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Abstract 
This Master Thesis describes how the workforce determination models of Océ can be improved. Océ 

uses the workforce determination model for determining the number of service engineers needed for 

meeting the required service level. The analysis of the current and the new workforce determination 

models revealed that the different skill sets of the service engineers and the current dispatch method 

based on priority rules are not included. These issues do have an important influence on the response 

times of calls and consequently on whether or not the required service level is met at the end of a year. 

Therefore, a manpower capacity planning model using a multiple single server queuing approach has 

been developed. With this model the optimal number of service engineers needed, including the 

‘optimal’ skill allocation (allowing different skill sets of the engineers) and given the current dispatch 

method of priority classes, can be determined for meeting the required service level against the lowest 

costs. The developed model has been tested for one field service area to determine whether the initial 

number of service engineers given their skill sets is indeed the optimal number of service engineers 

and the ‘optimal’ skill allocation for meeting the required service level.  
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Management summary 
 
Problem 

Currently, the service engineers of Océ Nederland BV provide service to about 40.000 machines in 

the field. Nowadays, for service companies like Océ Nederland BV, competitive advantages cannot be 

obtained by providing hardware only, the after sales support is also very important. Océ needs to 

apply a more customer-focused approach. Meeting the (shorter) response times for the corrective 

maintenance calls as stated in the SLA’s become more and more important for customers. Océ 

therefore aims at sustaining or improving the current service performance level to stay competitive in 

the field service environment. 

 

Two main reasons have been found for difficulties in meeting the required service level: the parts & 

tools for performing service on-site, and the number of service engineers, including the skill 

allocation. Not all service engineers can handle all calls. For this graduation project, the number of 

service engineers, including the skill alocation is chosen as the main problem for not meeting the 

required service level performance set by Océ. For the service manager of Océ, issues at the strategic 

level is more relevant and the number of service engineers is one of these issues. The parts and tools 

issue belongs to decisions at the operational level. With regard to the number of service engineers, it 

should be noted that the dispatch method should also be taken into account, next to the skill 

allocation. The way the calls are dispatched to service engineers has an important effect on the 

response time performance and consequently on whether or not the SLA’s are met at the end of the 

year. However, in this project, nothing can be done about the dispatch method. In this way, the 

number of service engineers, including the skill allocation, is the decision variable, whereas the 

dispatch method is assumed given. 

 

The problem choice involves the manpower capacity planning issue, i.e. determine the optimal 

number of service engineers needed, including the skill allocation for meeting the required service 

level performance of Y% SLA’s on time given the dispatch method. Even though Océ currently has 

one workforce determination model that they can use for determining the number of service engineers 

needed, they do not have sufficient insight into the model regarding the number of service engineers, 

the skill allocation and the dispatch method for meeting the response times as stated in the SLA’s (for 

the corrective maintenance calls). Note that besides handling the corrective maintenance calls, the 

required number of service engineers should also handle the preventive maintenance, the modification 

calls and other activities.  

Recently, a new workforce determination model has been introduced, because the current workforce 

determination does not seem correct according to Océ. Again, Océ does not have sufficient insight in 

the new workforce determination model. The research question is therefore: 

 

There is a need for a mathematical model for determining the optimal number of service 

engineers, including the skill allocation and given the dispatch method, in order to meet Y% 

SLA’s on time for the corrective maintenance calls against the lowest costs, which includes the 

labour costs. The other calls (the preventive maintenance calls and the modification calls) and 

the other activities are also included.  

 
On time occurs if the average response time of a machine in the field measured over a year does not 

exceed the response time target set for the machine. 

 

The developed model should be applicable for any number of service engineers and any skill 

allocation. Furthermore, the model should be applicable to the situation of Océ. For testing the model, 

one field service area will be chosen with initial number of service engineer and initial skill allocation 

over the service engineers. This is done in order to stay close to the existing situation, which is 

preferred by Océ. Océ has invested a lot in the current skill allocation and they do not want to lose 

this.  
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The need for redesign 

The current workforce determination model is currently applied by Océ for determining the number of 

service engineers needed. Because the current model was not applicable to the situation of Océ, a new 

workforce determination model was introduced. In the new workforce determination model, the travel 

time is included in the response time formulation, which is not the case in the current workforce 

determination model. The response time consists of the waiting time and the travel time. Another 

reason for introducing the new workforce determination model is the queuing model used. The 

flexibility of the service engineers is included in the new workforce determination model, because 

more than one service engineer can handle one call. However, the new workforce determination 

model still assume that all service engineers can handle all calls. This does not fit the situation of Océ: 

not all service engineers can handle all calls. Furthermore, the first-come-first-serve policy of 

dispatching service calls is also not similar to the current dispatch method of Océ. 

 

Since the two workforce determination models of Océ assume that all service engineers can handle all 

calls, the workload is equally distributed over the service engineers. In this way, the skill allocation is 

not relevant for determining the number of service engineers needed. As mentioned earlier, the 

service engineers of Océ cannot handle all calls. For determining the optimal number of service 

engineers needed for meeting the required service level and against lowest costs, the skill allocation 

needs to be taken into account. The training time required from a service engineer turned out to be an 

important issue for the field service managers when making training decisions. They often allocate 

skills to the service engineers who can learn the skill quickly, because training time reduces the 

service engineers’ availabilities for the corrective maintenance calls. However, adding a new skill to 

the service engineer also increases the workload of the service engineer. For the skill allocation 

method, it is important to include both the training time and the workload for making training 

decisions.  

 

Manpower capacity planning model 

The manpower capacity planning model has been developed and it is based on a multiple single server 

queuing approach. With the manpower capacity planning model, an attempt is made to improve the 

two workforce determination models of Océ for determining the optimal number of service engineers 

needed and at the same time aims at meeting the required service level against the lowest costs. In the 

manpower capacity planning model, more realistic assumptions are made, which are close to the 

existing situation of Océ. The more realistic assumptions include issues like not all service engineers 

can handle all calls (different skill sets of the service engineers), both fulltime as well as part-time 

service engineers exist, and priority rules for dispatching service calls. Even though the use of priority 

rules for dispatching calls increases the waiting time and the travel time of the calls in the high 

utilization environment Océ is facing, Océ does not accept the drawback of the way the planners 

dispatch the calls. Dispatching calls to the service engineers who are located closest to the call 

location (minimizing travel times) has a drawback that machines at the borderlines of the field service 

area are treated worse compared to the other machines. Due to the customer-focused approach of Océ 

for gaining competitive advantage, it is not acceptable that machines of important customers located 

at the borderlines of the field service area are treated more badly than the machines of the other 

customers. It is therefore chosen in the graduation project to show the effect of priority rules on the 

number of service engineers needed.  

Last but not least, the skill allocation method included in the manpower capacity planning model 

takes into account the current skill allocation method of Océ. 

 

Conclusions 

With this research, the two workforce determination models of Océ were examined in more detail. 

None of the two models revealed to be the correct model for Océ to apply. Both models assume many 

issues which do not fit reality. With the manpower capacity planning model, an attempt is made to 

improve the two workforce determination models of Océ. Assumptions that better fit the situation of 

Océ are included in the manpower capacity planning model. Unfortunately, it was impossible to gain 

analytical insights in the need for the optimal number of service engineers needed with the manpower 

capacity planning model. Detailed simulations are required for this, which can be explained by the 
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dependency of the travel times. The travel times have a huge influence on service level performance 

of Océ. 

Furthermore, this research shows that the current dispatch method as applied by the planners 

(minimizing travel times) is the optimal dispatch method given the high utilization environment Océ 

is facing. It is already difficult for the highly loaded service engineers to meet the response time 

targets, so efficient usage of the available service engineers is required. The best way to do this is by 

minimizing the travel times, because travel time is the only factor the planners can directly influence. 

By doing this, more service engineers would be able to handle more calls in the same time. It should 

however be noted that dispatching service calls by minimizing the travel times, the machines close to 

the borderlines of the field service area are treated more badly. This requires intervention from the 

planners from time to time. 

 
Future research 

Analytical insights in the need for the optimal number of service engineers needed could not be 

obtained by using queuing models alone. Detailed simulations are required here including the actual 

way the planners dispatch the service calls to the engineers. This is recommended to Océ for further 

research. Only by testing the model with real data and compare its performance with the actual 

performance, it would be easier to find the most appropriate model for Océ to apply. 
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1. Introduction 
This Master Thesis project describes the execution of the graduation project in which a manpower 

capacity planning model has been developed for the after sales field service support of Océ. To 

execute the graduation project, the regulative cycle Van Strien (1997) as described in Van Aken et al. 

(2005) was used to structure the project, see Figure 1.1.  

 

 
Figure 1.1 The regulative cycle (Van Strien, 1997) 

 
In Figure 1.1, the regulative cycle of Van Strien is divided into three parts: Part B Research, Part C 

Redesign, and Part D Implementation. Part A is added to Figure 1.1 for the project orientation and it 

includes the background of the graduation project (Chapter 2). In Part B Research, the first three steps 

of the regulative cycle are included. In Chapter 3, all possible causes for not meeting the required 

service level set by Océ are given, followed by a problem choice that will function as the main subject 

for this graduation project. In chapters 4  to 9, business processes are analyzed to gain more insight in 

the causes and effects of the chosen problem. Part B ends with the need for a redesign and the 

redesign requirements in Chapter 10, that will form the basis for the redesign phase.  

Part C Redesign includes step 4 of the regulative cycle and in this part the manpower capacity 

planning model will be presented (Chapter 11), followed by test results of the model in Chapter 12. 

Part D Implementation includes step 5 Implementation and step 6 Evaluation. Due to time constraints, 

these two steps are not included in detail in the report. However, the plan for implementation is given 

in Chapter 13. In Chapter 14 the conclusions of the project are given. The reference list, the list of 

definitions and variables and the appendices can be found at the end of this report.   

 

 

Step 2: 

Problem choice 

(Chapter 3) 

Step 3: 

Analysis & Diagnosis 

(Chapters 4 – 10) 

Step 4: 

Redesign solution 

(Chapters 11 - 12) 

Step 5: 

Implementation 

(Chapter 13) 

Step 6: 

Evaluation 

(Chapters 14) 

Part B 

Research 

Part C 

Redesign 

Part D 

Implementation 

Part A 

Project orientation 
 Step 0: 

Company desciption 

(Chapter 2) 

 Step 1: 

Problem cluster 

(Chapter 3) 
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Part A Project orientation 

2. Company description 
The background of the graduation project is described in this chapter. In Sections 2.1 and 2.2 a short 

description is given about Océ company in general. In Section 2.3, the focus will be on Océ 

Nederland BV in particular, since this is the company for which the graduation project is executed for. 

Finally, this chapter ends with a conclusion given in Section 2.4. 

