choice as a provider of service (Source: Intranet) . 
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The eustomer Support mission is: 

Optimize customer satisfaction, reduce life cycle cost and maximize customer retention by providing 
high quality and cost effective products and services. (Source: Intranet) 

The project described in this report is carried out at Magnetic Resonance eustomer Support in Best, 
which will be called MR es from now on. MR es is part of the BU Magnetic Resonance and is 
located at PMG level. All three PMGs have a es department for the products produced by that 
particular organization. Next to these departments there are also eustomer Service departments 
located at the SSR organizations as well as the SSD organizations. The es department at the PMG 
has a supporting role. The es department at SSR (SSR es) level has a supporting and coordinating 
role. Service is provided by es at SSD level (SSD es). 

The activities of MR es can be placed in 3 areas: Service Innovation, Field Assistance and Service 
Marketing. 

1.4.1 SERVICE INNOV A TION 

Service innovation has the purpose of ensuring and improving product reliability, serviceability, 
installability and maintainability. The following activities fall under service innovation: 

Write installation and maintenance manuals and documentation 
Provide information on installation, maintenance and spare parts aspects of new product and 
product modifications. 
Participate in the product creation process 
Monitor and reduce installation and maintenance costs 
Determine repair policies 
Define spare parts and interchange levels (policies) 
Organize and process feed-back of user/ maintenance problems 

1.4.2 FIELD ASSISTANCE 

Field Assistance consists of the helpdesk, actual field assistance (FA) and site planning. The 
helpdesk handles calls from field service engineers (FSE) in the various countries whereas the field 
assistants are sometimes dispatched to provide service to the field service engineers or end 
customers. Site planning assists the site planning engineers in the SSDs. Site planning deals with all 
the issues regarding the customer site, where the system is to be placed. Requirements for the rooms, 
environment, etc. fall under the responsibility of site planning. Site planning in MR es distributes 
guides for new products and specifies requirements for development, provides training for local site 
planners and takes care of (initia!) contacts with RF cage constructors. 

1.4.3 SERVICE MARKETING 

Service marketing is responsible for contractual agreements with SSDs conceming warranty and 
installation costs and produces es product plans for new products where reference prices for service 
are also given. These prices are advisory of nature and the SSDs are free to negotiate the prizes with 
customers themselves. 

1.5 PRODUCT INFORMATION 

This section provides background information on the equipment manufactured by PMS. The MR 
technology, components in an MR system and MR applications will be discussed. Also, the product 
portfolio will be discussed as well as the Magnetic Resonance Imaging market and the role that 
service plays in this market. 

1.5.1 TECHNOLOGY 

Magnetic resonance imaging (MRI) is a method of creating images of the inside of opaque organs in 
living organisms. The object to be imaged is placed in a powerful, uniform magnetic field, which 
makes the spins of the atomie nuclei within the tissue all align in one of two opposite directions: 
parallel to the magnetic field or antiparallel. Local variations in this magnetic field are used to encode 
spatial information. The tissue is then briefly exposed to pulses of electromagnetic energy (RF pulse) 
in a plane perpendicular to the magnetic field, causing some of the magnetically aligned hydrogen 
nuclei to assume a temporary non-aligned high-energy state. After a time period the nuclei return to 
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their previous state, releasing RF energy. This energy is 
received and used to calculate a graphical presentation of 
the tissue that is examined. The RF receiver can be the 
so-called Quad Body Coil inside the system or separate 
coils used to better visualize specific parts. 

1.5.2 COMPONENTS IN AN MRI SYSTEM 

An MRI system is a fairly complex product. The system 

Figure 1-6: Example ofan MRI image 

is installed in three rooms; the examination room, the operator room and the technica!/ computer 
room. In the examination room the magnet with the patient table is located. This room is a so-called 
"Faraday cage", which prevents interference of RF signals. Appendix l elaborates on the components 
in an MR system. 

1.5.3 CLINICAL APPLICA TIONS 

The MR systems have the purpose of generating images and data of a patient's internal structures to 
enable medica! specialists to establish radiologica! findings. The anatomical areas addressed with 
MR are the brain, head and neck, spine, abdomen (as depicted in figure 1-6), lower extremities, upper 
extremities, thorax, major cardiac vessels, mammography and total body screening. The typical MRI 
examination typically consists of 5-20 sequences, each of which are chosen to provide a particular 
type of information about the subject tissues. The MR system is equipped with Scantools, clinical 
software to address various anatomical areas. For all applications dedicated ExamCards are used, 
predefined sets of instructions focusing on a specific examination. 

1.5.4 PRODUCT PORTFOLIO 

The Philips MRI systems can be divided in two categories; cylindrical systems and open systems. 
Next to that the systems are classified according to their field strength (in Tesla (T)). Table 1-1 
displays the product portfolio currently in production. 

Table 1-1: Product portfolio MR 
System 
Cylindrical systems lntera 1.5 T 

Achieva 1.5 T 

Open systems 

Acllievaio T 
Achieva ·7.0 T 
Panorama 0.23 T 
Panorama 0.6 T 
Panorama 1.0 T . 

3•i44i@i/.i,b 
Magnetic resonance imaging 1.5 Tesla 
Magnetic resonance imaging 1.5 Tesla 
Magnefic resonance imaging 3.0 Tesla 
Magnetic resonance imaging 7.0 Tesla (research) 
Magnetic resonance imaging open system 0.23 Tesla 
Magnetic resonance imaging open system 0.6 Tesla 
Magnetic resonance imaging open system 1.0 Tesla 

As can be seen, there are three product lines: Intera, Achieva and Panorama. The Panorama system 
is the latest development and offers more patient comfort. The Intera system is the predecessor of the 
Achieva system. 

lntera Achieva Panorama 

Figure 1-7: Photographs oflntera, Achieva and Panorama systems 

Next to the categories of field strength, Philips also offers various options and combinations with 
other systems, such as a cardiovascular configuration or an intervention/ therapy configuration. The 
average sales price of an MRI scanner varies between € 1,000,000 and € 2,500,000 depending on 
type and configuration (MD Buyline, 2005). For further information regarding the product portfolio 
and options, the Philips website can be consulted. 
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1.6 THE MAGNETIC RESONANCE IMAGING MARKET 

As stated earlier, next to selling the products PMS also focuses on providing service. In providing 
service PMS aims at supporting the customer during the life cycle of the products. The service 
business has become more and more important over the years. The total business can be divided as 
follows: 

1. New/ Refurbished Business 
2. Service Business 
3. Life cycle Business (upgrades, options) 

The highest volume of sales is in the new/refurbished market, but the service business has the highest 
IFO (Income From Operations). The life cycle business will not be discussed in this report. 

1.6.1 NEW/ REFURBISHMENT BUSINESS 

The magnetic resonance (MR.) market is growing, due to replacement sales but also new sales for the 
latest technologica! features and advancements. MR has been a highly marketed technology, with 
significant funds spent on R&D. Additionally, the number of MR procedures has significantly 
increased because of the present emphasis on clinical utility, faster scanning sequences and 
productivity. A large percentage of this growth focuses on emerging applications and technology 
and the future holds more developments in specialized MR and higher field strengths ofbeyond 3.0T 
to the 7.0T and 10.0T levels (MD Buyline, 2005). 

1.6.2 SERVICE BUSINESS 

In the service business the market is formed by hospitals, clinics, imaging centers, surgical centers, 
government facilities and private offices. The services market is dominated by large medica) imaging 
companies. The principal companies in the market are: GE Medica) Systems, Philips Medica! 
Systems, Siemens Medica) Systems, and Toshiba Medica) Systems 

Customers within the medica) device Services industry are segmented based on their support 
requirements during the equipment lifecycle. Three basic requirements or variables have been used to 
segment customers: equipment performance, risk of cost variability and downtime and price. 

Service agreements 
The portfolio of service agreements, branded CUSTOMerCARE™ , is tailored to the customer 
needs. Tab Ie 1-2 displays the portfolio of service contracts available and the seven features groups. 

. . . • • • •• 
Comprehensive 

Agreements 

Plat1num Gold S1lver 

. . 
Alliance Agreements Basic Agreements 

First 
Response 

Co-Op Remote 
AICiL Response 

Service Express 
Repa1r 

Remote Telephone 
Support 

Hardware and Software Coverage 

Performance Assurance 

Upgrades and Updates 

Remote Services 

Education and Training 

Supplemental Coverage 

Solut1on Enhancements 

Service Express Performance 
Exchange Assurance 

The comprehensive agreements are targeted for high-end products and critica! systems with a high 
service demand by the customer. Within this category there is differentiation in features like response 
times, uptime guarantee and education options. The alliance agreements aim at a partnership with the 
customer's technica! staff. The basic agreements offer basic services for customers with low service 
demand, e.g. preventive maintenance only. For an extensive overview of the agreement types and 
features see appendix 2. 

The price of a contract is subject to discounts depending on the duration and form of the contract. 
The average price of a service contract varies between € 70,000 and € 260,000 per year. Again, these 
prices depend on product type and contract type. Since uptime is very important for customers, an 
uptime guarantee is included in the comprehensive agreements as can be seen in appendix 2. For not 
being able to obtain the specified uptime, penalties are defined like discounts on parts and labor. 
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ASSIGNMENT DESCRIPTION 

In this chapter the assignment carried out at Philips Medical Systems wilt be described. The purpose 
is to situate the project within Philips Medical Systems and provide the details of the assignment. 
First, in section 2.1 the background of the assignment wilt be described. Next, the scope within 
which the project is carried out will be described in section 2.2 after which the problem description 
and the assignment description wilt be discussed in sections 2.3 and 2.4 respectively. Finally in 
section 2.5 the methodology that is used for the research wilt be described. 

2.1 BACKGROUND OF THE ASSIGNMENT 

The background of the assignment can be described by looking at some recent developments in the 
medical equipment market and within the Philips Medical Systems organization. 

Service for medical imaging equipment was once a factor only considered after the decision process 
on the type of equipment, its purchase, and installation had been completed. Nowadays, however, 
service is considered at the purchasing stage and acts as a key determinant in the decision to buy 
medica! imaging equipment. This is hardly surprising when the operational costs of medical imaging 
equipment are considered and totaled over the lifetime of the piece of equipment, sometimes 
equaling or exceeding the initial capital outlay for the equipment itself (Frost & Sullivan, 2003). 

Focus has become more on the "costs of 
ownership" which are the total costs for the 
customer over the life-cycle of the equipment. 
Figure 2-1 displays the genera! life-cycle of 
equipment. The costs during the exploitation 
phase, or deployment phase consist of costs for 
customer support (CS) activities. These 
activities and the costs involved with them have 
become more important because customers wish 
to have guaranteed uptime of their equipment at 
lowest costs. 

Philips wishes to be the customers' first choice 
for customer services and the Business Unit 
Magnetic Resonance aims to deliver products 
with high service, through service contracts as 

UPGRADES 

NEED i 
OPPORTUNITY 

PRODUCT 
DESIGN 

CONCEPT 
DEVELOPMENT 

MANUFACTURING 
PROCESS 
DESIGN 

Figure 2-1: Product life-cycle and the role of 
customer support 

discussed in chapter 1. Prices for service contracts are under pressure and subject to price-erosion 
(Frost & Sullivan, 2003). This means that the costs for providing service have to be minimized in 
order to maximize profits from service contracts. The overall strategie objectives of Magnetic 
Resonance Customer Support are: 

1. Increase customer satisfaction through customer responsiveness and service innovation 

2. Reduce life cycle costs through operational excellence 

The business unit Magnetic Resonance focuses on three aspects: speed of service, quality of service 
and costs of service. The first and the last area wilt be the focus of this project. 

2.2 SCOPE 

Before going into details of the assignment the boundaries of this research should be defined. Si nee 
the assignment is carried out at the customer support department of Magnetic Resonance, the 
assignment wilt be confined to the activities of this department. Also, the assignment focuses on the 
service activities in the exploitation phase of the project. Only the customer support activities wilt be 
analyzed, refurbishments or upgrades of equipment will not be included in the project. 
Refurbishments or upgrades are regarded as sales activities and thus do not fall within the scope of 
the project. The area on which the assignment wilt focus is narrowed down to 3 geographical regions 
for data collection; North America, Europe Middle East & Africa and Asia Pacific. The focus for the 
design phase wilt be only on the region North America. 
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2.3 PROBLEM DESCRIPTION 

The focus is on costs and perfonnance of Customer Support. Philips Medica) Systems wants to have 
better insight in the costs, perfonnance and the drivers behind the costs. Also, Philips wants to have 
insight in ways to increase perfonnance and reduce costs. The problem description is defined as 
follows: 

"The current insight in the customer support casts, the areas in which these casts are incurred and 
the customer satisfaction is not sufficient to determine the directions for performance improvements 
and cost reductions ". 

2.4 ASSIGNMENT DESCRIPTION 

The initia) request by PMS was to provide insight in the costs and perfonnance of the customer 
support activities for Magnetic Resonance. The problem description together with the background 
leads to the following assignment description: 

Analyze and provide insight into customer support costs and perfonnance during the exploitation 
phase of Magnetic Resonance Imaging equipment and identify directions for perfonnance 
improvement and cost reduction. 

As the scope of the assignment initially covers a large area, it is not possible to define the assignment 
in detail at once. After an analysis of the customer support organization and a detailed problem 
analysis, which will be discussed in chapter 3, the assignment is refined to: 

Design a quantitative model that enables PMS to make decisions regarding investments in remote 
monitoring with the aim of improving speed of service and reducing service costs. 

The following deliverables are identified: 

1. Analysis of current corrective maintenance processes 
2. Quantitative model of corrective maintenance process 
3. Identification of factors of influence on speed of service and costs 
4. Recommendations for (re)design of the corrective maintenance process 

2.5 METHODOLOGY 

This section provides infonnation about the methodologies that are used throughout the project to 
achieve the objectives stated in the previous section. It is discussed why and for what purpose the 
methods are used. 

The assignment is carried out with the approach described by Kempen and Keizer (2000) as a 
guideline identifying an orientation phase (chapter 1), an analysis phase (chapter 3) and a design 
phase ( chapter 4,5). For the analysis and design phase, quantitative research mode Is have been 
examined. An overview of quantitative model-based research in operations research is given by 
Bertrand et al. (2002). The article describes a methodology model by Mitroff (1974). The model, 
identifies the following phases: 

1. Conceptualization 
2. Modeling 
3. Model Solving 
4. Implementation 

(Chapter 4) 
(Chapter 5) 
(Chapter 6) 

In the conceptualization phase, the conceptual model is 
made. Decisions are made about the variables to be included 
in the model and the scope of the problem to be addressed. 
This (qualitative) phase is described in chapter 4. In the next 
phase, the modeling phase, the quantitative model is build, 
and the causa! relationships between the variables are 
defined. Chapter 5 describes this phase. After this, the model 
solving takes place, where mathematics often plays an 
important role. The scenarios in chapter 6 are part of this 
phase. Finally the results of the model are implemented. The 
implementation for this assignment consists of the 
conclusions and recommendations in chapter 8. 
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Figure 2-1: Research model by 
Mitroff et al. (1974). 
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CUSTOMER SUPPORT PROCESSES & PERFORMANCE ÁNALYSIS 

In the previous two chapters the focus has primarily been on providing information about Philips 
Medica! Systems and the Customer Support department in order to point out the relevance of this 
project. Furthermore, the details of the research were discussed. This chapter provides the results of 
an analysis on the operations in the customer support department. 