 

2.1. History Océ 
The story of Océ started about 130 years ago. It started in 1877 as a family business in manufacturing 

machines for coloring butter and margarine. Lodewijk van der Grinten, the company’s founder, was a 

Dutch pharmacist with a passion for chemistry. In 1877, he succeeded in establishing a large scale 

production line for butter coloring, a substance used to color both butter and margarine. He supplied 

this coloring to farmers and later on to the first margarine factories. The company “Chemische fabriek 

van der Grinten” continued manufacturing buttering color for three generations until 1970.  

In 1919, Louis van der Grinten, Lodewijk’s grandson, became interested in the blueprint process. He 

invented a coating that made blueprint paper last longer, for up to a year, which is considered the 

company’s first step into providing document solutions. In the 1920s, he developed methods of 

copying originals using a dry diazo process, which replaced the blueprint process in the industry 

almost entirely by 1940. The company was renamed in 1927 as Océ due to the required three letter 

abbreviations at the local stock exchange, based on the German initials O.C. for “Ohne Componente” 

meaning without components. In 1967, the company entered the office printing market and since that 

time the company focused more on copying activities. After many takeovers and expansions the Océ 

Group was born. 

 

2.2. Organization Océ 
The international Océ Group is one of the world’s major suppliers of printing and document 

management systems and services. Océ offers printers, scanners, peripheral equipment and printing 

media, and also document management software and innovative products in the areas of system 

integration, outsourcing of document management activities and leasing of machines to professionals, 

in particular those who demand high volumes. Océ is active in the entire value chain of printing 

systems: from development via manufacturing, sales and financing to service. The head office of Océ 

Group is located in Venlo. The Research & Development activities, the Manufacturing activities and 

the international Marketing activities are centered in this office. The activities of Océ Group are 

globally spread having more than 24,000 dedicated employees worldwide who are in direct daily 

contact with customers. In 2007, the company achieved revenues of € 3.1 billion and a net income of 

€ 78.9 million. Océ is active in over 90 countries via prominent resellers and distributors and has 

direct sales and service operations in more than 30 countries. 

 

2.3. Océ Nederland BV 
The national Océ Group office, called Océ Nederland BV is located in 's-Hertogenbosch having more 

than 1,200 dedicated employees. National Marketing, Sales and Support activities for Océ products 

and services are centered here. Customers of Océ Nederland BV are mainly active in office 

environments, industrial and graphical sectors. The majority of the product assortment is developed 

and produced in Venlo. Annually, about 7% of the revenue is invested in Research & Development 

activities. 

 

The organizational chart of Océ Nederland BV is displayed in Figure 2.1. 
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Figure 2.1 Organizational chart Océ Nederland BV 

 

The different activities of Océ Nederland BV are directed from four Business Units: 

• Service Business Unit Document Printing (SBU DP): for office environments, i.e. for office 

copying and printing 

• Service Business Unit Wide Format Printing Systems (SBU WFPS): for graphical environments, 

i.e. for technical documentation, display graphics and media 

• Service Business Unit Production Printing (SBU PP): for commercial environments, i.e. for 

mailing companies and commercial print providers 

• Service Unit Océ Business Services (SBU OBS): for corporate application, i.e. Océ takes over the 

services within the company with regard to printing and document management 

 

Each business unit has his own department After Sales Services and department Software and 

Professional Services. After Sales Services provides the after sales activities, which includes service 

requests for the machines in the field. Controlling is responsible for the financial part of the whole 

organization and Human Resources (HR) deals with the employee aspects. 

 

The Master Thesis is executed for Océ Nederland BV for SBU DP, in particular Service Management. 

Figure 2.2 displays the different departments involved in SBU DP. The Management Support and the 

Service Product Management & Application Management operate at the strategic level, whereas the 

Call Intake, Call Screening & Service Planning, Field Service Management, Customer Training and 

Logistics operate at the operational level.  
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Figure 2.2 Organizational chart Service Business Unit Document Printing 

 

All departments fulfil a different part of the process of delivering service requests for machines in the 

field. A service request is defined as a request to service a machine in the field.  

 

2.3.1. Service level agreement 

At the moment, Océ Nederland BV provides service to about 40.000 machines in the field, which can 

be categorized into 191 different machine types. For each of the machines in the field, the customer 

has a contract with Océ Nederland BV regarding the after sales service. Service level agreements 

(SLA’s) are contracts set up between Océ and their customers for the service of the machines. SLA’s 

are normally based on response times and machine uptimes. Response time is the time between when 

a service call is registered by Océ and the time a service engineer is at the location of a machine for 

providing the after sales service (see Figure 2.3). Before a service engineer travels to the machine, the 

call has to wait. On-site time is the time the service engineer is at the location of a machine providing 

the service. The throughput time is the time the call arrives at Océ till the time the service engineer 

fixed the machine on-site. The throughput time is important for machine uptime contracts, because the 

machine is down during the whole throughput time or only partially. Machine uptime is the time the 

machine is operating, which is often measured during a year. For this project, SLA based on response 

times will be considered, in particular for machines that need repair (corrective maintenance). Océ’s 

target is meeting Y% SLA´s on time at the end of a year. An SLA is on time/met if the average 

response time (for the corrective maintenance calls) measured over a year for one individual machine 

does not exceed the response time target set for the machine. This response time target is based on the 

SLA of the machine.  
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Figure 2.3 General field service time line 

 

Service contracts based on response times can be further divided into two types: 

1. SLA based on average response time requirements  

2. SLA based on maximum response time requirements 

Note that the response time requirements can be set by the machine (type) or by the customer.  

 

Each service contract contains two response time requirements: one for machines with status ‘down’ 

and one for machines with status ‘up’. The machine with the status ‘up’ has been deteriorated, but is 

still running. If the machine is ‘down’, the machine is completely down and does not function at all. 

The response time requirement for machines with status ‘down’ never exceeds the response time 

requirement for machines with status ‘up’.  

 

For both types of service contracts, the average response time is measured over a year for each 

individual machine. This response time performance is compared to the response time target set for 

the machine. The difference between the two types of service contracts is that Océ has to pay lateness 

fines for the latter type of service contracts if the response time target is exceeded at the end of a year.  

 

2.3.2. Employees 

Océ divides the Netherlands in eight different field service areas (see Appendix 1): NVM141, 

NVM142, NVM151, NVM152, NVM161, NVM162, NVM173 and NVM174. In general, there is one 

field service team responsible for service requests of machines belonging to one of the eight areas. A 

field service team consists on average of 20 to 25 service engineers and 3 to 4 service product 

specialists for performing service on-site. In total, there are 200 service engineers, including service 

product specialists. The service engineers of Océ can work fulltime or part-time during a year. Old 

service engineers are allowed to work part-time and the service product specialists handle service 

calls on-site 50% of their working time. A planner plays an important role in dispatching the service 

calls to service engineers responsible for the same area. Last but not least, there is a field service 

manager who manages the field service team. He is the one keeping an eye on the service 

performance of the service engineers and the specialists as a team. Training decisions are also made 

by the field service managers. The persons responsible for one field service area are displayed in 

Figure 2.4. Note that only the service engineers, including the service product specialists are 

responsible for servicing the machines in the field. Next to the on-site service of the machines, the 

engineers also perform other activities like trainings and attending meetings. 

 

Service engineer 

arrive at machine 

End call Incoming 

call 

 

Waiting Time 

Response Time 

Throughput Time 

On-site Time 
Time 

Service engineer 

travel to machine 

Travel Time 
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Figure 2.4 Persons responsible for an area 

 

2.3.3. Service call handling process 

Each time a service call arrives, which is placed by customers, the call goes through many stages. 

Figure 2.5 shows the process of how an incoming service call is handled and which departments are 

involved. The different stages in Figure 2.5 and the involved departments are described in more detail 

below. Note that each block has a different place on the timeline when a service call arrives. 

  

 
Figure 2.5 Service call handling process 
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Call Intake 
Incoming service calls are first handled by Call Intake. Call Intake registers the call and about a% can 

be solved immediately by Call Intake. These calls can be immediately solved by phone and consider 

issues like no plug in the plug socket. In case Call Intake cannot handle the call, a few percentages of 

the calls go on to Call Screening and the remaining calls to Service Planning. The incoming service 

calls, which are placed by customers, are preventive maintenance calls and corrective maintenance 

calls. These calls have task codes 01 and 02 respectively (TC01 and TC02). 

 

Call Screening 

Call Screening will call the customer back in 30 minutes and tries to solve the problem by phone. B% 

of the calls can be solved by Calls Screening within 30 minutes and after 30 minutes the unsolved 

calls go straight on to Service Planning. It is important to note that Call Screening only handles the 

corrective maintenance calls (TC02 calls).  

 

Logistics 
Logistics mainly deals with the installation and the removal of machines. After Logistics has installed 

or removed the machine on-site, Service Planning need to schedule these calls to service engineers 

with the integration skills. Calls from Logistics have task codes 11 to 19 (TC11-TC19).  

 

Venlo/SPM 
Modifications can also be required for the machines in the field. Task codes for the modifications are 

04, 05 and 06 (TC04-TC06) and are initiated by the R&D department in Venlo or by the service 

product managers (SPM) at Océ Nederland BV.  

 

Service Planning 
Planners at Service Planning schedule the service calls to service engineers to handle during the day. 

Incoming calls at Service Planning are preventive maintenance calls, corrective maintenance calls, 

modification calls and integration calls (TC01, TC02, TC04-TC06 and TC11-TC19 respectively). 

Only the planners at Service Planning are able to send the service engineers to the locations of the 

machines to handle the calls. Service engineers are responsible for providing service of the machines 

in the field, but they need to have the required skills. All required skills are distributed over the 

service engineers and each service engineer has a different set of skills. 

 

Extra visit 

Extra visits occur in case service engineers need to return to the locations of the calls. These visits are 

needed in case the service engineer is not finished at customer’s site with the machine due to end of 

working day, because the customer has to leave or they have to close their offices. It can also be the 

case that an engineer has to go to another machine, which has a higher priority. However, the latter 

case rarely occurs. The service engineer is required to finish the call the next day. Missing parts and 

tools for performing service on site can also exist. In case of an emergency repair, missing parts and 

tools can also be delivered within one hour at the location of the machine, which will lead to high 

delivery costs for Océ. The service engineer often stays at the location of the machines waiting for the 

delivery of the missing parts and tools so he can continue performing service. Another reason for 

extra visits is when the service engineer cannot handle the call himself. A specialist will join him in 

the return visit. Thus, three reasons for the need of an extra visit are: 

• End of working day 

• Missing parts and tools 

• Missing knowledge 

For indicating the percentages of each reason above, data of calls are gathered from all field service 

areas together for the period October 2007 – September 2008. About 11% of all incoming calls at 

Service Planning (the corrective maintenance, the preventive maintenance and the modification calls) 
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return as extra visit calls with 2% due to end of working day, 8% due to missing parts and tools, and 

1% due to missing knowledge. 

 

End call 

After each visit, service engineers are required to register the activities done for a machine on-site, 

which will be saved in the AS400 database. If the service engineer is sent to handle a corrective 

maintenance call (TC02) for a machine, the travel time and the on-site repair time are registered. Visit 

codes are also registered, which indicates whether the call is a first visit call or an extra visit call. In 

this way, true values for each activity can be noted down.  

 

2.3.4. Reorganization 

Recently, Océ Nederland BV went through a huge reorganization. Changes due to the reorganization 

include the following: 

• No integration calls: Due to the reorganization of Océ, a number of service engineers will be 

responsible for the integration calls (TC11-TC19). These engineers will only perform the 

integration activities. As a result, integration calls will not be taken into account in this research 

project and the number of skills decreases. For handling the integration calls, the service 

engineers need the integration skills. Therefore, the arrow from Logistics to Service Planning has 

to be eliminated in Figure 2.5. This leads to a decrease of incoming service calls at Service 

Planning.   

• Reduction of service engineers (including service product specialists): Due to the reorganization 

of Océ, only 154 service engineers (and service product specialists) remain for the eight field 

service areas, which used to be 200. One of the reasons for the workforce reduction can be 

explained by reserving a number of service engineers for performing the integration activities 

only.  

 

2.4. Conclusion 
In this chapter, a short description is given on the history of Océ and the organization Océ. Special 

attention is paid here to Océ Nederland BV, the national Océ Group office, because this graduation 

project is excetued for this company, and in particular for the Service Business Unit Document 

Printing (SBU DP). At the moment Océ Nederland BV provides service to about 40.000 machines in 

the field, which can be categorized into 191 different machine types. For each of the machines in the 

field, the customer has a contract (SLA) set up with Océ regarding the response time of the corrective 

maintenance calls. For meeting the response times as stated in the SLA’s, the reduction of the number 

of service engineers caused by Océ’s reorganization can be a problem. The service engineers are after 

all the ones responsible for providing service of the machines in the field. In addition to the number of 

service engineers, not all service engineers can handle all calls. Furthermore, the high percentage of 

extra visits due to missing parts and tools (8%) could also make it difficult for meeting the response 

times. For handling the extra visit calls, less time will be available for handling the first visit calls. 
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Part B Research 

3. Problem description 
In the previous chapter, the context of the project was discussed. In this chapter, the problem cluster is 

treated in general and one problem is selected that will function as the main subject for the graduation 

project. The first two steps of the regulative cycle of Van Strien are shown in Section 3.1 and in 

Section 3.2. In Section 3.3 the research question is presented, which is derived from the chosen 

problem. Finally, this chapter ends with a conclusion in Section 3.4. 

 

3.1. Problem cluster  
Nowadays, for service companies like Océ Nederland BV, competitive advantages cannot be obtained 

by providing hardware only, the after sales support is also very important. Océ needs to apply a more 

customer-focused approach, because meeting the (shorter) response times for the corrective 

maintenance calls as stated in the SLA’s become more and more important for customers. Océ 

continuously aims at sustaining or improving the current service performance level in order to stay 

competitive in the field service environment (Y% SLA’s on time, with Y ≥ X and X% SLA’s on time 

as the SLA performance of last year). 

 

Based upon the interviews with members of sub departments of Service Management (the service 

manager, the controller, the service product managers, the application manager, the manager of Call 

Intake & Call Screening & Service Planning, the planners, and the field service managers, see Figure 

2.2) and earlier chapter, two main reasons have been found for difficulties in meeting the required 

service level performance of Y% SLA’s on time: 

• Parts and tools for performing service on-site 

• The number of service engineers, including the skill allocation 

Parts and tools are not available when needed for performing service on-site. When the required parts 

and tools are not available, service engineers cannot repair the machine in the field. Orders need to be 

placed for the missing parts and tools, and this increases the response time performance.  

Another reason for not meeting SLA’s on time is caused by the number of service engineers. The 

reorganization of Océ has lead to a reduction of the number of service engineers. Furthermore, not all 

service engineers can handle all calls. The service engineers have different set of skills and therefore 

the number of service engineers should go hand in hand with the way the skills are allocated to them. 

A skill is based on a machine type, meaning that service requests for machines belonging to one 

machine type can be handled by service engineers having the skill to handle that machine type. Note 

here that more than one machine can belong to one machine type. Furthermore, note that a call is 

placed for one machine requiring only one skill from a service engineer. Thus, the more skills an 

engineer possess, the more different types of machines in the field he can handle.  

 

3.2. Problem choice 
For this graduation project, the number of service engineers, including the skill allocation, is chosen 

as the main problem for not meeting the required service level performance set by Océ. For the 

service manager of Océ, issues at the strategic level is more relevant and the number of service 

engineers is one of these issues. The parts and tools issue belongs to decisions at the operational level.  
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Figure 3.1 Relationship between the number of service engineers, the skill allocation and the dispatch method 

 

It is important to note here that the number of service engineers also requires the dispatch method, see 

Figure 3.1. The way the calls are dispatched to service engineers has an important effect on the 

response time performance and consequently on whether or not the SLA’s are met at the end of the 

year. Note that calls can only be dispatched to the service engineers with the required skills. However, 

in this project, nothing can be done about the dispatch method. In this way, the number of service 

engineers, including the skill allocation, is the decision variable, whereas the dispatch method is 

assumed given. 

 

3.3. Research question 
The problem choice involves the manpower capacity planning issue, i.e. determine the optimal 

number of service engineers needed, including the skill allocation for meeting the required service 

level performance of Y% SLA’s on time given the dispatch method. Even though Océ currently has 

one workforce determination model that they can use for determining the number of service engineers 

needed, they do not have sufficient insight into the model regarding the number of service engineers, 

the skill allocation and the dispatch method for meeting the response times as stated in the SLA’s (for 

the corrective maintenance calls). Note that besides handling the corrective maintenance calls, the 

required number of service engineers should also handle the preventive maintenance, the modification 

calls and other activities. A preventive maintenance call refers to an equipment maintenance call 

which is based on overhauling a machine at a fixed interval or fixed volume production of a machine, 

regardless of its condition at a time. A modification call is a call that requires upgrades of a machine, 

due to safety reasons for instance. Other activities include trainings, meetings etc.  

Recently, a new workforce determination model has been introduced, because the current workforce 

determination does not seem correct according to Océ. Again, Océ does not have sufficient insight in 

the new workforce determination model. The research question is therefore: 

 

There is a need for a mathematical model for determining the optimal number of service 

engineers, including the skill allocation and given the dispatch method, in order to meet Y% 

SLA’s on time for the corrective maintenance calls against the lowest costs, which includes the 

labour costs and the training costs. The other calls (the preventive maintenance calls and the 

modification calls) and the other activities are also included.  

 

On time occurs if the average response time of a machine in the field measured over a year does not 

exceed the response time target set for the machine. 

 

The developed model should be applicable for any number of service engineers and any skill 

allocation. Furthermore, the model should be applicable to the situation of Océ. For testing the model, 

one field service area will be chosen with an initial number of service engineers and an initial skill 

allocation over the service engineers. This is done in order to stay close to the existing situation, 

which is preferred by Océ. Océ has invested a lot in the current skill allocation and they do not want 

to lose this. The field service area NVM152 is chosen, because less than 1% of the incoming service 

calls at Service Planning are integration calls from Logistics. As mentioned earlier in Chapter 2, the 

The number of service engineers 

 

 

 

 

 

 

 

 

 

 

Skill allocation 

Dispatch method 
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calls from Logistics will not be taken into account in this project. The influence of the integration 

calls on the service level performance is neglectable in this field service area. The selected area was 

discussed with the company and the company agreed with this choice. 

 

3.4. Conclusion 
The number of service engineers, including the skill allocation, is chosen as the main problem for not 

meeting the required service level set by Océ. For determining the optimal number of service 

engineers needed, Océ currently uses the current workforce determination model. However, Océ does 

not have sufficient insight in the current applied model regarding the number of service engineers, the 

skill allocation and the dispatch method for meeting the response times as stated in the SLA’s. The 

current workforce determination model does not even seem correct according to Océ, which has lead 

to an introduction of the new workforce determination model. Again, Océ does not have sufficient 

insight in the new workforce determination model. It is therefore important to develop a model that 

does provide insights into the relationships between the number of service engineers, the skill 

allocation and the dispatch method for meeting the response times as stated in the SLA’s. 

Furthermore, the model should be applicable for the situation of Océ. 
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4. Demand pattern 
The seasonal effects and the trends in the demand pattern influence the number of service engineers 

needed. In this chapter, the demand pattern is investigated. The goal of analyzing the demand pattern 

is to find out whether seasonal effects and trends are present. In Section 4.1, the period of the demand 

pattern will be selected, followed by an analysis of the demand pattern in Section 4.2. The conclusions 

of this chapter can be found in Section 4.3.  

 

4.1. Selection period 
For each financial year (December 1

st
) the service manager and the controller of Océ have to calculate 

the costs for servicing the machines in the field for the next coming year (December 2008 to 

November 2009), while aiming at meeting the required service level performance. The number of 

service engineers are needed for servicing the machines on-site. A very important debit for Océ is 

therefore the labour costs. The demand of last year is often used for determining the number of 

service engineers needed the next coming year. However, only data to September 2008 is available at 

the moment (January 2009). New systems are being used after the reorganization for storing data and 

Océ is still struggling with the new systems. It is therefore chosen to investigate the demand pattern of 

the period October 2007 to September 2008. 

 

4.2. Demand pattern 
For this project, the number of service engineers will be determined for field service area NVM152. 

In this way, the demand of October 2007 to September 2008 of this area is relevant. The incoming 

calls at Service Planning include the corrective maintenance calls (TC02 calls), the preventive 

maintenance calls (TC01 calls) and the modification calls (TC04 - TC06 calls).  

 

 
Figure 4.1 Number of incoming corrective maintenance calls (TC02 calls) at Service Planning 

compared to all calls (TC01, TC02, TC04-TC06 calls) 

 

First of all, Figure 4.1 shows that the incoming service calls at Service Planning are mostly corrective 

maintenance calls (91%). Note that calls can only be placed during business days, see Table 4.1.  
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Workable days engineer/yr 215 
Table 4.1 Calculation of business days a year and workable days a year 

 

The total number of business days during a year is computed by subtracting the weekend days and the 

national holidays during a year from the total days a year. The number of workable days for each 

service engineer during a year is the number of business days a year minus the 40 holidays. Calls can 

only be handled by the service engineers during their workable days. 

 

It can be seen in Figure 4.1 that the incoming calls are very low in the months: December and August. 

The low incoming calls can be explained by the national holidays and the holidays during these 

months. This pattern in the demand indicates seasonal effects. The seasonal pattern in the demand 

influence the required number of service engineers during a year, i.e. more service engineers are idle 

during the low demand periods of December and August. In the situation of Océ, a number of the 

service engineers will not work during these holiday periods. If the low demands in December and 

August are neglected, it can be stated that the number of all incoming calls a month is about 1000. 