3.1 CUST0MER SUPPORT PR0CESSES 

In this section the customer support processes will be described in detail. First the organizational 
entities will be identified as well as the relationships between them. Next, the activities performed by 
the organizational entities will be described. 

3.1.1 ORGANIZATION 

As was indicated in the previous chapter, customer support activities are divided over various 
organizational entities. This means that different parts of the organization have different 
responsibilities. Also, there is a difference in the focus 
of each of these entities. Figure 3-1 displays the 
"parties" involved in the customer support process and 
their relative point of view. 

3.1.1.1 Business Unit/ Business Group 
The business unit MR, represented by the PMGs in 
Best, Helsinki and Cleveland, focuses solely on the 
modality Magnetic Resonance. The organizational 
entity is MR Customer Support. 

3.1.1.2 SSR / SSD 

Business unit A 

Business unit B 

Business unit n 

~ustomer 
Support 

BU / BG point of view 
(BU focus. single modality) 
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The SSRs and the SSDs within the SSRs have a 
regional focus, e.g. Benelux. Their focus is also on 
other modalities such as Cardio Vascular and X-ray 
and thus they have contact with various BUs. 

Figure 3-1: BUs, SSRs and SSDs point of 
Between these "parties" exchange of products, parts view 
and information takes place. The BU provides the 
SSDs with equipment (initia! deliveries, upgrades, options), service parts, support information and 
installed base information. Among other documents, the following documents are distributed by MR 
Customer Support: Customer Support Product Plan (CSPP), Maintenance Manual , lnstallation 
Manual and Software installation manual. The BU receives parts from repairs or upgrades, customer 
feedback, quality feedback, etc. from the SSDs. 

3.1.2 ACTIVITIES 

The previous section presented the relations between the organizations involved in the customer 
support processes. Now the activities will be described more in detail from a customer point of view, 
i.e. what the customer experiences as customer support. Customers are presented with various 
service contract forms as described in chapter 1. Depending from the type of service contract that a 
customer has chosen for the equipment, the customer receives support from PMS in the following 
ways: 

Support 
System lnstallation 
Provision of spare parts 
Repair activities 
Telephone support 
Remote diagnostics 
Education & Training 
Performance audits 
Hardware & Software updates 
System Upgrades 

lncluded in anal sis 
X 

✓ 

✓ 

✓ 

✓ 

X 

✓ 

✓ 

X 

As is indicated, not all support features are included in the analysis. The installation of equipment 
falls under the responsibility of customer service but is not included in the research since it precedes 
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the exploitation phase. Upgrades are also not included in the analysis as was discussed in the 
assignment description in chapter 2. Education & Training is a customer support feature but falls 
under the responsibility of the marketing department and is therefore also not included in the 
analysis. 

The provision of spare parts and repair activities can both be regarded as maintenance activities and 
wilt be discussed together. The literature shows a variety of definitions of maintenance. Maintenance 
as used in this research is defined below. The definition includes the goal and process elements of 
maintenance. 

Definition of Maintenance 

Maintenance is the combination of all technical and associated administrative actions intended to 
retain an item in, or to restore it to, a state in which it can perform its required function. (Kumar et 
al., 2000) 

The definition implies repair: "restore to" refers to corrective maintenance and "retain in" refers to 
preventive maintenance. Maintenance activities can be classified in the following three categories: 

1. Corrective maintenance (Failure-Based Maintenance Policy) 
2. Preventive maintenance (I'ime-Based Maintenance Po/icy) 
3. Conditional maintenance (Condition-Based Maintenance Policy) 

These categories wilt be used to analyze the processes at MR CS and wilt be described more in detail 
later in this chapter. Various forms of maintenance management and maintenance models are 
described by Sherwin (2000); Cho & Parlar (1991) and Gits (1992). 

Hardware and software updates are performed through the so-called Field Change Orders and wilt be 
discussed separately. Telephone support is part of the corrective maintenance processes and will be 
discussed as such and remote diagnostics wilt be discussed as part of the corrective and conditional 
maintenance processes. 

3.1.3 PREVENTIVE MAINTENANCE 

Preventive Maintenance or Planned Maintenance (PM) activities are defined as activities performed 
in order to reduce the probability of failure of a system or to maximize the operational benefit 
(Kumar et al., 2000). These tasks are performed at fixed intervals based on operating time, distance 
or number of actions, regardless of the actual condition of the system. Historical data however is 
necessary, which in practice often lacks (Silver et al., 1995). These activities are performed under a 
time-based maintenance policy. 

PM is performed at PMS through a scheduled service engineer visit at the customer site. A service 
engineer visits the customer site and checks the system on various aspects. The most important 
preventive maintenance goals, as stated by MR CS are (Source: MR maintenance manua/): 

• keep equipment in a safe, reliable and efficient operating condition, 
• limit deterioration and wear to reduce equipment failure, 
• assure, and possibly extend, equipment lifetime, 
• minimize (costly) breakdowns and unplanned shutdowns, 
• provide the customer with an evaluation of system performance 

Some functions and/or parts of a medical system require more frequent inspection than other 
functions and/or parts. The frequency of each PM action is indicated in the PM schedule in the CSPP 
and the maintenance manual gives an exhaustive overview of aspects to be checked. The PM 
schedule is based on six PM sessions in two years. The responsibility for distributing the 
maintenance manual and providing input for this manual lies within MR CS. The SSDs have the 
responsibility to schedule the visits. The system is checked on the following aspects as described in 
appendix 1. 

Appendix 4 provides an exhaustive overview of the PM schedule. No corrective maintenance actions 
are performed during the PM visits unless a safety issue is involved. The costs for preventive 
maintenance are estimated up front by MR CS and presented in the CSPP (see appendix 3). The cost 
categories that are identified are labour, parts and travel costs. These categories wilt be discussed 
later on in this chapter. 
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3.1.4 CORRECTIVE MAINTENANCE 

Corrective Maintenance activities are defined in literature as activities performed with the intention 
of restoring the functionality or safety of the system, after a failure . This type of activities is 
performed in a failure based maintenance policy (Kumar et al., 2000). 

Corrective maintenance within PMS is triggered by a customer call. The customer calls PMS with an 
issue or service request and from thereon service is provided in a number of steps, displayed in figure 
3-2. 

>>~ •...... . . . . . . . . . . . . . .. 
Figure 3-2: Steps in the corrective maintenance process 

3.1.4.1 Corrective maintenance steps 
The preferred way to solve an issue is by remote support. This is through assistance via telephone 
and e-mail or for certain issues, such as software, through the remote service network (RSN) which 
provides remote access to some features of the system. If a remote solution is not possible, a 
corrective action is performed for which a field service engineer (FSE) is dispatched to provide first 
on-site service. This is called the "first line" and service is performed by a field service engineer in 
the SSD. 

1t is possible for the engineer to request technical support at the SSR Response Center. A regional 
specialist can be dispatched. This is called the "second line" with communication on SSR level. This 
level is not implemented in all the SSRs. 

Finally, the "third line" is the MR Helpdesk in Best, which close contact with development and other 
departments and issues can be discussed with specialists within the organization. Eventually a 
specialist from the PMG can be dispatched to perform additional on-site service. If a problem 
persists for a long period or customer dissatisfaction is very high the issue can be escalated by the 
SSD through the so-called escalation process. This process has basically the same steps as described 
above, but progress is monitored through VIPER (Visual Philips Escalation Resolution), a tool that 
provides visibility of open escalations. 

3.1.4.2 Call handling 
Figure 3-3 displays the various information lines and 
parties involved in the call handling process. Starting 
with the customer complaint (1 ), the call is handled 
by the call & dispatch center in the SSD. There the 
complaint is analyzed and when appropriate 
forwarded to the technica) support center (2). The 
call is handled remote (3) if possible, otherwise an 
engineer is dispatched (4) which visits the customer 
site (5). Information is exchanged between the 
engineer and the technica! support center (6). 
Information can also be obtained at the SSR response 
center (7, 8) which also provides field assistance (9). 
The last step is to contact the MR Helpdesk which 
provides support either remote (10, 11) or through 
the dispatch of an expert ( 12). 

Calls are not always handled as described above as 
some field service engineers contact the MR 
Helpdesk directly ( 11) thus bypassing the SSR level. 
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Costs for Corrective Maintenance are estimated up 
front in the CSPP and depend on the call rate, mean Figure 3-3 : Call handling process 
time to repair and material involved. As with the preventive maintenance costs, the categories 
identified are labour, parts and travel costs. These costs will be discussed later on in the chapter. 

Master's Degree Thesis 10 



3.1.5 CONDITION BASED MAINTENANCE 

Condition Based Maintenance activities are performed through monitoring of condition parameters 
and the recognition that a change in condition and/or performance is likely to precede a failure. The 
maintenance task is based on the condition of the system and falls under a condition-based 
maintenance policy (Kumar et al., 2000). Literature by e.g. Zeng (1994), Alani (2002) and Sundberg 
(2003) indicates the importance of this type of maintenance. With new informational technologies, 
condition based maintenance is becoming an option for many companies. Pintelon (1999) discusses 
the development of supporting information systems and the possibilities these information systems 
offer. 

Currently at PMS no condition based monitoring is performed. MR CS however is investigating 
possibilities for this type of maintenance and wishes to have more insight in the costs and benefits. 
Some recent initiatives have been taken. A remote monitoring tool, denoted "SiMon" has been 
developed and is being tested since late 2005. The monitoring of a small number of conditions has 
been started but no maintenance strategies have been developed yet. This will be discussed in more -
detail in section 3.4.1. 

3.1.6 FIELD CHANGE ORDER 

A Field Change Order (FCO) is the procedure that is followed whenever systems, already in the 
field, have to be modified because of actual or potential safety issues, reliability issues, failures, 
security branches or performance improvements. The issue is not just one failure for one specific 
product but involves many products of a specific type, product line or configuration. 

The origin of the action may be developments or investigations in the PMG after product release, or 
may be the follow up of problems or events reported from the field. Some of the FCOs require a 
modification kit to solve the problem. 

The CS department has the responsibility to classify and communicate the FCO, make modification 
kits available and monitor FCO status. The SSD has the responsibility to implement the FCO and 
report on the status. Implementing the FCO means that a field engineer has to visit the customer site 
and perform the corrective actions. There are 4 FCO types, depending on the nature and urgency of 
the change: Mandatory action, Action for performance - pro-active, Action for performance - retrofit 
on failure and a Service Recommendation. Appendix 9 provides addition information. 

The FCO has impact on several areas. First of all the issue may affect customer satisfaction, because 
customers may suffer from downtime. Also, an FCO has impact on the costs of service, as in costs of 
labour and parts. At MR CS (Service Innovation) an estimate is made regarding the costs of a 
specific FCO. The number of sites involved is estimated as well as the time required to perform the 
FCO at the customer site. Also, the price of the modification kit is determined. When the 
preparations for the FCO are made, the FCO is announced to the SSRs/ SSDs where after the SSR / 
SSD has the responsibility to roll out the FCOs. 

As with CM and PM costs, estimates are presented in the CSPP regarding expected FCO costs. For 
these costs the same categories can be identified: labour, parts and travel costs. 

3.2 CUSTOMER SUPPORT COSTS 

In the previous section the customer support processes were described. In this section the costs of the 
various support processes will be discussed. The results of the data analysis wil! be discussed as well 
as the reliability of the data. Next to the activities introduced earlier, the overhead costs for customer 
support wil! be discussed. Next to these costs that are caused by Customer Support activities there are 
costs that are influenced by Customer Support, such as the penalty costs for downtime of a system 
(as described in section 1.6.2 at the uptime guarantee). No quantitative data is available about these 
costs. These costs will not be included in the analysis but will be discussed in the conclusions. 

3.2.l DATA COLLECTION 

The data which is used to analyze the customer support costs is obtained from a database called 
"Global Data Warehouse" (GDW-CS). Appendix 5 provides more information on this database and 
the reliability of the data. The Intera 1.5 T and the Achieva 1.5 T systems are chosen as the two 
target product lines on which analyses wil! be performed. See the product description in chapter 1 for 
a description of these two products. These two product lines have a sufficient large installed base to 
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analyze. The lntera 1.5 T has an installed base of NWW systems per September 2005 and the 
Achieva 1.5 T has an installed base of-- per September 2005. Together these two product 
Iines account for approximately M % of the total installed base. This information was 
retrieved from a separate database maintained by MR CS, referred to as "MR config". 

The analysis will be performed for the regions NA, EMEA and ASPAC to provide insight in the 
differences between these regions. The following data types can be found in GDW and will be used 
in the analysis : 

■ Call rate 
• Preventive Maintenance costs 
• Corrective Maintenance costs 
■ Field Change Order costs 

(PM Costs) 
(CM Costs) 
(FCO Costs) 

An additional data type "system years" is used to display casts per system per year and is described 
in appendix 6. The data type "call rate" will be discussed as a customer satisfaction measure in 
section 3.3. The data types PM casts, CM casts and FCO casts are the casts for the processes 
described earlier in this chapter and will be discussed in the next section. For these maintenance 
activities, the following categories are identified in the GDW: 

• Labour casts (local man hour rate is used in the GDW) 

• Travel casts (local man hour rate is used in the GDW) 

• Parts casts (using exchange price for repairable items and sales price for non repairable items) 

• Other 
The category "other" comprises casts such as rental casts for tools, other casts for resources and 
activities that do not fall under the other categories. As the data will show, not all regions book these 
costs in the same manner. 

3.2.2 PREVENTIVE MAINTENANCE 

As was described in section 3.1 .3, the costs for preventive maintenance are estimated in the CSPP. 
Ai,ndix 3 indicates that the estimate for the annual preventive maintenance costs per system equals 
€JU 
The total costs per month for preventive maintenance are displayed per region in figure 2 in appendix 
7. As can be seen, the region EMEA has the largest total PM costs of the three regions. NA has the 
lowest total costs, which is rather unlikely because they have the largest installed base of the three 
regions. When further examining the data from NA the source of the low PM costs will be clarified. 

3.2.2.1 Preventive maintenance costs per system per year 
The annual preventive maintenance costs per system can be obtained by dividing the total preventive 
maintenance costs by the system years in a specific period. The PM costs per system give a better 
measurement in order to compare PM costs in the three regions, because it is not influenced by the 
size of the installed base. Figure 3-4 shows the PM costs per system year on a monthly basis. 

confidential 

Figure 3-4: PM costs per system per year 

The PM casts are the highest in the region EMEA. NA has the lowest casts, for the same reason as 
with the low total PM costs for NA. 
3.2.2.2 Preventive maintenance cost categories 
In the previous paragraph the costs per system per year were calculated. Figure 1 in appendix 7 
displays the total PM costs for each of the regions and the share that each of the cost categories has. 
The values are on a monthly basis and also displayed in table 1 to 3 in appendix 7. 

Labour is the category that has the largest share in the total PM costs. This can be expected because 
most PM visits require personnel to perform quality tests and inspections, which consist of labour. 
Now and then parts are needed. The difference between Labour and Parts casts is large in EMEA and 
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NA. For ASPAC this difference is a smaller. The explanation for this may lie in lower labour costs in 
this region. EMEA is the only region where costs are booked in the category "other". 