This is relevant for determining the number of service engineers needed for the next year, because the 

number of service engineers should be able to handle 1000 calls a month during a year. 

 

However, a light trend can still be seen in the demand pattern which is about an increase of 300 calls 

during a year, see Figure 4.1. This light trend can be explained by an increasing number of new 

machines in the field. When looking at the number of machines at the beginning of a year (October 

2007) and the number of machines at the end of a year (September 2008), it can be computed that 

there is a 6 - 7% increase in the number of machines for NVM152. The average calls a month, due to 

the increase of 300 calls a year, would be 1150 instead of 1000 when including the light trend. This is 

relevant for determining the number of service engineers needed for the next year. In this way, there is 

capacity surplus at the beginning of the year, whereas lots of the service engineers are busy at the end 

of the year. The busy service engineers at the end of a year results in increasing response times of the 

calls at the end of a year, because more calls have to wait for available service engineers. For Océ, 

each year the service engineers are busiest during September. They do know this, but they do not hire 

more service engineers only to handle the high demand in the month September. Lots of the engineers 

would then be idle during the rest of the year. This will not be efficient when taken the labour costs 

into account.   

 

4.3. Conclusion 
It can be concluded here that the seasonal effects and a light trend are present in the demand pattern in 

the period of October 2007 to September 2008 for field service area NVM152. The seasonal effects 

can be explained by the (national) holidays during December and August. Lots of the engineers are 

idle during these periods and therefore a number of the service engineers do not work during the 

holiday periods. In this way, the seasonal effects in the demand pattern can be neglected for 

determining the number of service engineers needed. The light trend on the other hand can be 

explained by an increasing number of new machines in the field. By including the light trend, the 

average number of calls a month increases to 1150. This trend leads to busy service engineers at the 

end of a year. As a result, more calls have to wait and the response times of the calls at the end of a 

year increases. Since Océ does not want to hire more service engineers to handle the high demand 

periods, the increasing response times at the end of the year should be compensated by the (short) 

response times at the beginning of the year. In this way, the average response times of the calls 

measured over a year can stay within targets set for the machines. In the next chapter, the current SLA 

performance measure is treated in more detail.  
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5. Current SLA performance measure 
Océ’s target is meeting Y% SLA’s on time at the end of a year with Y ≥ X and X% SLA’s on time is 

last year’s performance level. In this chapter, the current way of computing the SLA performance at 

the end of a year is described in Section 5.1, followed by a conclusion of the chapter in Section 5.2.  

The goal of this chapter is to find out which data are needed for computing the SLA performance 

measure.  

 

5.1. Current SLA performance measure 
For each machine in the field, it is determined at the end of a year whether the SLA of the machine is 

met. This is done by measuring the average response time of the machine over a year and compares it 

with the response time target of that machine. If the average response time of the machine does not 

exceed the response time target of the machine at the end of a year, the SLA of the machine is met, 

otherwise the SLA is not met for this machine. This can be done for all machines in the field. In this 

way, the percentage of SLA’s met at the end of a year equals the SLA performance of that year (X% 

SLA’s on time). The average response time performance of a machine measured over a year only 

includes the first visit corrective maintenance calls. The response time targets of the extra visit 

corrective maintenance calls are not stated in the SLA’s. Extra visit calls are calls that returns as 

‘Extra visit’, see Figure 2.5. 

 

Important for setting the response time target of a machine is that each machine in the field has its 

own SLA with two response time requirements: one for calls with status ‘down’ of the machine and 

one for calls with status ‘up’ of the machine. The response time target for a machine with status 

‘down’ never exceeds the response time target for the machine with status ‘up’. If the broken machine 

is reported ‘down’, the machine cannot be used at all by the customer. Océ uses one response time 

target for each machine by including both the requirements as stated in the SLA. The response time 

target for the machine with status ‘down’ is weighted 70% compared to the response time target for 

the machine with status ‘up’. In this way, the response time target for each machine can be computed. 

The weight percentage is obtained based on last year’s incoming calls (October 2007 – September 

2008): about 70% of the calls were placed for machine with status ‘down’.  

 

Furthermore, for setting up a response time target for each machine in the field, Océ makes distinction 

between the types of service contracts. Since Océ is only interested in average response times, the 

SLA’s based on maximum response time requirements are converted into average response time 

requirements. For example, if for one machine the maximum response time requirements is four hours 

for calls with status ‘down’ and eight hours for calls with status ‘up’, these maximum response time 

requirements will be converted into average response time requirements with two hours for ‘down’ 

and four hours for ‘up’.  

 

5.2. Conclusion 
At the end of a year, the SLA performance is measured for all machines in the field for evaluating the 

service level performance of Océ. The response times of the first corrective maintenance calls are 

important here. If the average response time of a machine measured over a year does not exceed the 

response time target set for that machine, the SLA of the machine is met. This can be done for all 

machines in the field. In this way, the percentage of SLA’s met at the end of a year equals the SLA 

performance of that year (X% SLA’s on time). Important to note here is that it is not realistic that the 

response time targets of the extra visit corrective maintenance call are not stated in the SLA’s. If this 

is actually the case, Océ can easily treat all first corrective maintenance calls as extra visit calls and all 

SLA’s can be met on time. Océ should therefore reconsider the response time targets of the extra visit 

corrective maintenance calls.   

 



24 
 

Furthermore, the current SLA performance measure shows how the response time target for each 

machine in the field is set up: 

• The response time target for a machine is based on two response time requirements as stated in 

the SLA, with a weight of 70% for the short response time requirement with status ‘down’. 

Important to note here is that the SLA’s based on maximum response time requirements are 

converted into average response time requirements first. The latter is important, because Océ is 

only interested in average response times.  

A remark on setting up the response time target is the same weight for all machines, regardless of the 

percentage of calls for each machine with status ‘down’ and with status ‘up’. For example, the calls of 

one machine last year are only ‘up’ calls. If the average response time of this machine measured at the 

end of a year is compared to the response time target set for the machine, the probability is high that 

the response time target of the machine is exceeded. The weight for setting up the response time target 

should therefore be different for each machine. 

 

Important to note is that the average response time of the calls measured at the end of a year depends 

on the current dispatch method. The current dispatch method will be described in the next chapter.  
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6. Current dispatch method 
In this chapter, the current dispatch method (January 2009) applied by Océ Service will be described 

in more detail. The goal of describing the current dispatch method is to find out whether calls are 

dispatched in a systematic way, e.g. calls are dispatched based on priority rules. This is important 

since the dispatch method is assumed given in this project. The planners at Service Planning use the 

planning tool called Teambuilding for dispatching the incoming service calls. Section 6.1 describes 

the way the planning tool dispatch calls. The planners can decide to overrule the proposal from the 

planning tool and the way the planners do this is given in Section 6.2, followed by a conclusion in 

Section 6.3.   

 

In general, a call can only be dispatched to a service engineer if the engineer has the required skill. If 

a service engineer can handle one machine type in the field, he can perform the corrective 

maintenance, the preventive maintenance and the modifications for this type of machine. Furthermore, 

a call is only dispatched to a service engineer if the service engineer is idle. It is preferred by Océ that 

service engineers finishes the call at one location first before going on to the next call location.  

 

6.1. Planning tool 
Service Planning is mainly dealing with the corrective maintenance calls. In order to meet the 

response time targets set for the machines, the corrective maintenance calls always have the highest 

priority when dispatching.  

 

The priority list of dispatching calls to service engineers is listed as hereafter by the planning tool: 

• Extra visit calls (corrective maintenance calls) 

• First visit calls (corrective maintenance calls) 

o The response time requirement as stated in the SLA’s 

o Type of SLA (maximum or average) 

o The status of the machine (‘down’ or ‘up’) 

• Preventive maintenance and modification calls (first visit and extra visit calls) 

In the following subsections, the priority list according to the planning tool is discussed in more 

detail.  

 

6.1.1. Extra visit calls (corrective maintenance calls) 

Even though the response time of the extra visit calls are not stated in the SLA’s, the extra visit calls 

have the highest priority when dispatching service calls. Extra visits due to end of working day (4%, 

for NVM 152 Ocober 2007 – September 2008) have to be executed at the beginning of the next 

working day if possible (if the customer’s office is not closed). Extra visits due to missing parts (8%, 

for NVM 152 Ocober 2007 – September 2008) also need to be performed at the beginning of the next 

working day. Orders for missing parts and tools are placed at the end of the working day and at the 

beginning of the next working day, the parts and tools ordered earlier will be available. The extra 

visits caused by missing knowledge (1%, for NVM 152 Ocober 2007 – September 2008) and 

therefore the need for support of a service product specialist can also be performed at the beginning of 

the next working day. The service product specialist has to be available. Note that the extra visits due 

to missing knowledge are because the service engineer does not have enough experience in the field. 

After being trained in a new skill/machine type, a service engineer need some time to develop 

experience in the field. Training in a new skill/machine type only includes the basic knowledge a 

service engineer needs to know to handle the machines belonging to that machine type. For 

dispatching decisions, the different reasons for the extra visit call are not relevant. All incoming calls 

regarding extra visits are treated first-come-first-serve, also known as the FCFS policy.  
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6.1.2. First visit calls (corrective maintenance calls) 

All incoming calls that are first visit calls are dispatched based on the response time requirements as 

stated in the SLA’s, the type of SLA and the status of the machines. If the calls are the same regarding 

the response time requirement, the type of SLA and the status of the broken machines, the calls are 

treated first-come-first-serve (FCFS policy). In the next three subsections, the three dispatch criteria 

for first visit corrective maintenance calls are treated separately. 

 

6.1.2.1. The response time requirement as stated in the SLA’s 

The response time requirement stated in the SLA’s is added to the arrival time of the service call, 

resulting in a response time target for the planners (similar to the due dates in the manufacturing 

environment (Bertrand et al., 2001)). Calls with response time targets of four hours have higher 

priority over the ones with eight hours for instance. 

 

6.1.2.2. Type of SLA (maximum or average) 

Furthermore, the type of SLA is important. Maximum response time requirements always have higher 

priority over the average response time requirements. This is not the same as described in Chapter 5. 

In Chapter 5, Océ converts the maximum response time requirements into average response time 

requirements for setting up the response time targets. For dispatching issues, the maximum response 

time requirements and the average response time requirements stay intact. 

 

6.1.2.3. The status of the machine (‘down’ or ‘up’) 

Next to the response time requirements as stated in the SLA’s and the type of SLA, the status of the 

machines is an important criterion for dispatching first visit service calls. The calls for machines with 

status ‘down’ always have higher priority over the machines with status ‘up’. Note that this is only the 

case if the response time requirement and the type of SLA are the same.  