The data for the region NA shows some abnormalities. Labour costs, for example, are only booked 
until April 2005 . And no travel costs are booked until November 2004. The dataset for NA is 
assumed not to give the proper image of the PM costs in that region. After interview with service 
employees within MR CS it is clear that the regions EMEA and ASPAC are both expected to give a 
good overview of booked costs. Both regions have approximately the same parts and travel costs. 
The main difference in the total costs is caused by the labour costs. Table 3-1 shows the summary of 
the PM cost data. 

Tab Ie 3-1 : Summary of cost categories PM 
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3.2.3 CORRECTIVE MAINTENANCE 
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The costs for corrective maintenance are estimated in the CSPP. AePendix 3 indicates that the 
estimated annual corrective maintenance costs per system equa1 Mif@,-. 
The total costs for corrective maintenance are displayed per region in figure 2 in appendix 8. As can 
be seen, the highest corrective maintenance costs are incurred in the region NA, followed ~ EMEA 
and ASPAC. The total CM costs are displayed per month, and yield an average of t: Mn(d).- per 
month, worldwide. As can be seen, ASPAC has the lowest costs and NA has the highest costs. These 
costs have to be divided by the system years per region to provide insight in the costs per system per 
year. 

3.2.3.1 Corrective maintenance costs per system year 
The total costs for corrective maintenance per region were divided by the system years in that region 
to obtain the corrective maintenance costs per system per year. Figure 3-5 displays the results for the 
CM costs per system year in the three regions. The costs are displayed on a monthly basis. 
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Figure 3-5 : CM costs per system per year 

Where as the total CM costs show a slightly increasing trend, the CM costs per system year show a 
slight decrease over the months. 
3.2.3.2 Corrective maintenance cost categories 
The previous section gave insight in the total costs per system per year. In this section the categories 
of costs will be discussed. Figure 1 in appendix 8 displays the total CM costs per region and the share 
of each cost category, per month. 

For all regions, costs of parts have a large share in the total CM costs. The second largest category is 
labour. For the region NA, the costs for labour were higher than the costs for parts till November 
2004. The category "other" was only significantly booked in the region EMEA. Other regions may 
have included these costs in the other categories. 

As with the PM costs, travel hasn't been booked in NA until November 2004. The costs for travel 
may have been booked under labour leading to a higher percentage for labour in NA than in EMEA 
and ASPAC. Also this data is not complete, since the separate amounts do not sum up to the total 
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costs. About 8 % of the data is missing. Table 3-2 shows the summary for the costs of corrective 
maintenance. 

Table 3-2: Summary of cost categories CM •• , • 
EMEA . ,., 
NA MMiiMi 48% 

ASPAC MMIINh 29% 

3.2.4 FIELD CHANGE ORDER 

5% 

16% ' 

8% 

0% 

3% 

The estimate presented in the CSPP yields an estimate of annual FCO costs of MM,-. The 
activities performed for Field Change Orders are also tracked in the GDW as a separate category. 
The category "other" was also analyzed, but no significant costs were hooked under this category in 
any of the regions, and thus it is left out of the analysis. 

The total FCO costs per month show much variability. Figure 2 in appendix 9 displays the costs per 
month per region. The variability is caused by the nature of FCOs. FCOs do not affect a single 
system, as does a corrective or preventive maintenance visit, but it affects a range of systems 
depending on the type of FCO. So every FCO may affect a different range of systems. 

3.2.4.2 FCO costs per system year 

By dividing the total FCO costs in each region by the system years, the FCO costs per system per 
year can be obtained. Figure 3-6 displays the results for the FCO costs per system per year. 

confidential 

Figure 3-6: FCO costs per system per year 

3.2.4.3 FCO cost categories 

The previous section gave insight in the costs for FCOs per system per year. As with the PM and CM 
costs, the categories of costs have been analyzed. Figure 1 in appendix 9 gives insight in the monthly 
values of the cost categories. As can be seen, labour is the largest cost category. There is a large 
discrepancy between the estimated parts costs and the parts costs as hooked in GDW. This is because 
most of the FCO kits are not paid for by the SSD but by the PMG and thus the costs for the kits do 
not show in the GDW data. Interviews with employees show that the expected kit costs per system 
per year are estimated to be closer to the CSPP estimate. The range of the kit costs is very large 
ranging from zero to MA-- per kit. Table 3-3 shows the summary of the costs for FCOs. 

Tab Ie 3-3: Summary of cost categories FCO 
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3.2.5 OVERHEAD COSTS 
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The costs of service do not consist of maintenance costs only, as was made clear in the service 
process description. At various levels such as PMG, SSR and SSD, costs are incurred through 
processes that support the activities described in section 3 .1.2. 
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These costs should also be included because they are part of the total costs for customer support. 
However, these costs can not be calculated per system directly as was done for the maintenance 
costs. This is because the overhead costs are not booked for a specific system but are booked as a 
total for the whole organization at the end of a period. Because of this it is not clear which system 
accounts for how much of the costs. The total overhead costs for customer support activities for all 
MR systems worldwide were € MA (Source: MR CS management) in 2004, including costs for 
personnel, assets, equipment, rental costs, etc. Appendix 10 displays the data with calculations. 

The number of systems for which these overhead costs were incurred is not exactly known. The "MR 
Config" database has been used to obtain the installed base in 2004. Appendix 10 provides the data 
to perform the calculations that yield the average overhead costs per system per year of Miiil 
(for EMEA, NA & ASPAC). 

The assumption is made that the overhead costs per system (any system in the installed base) are the 
same as the overhead costs per system of a system in the dataset (1.5 T). Since, the 1.5 T systems 
form the largest part of the installed base, it is Iikely that the values are close. 

3.2.6 TOTAL CUSTOMER SUPPORT COSTS 

The previous sections provided insight in the various costs of maintenance and the overhead costs. In 
this section the total customer support costs per system are calculated. This value is an average over 
all the 1.5 T systems and gives an indication what the annual costs for the maintenance of such a 
system are. Table 3-4 shows the results of the analysis of the maintenance costs, with the largest cost 
category in every maintenance category marked orange. 

Table 3-4: Total customer support costs per system per year 
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Preventive Maintenance costs account for 11 % of the total customer support costs on average. The 
main cost category is labour, with an average of 54 % of the Preventive Maintenance costs. 
Corrective Maintenance costs are the largest portion of the total maintenance costs, accounting for 
approximately 70 % of the total customer support costs. The main cost category is parts, except for 
region NA where labour shows the highest value, probably due to the unreliability of the data. The 
parts costs for corrective maintenance are 48 % of total corrective maintenance costs on average. 

Field Change Orders account for an average of 6 % of the total customer support costs. For the field 
change orders the main costs are the labour costs showing an average of 67 % of total FCO costs. 
NA has an extremely high value for the labour costs and an extremely low value for travel costs. It 
may be that travel costs were booked under labor for a certain period, causing the labour costs to be 
higher. 

The category overhead, which is not calculated per system by PMS in general, accounts for 
approximately 19 % of the total customer support costs. 

Figure 3-7 displays the various cost categories for customer support. 
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Figure 3-7: Total service costs per system per year 

ASPAC 

The largest cost category is eorrective Maintenance with an average of 70% of the total customer 
support costs. When focusing on decreasing customer support costs this category would be the most 
interesting category to focus on. 

3.3 CUSTOMER SUPPORT PERFORMANCE 

While in the previous sections the customer support processes and costs are described, this section 
will discuss the performance of the processes. First, the current performance indicators used in the 
organization will be discussed. Next, analysis wil! be performed on data available within MR es to 
provide insight in customer satisfaction. 

3.3.1 CURRENT PERFORMANCE MEASURES 

The performance measures currently used by MR es are the so-called key performance indicators 
(KPis). These KPis are defined in three areas; financial, customer and process. Table 1 in appendix 
12 displays the KPis currently used by MR es. Some of these KPis have been defined but are not 
available in the organization yet. The es department strives to improve the usage of KPis and to 
identify new KPls that can be used to enhance the performance. The development of KPls for 
maintenance is discussed by Wireman (2005). 

3.3.2 CALL RA TE 

The call rate can be regarded as a measure of customer satisfaction. The customer calls PMS 
whenever the customer perceives that a problem occurs, thus more calls means less customer 
satisfaction. The call rate is the number of calls per system per time period. The most common time 
period is a year, so the call rate is the number of calls per system per year. The formula for the call 
rate is described in Appendix 11. 

As can be seen in the formula for the call rate, the number of calls per system is summed over a 
certain measurement period. For the same period as for the various cost categories discussed earlier 
in this chapter, the total number of calls per region has been analyzed. The calls in the GDW are the 
calls received by the local country organizations; the SSDs. Figure 2 in appendix 11 shows the total 
number of calls per month, in each of the regions. 

The region NA has the highest number of calls per month and the region ASPAe has the lowest 
number of calls. The number of calls indicates the workload for call centers in that region. All three 
regions show an increase in the number of calls per month, also due to the increase of the installed 
base. 

The call rate for each of the regions NA, ASPAe and EMEA is displayed in figure 1 in appendix 11. 
The actual value per month is displayed as well as the moving annual total (MAT), which calculates 
the average value over the last 12 months to indicate the trend. As can be seen in figure 1 in appendix 
10, in all three of the regions, the call rate shows an increase. The region NA shows the highest call 
rate, followed by EMEA. The region ASPAe shows a substantial lower call rate than the other two 
regions, but shows more variability. Table 3-5 summarizes the data regarding the call rate. 

Table 3-5 : Summary of call rate data 
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Average total calls per month 

Average MAT call rate inmeasurement Period 
(calls per system per year) 

Maximum MAT call rate in measurement Period 
(calls per system per year) 

Minimum MAT call rate in measurement Period 
(calls per system per year) 

lncrease of MAT call rate in measurement 
period (percentage) 
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It can be concluded that the call rate in all three of the regions shows an increase, which can be 
regarded as a decrease in customer satisfaction. 

3.3.3 CUSTOMER SATISFACTION 

PMS surveys customers in the region NA on a monthly basis. Customers receive questionnaires, 
which cover the various aspects from phone response time to downtime. Table 1 in appendix 13 
shows the various modalities and the percentage of customers that are satisfied with the particular 
aspect. Next to these aspects the service performance related to the price is surveyed, as well as the 
number of systems failures and the percentage in which a failure recurred within 48 hours. The table 
indicates that MR customer support scores lower than the national average on timely response 
(aspects 5 to 8). The engagement quotient, which is the average of aspects 1 to 3, yields that 86 % of 
the customers is satisfied with the service. 

Next to these surveys by PMS itself, consulting organizations survey customers on how well their 
equipment functions and how the support on the equipment by the supplier is. MD Buyline is a 
consulting company that publishes so-called intelligence reports providing information about 
manufacturers of medica) equipment (Source: MD Buyline website). Figure 3-8 displays the vendor 
ranking as presented in an intelligence report published by MD Buyline in October 2005. The vendor 
ranking is the result of a survey amongst customers of medica) imaging equipment in the region NA. 
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Figure 3-8: MD Buyline MRI equipment vendor ranking October 2005 
(Source: MD Buyline 2005) 

As can be seen, Philips Medica) System has the lowest ranking of the 5 companies that are included 
in the ranking. The ranking presented in the figure is the average of 6 satisfaction aspects: system 
performance, system reliability, installation, applications training, service response time, service 
repair quality. Of these aspects PMS has the lowest score on service response time. No information 
regarding the reliability of the information in the report is provided. For example, the number 
respondents of the survey and the questions used in the survey are unknown. The ranking however 
can be regarded as an indication for the image that PMS has in the market. 

A more exhaustive survey is performed by IMV (IMV, 2004). The report includes the opinions of 
laboratories representing 120 Philips Medica) systems, comprising 23% of the systems included in 
the survey. Also, the questionnaire used in the survey is published. 

Figure 1 in appendix 13 indicates that speed of service is low compared to the industry average, as 
was also indicated by the MD Buyline report. Remote diagnosis is below the industry average (21 % 
vs. 34%), and remote problem solving is also less effective than the industry average (19% vs. 29%). 
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3.4 FORMER INITIA TIVES 

Initiatives in the area of cost reduction and performance improvement have recently been started. 
Examples of such initiatives are the development of a remote site monitoring tool, SiMon, and the 
development of a regional customer care center in EMEA. Both initiatives will be discussed shortly 
next. 

3.4.1 REMOTE SITE MONITORING 

Remote site monitoring (SiMon) is developed as a tool by the software development department. 
Starting as a small project it gradually has developed to a tool in which a number of conditions were 
monitored. It was applied for a small number of systems in the field. Recently more sites have been 
added and MR CS is more actively involved in the development of the tool. It is however not linked 
to any maintenance activities at the moment and MR CS would like to have more information 
regarding the possibilities of the tool and the way the tool influences the performance of customer 
support. Possible improvements could increase remote support and Pro-Active customer support. 

Appendix 14 provides additional information on the remote site monitoring tool "SiMon". 

3.4.2 CUSTOMER CARE CENTER 

The SSR EMEA has started the initiative to install a regional center where information is collected of 
all maintenance activities in the region EMEA. This center will also do technica) call handling and 
will work as a virtual organization with employees in different countries. The goal is to center 
knowledge. The information collected from remote monitoring tools will also be analyzed in this 
center and used to provide Pro-active customer service. 

3.5 CONCLUSIONS 

In this section the conclusions of this chapter will be discussed with regard to the initia) assignment 
description as stated in chapter 2. 

3.5.1 CUSTOMER SUPPORT COSTS 

The initia) assignment was to provide insight in customer support costs and directions for cost 
reduction. 

The analysis of the customer support costs showed that Corrective Maintenance costs are the Iargest 
costs category with a share of 70 % of the total customer support costs. Approximately 50 % of the 
Corrective Maintenance costs are caused by costs for parts. These costs can not be influenced by the 
maintenance strategy since parts usage is caused by the failure rate of the parts. Improvement 
activities in this area fall under product reliability and do not fall within the scope of this project. 
Taking in account the definition of Corrective Maintenance provided earlier in this chapter it can be 
concluded that the failures of the system and the actions that PMS currently takes after the failures 
causes 70 % of the customer support costs. 

Preventive Maintenance accounts for only 11 % of the total customer support costs. The definition of 
Preventive Maintenance was given earlier in this chapter. Preventive Maintenance is to reduce the 
probability of system failures. It can be concluded that the activities currently undertaken by PMS in 
the area of Preventive Maintenance are small compared to the activities in the area of Corrective 
Maintenance. 

Condition Based Maintenance is not performed at the moment. PMS wishes to have insight in the 
cost saving and customer service increasing possibilities of this type of maintenance. 

No quantitative information is available about the costs for not obtaining the uptime as defined in the 
service contract. Interviews show that discounts on parts, labor and upgrades are used to compensate 
for the downtime. 

Cost reduction efforts should be focused on maintenance costs, CM costs in particular, where costs of 
labor and travel should be the focus area. 
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3.5.2 CUSTOMER SUPPORT PERFORMANCE 

The initia! assignment was to provide insight in customer support performance and directions for 
performance improvement. 

Maintenance actions do not only cause costs for Philips but also for the customer, because of system 
downtime. The call rate gives an indication of the number of breakdowns of the system and thus is 
used as a measure of performance. The average call rate is increasing in all three regions, indicating a 
decreasing customer support performance. 

The vendor ranking by "MD Buyline" indicates PMS under performs its competitors. Service 
response time has the lowest value of the measured performance aspects. Service Response time 
concerns corrective actions. 

In order to improve customer support performance, the most interesting areas are the number of 
breakdowns and the timely response. These areas are both part of the Corrective Maintenance 
activities. 

3.6 FURTHER DIRECTION 

Both the analysis on customer support costs and the analysis on customer support performance show 
that the corrective maintenance activities are the most interesting area for improvements. The 
directions fora design to achieve the strategie goals stated in chapter 2 are as follows: 

1. Improvement of reliability of products 
This area focuses on the reliability of the system and components to decrease the 
breakdowns of the system and thus decrease CM costs. The reliability of systems and 
components is out of the scope of this research and thus this direction will not be chosen as 
a direction for the design. 

2. Re(design) of maintenance strategy and processes 
This area focuses on the maintenance strategy currently used. The re(design) may lead to 
different maintenance activities, decreasing the costs of expensive system breakdowns. The 
possibilities of condition based maintenance activities are part if this direction and have a 
strong connection with the initiative ofimplementing a site monitoring tool (section 3.4.1). 
The maintenance processes and the design of these processes fall within the scope of this 
assignment and will be chosen as a direction for this research. 

Concluding, the re(design) of the maintenance strategy and processes and the possible benefits of a 
remote site monitoring tool have been chosen as the direction for the design phase of the research. 

Summarized the following problems occur at MR Customer Support: 

• MR Customer Support has limited quantitative insight into outcomes of maintenance 
strategy decisions 

• MR Customer Support wishes to define the factors of influence when looking at speed of 
service and service costs. 

• MR Customer Support does not have quantitative insight in the possible contributions of 
remote site monitoring to increasing the speed of service and reducing service costs. 

3.6.1 SCOPE FOR IMPROVEMENTS 

This section discusses the scope for the improvement proposition. First, a suitable decision level is 
identified which corresponds to the assignment. Next, to confine the assignment in a way that enables 
delivery of results within the set time frame, improvement areas will be defined as well as a 
geographical focus area for the assignment. 
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3.6.2 DECISION LEVEL 

In the previous chapters, the maintenance organization was considered over its total span. Since the 
research is carried out at MR Customer Support, which is situated at a strategie level, it is important 
to define on which decision level the improvements 
should focus. The overall strategie objectives were 
stated earlier in chapter 2. The following questions are 
to be answered: 

• 

• 

How are these objectives to be achieved ? 
(tactical decisions leading to maintenance 
strategies and processes) 

How are these processes structured? 
( operational guidelines) 

Decision , 
level ' 

Long-term MR Customer Support objectives / Strategie 

What? 

Long-term planning/ Tactical level 

How? 

Short-planning / Operational level 

When? 

Figure 3-9: Decision level 

Therefore, within the given overall strategy of Customer Support as described in chapter 1, the 
assignment mainly focuses on the tactical level and the consequences for the operational level (see 
figure 3-9). 

3.6.3 IMPROVEMENT AREAS 

The effects for the maintenance processes will be identified with the objective of improving speed of 
service and reduce costs of maintenance. These objectives are expected mainly for the corrective 
maintenance process in which speed of service is the most important and where currently the most 
costs are incurred. However, for the Preventive 
Maintenance process, as well for a Condition Based 
Maintenance process, site monitoring may lead to 
changes. For example, site monitoring may lead to 
including the replacement of a certain part in the next 
PM visit, preventing the item to cause a customer call 
through the CM process. These "indirect" effects will be 
included in the model. Figure 3-10 displays the two 
categories which can be identified; Category 1 with 
direct influences on the CM process and Category 2 

Category 1 

Site 
Monitoring l 

Catego::",, ~---~ 
CBM process 

Costs 

Time 

with influences on the PM and CBM process of which Figure 3- I 0: categories of improvement 
the influences on the CM process will be included. 
Category 1 can be regarded as the direct changes for the CM process due to Site Monitoring 
(diagnostics) whereas Category 2 can be regarded as the pro-active part of Site Monitoring. 

3.6.4 GEOGRAPHICAL FOCUS AREA 

The analysis of customer support processes, performance and costs was performed for three 
geographical areas: NA, EMEA and ASPAC. The assignment now focuses on the region NA with the 
following motivation: 

• The region NA uses a new corrective maintenance model with support in two Tiers which 
can be used for the analysis 

• Initiatives in the directions of collecting data regarding the CM process have been started in 
this region, so information about these activities can be collected more easily 
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THEORETICAL BASIS AND MODEL DEVELOPMENT 

The previous chapters provided information about the customer support processes and the results of 
the performed problem analysis. The focus now lies on the development of a model that enables 
evaluation of various parameters on a tactical level regarding the maintenance processes. Before the 
actual design of the model is presented in the next chapter, this chapter primarily adopts a more 
theory-oriented approach. The aim is to provide arguments on how to model the corrective 
maintenance process, why this is done in that way, which parameters are of importance, and what the 
building blocks of the model are. 

4.1 MODELING TECHNIQUES 

In defining an appropriate modeling technique, first the purpose of modeling should be made clear. 
As became clear in the previous chapter, the model is to provide insight in the factors of influence on 
the speed of service and the costs of service. Speed of service as well as costs can be analyzed by 
looking at the individual process steps. Some of these steps may be shortened or even removed, 
leading to a shorter throughput time and lower costs. The routing (path of process steps) followed 
may also be changed by the use of a different process with extra information through the use of site 
monitoring. Summarized: 

What will be modeled is: 

The various steps a customer call may follow in the current corrective maintenance process and the 
time and cost involved in each of the steps. 

The purpose of the model is: 

To provide insight in the costs and time involved in the corrective maintenance process and how 
these costs and time are influenced by the process design and changes in this design. 

The modeling technique should be such that process steps and routes through the process with the 
corresponding costs and sojoum times can easily be modeled. The flowchart used to provide insight 
in the CM process is not sufficient for this purpose, since it only provides qualitative insights such as 
possible states and routes in the process. The following quantitative process modeling techniques 
have been considered: Petrinets, Queuing networks and Markov chain models. 

■ Petrinet 
Petrinets are models that are used for a variety of practical situations. The most common used 
applications are concepts of concurrently occurring events and systems with concurrency and 
resource sharing. The modeling of time and costs asks for the use of so-called colored Petrinets. 
Since the use of capacity is not the main focus of the research and the Petrinet is not the best tool for 
modeling time and costs, it will not be used as a modeling tool. 

■ Queuing Network 
Queuing networks are used to model a variety of processes, mostly production processes. While the 
CM process can be regarded as a production process with the goal of delivering service, queuing 
theory aims to theoretically describe production processes along with statistical/probabilistic 
techniques to account for varying dynamic pattems that may lead to queues. Process capacity is one 
of the factors of influence in queuing networks. Since capacity is not the main focus of the analysis, 
queuing networks will not be used in this research. 

■ Markov Chain Model 
Markov Chain Models are used for modeling a variety of processes and systems. A Markov chain 
describes at successive times the states of a system. The various states can be seen as steps in a 
processed and for each of the steps time can be assigned, making calculations on the system behavior 
over time possible. Since no capacity is involved in Markov chain modeling and time and costs can 
be modeled accurately, the Markov Chain Model has been chosen as the modeling technique for the 
CM process. 

4.2 MARKOV MODEL DESCRIPTION 

When trying to acquire insight in time and costs, the CM process can be seen as a "stochastic 
process". A stochastic process is a process that evolves in time and of which the behavior is 
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described by one or more time-dependent random variables (Kulkami, 1999). As was discussed 
earlier, the number of steps fluctuates and so do the costs and time involved. The steps in the CM 
process can be seen as states in which the stochastic process can reside for a certain time (sojoum 
time). A special type of stochastic model; a Markov Model, will be used to model the CM process. 
A more exhaustive description of Markov Models and the model used in this research can be found 
in Appendix 13. This section will provide the necessary information. 

• Finite state space 
The stochastic variable X(t) is used to define the state of the process at time t. The state of the 
process that is modeled is the particular process step (discrete) in which the process is at a 
certain time. The possible states of the process are described by the state space S = 
{1,2,3, ... ,N}. In the case of the CM process, the number of states in which the process can be is 
known and does not change and thus the state space is finite. 

• Continuous-Time parameter 
The CM process can be observed continuously or periodic, for example at the end of each day. 
Since the interest is mainly on the time involved in the process a precise measurement of the 
time of the various steps is necessary. Thus the process will be modeled as a Continuous-Time 
Markov Chain (CTMC). 

• Markov Property 
In order to be able to model the CM process as a Markov chain it has to satisfy the Markov 
Property. It assumes that the probability of the process going from one state to another only 
depends on the current state of the system. For the CM process this assumption is expected to 
be valid because in practice it is observed that the current state of the process is the only 
variable of influence on the probability of the following state of the process. More information 
regarding the Markov property can be found in appendix 15. 

• Time Homogeneous 
Next to the Markov property the process is also assumed to be independent of the actual time s 
which means that the process does not change over time and thus is time homogeneous. For 
the case of the CM process this is also assumed to be true because the probabilities and states 
do not change within the scope of the assignment. Over a Jonger time period the probabilities 
and states within the CM process may of course change. 

• Irreducible Markov Chain 
A Markov Chain is said to be irreducible if it is possible to go from any state i to any state j in 
one or more steps. In the case of the CM process this is true. 

4.3 MODEL ASSUMPTIONS 

Certain assumptions have been made to enable the modeling of the CM process. lt is important to 
understand what the implicit assumptions are for any process modeling method because the validity 
of these assumptions affect whether or not the model is an accurate representation of the process in 
practice and ifthe goals of the analysis will be met. These assumptions will be discussed briefly. 

Assumption 1: Sojourn Times are exponentially distributed 
Modeling the CM process through a continuous time Markov chain implies that sojoum times for the 
various states in the model are exponentially distributed (Kulkami, 1999). Because the model uses 
the memoryless property of the exponential distribution each of the states needs to have 
exponentially distributed sojoum times. This assumption is expected to hold for all of the states since 
for all of the states the time already spent in the state does not influence the remaining time in that 
state. For example, the remaining time to repair for a certain site visit does not depend on the time 
already spent by the engineer. Also, looking at literature regarding stochastic modeling it is very 
common for waiting and processing time to be modeled with an exponential random variable. 
Appendix 15 discusses the assumption in more detail. Sojoum times are assumed to be constant and 
will not be varied in the research. 

Assumption 2: Capacity in the process is infinite 
The capacity needed during the process to handle calls, provide service, repair, etc. is assumed to be 
infinite. This means that queues due to capacity restrictions will not be modeled. This assumption is 
made in order to keep the model simpte and because through interviews it became clear that capacity 
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does not play a large role in the delays in the CM process. lt can be noted that with this assumption, 
the results will provide theoretica! lower bounds or best-case figures since queues will only increase 
the throughput time and costs. 

Assumption 3: Limited number of site visits 
The number of site visits per tier is limited to two site visits in the model. In practice this assumption 
does not completely hold. More than two site visits do occur, but the share of calls with more than 
two site visits is very small (2.1 %). Thus, for modeling purposes it is assumed that the number of 
site visits is limited to two. Appendix 18 provides the analysis performed on the number of site visits 
per call. The analysis shows that 97.9 % of the calls have one or two site visits. 

Assumption 4: Costs for PMS 
Only process costs for PMS will be included in the model. This means that only costs for PMS that 
can be influenced by changing the process will be included, such as labor and process costs for 
unnecessary ordering of parts. Costs for spare parts (prices), as well as costs incurred by the customer 
for having downtime are not included. Downtime is included by means of the process throughput 
time. The throughput time and the frequency of failures determine the downtime for the customer. 
Travel costs are not included in the model although they are influenced by the changes in the process. 
Travel costs are considered as an extension to the time spent per visit at the customer site, which is 
the mean time to repair. No quantitative information is available regarding the average times for 
traveling and thus for modeling purposes traveling costs are not included in the model. Cost rates for 
particular activities are assumed to be constant and will not be varied in the research. 

4.4 PERFORMANCE MEASURES 

The model will be used to calculate the performance of the CM process and changes in the 
performance through remote monitoring. The speed of service in the process will be measured by the 
throughput time and the costs will be measured through the average costs per cycle. Both will be 
discussed next. 

4.4.1 AVERAGE CM PROCESS THROUGHPUT TIME 

The average process throughput time can be seen as the average time between entering the CM 
process and having an operating system without problems. The definition of the average CM process 
throughput time as used in this report is given below. 

Definition: 

"The average process throughput time is the time between the time of entering the CM process and 
the time of reaching the state where the system is operating properly. " 

The average CM process throughput time will be denoted in this report by the parameter T . 

4.4.2 AVERAGE COSTS PER CM PROCESS CYCLE 

The average costs per CM process cycle can be seen as the average costs for going from the state 
where a customer call enters the CM process to the state where the system is operating properly. The 
costs included are discussed in assumption 4 in the previous section. Since the expected costs over a 
finite time horizon depend not only on the structure of the process but also on the time horizon, the 
average long run costs per cycle are used. The definition of the process costs per cycle is given 
below. 

Definition: 

"The process casts per cycle are the total average casts per cycle in the CM, from entering the CM 
process to entering the state where the system is operating properly. " 

The average costs per CM process cycle will be denoted in this report by parameter C. 

The calculations for these two performance measures are presented in appendix 15. 

Master's Degree Thesis 23 



4.5 MODEL BUILDING BLOCKS 

The Markov Chain model is constructed out ofthree main building blocks: 

1. Sojourn Time per state (s;) 

2. Cost rate per state ( c;) 

3. Transition Probabilities(p;j) 

1. Sojourn Times 
For each of the states in the model, the sojoum time (average time spent in that state) has to be 
determined. The unit for the sojoum time is hours. The sojoum times are assumed to be 
exponentially distributed with parameter À.; and thus have an average value of 1/,1,;. The average 
sojoum times are summarized in the sojoum time vector s. 

2. Costs 
The costs for each state are expressed by a cost rate per state i, c;. The unit for the cost rate is (€ / 
hour). The cost rates are summarized in the cost vector c. 

3. Transition probabilities 
The probability of going from a certain state i in the Markov Chain to another state j, is defined by 
P iJ• For each of the states in the Markov Chain Model the probabilities have to be defined. This 
results in a probability matrix denoted by P. This matrix is used as input for the model. The 
calculations are explained in more detail in appendix 15. 

The building blocks discussed above define the Markov Chain Model and can be used as an input for 
the model, when evaluating performance, which was defined earlier. Figure 4-1 displays the various 
input and output parameters used for the model. 

INPUT 
Cost rate 
per state c, __ ..-Jr;:;::-;;:-,-:--:----::-;-:"11 

Sojourn Time s
1 per state 

Transition P1J ----.~~~~~iJj 
probabilities 

Figure 4-1 : Input and output for Markov Model 

OUTPUT 

Costs 
C percycle 

T Throughput Time 
per cycle 

As can be seen, by defining the cost rate per state, the sojoum time per state and the transition 
probabilities, the model can be constructed. With the model constructed, the performance measures 
such as costs per cycle and throughput time per cycle can be calculated. 
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Is MODEL 

The previous chapter described the method for modeling the CM process. The Markov Chain Model 
was described along with the assumptions and limitations of the model. The input and output for the 
model was discussed as well. This chapter continues with defining the specific input values of the 
model. For the readability of the report, the amount of mathematica! formulations has been reduced. 
For a more thorough description of calculations, appendix 21 can be consulted. 