 
An example for dispatching the first visit corrective maintenance calls is given for better 

understanding the three dispatch criteria above. If there are two incoming first corrective maintenance 

calls: 

• Call 1 (2AVGDOWN): 

o The response time requirements is two hours (2 of 2AVGDOWN) 

o The SLA is based on average response time requirements (AVG of 2AVGDOWN) 

o The status of the machine is ‘down’ (DOWN of 2AVGDOWN) 

• Call 2 (2AVGUP): 

o The response time requirements is two hours (2 of 2AVGUP) 

o The SLA is based on average response time requirements (AVG of 2AVGUP) 

o The status of the machine is ‘up’ (UP of 2AVGUP) 

Based on a combination of the three dispatch criteria for the first visit corrective maintenance calls, 

call 1 will be dispatched first to an available service engineer. 

 

6.1.3. Preventive maintenance and modification calls (first and 
extra visit calls) 

Next to the corrective maintenance calls, planners also have to dispatch the first and extra visit 

preventive maintenance calls and the first and extra visit modification calls to service engineers. The 

preventive maintenance calls are initiated by the customers. Planners do not have the time to keep an 

eye on the preventive maintenance for all machines in the field, because they continuously have to 
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dispatch the huge number of corrective maintenance calls. The response time targets for the first and 

extra visit preventive maintenance calls are not stated in the SLA’s and will therefore have the lowest 

priority when dispatching calls. This also holds for the first and extra visit modification calls, but 

response time targets are set for modification calls due to safety reasons. However, these targets are 

not stated in the SLA’s and will be treated as the preventive maintenance calls with the FCFS policy. 

Each incoming call, whether it is a preventive maintenance calls or a modification call, the call that 

arrives first, will be handled first. In this way, the extra visit calls will have higher priority over the 

first visit calls. 

 

6.2. Overrule by planners 
In practice, the planners often overrule the proposal from the planning tool, because they always have 

the tendency to dispatch calls based on efficiency (minimizing travel times). Calls are dispatched to 

the service engineers that are closest to the call location. Planners also have more insight in other 

aspects like the level of skill possession of the service engineer and the urgency of the calls according 

the service engineers and the planners. It is often the case that if a service engineer possess the skill a 

long time, his skill level would be higher than the one just being trained in that skill. The latter service 

engineer does not have enough field experience. However, it can happen that planners send the wrong 

service engineer, because the level of skill possession of the engineer is lower than the planner 

expected (some service engineers learn a skill quicker than others do), resulting in an extra visit due to 

missing knowledge. Furthermore, service engineers are the ones closer to the machines in the field 

and can have more insight in the urgency level of the calls. In this way, planners can decide to wait 

for another service engineer to become available for handling the call, even if there is currently one 

service engineer available with the required skill. Due to human differences, differences may occur in 

the way different planners make dispatch decisions.  

 

6.3. Conclusion 
First of all, the current dispatch method applied by Océ shows that calls can only be dispatched to 

service engineers if the engineer has the required skill. Service engineers that can handle one machine 

type in the field can perform corrective maintenance, preventive maintenance and modifications for 

these types of machines. Furthermore, a call can only be dispatched to a service engineer if the service 

engineer is idle. It is preferred by Océ that service engineers finish the call at one location first before 

going on to the next call location. 

The current dispatch method applied by Océ also shows that the planning tool and the way the 

planners overrule the planning tool are not the same. Planning tool dispatch calls based on priority 

rules. In addition to the priority rules of the planning tool, it is important to note that the response time 

requirements as stated in the SLA’s remain intact during the dispatch procedure regardless of the type 

of SLA. If the type of the service contract is taken into account for making dispatch decisions, the 

maximum response time requirements does not need to be converted into average response time 

requirements.  

The planners on the other hand tend to dispatch calls based on efficiency reasons (minimizing travel 

times). Furthermore, planners also dispatch calls based on other aspects like level of skill possession 

by the engineer and the urgency of the calls. Due to human differences, differences may occur in the 

way different planners make dispatch decisions. 
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7. Current workforce determination model 
The workforce determination model that is currently used by Océ is described in this chapter. The 

current workforce determination model is based on the utility degree model of the simulation program 

called Response Time Simulation. The utility degree model has been developed in 1989 by Océ 

(Eertink, 1989). The goal of this chapter is to find out how the number of service engineers is related 

to the required service level of Y% SLA’s on time and indirectly to the response time targets of the 

machines in the field. Furthermore, it is also important to examine how the current workforce 

determination model treats important issues like the skill allocation of the service engineers and the 

dispatch method. The way of determining the number of service engineers needed, including the data 

needed can be found in Section 7.1. In Section 7.2, the conclusion of this chapter is given. 

 

7.1. Current workforce determination model 
For each machine in the field Océ computes how many fulltime service engineers are needed in a year 

for servicing that machine in the field and at the same time guarantee the response time target set for 

that machine. For determining the number of fulltime service engineers needed a year for servicing 

one machine in the field the utilization level is needed. The higher the utilization level of a service 

engineer, the busier the engineer is and thus the longer a machine has to wait for service.  

 

With an M/M/1 queuing model, a relation between the utilization level and the response time target 

for the machine is given. See Appendix 2 for a general description of queuing systems. The relation 

between the utilization level and the response time target shows the shorter the response time target, 

the lower the utilization level has to be. More idle time is required from the service engineer for 

guaranteeing the response time target. In this way, given a response time target for each machine in 

the field, a required utilization level for each machine in the field can be determined. This required 

utilization level for each machine can subsequently be used for determining the number of fulltime 

service engineers needed for servicing the machine in a year. The capacity of one fulltime service 

engineer (see workable days of one fulltime service engineer in Table 4.1, which is 215 days a year 

and 8 hours a day) and the time needed for servicing the machine in the field are needed for this. The 

time need for servicing one particular machine in the field is based on last year’s travel time, on-site 

repair time and time needed for other calls and activities for that particular machine (in the period of 

October 2007 – September 2008). The number of fulltime service engineers is finally summed up for 

all machines in the field resulting in the total number of fulltime service engineers needed. In 

Appendix 3 the exact formulas of the current workforce determination model are shown. 

 

7.2. Conclusion 
Determining the required number of service engineers for meeting Y% SLA’s on time at the end of a 

year cannot be adequately computed using the current workforce determination model. The required 

number of service engineers according to the current model will not be sufficient for meeting the 

required service level of Y% SLA’s on time, because the model does not include three important 

issues described below.  

 

Travel time  

In the current workforce determination model, the waiting time is equal to the response time target. 

The travel time is not included here, which is a very important factor in the situation of Océ field 

service. Each call requires an average travel time of 30 minutes for field service area NVM152 (based 

on travel time figures of period October 2007 – September 2008). This travel time influences the 

response time performances of the calls. Suppose the response time target is two hours and the 

average travel time is 30 minutes. The average waiting time can thus be no longer than 90 minutes. 

This is a reduction of 75% compared to the situation of waiting time is equal to the response time. 
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Current dispatch method 

The current workforce determination model assumes that all calls are dispatched to service engineers 

with the FCFS policy. The current workforce determination model does not make a distinction 

between first visit calls (see Subsection 6.1.2) and extra visit calls (see Subsection 6.1.1). The priority 

rules of handling the corrective maintenance calls in this way do influence the response time 

performance of the first corrective maintenance calls. 

Furthermore, the current workforce determination model treats the preventive maintenance calls and 

the corrective maintenance calls in the same way (task code 01 and task code 02 are taken together 

resulting in 0102, see Formula A3.1 in Appendix 3). As mentioned earlier, the response time targets 

of the preventive maintenance calls are not stated in the SLA’s. This also holds for the modification 

calls and the other activities. However, handling the other types of calls and activities do influence the 

response time performances of the corrective maintenance calls, because less time is available for 

handling the corrective maintenance calls. Note that other activities are not dispatched by planners. 

Last but not least, the overrule by planners shown in Section 6.2 is not taken into account in the 

current workforce determination model by using the FCFS policy. The actual dispatch by planners 

also influences the response time performances of the corrective maintenance calls. However, by 

using the travel time figures of last year it can be stated that Océ does try to include the way the 

planners actually dispatch calls. Note that the estimated travel time based on last year’s figures is not 

the same as the average travel time in case of a FCFS policy. The latter travel time is likely to be 

higher.   

 

Different skill allocation 

In the current workforce determination model, all service engineers are assumed to be the same 

regarding their set of skills (and their availability percentages). In other words, all service engineers 

can handle all calls in the same way. For computing the required utilization level for meeting the 

response time target set for each machine in the field, the flexibility of service engineers can handle 

all calls is not included in the model. This is because single server queuing model is used for 

determining the required utilization level. Given the same workload for the situations of a single 

service engineer and the situation of more than one parallel service engineers, it should be noted that 

the utilization level in case of the parallel service engineers is lower compared to the situation of one 

service engineer. More flexibility and thus less waiting time (shorter response time) for the situation 

of the parallel service engineers instead of one service engineer. The assumption of the same service 

engineers is however not similar to the situation of Océ, because each service engineer has a different 

set of skills (see Appendix 4). Next to the different skill sets, Appendix 4 also shows the different 

availability percentages of each of the service engineers (fulltime or part-time available during a year 

for handling the calls and activities). The different skill sets and the different availability percentages 

of the engineers also influence the response times of calls. 
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8. New workforce determination model 
Recently a new workforce determination model has been proposed by Océ (De Bruin, 2008). This 

chapter describes the new workforce determination model. The way of determining the number of 

service engineers needed, including the required data are described in Section 8.1. In Section 8.2, the 

conclusion of this chapter is given, which includes the issue of how the new model is better than the 

current applied model.  

 

8.1. New workforce determination model 
The way of determining the number of service engineers needed is almost similar to the current 

workforce determination model. However, the new workforce determination model uses the M/M/c 

queuing approach (Adan & Resing, 2001). The differences between the current workforce 

determination model and the new proposed workforce determination model are the formula for the 

response time target (waiting time + travel time) and the formula used for determining the required 

utilization level for each machine in the field. In Appendix 5 the exact formulas of the new workforce 

determination model can be found. 

 

8.2. Conclusion 
In the new proposed workforce determination model the travel time is included. This is an 

improvement compared to the current workforce determination model. Furthermore, the new model 

does take into the account of the flexibility of the parallel service engineers by using the M/M/c 

queuing model (Adan & Resing, 2001), resulting in a lower required utilization level given the same 

response time targets and service times. The lower the utilization level of a service engineer, the more 

free time the engineer has and thus the shorter the waiting time of a machine in queue. However, the 

current dispatch method and the different skill allocation are still not included in the new proposed 

model. The new proposed workforce determination model still assumes that all calls are treated with a 

FCFS policy. Again, by using the travel time figures of last year, Océ does try to include the way the 

planners actually dispatch the calls. It should however be noted that the estimated travel time based on 

last year’s figures is not the same as the average travel time in case of a FCFS policy. The latter travel 

time is likely to be higher. Furthermore, all service engineers are assumed to be the same and they can 

handle all calls. Using the utilization level based on the parallel service engineers as the utilization 

level for one single service engineer is still not correct here. The dependency of the utilization level 

on the different skill sets of the service engineers is still not included in the new workforce 

determination model. In the situation of Océ, not all service engineers can handle all calls. The 

different availability percentages of the service engineers are also important for determining the 

optimal number of service engineers needed. Thus, it can be concluded here that with the new 

workforce determination model the computed number of service engineers will not be sufficient for 

meeting the required service level. 
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9. Current skill allocation method/Training decisions 
As mentioned earlier, the reorganization of Océ has lead to a reduction of the number of service 

engineers, including their skill sets. If service engineers leave (intern/extern), the skills are also lost. 

To compensate for this lost, new service engineers can be hired and skills need to be allocated to the 

service engineers (old + new) in such a way that they can handle the calls in the field. Furthermore, 

the increasing new machines in the field mentioned earlier in the report can also influence the skills 

needed from the service engineers. This requires the need for an optimal number of service engineers 

and the ‘optimal’ skill allocation. For the ‘optimal’ skill allocation, it is therefore interesting to 

investigate the current skill allocation method, i.e. how are training decisions currently being made 

(Section 9.1). This chapter also includes the costs involved for training a service engineer in a new 

skill, in terms of time (Section 9.2) and money (Section 9.3).  The conclusion is finally given in 

Section 9.4. 

 

9.1. Current skill allocation method/Training decisions 
Currently, the decisions for training or not training a service engineer in a skill are made by field 

service managers. They decide which service engineer should be trained in which skill based on 

service engineers’ capabilities. Some engineers learn quicker than others and therefore the quick 

learning engineers are often trained in more new skills than the others.  

Furthermore, the field service managers only decide to train the service engineers in skills if the skill 

is required from the field. For each required skill, the field the managers also aim for at least one 

backup service engineer. The backup service engineers have to decrease the non-availability of the 

service engineers. 

 

9.2. Training costs, in terms of time 
For a service engineer to be able to service the machines, he has to possess the skill. Skills can be 

mastered by training under supervision of a trainer or with the use of a computer program. Training 

with a computer program is called e-learning and the program provides the engineer with the 

necessary information to understand the machine and to enable him to service the machine. Training 

time for an entire new product (machine types not belonging to the same product group) takes on 

average one week (5 days/week x 8 hours/day x 60 minutes/hour = 2400 minutes). With updated 

products (machine types belonging to the same product group), training with the help of a computer 

program is sufficient. Again, training time is based on the complexity of the upgraded product, but on 

average one day (8 hours/day x 60 minutes/hour = 480 minutes) is sufficient. Training time for an 

updated product is shorter than for an entirely new product, because the engineer already has the basic 

skills for this product. 

In practise, after being trained in a skill, a service engineer still needs some guidance from a service 

product specialist or a field service manager. This guidance is needed during one year. After one year, 

a service engineer having one skill can handle all service calls requiring that skill.  

 

9.3. Training costs, in terms of money 
Océ is currently paying each service engineer the same wage regardless of his experience and service 

time needed for servicing the machines in the field.  For each service engineer the labour cost a year is 

gross € 75,000 to € 80,000 regardless of their availability (fulltime or part-time). In the situation of 

Océ, high ages can be one of the reasons for working less than 100% during a year. Service product 

specialists work even 50% as service engineers and the remaining 50% is reserved for other activities 

like providing guidance to the service engineers in the field.  
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9.4. Conclusion 
The decisions for training or not training a service engineer in a skill are made by field service 

managers. Training a service engineer in a skill is only done if the skill is required from the field and a 

backup of at least one service engineer is needed for each required skill. Training a service engineer in 

a new skill requires labour time from the service engineers and time from a trainer. The training time 

required from the service engineers is more important compared to the training time required from a 

trainer. The training time reduces the time left for handling the corrective maintenance calls and thus 

influences the response time performances of the calls. This is also the reason why the field service 

managers often choose the service engineers who can learn the skill quickly. Service engineers learn 

quicker for an upgraded new product (480 minutes) than for an entirely new product (2400 minutes). 

The training time required from a trainer can be neglected in this project, because this time does not 

directly influence the optimal number of service engineers that needs to be determined.  

Finally, it can be concluded here that Océ does not relate the number of skills a service engineer 

possesses to his salary payment. For each service engineer (fulltime and part-time) the labour cost a 

year is gross € 75,000 to € 80,000. In this way, the labour cost is the only cost that needs to be taken 

into account for determining the optimal number of service engineers needed.  
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10. The need for redesign and redesign requirements 
The analysis in previous chapters show that there is a need for redesign and this will be described in 

Section 10.1. In Section 10.2 the redesign requirements are given, which form the basis for the 

redesign phase in Part C.  

 

10.1. The need for redesign 
For determining the number of service engineers needed, Océ uses the current workforce 

determination model. In this research, insights have been gained in the underlying assumptions of the 

current workforce determination model, which are summarized in Table 10.1. 

  

Current workforce 

determination model 

New workforce determination 

model 

Response time = Waiting time Response time = Waiting time 

+ Travel time 

Poisson arrival 

process/Exponential interarrival 

times 

Poisson arrival 

process/Exponential interarrival 

times 

Exponential service processing 

times (travel time + on-site 

repair time) 

Exponential service processing 

times (travel time + on-site 

repair time) 

All service engineers can 

handle all calls (Single server 

queuing model) 

All service engineers can 

handle all calls (Multiple 

servers queuing model) 

Fulltime service engineers Fulltime service engineers 

Dispatch method: FCFS policy Dispatch method: FCFS policy 
Table 10.1 Assumptions of the current and the new workforce determination models 

 

Reasons were also found for introducing the new workforce determination model by Océ. In the new 

workforce determination model, the travel time is included in the response time formulation, which is 

not the case in the current workforce determination model. Another reason for introducing the new 

workforce determination model is the queuing model used. Even though the current workforce 

determination assumes that all service engineers can handle all calls, the use of a single server 

queuing model is inconsistent with this assumption. The single server queuing model assumes no 

flexibility, because one call can only be handled by one service engineer. In the situation of Océ, 

flexibility does exist, because more than one service engineer can handle one call. This flexibility is 

included in the new workforce determination model by using a multiple servers queuing model. 

However, using the utilization level based on the parallel service engineers as the utilization level for 

one single service engineer is still not correct here.  

Furthermore, in comparison with the situation of Océ, the assumption of all service engineers can 

handle all calls is still not correct. In the new workforce determination model of Océ, all service 

engineers are still assumed to be the same in terms of their skill sets and their availability percentages 

for handling the calls. In this way, the dependency of the utilization level on the different skill sets of 

the service engineers is again not included in the new workforce determination model. This also holds 

for the different availability percentages of the service engineers. The different skill sets and the 

different availability percentages of the service engineers are important for determining the number of 

service engineers needed.  

Table 10.1 also shows that the new workforce determination again assumes Poisson arrival process of 

calls and exponential service processing times (travel time + on-site repair time). The question is 

whether this also holds for the situation of Océ. 

 

Even though the new workforce determination model better describes the situation of Océ compared 

to the current workforce determination model, the current dispatch method is still not included in the 
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new model of Océ. The new workforce determination model again assumes that the dispatch method 

is FCFS and this is not similar to the current dispatch method. The current dispatch method applied by 

Océ shows that the planning tool dispatch calls based on priority rules, whereas the planners often 

overrule the planning tool for efficiency reasons (minimizing travel times). Furthermore, planners also 

dispatch calls based on aspects like level of skill possession by the engineer and the urgency of the 

calls. Due to human differences, differences may occur in the way different planners make dispatch 

decisions. However, the new workforce determination model once again does try to include the way 

the planners actually dispatch calls by using last year’s travel time figures. Note that the estimated 

travel time based on last year’s figures is not the same as the average travel time in case of a FCFS 

policy. The latter travel time is likely to be higher. In this way, it can be stated that the new workforce 

determination model of Océ determines the lower limit optimal number of service engineers needed, 

just like the current workforce determination model. 

 

Since the two workforce determination models of Océ assume that all service engineers can handle all 

calls, the workload is equally distributed over the service engineers. In this way, the skill allocation is 

not relevant for determining the number of service engineers needed. As mentioned earlier, the 

service engineers of Océ cannot handle all calls. For determining the optimal number of service 

engineers needed for meeting the required service level and against lowest labour cost, the skill 

allocation needs to be taken into account. A service engineer is only trained in a skill if the skill is 

required from the field. Furthermore, for each required skill there should be at least one backup 

service engineer. Moreover, the training time required from a service engineer turned out to be an 

important issue for the field service managers. They often allocate skills to the service engineers who 

can learn the skill quickly, because training time reduces the service engineers’ availabilities for the 

corrective maintenance calls. However, adding a new skill to the service engineer also increases the 

workload of the service engineer. For determining the ‘optimal’ skill allocation, it is important to 

include both the training time and the workload for making training decisions. Since the number of 

skills a service engineer possesses is not related to the labour cost of Océ, it can be concluded that the 

optimal number of service engineers can be found by minimizing the number of service engineers and 

at the same time meeting the required service level against the lowest labour cost. 

  

10.2. Redesign requirements 
For developing a redesign model, the following requirements indicate how the redesign assignment 

should be to make the model usable for Océ: 

• The model should include more realistic assumptions, which better fits the situation of Océ. 

(Improve the two workforce determination models of Océ.) 

• The model should include relationships between the number of service engineers, the skill 

allocation and the dispatch method. 

• It should be possible to apply the model to any initial number of service engineers and skill 

allocation. As mentioned earlier, Océ divides the Netherlands in eight field service areas.  

• The skill allocation method should provide a systematic way of skill allocation, including both the 

training time needed and the workload required for the new skill. 

The conditions to which the model has to apply include its usability by the stakeholders within Océ 

and its adaptability to changing situations. The service manager of Océ and the controller have to be 

able to understand and use the model for computing the number of service engineers needed for 

meeting a required service level. Each financial year, the service manager and the controller come 

together to check whether the required budget needs to be changed for meeting the required service 

level. Understanding the details of the model is however not necessary, but understanding the 

relationships between the number of service engineers, the skill allocation and the dispatch method on 

the response times are important. Understanding the underlying idea of the model is required for 

accepting the outcomes of the model. Moreover, their willingness to use the model will also be higher. 
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Regarding the adaptability of the model, Océ faces a continuously changing environment. Therefore, 

the model should allow the input parameters to be updated to new situations. Note that the review 

period would be once a year due to the budget issue each year.   
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Part C REDESIGN 

11. Manpower capacity planning model 
Previous chapter shows that there is a need for a manpower capacity planning model for determining 

the optimal number of service engineers in order to meet the required service level against the lowest 

labour cost. For the manpower capacity planning model queuing systems will be used. Reasons for 

using queuing systems are: 

• Calls for machines have to wait before they can be dispatched to service engineers: the 

phenomenon of waiting can be studied with the queuing theory.  

• Océ’s performance measure is the average response time performance measured over a year: the 

queuing theory provides probabilistic analysis of queuing systems. 