5.1 MODEL CHARACTERISTICS 

In this section, the model for the CM Process in North America will be discussed as well as the 
model for the CM process including the pro-active part of site monitoring. The first model is used for 
category 1, which directly influences the CM process, while the second model is used for category 2, 
which describes the indirect changes through PM and CBM. Both categories were described in 
chapter 3. 

5.1.1 CM PROCESS 

As was discussed earlier in chapter 4, the CM process in North America will be modeled. This is 
because most of the information is available for the service organization in North America. Next to 
this, the service organization started working with a new call handling process since January 2006 
(see figure 5-1) and therefore wants to gain insight in the performance and factors of influence. 

,,, 

lncoming ' ,, 

customer,/ 

TIER 1 

Figure 5-1: Two Tiers used in North America 

TIER2 

Service is provided in NA through two Tiers. Tier 1 is where the customer call is received. Call 
center employees discuss the problem with the customer (also handle frequently asked questions) and 
where possible offer a remote solution. Technica) knowledge at this level is limited. If technica) 
knowledge is necessary the call is forwarded to Tier 2 where technica! experts are present. Next to 
this option, the call center employee may also schedule a site visit. Tier 2 offers technica) support to 
customers and may offer a remote solution to the problem. If a remote solution is not possible, a FSE 
visit is scheduled. 

The flowchart in appendix 16 will be used as input for the process modeling. The state ( or phase) of a 
"customer call'; at a certain time in the process will be modeled. The flowchart also includes the 
organization and activities involved. The Markov chain will only contain the various states of the 
customer call. For each of these states, costs and times can be assigned so that the throughput time of 
customer calls and the costs involved can be calculated. 
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The states that have been identified for the CM process are displayed in table 5-1. 

Table 5-1 : States in Markov Chain 

State 1 Call reception 
The Customer Call is received by PMS at Tier 1. From this stat~ calls may be solved or 
may result in an FSE site visit. A third option is for · the call to be forwarded to Tier 2, 
where more expertise is present. 

State 2, 8 Waiting time system / parts 
This state is used to identify the. time it takes forpMS to get an FSE at the customer site 
after a call has been received. This delay may be caused by the customer because the 
customersstill wants to use the system (if possible). The delay may also be caused by 
PMS because of the time it takes to find an available FSE or parts. 

State 3 Field Service Engineer site visit 1 
The FSE visits the customer for the first time and spends time trying to resolve the 
problem. From this state the process can move to the state where parts are being 
ordered, a second visit is required or to a state where the problem is resolved. 

State 4, 10 Order tools / parts 
Tools or parts needed for the repair or replacement at the customer site are being 
ordered. This state models the time it takes for the tools or parts to be available at the 
customer site. 

State 5, 11 Waiting on system 
This state models the average time between the arrival of parts and the time the second 
visit takes place at the customer site. The same time as for state 2 and 8 but without the 
time for parts (state 4 and 10) 

State 6 Field Service Engineer site visit 2 
The FSE visits the customer for the second time and spends time trying to resolve the 
problem. The reason for a second visit might be the tact thar parts were ordered or a 
second engineer or expert that provides additional support in this visit. 

State 7 Analysis tier 2 
Remote analysis is performed at the second Tier. This may result in a resolution or in an 
FSE site visit. 

State 9 Field Service Engineer site visit 1 
The FSE or regional expert visits the customer site for the first time and spends time 
trying to resolve the problem. 

State 12 Field Service Engineer visit 2 
The FSE or regional expert visitsJtle customer site for the second time and spends time 
trying to resolve the problem. Tli~ ifeason for a second visit might be the fact that parts 
were ordered or a second engineer or expert that provides additional support in this . visit. 

State 13 System Operating 
The system is operating and no problems exist at the customer site. From this state, there 
is only one possible transition, which is the transition to state 1. This is the transition 
where the customer has a complaint and contacts Prv!S . . 

The Markov Chain can be graphically represented by a state-transition diagram as displayed in figure 
5-2. 

Figure 5-2: Continuous Time Markov Chain for CM process 
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The state transition diagram displays each of the states and the probabilities of going from one state 
to another ( denoted by a to o ). In the next sections, costs, sojourn times and transition probabilities 
will be determined. The matrix with transition probabilities (p;j) for the Markov chain depicted in 
figure 5-2 is displayed in figure 5-3. 

141-i,,iidGIIBIIIIIIIIBlllllllllFIIII - ~,. w. i' 

.o.r ■ 0 0 0 0 ■ 0 0 0 0 0 111 - 0 0 ■ 0 0 0 0 0 0 0 0 0 - 0 0 0 ■ 0 0 0 0 0 ■ - 0 0 0 0 ■ 0 0 0 0 0 - 0 0 0 0 0 ■ 0 0 0 0 0 - 0 0 0 0 0 0 0 0 0 0 0 ■ _, 
0 0 0 0 0 0 0 ■ 0 0 0 0 ■ - 0 0 0 0 0 0 0 ■ 0 0 0 0 - 0 0 0 0 , 0 0. 0 ■ ■ 0 ■ 

t,W 0 0 0 0 0 0 0 0 0 0 ■ ■ 0 

I■ 0 0 0 0 0 0 0 0 ■ 0 

0 0 0 0 0 0 0 0 • 
■ 0 0 0 0 0 0 0 0 0 0 0 0 

Figure 5-3 : Matrix indicating probabilities CM process NA 

The blue squares indicate a possible transition from one state to another. The values for these rates 
will be determined through the calculation of the sojourn times and the transition probabilities. As 
figure 5-3 shows, there are 22 possible transitions in the Markov Chain. 

5.1.2 CM PROCESS INCLUDING PRO-ACTIVE SIMON 

Apart from the CM process currently, the situation where Pro-Active CM is performed through 
SiMon will be modeled as well . The application of SiMon has been discussed in chapter 3 and 
appendix 14. The use of diagnostics information and the benefits this brings for the current CM 
process will be modeled in the current CM process model, as described in the previous section. For 
the modeling of the pro-active part of the tool, additional states ( or phases) have to be identified. The 
states in table 5-2 will be added to the Markov Chain that was described in the previous section. 

Table 5-2: Additional states for pro-active SiMon 

State 14 Analysis of SiMon data 
The data collected by the tool will be analyzedaft~~(ttie system has given a signal that 
actions/ arer equired. The analysis may lead to an/ employee calling the customer and 
offering)élf~ITlote solution or the analysis may lead to the scheduling qfa FSE site visit. 
Next tolli~~e iylQ option~. no action may be required until the next PM activity. In that 
case, the required action is scheduled for the next PM activity. 

State 15 lnclude in PM 
The required action is schedul~dto take pl~c~ y.'.ithfüe next PM activity. No further time is 
spent on the issue. · ·' · · ·· ,. · 

State 16 Waiting on system 
This cJelay may be. caused because the system is still in Use ~Y: 'ttie c9ustomer · and the 
customer wishesJor. ttie FSE visit to take place later in time. 

State 17 FSE visit 1 
The FSE visits the èUsfömefänd triesJo resolye the issue. 

With these states added to the Markov Chain, the state transition diagram has changed to the diagram 
shown in figure 5-4. 
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Figure 5-4: State transition diagram of CM process including SiMon activities 

Additional probabilities have been identified (p,q,r and s) in order to model the situation with 
activities for SiMon. For this Markov Chain the matrix with transition probabilities is displayed in 
figure 5-5 . 

;;;.;,,aan1111111111111111m111mmmmm - 0 ■ 0 0 0 0 ■ 0 0 0 0 0 ■ 0 0 0 0 - 0 0 ■ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 0 0 ■ ■ 0 0 0 0 0 0 O' ■ 0 0 0 0 - 0 0 0 0 ■ ■ 0 0 0 0 0 0 0 0 0 0 0 - 0 0 0 0 0 ■ 0 0 0 0 0 0 0 0 0 0 0 - 0 0 0 0 0 0 0 0 0 0 0 0 ■ 0 0 0 0 - 0 0 0 0 0 0 0 ■ 0 0 0 0 ■ 0 0 0 0 - 0 0 0 0 0 0 0 0 ■ 0 0 0 0 0 0 0 0 - 0 0 0 0 0 0 0 0 0 ■ ■ 0 ■ 0 0 0 0 .. 0 0 0 0 0 0 0 0 0 0 ■ ■ 0 0 0 0 0 ,_ 
0 0 0 0 0 0 0 0 0 0 0 ■ 0 0 0 0 0 - 0 0 0 0 0 0 0 0 0 0 0 0 ■ 0 0 0 0 

■ 0 0 0 0 0 0 0 0 0 0 0 ■ 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 ■ 0 ■ ■ 0 

0 0 0 0 0 0 0 0 0 0 0 0 ■ 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ■ 

0 0 0 0 0 0 0 0 0 0 0 0 ■ 0 0 0 0 
Figure 5-5 : Matrix indicating transition probabilities CM process NA incl. SiMon activities 

As can be seen in figure 5-5, the number of possible transitions in the Markov Chain including 
SiMon activities is 27. 

5.2 DATA COLLECTION 

In order to construct the model and calculate process performance and changes, data has been 
collected defining the Markov Chain. Sojourn times, costs per state and the transition probabilities 
will be discussed next. 

5.2.1 SOJOURN TIMES 

For the calculations of the time spent for certain activities, the time the process spends in a certain 
state in the Markov Chain, also called sojourn time, measurements by PMS will be used as well as 
calculations for times not yet measured by PMS. As will become clear in the next sections, most of 
the times calculated from data obtained through the GDWH-CS, have a large range. Where this is the 
case, the distribution of the data will be discussed. 
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5.2.1.1 Mean Time To Repair 
The Mean Time To Repair (MTTR) is measured as the average time it takes to repair a system, i.e. 
the average time spent by the FSE at the customer site. Only repair time is taken into account, no 
waiting time or travel, etc. The measurement is calculated by PMS in hours as a moving annual total. 

MTTR = __ To_t_a_l _re_p_a_ir_h_o_u_r_s _(1_·n_3_6_5_d_ay_s_) __ 
Total number of CM calls (in 365 days) 

The following types of calls are excluded from the calculation: Planned Maintenance, Scheduled 
Activities, Field Modifications, and Installations. The MTTR measurements currently performed by 
PMS have been used to define the FSE site visit sojoum times. The assumption is made that all FSE 
visits have the same MTTR, meaning that the MTTR is independent of time. Tab Ie 5-3 indicates the 
MTTR for the various modalities in NA. 

Table 5-3: MTTR for 2005 in NA 

IMtffiffiHM 
Med_lT > 

MR 
GXR 

NM 

CT 

cv 

Modality Description 

Medical Technology 

Magnetic Resonance 
General X-Ray 

Nuclear Medicine 

Computed Tomography 

Cardio Vascular 

l•UM•i!ieii •&HIOON 
2,1s1 MMiii 

10,453 ·••· 
14,872 •••• 

13,211 MMiM 
9,282 -·· 8,619 •••• 

As a data source the "D2i" website (PMS intranet) has been used which provides information 
regarding the repair times. The MTTR presented is the average over 2005. Appendix 17 presents an 
overview of the MTTR in 2005 per system type. As can be seen, the average MTTR for MR is 
MMM nours. Table 2 in appendix 17 shows two examples of Intera 1.5 T systems, of which the 
distribution of the MTTR has been analyzed. The two product types are considered to be a good 
representation of the installed base. As can be seen, the average of both systems is close to the 
overall average of the Magnetic Resonance installed base. Also, the large standard deviation gives 
rise to the idea that the distribution might be exponential. This is assumed although goodness-of-fit 
tests did not yield a positive fit on one of the distributions supported by the software tool. Filwt 1 in 
appendix 17 shows the histogram for both systems. The average value of the MTTR of JIM 
hours will be used for further calculations in this report. 

5.2.1.2 Call center times 
The time that is spent at call centers for handling customer calls is currently measured by PMS. Data 
regarding these measurements is presented at a specific intranet site called "Data to Information". 
This information will be used as input for the data necessary for the model. The time spent for 
customer calls is identified for Tier 1 and Tier 2 separately. 

Tier 1 
In the NA model, calls are received at tier 1 at the national call center. The delay of answering is 
measured as well as the average talk time. The average answer delay measured is 8 seconds. The 
average talking times is MA (measured over 2006 only). Figure 5-6 shows the summary of the 
dataset regarding Tier 1 call center time. 

confidential 

Figure 5-6: Average Tier 1 talking time in NA 

The increase in talking time that occurs from January 2006 onwards can be explained by the fact that 
from that moment frequently asked questions are also handled bf, Tier 1. The total time spent at Tier 
1 by customers measured over 2006 only is on average MM! .. 
Tier 2 
In the NA model, tier 2 is where the expertise is situated. At this level the so called Remote 
Technica! Assistance Center (RTAC) is positioned. Intemal as well as extemal calls are received at 
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this level, meaning that service engineers as well as customers may call for support. Table 5-5 
displays the recorded talk time for these two categories. 

Table 5-5: Extemal & Intemal talk time Tier 2 
Product Name 

1 

XRAYRTAC 

NucMed RTAC 
MRRTAC 
CVRTAC 
CTRTAC 

Total 

EXTERNAL 
Average Answer 
Delay (seconds) -·· --__ , 
--· ,MMi --

EXTERNAL 
Average Talk Time 

(seconds) 

Miiiiii •. ,,. •. ,,, 
MihMH 
MM@i 
MIWiMI 

INTERNAL 
Average Answer 
Delay (seconds) 

MiiiiiMi 
kMIMiMI -·· •. ,. 
MiiiN -·· 

INTERNAL 
Average Talk Time 

(seconds) 

MIMiii 
M&hiii --· Miiiiii 
MMi 
Miiiiii 

The intemal talk time is part of the repair time captured by the MTTR. This is because the service 
engineer calls the call center for support during his repair activities, for which the time is already 
captured. For this reason the intemal talk time will not be used in the model. The extemal talk time 
will be used in the model since this represents the time the customer spends talking with customer 
support employees. The average time spent at tier 2 is MifM ~econds 1WifM hours) 

5.2.1.3 Waiting Time/or ordered Tools / Parts 
The waiting time for tools and parts is enclosed in states 4 and 10 in the Markov Model. These states 
model the time it takes for the necessary resources to arrive at the customer site so that the FSE can 
perform the required activities. At the moment the waiting time is not measured and thus an estimate 
ofthis value will be used. Service Logistics International (within PMS) is responsible for the delivery 
of spare parts. SLI has set the target of 96 % delivery at the customer within 24 hours. Parts that do 
not fall within this 24 hours take up to 5 days. Through interviews it became clear that the 
performance of SLI and carriers such as FedEx, UPS and TNT together is more likely to be around 
90 %. This means thai Mif4 of the parts arrive within 24 hours (next day) and that 10 % of the 
parts arrive within 5 days. 

Assuming that an engineer orders apart between 8:00 AM and 5:00 PM and that parts are delivered 
during the next day (8:00 AM - 5:00 PM), on average ~rts take 24 hours to arrive on site. Assuming 
that parts arrive on the 5th day, on average parts take WIM w arrive on site. Multiplication with 
the respective fractions yields an average o1 MEM hours. This value will be used in the model for 
the waiting time for tools / parts. 