• The current and the new workforce determination models of Océ also apply the queuing theory 

(see Chapter 7 and Chapter 8): easier for Océ to adopt because they are already familiar with the 

queuing theory. 

Before discussing the queuing model used for the manpower capacity planning model, the dispatch 

method will first be presented in Section 11.1. This is required since the dispatch method is assumed 

given in this project and the same for every planner. The dispatch method will then be followed by the 

selected queuing model in Section 11.2 and the skill allocation in Section 11.3. In Section 11.4, a 

mathematical representation of the manpower capacity planning model is given. Finally, in Section 

11.5, a conclusion is made on the manpower capacity planning model. 

 

11.1. Dispatch method: priority classes 
For determining the optimal dispatch method, literature shows that it is important to know what the 

utilization level of the environment is. Many authors like Broekmeulen (2005) and Tang et al. (2008) 

show that the nearest neighbour approach is the optimal dispatch method in case of high utilization 

environments (the service engineers are loaded at least 80% of their time). In high utilization 

environments, the service engineers are busy most of their times which leads to high waiting time of 

calls. In addition to the high waiting times, it can be stated that the planners cannot influence the on-

site repair time of the calls. In this way, the only thing that the planners are able to influence is the 

travel time of the calls. By minimizing the travel times, more calls can be handled in the same time. If 

priority rules are applied in the high utilization environment, both the waiting time of the calls as well 

as the travel time of the calls increase. As a result, the probability that the response times of the calls 

exceeds the response time targets increases.  

 

Assuming that the demand of last year (October 2007 – September 2008) is representative for the next 

year and given the initial 17 service engineers of NVM152 it can be computed that the average 

utilization level of one service engineer is 92% (= total workload / total capacity of the 17 service 

engineers( = 1604895 minutes/ 1754400 minutes). Note that it is assumed here that all service 

engineers can handle all calls. The high load of the service engineers has a huge impact on the waiting 

time of the calls. The nearest neighbour approach of the planners by minimizing the travel times for 

dispatching calls is therefore understandable. If this dispatch method is applied consistently by the 

planners, the given dispatch method should have been assumed the nearest neighbour approach in this 

project. However, purely dispatching calls based on the nearest neighbour approach has its drawback: 

machines close to the borderlines of the area are treated worse (Broekmeulen, 2005). This drawback is 

not acceptable by Océ due to their customer-focused approach for gaining competitive advantage. 

Machines of important customers with short response times can be located at the borderlines of the 

area. Using priority rules as applied by the planning tool for dispatching calls will prevent the scenario 

that the machines of important customers with short response time requirements are treated badly 

compared to the machines of the other customers. Thus, since Océ prefer the priority rules of the 

planning tool for dispatching calls, it is chosen in this project to show the effect of the priority rules 

on the number of service engineers needed. Is it sensible that Océ chooses to apply the priority rules 

for dispatching service calls? 
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For the given dispatch method of priority rules, the priority classes will have to be set up. Before 

doing this, several issues need to be treated first. First of all, only the response time performances for 

the corrective maintenance calls are important for the SLA performance measure, because the 

response time requirements as stated in the SLA’s concern the corrective maintenance calls only, in 

particular the first corrective maintenance calls. Furthermore, the corrective maintenance calls always 

have the highest priority when dispatching calls. Regarding the preventive maintenance calls and the 

modification calls, it is not worthwhile to treat these types of calls in detail, because they only account 

for 10% of the incoming service calls at Service Planning (see Figure 4.1). Furthermore, these calls 

always have the lowest priority when dispatching calls and the response time performances of these 

calls do not directly influence the SLA performance measured at the end of a year. In this way, for 

setting up the priority classes, only the corrective maintenance calls are relevant. The time for 

handling the other types of calls and activities will reduce the capacity the service engineers have left 

for the corrective maintenance calls. 

 

The current dispatch method in the analysis phase shows that the corrective maintenance calls can be 

divided into extra visit calls and first visit calls. For the first visit calls, there are 27 priority classes. 

The priority classes are determined based on the response time requirement as stated in the SLA, the 

type of service contract and the status of the machine of last year’s calls for NVM152 (October 2007 

– September 2008). Priority class 2 ‘2AVGDOWN’ refers to a response time requirement of two 

hours (2 of 2AVGDOWN), an average service contract (AVG of 2AVGDOWN) and the status 

‘down’ of machines (DOWN of 2AVGDOWN), see Table 11.1. Since the extra visit calls always 

have the highest priority when dispatching service calls regardless of the response time requirements 

as stated in the SLA’s, the extra visit calls can be considered the highest priority class, resulting in 28 

priority classes for the corrective maintenance calls, see Table 11.1.  

 

Priority class 1 Extra visit  Priority class 15 6AVGDOWN 

Priority class 2 2AVGDOWN  Priority class 16 6AVGUP 

Priority class 3 2AVGUP  Priority class 17 7AVGDOWN 

Priority class 4 3AVGDOWN  Priority class 18 7AVGUP 

Priority class 5 3AVGUP  Priority class 19 8MAXDOWN 

Priority class 6 4MAXDOWN  Priority class 20 8MAXUP 

Priority class 7 4MAXUP  Priority class 21 8AVGDOWN 

Priority class 8 4AVGDOWN  Priority class 22 8AVGUP 

Priority class 9 4AVGUP  Priority class 23 9AVGDOWN 

Priority class 10 5MAXDOWN  Priority class 24 9AVGUP 

Priority class 11 5AVGDOWN  Priority class 25 10AVGDOWN 

Priority class 12 5AVGUP  Priority class 26 10AVGUP 

Priority class 13 6MAXDOWN  Priority class 27 12AVGUP 

Priority class 14 6MAXUP  Priority class 28 20AVGUP 
Table 11.1 Priority classes of extra visit calls and first visit call (corrective maintenance calls) 

 

11.2. A multiple single server queuing approach 
For selecting the most appropriate queuing model to use for developing the manpower capacity 

planning model, distribution fittings of the interarrival times and the service processing times are 

required. Are the assumptions of Poisson arrival process and exponential service processing times in 

the two workforce determination models of Océ correct? Note that the service processing times is a 

special issue in field service environment: each call requires travel time next to the on-site repair time. 

Researchers who conducted research on after-sales support in field service environments and who 

applied queuing models have different opinions on dealing with travel times. In the paper of Watson 

et al. (1998) both the travel time and the on-site time are taken together and are assumed to be 

independent variables. According to authors like Agnihothri & Karmarkar (1992), Tang et al. (2008), 

Flapper & Broekmeulen (2009) and Hill et al. (1992), the travel times are dependent variables. Travel 
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time is sequence dependent, dependent on the number of machines in the field, the shape of the field 

service area, the number of service engineers, the skill allocation, the dispatch method and the 

workload in the field. Since studies show that travel time is a very important issue in the field service 

environment, both the travel time and the on-site repair time need to be examined separately with 

regard to distribution fitting. In this way, three distribution fittings are performed. Appendix 6, 

Appendix 7 and Appendix 8 show that the interarrival times of calls, the travel time as well as the on-

site repair times of calls are not exponentially distributed. General distributions describe the 

interarrival times of calls, the travel times and the on-site repair times of calls more adequately. In this 

way, a G/G/N queuing model would be the most appropriate queuing model for describing the 

situation of Océ.  

For dealing with the fact that not all service engineers can handle all calls and not all service 

engineers are fulltime available for handling the calls, a multiple single server queuing approach 

(N*(G/G/1)) is chosen and applied for each service engineer. The lost of flexibility due to the use of a 

single server queuing model instead of a multiple servers queuing model is low in high utilization 

environments (≥ 80%) (Tang et al., 2008). The service engineers of Océ are busy most of their time 

(92% loaded) and in these circumstances it is difficult to help other service engineers handling the 

calls.  

Literature shows that the average waiting time of calls can only be approximated for the G/G/1 

queuing model. However, exact analysis of the queuing model is preferred, which can be explained by 

the high number of uncertainties in the interarrival times. The coefficient of variation of calls are high 

and close to 1, see Table A6.1. The coefficient of variation (< 1) is much lower for the travel time and 

the on-site repair time, see Table A7.2 and Table A8.2. Note that the standard deviation of an 

exponential distribution is equal to its mean, so its coefficient of variation is equal to 1. In this way, 

the interarrival times of the calls can be assumed exponentially distributed and the N*(M/G/1) 

queuing approach can be used for developing the manpower capacity planning model. 

When combining the N*(M/G/1) queuing approach with the priority classes for dispatching service 

calls, the queuing theory of Adan & Resing (2001) can be used.  They provide a formula for 

computing the average waiting time for an M/G/1 queuing system with non-preemptive priority rule. 

In addition to the priority classes, it is preferred by Océ and the customers that calls are not 

interrupted. If a higher priority machine arrives and the service engineer is already busy with a lower 

priority machine, the service engineer has to finish his work first at the lower priority machine before 

going on to the higher priority machine. This is known as the non-preemptive priority rule in the 

queuing theory (Adan & Resing, 2001). 

 

As mentioned earlier, travel time is an important issue in field service environments. In the paper of 

Tang et al. (2008), they show that a good approximation of the travel times is needed when using 

queuing models. For approximating the travel times, they assume the nearest neighbour approach for 

dispatching service calls, because of the high utilization level a field service environment is facing in 

general. As mentioned earlier, Océ prefers the priority classes of the planning tool for dispatching 

calls. The use of priority classes in the high utilization environment Océ is facing, both the waiting 

time of the calls as well as the travel time of the calls increase. With regard to the increasing waiting 

time, this is already high in high utilization environments, regardless of the dispatch method. The 

travel time of the calls on the other hand increases more if priority rules are applied instead of the 

nearest neighbour approach. For a good approximation of the travel times, detailed simulations are 

required. Each time a call arrives it should be known which skill is required to handle the call, where 

the machine is located and to which priority class does the call belong to. On the other hand, for 

dispatching the call, it should be known which of the service engineers have the required skill to 

handle the call, whether the service engineers are busy or idle and where they are located. Running 

simulations for one year using the earlier mentioned information and the initial number of service 

engineers and their skill sets, the travel times can be estimated and used in the queuing model. In this 

way, it can be determined whether the initial number of service engineers is the optimal number of 

service engineers needed for meeting the required service level. However, due to time constraints, 

simulations will not be performed in this project for estimating the travel times. The focus of this 

project will be on developing a manpower capacity planning model using only a multiple single server 

queuing approach with non-preemptive priority rule.  
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11.3. The skill allocation method 
Even though a multiple single server queuing approach is used for developing the manpower capacity 

planning model, the single server queuing model still remains. In general, each queuing model system 

acts independently of the other queuing model systems. In the multiple single server queuing 

approach, all single queuing model systems are related to each other. This is done by equally dividing 

the demand over the service engineers (the multiple single server queuing models) and the overall 

response time performance of the multiple single server queuing model is dependent on the response 

time performances of all the single server queuing models together. The demand of each skill is 

equally divided over the service engineers in such a way that all calls can be handled by the service 

engineers. The distribution of demand over the service engineers is in this way dependent on the skill 

sets of the service engineers. Furthermore, the availability percentages of the service engineers are 

also taken into account for equally distributing the demand over the service engineers. The reason for 

this is that part-time service engineers can handle less calls during a year compared to the fulltime 

service engineers. The possibility that a part-time service engineer is available when needed is also 

lower during a year compared to a fulltime service engineer. Thus, dividing the demand over the 

service engineers by taking the availability percentages of the service engineers into account, the 

availability percentages of the service engineers for handling the calls are equalized. 