5.2.1.4 Waiting on system 
Another component, next to the call handling time, repair time and waiting time for parts, is the time 
involved for the system to be available for the repair activities. This is the time between the actual 
call by a customer and the moment the FSE arrives on site. The reason for this "delay" may be that 
the customer is still able to use some functionalities of the system and wishes for the engineer to visit 
after a couple of days. Another reason may be difficulty of getting an FSE on site quickly because of 
traveling distance or unavailability of the right engineers. In some cases the waiting time for parts is 
also contained in this time. More specific information regarding this delay is not available, however 
the average time involved is measured by PMS as a measure called "response time". 

For the response time, information from the Global Data Warehouse has been used. The dataset 
contains all calls in 2005 for MR 1.5 Tesla systems in North America. Of the 16115 calls contained 
in the dataset, 5056 calls were deleted because they contained a CM visit date that was earlier than 
the call open date. Next to this, the dataset contains a lot of calls that have response times shorter that 
one hour. Interviews reveal that calls that are solved remote are logged in the dataset as CM visits, 
yielding the response times indicated above. This category of calls is already included in the model 
through the call center times and should thus be removed from this data. Calls with response time 
values lower than 1 hour were removed from the dataset, resulting in 4249 calls of which the 
summary is given in figure 5-8. 
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Figure 5-8: Distribution ofresponse time for 1.5 Tin North America 

The cyclic pattem of the response time is clearly visible in the graph. This pattem can be explained 
by looking at fact that the first site visit may be the same day (most cases), next day etcetera, yielding 
a cyclic _gattem with a period of 24 hours. The graph also shows that there are many values lar.er 
than Wit@ nours, indicating the large tai) of the distribution. The average value of MU 
hours will be used for the sojoum time of the state "waiting time system / parts", which are states 2 
and 8. 

After the first site visit, the system available delay, which are states 5 and 11, is included and has a 
value that equals the response time minus the waiting time for parts, yielding an average of WE@ 
hours. 

5.2.2 COSTS 

Only the costs for PMS will be included in the model. This means that costs of down time for the 
customer or costs for activities performed by the customer will not be included in the model. Also, 
the costs for parts will not be included, nor will travel costs. This was also stated in the assumptions 
in chapter 4. Only the costs that can be influenced by the steps (states) and duration of the process 
will be included in the model. The costs will be included in the model as cost rates, incurred per time 
unit per state. 

5.2.2.1 Labour 
Costs for labour are included in the states where remote service is provided or helpdesk personnel is 
performing activities (state 1,7, 14 and 15) but also in the states where the FSE is performing 
activities on-site (state 3, 6, 9, 12 and 17). PMS states that for these activities the three rates apply as 
displayed in table 5-6. 

Table 5-6: Labour rates for the Markov Model 

Category 

Tier 1 remote 
Tier 2 remote 
FSE 

(school leavers, little technica! knowledge) 
(skilled personnel) 
(skilled personnel, much traveling involved, training) 

5.2.2.2 Ordering of tools / parts 

Rate (€ / hour) 

60 
100 
120 

The costs for parts are not included in the model. However, the costs for extra parts that are ordered 
and appeared to be unnecessary or parts that are replaced unnecessary can be influenced by knowing 
better in advance what parts has a failure. The calculated average costs per replacement are € 
NEW ,excluding the parts value). The calculations can be found in appendix 20. These costs will 
be included in the results separately since the costs are not a function of the time spent in the state 
(rate) but are incurred each time the state is visited. 

5.2.3 TRANSITION PROBABILITIES 

The transition probabilities are one of the three building blocks of the Markov Chain Model. 
This section will describe the data analysis performed regarding the transition probabilities. 

5.2.3.1 Tier 1 and Tier 2 
As a source for the calculations of transition probabilities, the reporting on the utilization and 
resolution of tier 1 and tier 2 has been used (source: D2i website). The model for NA as described 
earlier has been in place since the beginning of 2006. For the call centers at the two levels the flow 
of calls is recorded. Figure 5-9 indicates the flow of calls through the tiers in North America. 
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lncoming calls 1 
(clarify cases) 

-T1flow 

- T2flow 

lnvalid 

Closed T1 

Not closed T1 

T2 Eligible 

Figure 5-9: Flow of calls in North America 

T2 Resolved 

T2 Touched 

T2 Assist 

Not closed T2 

T2 No Help 

Calls enter the system as so-called "Clarify cases", Clarify being the call handling system used by 
PMS. Some of these calls are invalid meaning that the call is not a technica! call, the call is not 
coming through the call center, or the customer does not have a contract. The eligible calls are of 
interest for the model. If calls are closed at Tier 1, this may be because a resolution to the problem 
has been found (Tl Resolved) or the call results in an FSE site visit (Tl Assist). Next to these two 
options, calls may also be closed by the CSC, which is a separate helpdesk, which is not used 
extensively and is to be phased out in the future. Calls closed by the CSC are regarded as resolved. 

Calls that are not closed by Tier l become eligible for Tier 2 (T2 Eligible) but for some of these 
cases, the customer does not want support at Tier 2 or for some other reasons these calls are not 
touched by T2. The calls that are touched by Tier 2 (T2 Touched) may be resolved (T2 Resolved) or 
result in an FSE site visit, with or without assistance (T2 Assist, T2 No Help). 

For the Markov Chain the number of calls resolved at each of the tiers is interesting as well as the 
calls resulting in a site visit by a field engineer. For tier l the calls in January 2006 have been 
recorded. The fraction of calls going from Tier 1 to a resolution, FSE visit or Tier 2 are calculated as 
well as the fraction of calls going from Tier 2 to a resolution and an FSE visit. The calls processed at 
Tier 2 sometimes have more than one or no code at all, which resulted in the fractions of Tier 2 
adding up to more than 1. These fractions have been "normalized" so that the sum of fractions equals 
1. Table 5-7 shows the results of the calculations provided in appendix 22. 

Table 5-7: Fractions of calls 
Fraction 

Tier 1 ➔ resolutiqn 

Tier 1 ➔ FSE visit 

ltm®ffidN 
P1.13 

P1.2 

Tier 1 ➔ Tier 2 Pt,7 

Tier 2 ➔ resolution P7, 13 

Tier 2 ➔ FSE visit P7,B 

(Source: D2i, January 2006) 

Calculation 
(T1 resolved + ésc closed) / Eligiblê 

T1 Assist/ E!igible 
Not closed T1 / Eligible 
T2 resolved / T2 Touched 
(T2 Assist+ T2 No Help) /T2 Touched 

---
lt is concluded that only Miiii ¾ of the calls received at Tier 1 is resolved immediat51i 
Wit&% results in an FSE site visit anu MA /2 is forwarded to Tier 2. At Tier 2, MM&.,_! 
% of the calls are resolved ano MiiM /2 of the calls results in an FSE site visit. 

5.2.3.2 First Time Fix 
A measure that has been introduced in March 2006, is the First Time Fix (FTF). The FTF is a 
measurement of the efficiency of repair activities and measures the percentage of closed on-site 
service calls (CM) that are resolved with a single visit to the customer's site. On-site CM service calls 
are defined as calls that include jobs with CM on-site hours > 0. A single visit is defined as a visit 
where jobs for the particular call are completed ( opened & closed) on the same calendar day. 

The first time fix is used to obtain the fraction going from the first site visit in the model to the state 
where the system is operating correctly. The remaining fraction can either go to the ordering of parts 
or to a second engineer visit. Figure 5-10 displays the calculated percentage of FTF in NA. 
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Figure 5-10: First time Fix percentage in North America 

As can be seen, the FTF Mercentage has dropped in the months November 2005 till January 2006, 
from MEM ,/o to W$,Q % FTF. Experts from the service .;anization confirmed this drop in 
FTF percentage. In the Markov Chain Model, the percentage ot JA % FTF will be used. The 
fractions will be used in the Markov Model as the conditional probabilities. 

5.2.3.3 Ordering of parts 
Not all calls require ordering of parts. The calls that have 2 site visits and do require ordering of parts 
go through state 4 or state l 0. For the calls that have l site visit, the delay for ordering of parts is 
contained in the response time and thus in the system available delay in the model. 

In order to obtain the fraction of calls for which parts have to be ordered, earlier research performed 
by PMS has been used. Appendix 19 shows the results of scanning repair texts of 6000 calls between 
October 2003 and September 2004. This effort shows that around 80 % of the customer calls are 
parts related. This percentage will be used as the fraction of calls for which parts need to be ordered. 

5.2.3.4 Remaining probabilities 
The probability of going from a certain state to another state, in the case where only one transition is 
possible is 1. For the probabilities l,m and n,o it is assumed that in all cases the call goes from the 
state of ordering parts to the state where the availability delay is modeled. This means that both l and 
n have a probability of 1 and mand o have a probability of 0. 

5.2.4 SUMMARY 

Table 5-8 summarizes the values calculated for the sojoum times and costs. Table 5-9 summarizes 
the transition probabilities calculated earlier. 

Table 5-8: States and sojoum times 

lil 
1 Call reception 
2 Waiting time system / parts 
3 FSE visit 1 

Description 

- w 
60 

••• , 0 

-- 120 4 Order Tools / Parts 

-·· 0 5 System Available Delay 
6 FSE visit 2 
7 Remote analysis 2 
8 Waiting time system / parts 
9 FSE visit 1 

-·· 0 -- 120 
--·· 100 MMM-: o 
Mi&ii@ 120 

10 Order Tools / Parts M&ii@i o 
11 System Available Delay 
12 FSE visit 2 -·· 0 M&ii@ 120 
13 Systemoperating 
14 Analysis of SiMon data 
15 lnclude in PM 

M&ii@i o 
M&ii@i 100 
M&ii@ 100 

16 System available delay 
17 FSE visit1 

MM&hM o 
M&ii@ 120 

Table 5-9: Transition probabilities 
Fraction ■,l!!'lm• • .,m,•."m·ull"■-■ •J4et•itnit•U■ 
Tier 1 ➔ resolution P1.13 a 

Tier 1 ➔ FSE visit 1 P1,2 b 

Tier 1 ➔ Tier 2 p1,7 
C 

Tier 2 ➔ resolution Pl,13 g 

Tier 2 ➔ FSE visit 1 P7,8 h 
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· FSE visit 1 ➔ resolution P3• 13 , A.9, 13 

FSE visit 1 ➔ order parts P3•4 ; 

FSE visit 1 ➔ fSE visit 2 P3,5 , P9,11 

Order parts ➔ Delay 

Order parts ➔ FSE visit 2 

5.3 CALCULATIONS OF PERFORMANCE 

P4,5, P10, 11 

P4,6 , P10, 12 

1,n 

m,o 

This section will introduce the mathematica! solutions for calculating speed of service and costs. A 
thorough description of the calculations can be found in appendix 15. 

5.3.1 LIMITING DISTRIBUTION 

The average time spent in each of the states in the long run is of interest when considering the costs 
in the long run. For an irreducible Markov chain, the probability of the process to be in a certain state 
hardly changes in the long run and is represented by the occupancy distribution. For an irreducible 
CTMC the limiting distribution can be calculated. This distribution is unique and is equivalent to the 
occupancy distribution and the stationary distribution (Kulkami, 1999). The limiting distribution is 
used for the cost calculations. 

5.3.2 FIRST PASSAGE TIMES 

Since the interest is the time spent in the CM process, it is the purpose to gain insight in when the 
process moves to the state in which the problem is solved (state 13) and how long it takes on average 
to reach that situation. Questions of this sort lead to the "first passage time", which is the average 
time at which the stochastic process first passes into a given state. 

5.3.3 COST MODELS 

For the cost calculations, the cost rates are defined for each state as c(i), 1 ~ i ~ N. When calculating 
costs, the expected total costs over a finite time horizon T can be calculated as well as the long run 
expected costs per time unit. The focus is on the costs and the way the costs depend on the process 
structure. Since the expected costs over a fini te time horizon depend not only on the structure of the 
process but also on the time horizon, the long run cost rate is used and not costs over a finite time 
horizon. 

5.4 CURRENT SITUA TION 

The current situation is to be modeled first. The current situation is modeled for two reasons; to 
provide insight in the current process performance and to validate the model. The average process 
cycle time will be discussed after which the average costs per cycle will be calculated. The validation 
will be performed in the last section. For consistency with the values calculated for the various 
scenarios later in this report, the values obtained through a spreadsheet application described in 
appendix 19 will be used. 

5.4.1 AVERAGE CM PROCESS THROUGHPUT TIME 

The average process throu;hrut time is calculated in jpendix 19. The calculation yields an average 
throughput time of Mkit hours, which is NMa. days. The best and worst case scenarios are 
displayed in table 5-10. 

Tab Ie 5-10: Best case versus worst case 
Throughput time/ costs tor best case 

M&ff@j hours 

M&ff@jëuro 
probability = 2 % 
State 1 -, State 13 

Throughput time/ costs tor worst case 

_/fl,,fffj 7 hours 

MiHWJEuro 
probability = 17.4 % 
State 1 _. State 7 ..:.. State 8 -, State 9 -, State 10 -, 
State ·1 O . , State 11 - • State 12 ~ State 13 
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The most time is spent in Tier 2. This is displayed in figure 5-11. 

confidential 

Figure 5-11 : Percentages of time spent in various states in the process 

In total, the probability of spending time in Tier 2 is 92.5 %. This is logica!, looking at the Markov 
Chain Model and the way calls "flow" through the states. Figure 5-12 shows, the flow of calls 
through the process, where the thick arrows represent the high probabilities. 

confidential 

Figure 5-12: Markov Chain model of current situation indicating flow of calls 

Given the high percentage spent in Tier 2 it is expected that changes in this area will yield the most 
improvements. 

5.4.2 COSTS PER CM CYCLE 

The costs per CM cycle are calculated in appendix 19. The calculations yield an average of 
MUIi euro per cycle for labour, meaning from the moment of entering the CM process till 
reaching the state of an operating system. The total average costs including the costs for ordering 
parts are Mifil euro per cycle. 

For this measure the same holds as with the average throughput time; the most time is spent in Tier 2. 
Thus, this is also where changes will have the most effect on the costs. 

5.4.3. V ALIDATION 

Validation consists of comparing the observed values with those predicted by the model in order to 
verify that the model represents reality adequately. Joshi (1980) discusses the aspects of model 
validation. 

5.4.3.1 Throughput time per cycle 

In order to be able to validate the model the Elapsed Time To Repair (time between customer call 
and last CM visit) that is currently calculated by PMS will be compared with the value obtained by 
the model. 

The EITR calculation by PMS has some pollution due to administrative delays incorporated in the 
measurement that cause high values of ETTR. A dataset containing all customer call for 1.5 T 
systems was further examined with the purpose offinding the distribution of the values in the dataset. 
Figure 5-13 displays the histogram. 

confidential 

Figure 5-13 : EITR in North America for 1.5 T in 2005 

The dataset contained 16115 values of which 5775 were deleted because the CM action was 
performed before the call open date or because the EITR was 0. This yielded an average EITR 
value of Mifil days. The dataset with an average value of 5.12 days still contains very high 
values such as 1097 days. These are clearly faults in the database. In discussion with experts 5 % of 
the calls with the highest values were deleted (all values higher than 40 days), yielding an average 
value of3.41 days. 
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Comparing this with the 3.12 days obtained from the model, it can be concluded that the values 
obtained by the model are slightly smaller that the values in the database. This can also be explained 
by the fact that the model uses a maximum of two site visits white in the real situation there are cases 
where more than two site visits occur. 

Given the relative small difference between the value in the database and the value obtained by the 
model it can be assumed that the model provides a good representation for the throughput time of the 
CM process. The result was confirmed in discussions with service personnel. 

5.4.3.2 Costs per cycle 

The validation of the costs per cycle is somewhat more difficult since the data that provides 
information regarding the process costs for CM contains different costs. In the Markov Model, only 
the labor costs of FSEs and helpdesk personnel are included, together with the costs for the 
unnecessary ordering of parts. The costs data that has been presented in chapter 3 contains labor 
costs, travel costs and costs for spare parts. It does not include the costs for unnecessary ordering of 
parts, since these are estimated (see appendix 18). 

The validation will be performed with the labor costs included in the model, which are calculated to 
have an average value 01 WA euro per cycle. 

The costs for labour per CM cycle as found in the database are calculated using the costs for CM in 
NA as discussed in chapter 3. The costs for CM in NA were € MA per year. The percentage of 
labour in NA was different from EMEA and ASPAC probably due to the fact that travel was 
included. The average percentage among the three regions for labour was 35 %. With a call rate of 
MA in NA (average over September 2004- September 2005), the costs are: 

Annual costs per system for CM in NA -
Annual costs of labor in NA 
Costs per call for labeur M&hM 

Comparing this value of€ 451 with the value of€ 433 obtained in the model, the difference is 4 % 
from the value calculated from the database. The costs per cycle are therefore considered to be a 
good representation of the process costs per cycle for the CM process. The result was discussed with 
service personnel. 
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SCENARIOS 

The purpose of modeling the CM process is to gain insight into the factors of influence and provide 
information regarding the use of remote site monitoring. As was discussed in chapter 4, Remote Site 
Monitoring is expected to increase the first time fix percentage, reduce the probability of waiting for 
parts after the first site visit and decrease overall time spent in the CM process through the active use 
of the Site Monitoring information. 

The question to be answered is how much will the activities described above help in reducing the 
throughput time and costs of the process? To define what changes in the process will do to these two 
metrics, "what-if " scenarios will be formulated which can be transformed into changes in the 
Markov Chain model. 

The following scenarios will be defined and calculated: 

■ Scenario 1 
■ Scenario 2 
■ Scenario 3 

Increase of First Time Fix 
lncrease of Tier 1 Remote Fix 
Increase of Tier 2 Remote Fix 

■ Scenario 4 Increase of Pro-active CM with SiMon 

The implications of the scenario for the process will be described, the translation into changes in the 
model will made, and finally the results of the calculations will be discussed. For each of the 
scenarios, the throughput time will be calculated using the first passage time as well as the costs per 
cycle using the long run cost rate. 

6.1 SCENARIO 1: INCREASE OF FIRST TIME FIX 

This scenario mode Is the situation where increased knowledge of the status of the system leads to an 
increase in the First Time Fix percentage. By knowing in advance where the failure in the system has 
occurred or what part has failed, the part can be ordered in advance of the first site visit making 
waiting for the part to arrive and a second visit unnecessary. 

6.1.1 CHANGES IN THE MARKOV CHAIN 

The changes in the Markov Chain model for scenario 1 are in the probabilities (d), (e) and (f) and the 
probabilities (i), G) and (k). For respectively Tier 1 and Tier 2, the probability of ordering parts after 
the first site visit (f or k) decreases as well as the percentage that represents a second visit (e or j), 
whereas the remaining probabilities ( d and i) will increase. Figure 6-1 displays the Markov Chain 
with the changes for scenario 1. --- --

-- increase 
-- decrease 

Figure 6-1: Increasing / decreasing probabilities for Scenario I 

6.1.2 CALCULATIONS 

For the calculations for scenario 1 it will be assumed that changes in the probabilities are equal for 
Tier 1 and Tier 2. To show the effects of the pr--e), the percentje going directly toa second 
site visit is modeled with the current value of % and Mi,$. In practice however it is 
not likely that thy;rcentage will be much higher. The FTF Mercentage is increased with steps of 5 
% to a value of !!!!.'Lam. The current FTF percentage is WMiWi- but calculations are made from 
MIN upwards. The percentage going to a second site ( e) visit will be kept constant, meaning that 
the percentage going to the ordering ofparts (f) will decrease with steps of 5 %. Table 6-1 shows the 
calculated values for the throughput time and costs. 
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Tab Ie 6-1 : Results scenario 1 

(e) = 8 % 

62 

35 57 
MMf 

40 52 
Mi&hM 

45 47 
Mlllllfi 

50 42 .,,. 
55 37 

MIii■ 
60 32 1 

Mii&i 
65 27 -··· 70 22 --· 75 17 

30 32 

35 27 

40 22 

45 17 

50 12 

55 7 

60 2 

(e) = 38 % 

Throughput 
time 

(hrs / cycle) 
, 011(1</c1111u 

Mlllllli -·· MM -MiiiMi --
The average throughput time shows a decrease of ■i-hours per 5 % increase in FTF for both 
values of (e). The costs per cycle show a decrease of~ MM tJer 5 % increase in FTF, also for 
both values of (e). Figure 6-2 displays the graphs for this scenario. 

EUR 
Coats per cycle 

30 35 40 45 50 55 60 65 70 75 80 
FTF 

- (e)=8% 

Figure 6-2: Results scenario 1 

Hours 
T hro ughput time 

30 35 40 45 50 55 60 65 70 75 80 
FTF 

(e) = 38 % • Current situalion 

Changes in the value of ( e) do not result in a change of the slope of the throughput time or costs. A 
higher percentage of calls going directly to a second FSE visit leads to lower costs and throughput 
time. This is to be expected since fewer steps are involved. 

6.2 SCENARIO 2: INCREASE OF TIER 1 REMOTE FIX 

Scenario 2 describes the use of extra knowledge through diagnostics in Tier l to remotely solve 
issues for the customer. This leads to a lower percentage of calls being forwarded to Tier 2 and a 
lower percentage of calls resulting in a site visit by an engineer. The scenario models the situation of 
an increase of remote fix only at Tier 1. 

6.2.1 CHANGES IN THE MARKOV CHAIN 

The changes in the Markov Chain are for the probabilities (a), (b) and (c). The probability of going 
from Tier l to a system that is operating (a) will increase while the probability of going from Tier l 
to Tier 2 (c) will decrease as well as the probability of going from Tier l toa site visit (b). Figure 6-3 
displays the changes in the Markov Chain. 
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6.2.2 

-- increase ~-- decrease 

Figure 6-3 : Increasing / decreasing probabilities for Scenario 2 

CALCULATIONS 

In this scenario, 3 variants will be calculated. First the values for Tier 1 will be changed. Where 
probability (b) will be 4 % and 24 %. Tier 1 remote fix (a) will be increased from O % to 65 % with 
steps of 5 %. In the third variant, Tier 2 remote fix will be set to 5 % instead of the 42 % currently. 
Tab Ie 6-2 shows the results of the scenario calculations. 

Table 6-2: Results scenario 2 
(b) =4% 

••• 0 96 0 76 .. ,. 
5 91 5 71 

MiMJ 
10 86 66 --15 81 -20 76 ---25 , 71 

MiW@i 
30 66 --35 61 

BIi■ 
40 56 

Blllllfi 
45 51 ---50 46 -55 41 

BIii■ 
60 36 

BIIIIII 
65 31 

(b) = 24 % 

Throughput 
time 

(hrs / cycle) 
, u11/1d,·1111u 

BIIIII 
,:BMW@i 

(b) = 24 %, T2 rem. Fix = 5 % 

• •• 0 76 
BIW@i 

5 71 --10 66 
Blnn,m,i 

15 61 
Milli@j 

20 56 --25 51 _,_ 
30 46 --· 35 41 ., .. 
40 36 -45 31 

Milli@f 
50 26 -·· 55 21 

Miiiidi 
60 16 

11111111 
65 11 

Figure 6-4 shows the graphs for both the throughput time and the costs per cycle. The throughput 
time decreases with an average of 3. 7 hours for the scenarios where Tier 1 remote fixed is increased 
with 5 % and the percentage of calls going to a FSE site visit is 4 % and 24 % (indicated by the blue 
and red line). 

Increasing the percentage of calls going to an FSE visit only increases the value of throughput time 
and does not change the slope of the line. This is logica! since increasing this percentage ensures that 
calls that otherwise could be solved remotely in Tier 2 are now scheduled for a (Jonger) FSE visit. 

Changing the value of the percentage that is solved remote at Tier 2 from MiiW to 5 % provides a 
higher decrease of the average throughput time, the average decrease is now 6.1 hours per 5 % 
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increase of Tl remote fix. The starting point of the graph is higher because almost nothing is solved 
remote at Tier 2, leading to a higher throughput time, but increasing the percentage of remote fix at 
Tier 1 has more impact with this lower percentage at Tier 2. 

The costs per cycle show the same behavior as the throughput time. The average decrease is 
MA euro per 5 % increase of remote fix in Tier 1, for first two variants. The average decrease 
for the last variant is MM t!Uro per 5 % increase of remote fix in Tier 1. 

ELR Coats per cycle Hours Throughput time 

- (b)= 4% (b) = 24 % (b) = 24 %, T2 rem. Fix= 5 % • Current situalion 

Figure 6-4: Results scenario 2 

6.3 SCENARIO 3: INCREASE OF TIER 2 REMOTE FIX 
This scenario mode Is the situation where increased knowledge of the status of the system leads to a 
higher percentage of calls that is remotely fixed at Tier 2 (g). The result is that fewer calls will be 
going to the state where a FSE visit is scheduled (h). 

6.3.1 CHANGES IN THE MARKOV CHAIN 

For this scenario the changes will concern probabilities (g) and (h). The probability of going from 
Tier 2 to a operating system (g) will increase, whereas the probability of going from Tier 2 to a FSE 
visit will decrease (h). 

-- increase 
-- decrease 

Figure 6-5: lncreasing / decreasing probabilities for Scenario 3 

6.3.2 CALCULATIONS 

In the current situation, the remote fix percentage of Tier 2 was r'"V· For the modeling of 
scenario 3 the remote fix percentage will be increased from Mi % to½;;lf@ /2 with steps of 
5 %. The remaining percentage is the percentallloffil,{rom Tier 2 to a scheduled FSE visit. This 
percentage will be lowered accordingly, from SN"!!!_! % downwards with steps of 5 %. Three 
variants are calculated in this scenario, the first variant models the current situation for the rest of the 
process, the second variant models the situation where Tl remote fix has a percentage of 30 % and 
66 % is forwarded to Tier 2. The third variant models the situation where MM % is solved 
remote at Tier 1 and on!~ MA -1/o is forwarded to Tier 2 (more calls scheduled for an FSE visit 
at Tier 1). Table 6-3 shows the results for the various scenarios. 

Table 6-3: Results scenario 3 
current T1 rem. = 30 % , T1 ➔ T2 = 66 % T1 rem.= 30 % , T1 ➔ T2 = 30 % 
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The average throughput time of the process decreases with 6 hours per 5 % increase of remote fix in 
Tier 2 from the current situation. The costs per cycle decrease with € 33.50 per 5 % increase of 
remote fix. Both are indicated in with a blue line in figure 6-6. 

The second variant, where only 
decrease in throughput time of 
in the costs per cycle is 

% of the calls is forwarded from Tier l to Tier 2 leads to a 
hours per 5 % increase in remote fix at Tier 2. The decrease 

euro. This variant is indicated by the red line in figure 7-6. 

40 45 

current 

C osts per cycle 

50 55 60 65 70 
Tier2 Fix 

40 

- T1 rem. = 30 % , T1 ➔ T2 = 66 % 

• Current situation 

Figure 6-6: Results scenario 3 

Throughput time 

45 50 55 60 65 70 
Tier2 Fix 

- T1 rem. = 30 % , T1 ➔ T2 = 30 % 

The third variant (indicated by the green line in figure 6-6) models the situation where more FSE 
visits are scheduled at Tier l and thus fewer calls are forwarded to Tier 2. The decrease in the costs 
per cycle is 10.70 euro and the decrease in throughput time is 2 hours per 5 % increase in remote fix 
at Tier 2. 

6.4 SCENARIO 4: INCREASE OF PRO-ACTIVE CM WITH SIMON 

This scenario models the situation where there is an increased probability of a system going into 
SiMon "pro-active" corrective maintenance and a decreased probability of a system going into the 
current CM process with the two Tiers. 

6.4.1 CHANGES IN THE MARKOV CHAIN 

The changes in the Markov Chain are for the probability of going from an operating system into the 
currents CM process in Tier l (p), which will decrease and the probability of the system going to 
SiMon CM (q), which will increase. 
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TIER 1 

-- increase 
-- decrease 

Figure 6-7: Increasing / decreasing probabilities for Scenario 4 

6.4.2 CALCULA TIONS 

Currently the probability of a system going to the current CM process is MM -:lo), leaving the 
probability of going to SiMon CM to be 0 (0 %). For the calculations these percentages will be varied 
with steps of 5 %, to a value 01 MM % going to SiMon CM. 

Next to these probabilities, the probability of scheduling an FSE visit in pro active CM (s) and the 
probability of including an activity in the PM schedule (r) will be modified to illustrate the effect of 
these probabilities. Variant 1 will model the situation where 100 % of the calls is scheduled for an 
FSE visit. Variant 2 models the situation where there is a 50 % probability for both the options. 

Table 6-4: Results scenario 4 
(r) = 0 % , (s) = 100 % (r) = 50 % , (s) = 50 % 

11•• ■111111 
100 0 100 0 

-

11111

"'1 
MMIWJ 

95 5 , .l 95 5 ... ·/. --· 90 10 
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MIii■ m&Mi 
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Figure 6-8: Results scenario 4 
- (r) = 50 % , (s) = 50 % • Current situation 

The costs for this scenario decrease with a nonlinear trend. The behavior of the costs can be 
described by the following fonnula: 

C= 770 - 224 · e o.oioJq 

Where the costs are described as a function of the probability of going to pro active CM (q). The 
behavior of the costs is nonlinear because of the fact that both the cost rate and cycle time are 
influenced heavily by changes in probability (q) and probability (p). Appendix 23 explains the 
behavior in more detail. 

6.5 COMPARISON OF SCENARIOS 

In this section a comparison of the scenarios will be presented in order to gain insight in the 
differences between the scenarios. When comparing the scenarios it is important to note the relations 
between the scenarios. Increasing the remote fix percentage in Tier 1 for instance would result in a 
decrease of the remote fix percentage in Tier 2 since Tier 2 would get the more difficult issues. This 
is why variants of the scenarios were calculated. 

The scenarios will be compared by looking at the investments necessary to achieve a throughput time 
of 50 hours and costs per cycle of 350 Euro. Both values have been chosen arbitrarily but do offer the 
opportunity to gain insight in the differences between the scenarios. 

6.5.1 THROUGHPUT TIME 

The current throughput time is M~ours on average. If this throughput time were to be 
lowered to Midi 11ours (decrease oJ ½ais%) what would be the best method to do this? 
Table 6-5 shows the efforts needed for each of the scenarios. 

Table 6-5: Comparison for average throughput time of 50 hours 
Scenario lllfll ....... --. -. ----

Scenario1 lncreaseFTF •---- 100% - -

Scenario 2 lncrease T1 remote Fix -- --- •111m 
T2 remote fi x = 5 % 60% 
T1 scheduling FSE = 24 % 

Scenario 3 lncrease T2 remote Fix -- ••wi MMl@i 
T1 remote fix = 2 % 

63% 

Scenario 4 lncrease Pro-Active CM --· 35% Mill@i MIMi 

The increase of the remote fix percentage at either Tier 1 or Tier 2 with the purpose of lowering the 
throughput time shows little differences (60 % in Tier 1 versus 63 % in Tier 2). When lowering the 
throughput time to 50 hours, the costs per cycle for Tier 2 are 408 Euro while the costs for Tier 1 are 
332 Euro. A relative low increase of Pro-Active CM (35 %) results in the desired decrease of the 
throughput time. Increasij the FTF percentage to the maximum value of 100 % lowers the 
throughput time to NMa hours. 
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6.5.2 COSTS PER CYCLE 

The current costs per cycle are MIN euro on average. As with the throughput time it can be 
analyzed what the best optwn would be if these costs Rercycle were to be lowered. The costs per 
cycle will be lowered to ~!"A t!uro (decrease of Mlf~ %). Table 6-6 shows the results. 

Table 6-6: Comparison for average costs per cycle of 350 Euro ------~--. -. ----
Scenario 1 -lncrease FTF 1111- 111111-- 90 % - -

Scenario 

Scenario 2 lncrease T1 remote Fix -· MMIM •. ,. 
T2 remote fix = 5 % 58% 
T1 sclleduling FSE = 24 % 

MMWJ Scenario 3 lncrease T2 remote Fix .. ,. M&ii@I 
T1 remote fix= 2 % 71 % 

Scenario 4 lncrease Pro-Active CM MMIM 55% MMi --
Increasing remote fix in Tier I or Tier 2 shows a larger difference for the costs than for the 
throughput time due to the more expensive labor in Tier 2. Also, lowering the costs to MA r:uro 
takes a higher percentage of remote fix in Tier 2 than in Tier 1. 

The influence on the costs per cycle for the increase of Pro-Active CM is smaller than the influence 
on the throughput time due to the fact that relative more time is spent in expensive states. 

The effects of increasing the FTF percentage on the throughput time and costs per cycle are present 
but only to a certain extend. To obtain costs per cycle of 350 Euro the FTF percentage is to be 
increased to Wit@ %. Increasing the FTF percentage influences a porti on of the throughput time 
and costs. The waiting time prior to the first FSE visit and the FSE visit itself are unchanged by the 
changes in FTF. 
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RESULTS 

In the previous chapters the development of a Markov Model was described as well as various 
scenarios to simulate different parameter settings and the effects on throughput time and costs. This 
chapter will briefly discuss the results of the research according to the deliverables defined in chapter 
2. 

7.1 ANALYSIS OF THE CURRENT CM PROCESS 

The analysis of the current CM process provides information on the performance of the process and 
the factors that currently influence the performance of the process. The throughput time and costs per 
cycle for the current process design will be discussed next. 

The average throughput time of the CM process is MA hours. The average costs per cycle are 
MM euro. The best and worst cases for the average throughput time and costs are described in 
tab Ie 6-10 in chapter 6. 

Because of the way the current process is designed, most of the calls are directly forwarded to Tier 2 
tMA %). This leads to high long run percentages of time spent in Tier 2 (displayed in figure 6-
11 in chapter 6). A high percentage of the time is currently spent waiting on parts. 

7.2 FACTORS OF INFLUENCE ON THROUGHPUT TIME AND COSTS 

The model in chapter 5 showed that the following factors are of influence on the throughput time and 
costs per cycle: 

■ The percentage of calls solved remote at Tier 1 
• The percentage of calls solved remote at Tier 2 
• The percentage of calls solved during the first FSE visit (FTF) 
• The percentage of calls going through Pro-Active CM 
• The percentage of call going to the PM process 

• Duration of the waiting time on tools / parts 
• Duration of the waiting time on the system 
• Duration of the Mean Time To Repair 
• Duration of Tier 1 remote support 
• Duration of Tier 2 remote support 

• Cost rate for Tier 1 
• Cost rate for Tier 2 
• Cost rate for FSE visits 

Only the effects of the first four factors (percentages) were analyzed in this research. The factors can 
be categorized as follows: Remote support (Tier 1 versus Tier 2), First Time Fix and Pro-Active. 

7.2.1 REMOTE SUPPORT 

Remote support is described in the scenarios where the percentages of remote fix of Tier 1 and Tier 2 
were varied. The scenarios show that increased percentages of remote fix lead to a decrease in costs 
and throughput time. The magnitude of the decrease is however depending on what the percentage of 
remote fix is in the other Tier. 

The throughput time does not differ much between the scenario where remote fix is increased in Tier 
1 and the scenario where remote fix is increased in Tier 2. The reason for this is that in the current 
situation, Tier functions as a forwarding point for calls that adds little time to the throughput time, 
also because very few FSE visits are scheduled in Tier 1. 

For the costs per cycle the difference between the scenarios is larger. The costs per cycle are higher 
for the scenario where remote fix is increased in Tier 2 than for the scenario where remote fix is 
increased in Tier 1. The reason for this difference is the higher labor costs for Tier 2. 

7 .2.2 FIRST TIME FIX 

Increasing the first time fix percentage leads to a decrease of costs and throughput time, but the effect 
is limited because of the fact that the FTF percentage leads to reduction of only a specific part of the 
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throughput time and costs. The waiting time for the first FSE visit and the time spent during the visit 
itself do not change. In the comparison of the scenarios it shows that the FTF percentage needs to be 
increased to values higher that 90 % to obtain the same values as for the other scenarios. 

7 .2.3 PRO-ACTIVE CM 

Increasing Pro-Active CM leads to reduction in throughput time. As the comparison of the scenarios 
shows, the costs are relatively high for low percentages of Pro-Active CM but eventually drop fast 
when the percentage of Pro-Active CM is increased. 

Next to this, the percentage of calls already gone into the Pro-Active CM and scheduled in the PM 
process is of importance for the throughput time and costs. The costs are lower for the scenario 
where Mifdl ¾ of the calls are scheduled for the next PM visit. 

7.3 ÜPPORTUNITIES FOR IMPROVEMENT 

This section comments on the results in the previous section and the possibilities of Remote Site 
Monitoring. 

7.3.1 COMBINATION OF CATEGORIES 

Overall it can be concluded that increasing any (three categories) of the efforts in the area of remote 
site monitoring lead to a lower throughput time per cycle and lower costs per cycle. Furthermore, 
varying the percentages of the categories in combination provides additional opportunities to even 
more decrease the throughput time and costs. 

However, PMS is currently not explicitly measuring the performance of the CM process and a value 
for throughput time and costs should be chosen to focus on. At this moment the best parameter 
setting cannot be identified. Nevertheless, the graphs in chapter 6 can be interpreted in order to 
identify opportunities for improvement. An example: 

"/f PMS is able to increase the Pro-Active CM percentage to MA ¾ and the current CM 
process remains the same, then the average casts per cycle are lowered with M&i@ %. " 

According to specified targets for the process throughput time and costs per cycle, the model assists 
in determining the required efforts for each of the categories. The spreadsheet application that has 
been used to calculate the values for the scenarios can be used by PMS to calculate what combination 
of the three categories lead to the desired performance. 

7.3.2 REMOTE SITE MONITORING ONE YEAR FROM NOW 

PMs has been asked to provide estimates of improvements that are deemed possible in the future. 
Appendix 24 provides the estimates for the increased remote fix, increased FTF and increased pro
active CM percentages with the functionality estimated one year from now. These estimates have 
been used to calculate the improvements in throughput time and costs per cycle. Table 7-1 shows the 
results of the calculations. 

Period 

lmprovement MMIWI 

The savings in costs"er cficle are € MA per CM cycle, which leads to overall savings on an 
annual basis of t KM , for calculation see appendix 24 ). These savings are much higher than the 
estimated costs per year and thus justify the investments in SiMon as a remote monitoring tool. 

It should be noted that costs for training of personnel are not included in the calculation as well as 
costs for including the technical systems necessary to monitor certain aspects of the system. Also, 
costs for replacing parts too early (in the case of PM replacements) are not included. 
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Js CONCLUSIONS AND RECOMMENDATIONS 

This report has described the development of a model in order to evaluate the factors of influence on 
the throughput time and costs of the CM process. Scenarios have been simulated to provide 
information regarding the possible savings. This chapter presents the conclusions of the research 
based on the results presented in the previous chapter. Additionally, recommendations that focus on 
practical usage of the model and further research will be discussed. 

8.1 CONCLUSIONS 

One of the purposes of the research is to provide insight in the effects of remote site monitoring on 
the maintenance process. Regarding this purpose the following conclusion is drawn: 

1. The Markov Model as described in this report provides a good representation of the 
CM process in practice. 

The model was validated with values from the database. It was proven that values obtained 
from the model are close to the values measured in practice. The effects of changes in the 
process can be evaluated by using the model and the user-friendly spreadsheet. Next to this, 
the model is applicable in a wider area than remote site monitoring. All diagnostic tools 
used by PMS can be evaluated with the model. 

One of the reasons that PMS put effort in adopting remote site monitoring was to increase the speed 
of service and reduce costs of service, which should strengthen the competitive position in the 
market. Regarding these two targets, the following conclusions are drawn: 

2. Remote site monitoring offers possibilities to increase speed of service and reduce 
overall service costs. 

The model shows that increasing the percentages of remote support, First Time Fix and 
Pro-Active CM result in a decrease of throughput time and costs. Annual savings are 
estimated to be Mifd Euro (in 2007). A comparison between the annual investments 
and savings shows that the savings are much higher than the investments, justifying 
investments in remote monitoring. 

3. The analysis shows that from the current situation an increase of Tier 1 remote fix 
and Pro-Active CM yield the highest potential savings. 

The increase of Tier 1 remote fix leads to a decrease in throughput time that is comparable 
with the decrease of throughput time for the same value of remote fix in Tier 2. The costs 
per cycle however are lower for Tier 1 and an extra benefit is the increased customer 
satisfaction. Increasing Pro-Active CM lowers both costs and throughput time and also has 
an extra benefit by preventing customer calls. 

8.2 RECOMMENDA TIONS 

The following recommendations are made: 

Regarding the application of the Markov Model: 

1. PMS should use the Markov Model to evaluate the effects of different process 
changes. 

The Markov model can be used for a variety of analyses regarding the CM process. 
Changes in the process should be evaluated by using the model. The model takes 
interrelations between different parameters into account, which results in a precise 
evaluation of the performance. The spreadsheet that has been used to obtain the results for 
the scenarios can be used by PMS to evaluate the effect of various settings. By using the 
spreadsheet results are obtained in a quick and easy way. 
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2. PMS should explicitly use the average throughput time per cycle and process costs per 
cycle as measures for CM process performance. 

By defining these measures the process performance can be evaluated on a periodic base in 
the future and thus be used as a performance evaluation tool. Next to this, the data that is 
collected regarding the CM process should be investigated. Effort in the area of service data 
collection should focus on specifying the data that is needed and the factors that currently 
prevent the collection of this data. It is recommended to investigate the specification of 
various customer call categories and the specification of the time before a system becomes 
available for an FSE visit to gain insight in the process performance. 

Regarding the use of Remote Site Monitoring: 

3. PMS should focus on the development of a Preventive Maintenance Strategy and a 
Condition Based Maintenance Strategy as part of Pro-Active Maintenance 

It has been proven that the Pro-Active part of remote site monitoring offers high savings. 
These savings depend on the design of the PM and CBM strategy and how much of the 
failures can be included in each of these categories. The focus should be on including as 
much as possible in the Preventive Maintenance activities. The costs and processes for the 
two maintenance processes should be examined. Reliability of components and failure rate 
studies are the next steps for this area together with the specification of conditions to be 
measured. 

4. PMS should focus on increasing the percentage of remote fix in Tier 1 

It has been proven that increasing the remote fix percentage in Tier 1 is preferable over 
increasing the remote fix percentage in Tier 2 because this is more cost effective and 
prevents customers from being forwarded. Organizational aspects should however be taken 
into account when changing knowledge in one of the Tiers. 

Finally, it should be noted that the results obtained through the model should be interpreted by the 
user taking into account the limitations of the model. The outcomes of the model should be translated 
into implications for the process in practice. The model should be used as a decision support tool, not 
a decision making tool. 

8.3 FURTHER RESEARCH 

In this section aspects that may be interesting for future research will be discussed. 

8.3.1 EXTENSIONS TO THE MODEL 

The model as used in this research was used to evaluate the effects of remote site monitoring. As was 
stated in the conclusions, the model can be applied to all remote diagnostic tools and process 
changes. It would be useful to investigate the effects of other remote diagnostics tools and 
incorporating them in the model. Next to that, changes in the throughput times of the various phases 
are an area that PMS should investigate further. Also, the capacity aspect of the CM process should 
be included in future research. Extending the model to other modalities within PMS is recommended 
as well. 

8.3.2 MARKETING ASPECTS OF REMOTE SITE MONITORING 

Much attention has been paid within PMS to the development of the IT infrastructure that enables 
remote site monitoring. The research described in this report deals with the process and performance 
aspects of remote site monitoring. Research in the area of how remote site monitoring should be 
marketed to the customer and what extra options could be added for the customer would aid in 
offering value for the customer. 

8.3.3 TEROTECHNICAL FEEDBACK 

The feedback from the customer support processes into the development department (terotechnical 
feedback) is an area that needs investigation. The EUT Maintenance Model (Geraerds, 1992) 
describes this feedback and the importance of it. PMS wishes to have insight in how the processes 
should be structured and how information " in the field" should be recorded for product development 
in order to be able to improve the development process. 
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1 ÁBBREVIATIONS AND DEFINITIONS 

ASPAC 

BU 

CBM 

CM 

es 
CSPP 

CTMC 

D21 

EMEA 

ETTR 

FA 

FCO 

FRU 

FSE 

FTF 

GDW 

GDW-CS 

1B 

IFO 

KPI 

LATAM 

MAT 

MR 

MTBF 

MTTR 

NA 

PM 

PMG 

PMS 

RSN 

SCM 

SiMon 

SLI 

SSD 

SSR 

Tl 

Asia and Pacific (Geographic region SSR) 

Business Unit 

Condition Based Maintenance 

Corrective Maintenance 

Customer Support/ Customer Service 

Customer Support Product Plan 

Continuous Time Markov Chain 

Data to Information (intranet site) 

Europe Middle East & Africa (Geographic Region SSR) 

Elapsed Time To Repair (Philips measure) 

Field Assistance 

Field Change Order 

Field Replaceable Unit 

Field Service Engineer 

First Time Fix 

Global Data Warehouse (database) 

Global Data Warehouse for Customer Support (database) 

Installed Base 

Income From Operations 

Key Performance Indicator 

Latin America (geographic region SSR) 

Moving Annual Total 

Magnetic Resonance 

Mean Time Between Failure (reliability measure) 

Mean Time to Repair (maintainability measure) 

North America 

Planned Maintenance / Preventive Maintenance 

Program Management Group 

Philips Medica! Systems 

Remote service network 

Supply Chain Management 

Site Monitoring (tool) 

Service Logistics International 

Sales and Service District 

Sales and Service Region 

Tier 1 
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T2 

VIPER 

Tier2 

Visual Philips Escalation Resolution 
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