 

Important to note is that the skill sets of the service engineers leads to a certain workload distribution 

over the service engineers. With the equal distribution of demand described above, excessive 

workload for some service engineers might occur. The use of queuing models does not allow the 

situation that the service engineers cannot handle their own workload. Calculations cannot be made if 

the latter situation occurs. To deal with the excessive workload, a skill allocation method is required. 

If the initial situation leads to excessive workload, skills need to be reallocated to the service 

engineers in such a way that all service engineers can handle their own workload. Reallocating skills 

refers to the need for training service engineers in new skills. Training service engineer in multiple 

skills is known as cross-training in the literature (Agnihothri & Mishra, 2004). Agnihothri & Mishra 

(2004) addresses the importance of cross-training to reduce the server-job mismatch (for Océ: extra 

visits due to missing knowledge) and increase server availability. Cross-training the engineers in 

multiple skills is required so that the service engineers can be assigned to a variety of jobs as 

necessary. By giving all service engineers a limited amount of skills, almost all the benefits of full 

flexibility (all service engineers have all skills) can be reached. (Jordan & Graves, 1995; Jordan et al., 

2004; Van Houdt, 2008) Note that Océ only allows adding skills to the service engineers: they do not 

want to lose the investment of the current skill allocation. Furthermore, the skill allocation method 

included in the manpower capacity planning model takes into account the current skill allocation 

method of Océ:  

• The skill that is required from the field needs to be reallocated to the service engineers 

• At least one backup service engineer is required for each required skill 

• Training time is required for reallocating a skill 

• The workload should be taken into account when reallocating a skill 

It should be noted here that the idea of the workload balancing principle as applied by Flapper & 

Broekmeulen (2008) can be used for the skill allocation method: allocate skills to the service 

engineers in such a way that the higher the workload of the skill, the more service engineers should 

have the skill. The skill allocation method in this project uses the idea of allocating the skill that 

requires the highest workload as follow: the workload of the service engineer with the highest 

excessive workload will be reallocated first to the other service engineers, and the skill that needs to 

be reallocated first is the one that causes the highest workload for the service engineer. For example, 

if one skill causes the highest workload (100 minutes) for the service engineer and six fulltime service 

engineers possess this skill at the moment, then reallocating the skill to one more (fulltime) service 

engineer reduces the workload for the skill for each service engineer to (100 x 6) / (6 + 1) ≈ 86 

minutes a year. Decreasing the workload of the service engineer with the highest excessive workload 

in this way is the quickest method to make sure that all service engineers can handle their own 



40 
 

workload. For example, there are more than one service engineer with excessive workload. 

Reallocating skills of the service engineer with the highest excessive workload, the probability is 

likely to be high that if this service engineer can handle his workload, all other service engineers with 

excessive workload can also handle their workload. Note here that skills can only be added to the 

other service engineers if the service engineer has capacity left and if he can handle the increasing 

workload.  

 

11.4. Mathematical manpower capacity planning model 

 
Figure 11.1 Relation between priority classes and the service engineers given their skill sets 

 

z:= class of machines, z = 1,…,Z. Class 1 machines has higher priority, class 2 machines second 

highest, and so on 

s:= machine type/skill 

n:= service engineer 

Z:= the number of classes 

S:= the number of skills 

N:= the number of service engineers 

r(s,n):= indicator of skill possession of service engineer n; if r(s,n) = 1, this means that service 

engineer n possess skill s, otherwise r(s,n) = 0 (see Appendix 4) 

P(n):= the availability percentage of service engineer n during a year (see Appendix 4) 

λ(z):= the arrival rate of calls for class z machines (in years) 

λ(z,s):= the arrival rate of calls for class z machines requiring skill s (in years) (see Appendix 9); ���� = ∑ ���, ��	
��  

λ(z,n):= the arrival rate of calls for class z machines of service engineer n given his set of skills (in 

years); ���, � = ∑ ���,
�×��
,��×����
∑ ��
,������ ×����	
��  

ART(z):= the average response time of class z machines (in minutes) 

ART(z,n):= the average response time of class z machines of service engineer n given his set of skills 

(in minutes) 

 

Note that the parameters used here are all in minutes (except for the arrival rates of calls), because the 

data obtained are all in minutes. Furthermore, the demand of period October 2007 – September 2008 

for field service area NVM152 is assumed representative for the next year. Using last year’s figures in 

this way, the most updated information is known, also the demand in the field (with regard to the 

increases and the drops in demand for some machines) and the initial capacity available to handle this 

demand. Furthermore, at strategic level it is reasonable to assume constant arrival rate of calls during 

a year. In this way, the seasonal effects and the light trend in the demand will be neglected in this 

project. Note that it is assumed here that the high response times at the end of the year (due to highly 

������ 

� �����, ��
���

×
∑ ���, �� × ���, � × ���∑ ���, ����� × ���	
��

∑ ���, ��	
��
 

Priority class z machines 

λ(z) 

Service engineer n given 

his set of skills 

λ(z,n) 

 

equals 
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loaded service engineers) are compensated by the short response times at the beginning of the year 

(due to capacity surplus).  

 

Figure 11.1 shows the relationships between the priority classes and the service engineers given their 

set of skills (machine types). The priority classes of machines can be further divided into different 

machine types/skills. The different machine types within a priority class are relevant for the different 

skill sets of each service engineers. The average response time performance ART(z) of priority class z 

machines is based on the average response time performances of all service engineers together ∑n=1,..,N 

ART(z,n). The weighting factor of the average response time performance of each priority class z 

machines of each service engineer is based on the percentage of class z calls handled by each 

engineer: 
∑ �� ,!�×"�!,��×#���

∑ "�!,������ ×#���
$!��

∑ ���,
�$!�� .  

 

In Adan & Resing (2001), Formula 9.3 can be used for determining the average response time 

performance ART(z) of priority class z calls shown in Figure 11.1. However, Formula 9.3 in Adan & 

Resing (2001) assumes that each service engineer is the same, e.g. all service engineers have the same 

set of skills and the same availability percentage. Therefore, the Formula 9.3 in Adan & Resing 

(2001) needs to be modified for the situation of Océ, which include the different set of skills that each 

service engineer has together with his availability percentage, see Figure 11.1. The formulas of the 

manpower capacity planning model are given below and will be treated in more detail.  

 

������ = � �����, � ×
∑ ���, �� × ���, � × ���∑ ���, ����� × ���	
��

∑ ���, ��	
��
�
���  

Formula I 

 

�����, � = &'(��, �) + &'����, �)
= ∑ +��, �&'���, �),���

-1 − 0+�1, � + ⋯ + +��, �23 -1 − 0+�1, � + ⋯ + +�� − 1, �23
+ &'����, �) 

Formula II 

+��, � = (4��, �
∑ (4��, �,���

× +�� 
Formula III 

+�� = ∑ (4��, �,���5��  
Formula IV 

(4��, � = ���, � × 6��, � Formula V 

���, � = � ���, �� × ���, � × ���
∑ ���, ����� × ���

	

��  

Formula VI 

6��, � = � 6��� ×
���, �� × ���, � × ���∑ ���, ����� × ���

∑ ���, �� × ���, � × ���∑ ���, ����� × ���	
��

	


��
 

Formula VII 

5�� = ��� × 578 − 9(4�:;ℎ=���
∑ �������

> × ��� − ���, � 
Formula VIII 

&'���, �) = 6��, �?
2 × 6��, � 

Formula IX 

6��, �? = A?'6��, �) + 6?��, � Formula X 

A?'6��, �) = � A?'6���) ×
���, �� × ���, � × ���∑ ���, ����� × ���

∑ ���, �� × ���, � × ���∑ ���, ����� × ���	
��

	


��
 

Formula XI 
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��
 

Formula XII 

z:= class of machines, z = 1,…,Z. Class 1 machines has higher priority, class 2 machines second 

highest, and so on 

s:= machine type/skill 

n:= service engineer 

Z:= the number of classes 

S:= the number of skills 

N:= the number of service engineers 

r(s,n):= indicator of skill possession of service engineer n; if r(s,n) = 1, this means that service 

engineer n possess skill s, otherwise r(s,n) = 0 (see Appendix 4) 

P(n):= the availability percentage of service engineer n during a year (see Appendix 4) 

T(s,n):= the training time for service engineer n for skill s (in minutes) 

λ(z,s):= the arrival rate of calls for class z machines requiring skill s (in years) (see Appendix 9) 

λ(z,n):= the arrival rate of calls for class z machines of service engineer n given his set of skills (in 

years); ���, � = ∑ ���,
�×��
,��×����
∑ ��
,������ ×����	
��  

µ(s):= the average service time for machine type s (in minutes); µ(s) = E[TT(s)] + E[OT(s)] (see 

Appendix 7 and Appendix 8) 

 

For estimating the travel times in the manpower capacity planning model it is chosen to use last year’s 

travel time figures (October 2007 – September 2008). These travel time figures are based on the 

actual way the planners have dispatched the calls to the service engineer (including the nearest 

neighbour approach) and the 21 service engineers given their skill sets (which is more than the initial 

17 service engineers). It should be noted that estimating the travel times using last year’s travel time 

figures, the required number of service engineers according to the manpower capacity planning model 

is the lower limit optimal number of service engineers needed. Using priority classes, the actual travel 

times would likely be higher compared to the travel time estimations based on last year’s figures. In 

Appendix 7, the estimated travel times are given for each machine type in the field using the gamma 

parameters. Note that it is assumed in the manpower capacity planning model that a service engineer 

possessing skill s has an average travel time to machine type s in the field and this average travel time 

is equal for all service engineers possessing skill s. With regard to the on-site repair time, the on-site 

repair time for each machine type is estimated using last year’s on-site repair times and the gamma 

parameters shown in Appendix 8. For simplicity, it will be assumed in the manpower capacity 

planning model that each service engineer with skill s can service machines belonging to machine 

type s equally well, the average service time µ(s) for machine type s can be computed using Formula 

11.1 (Bucchianico, 2000). This also holds for determining the variance of the service time σ
2
[µ(s)] for 

machine type s, see Formula 11.2.  

 

µ(s) = E[TT(s)] + E[OT(s)] Formula 11.1 

σ
2
[µ(s)] = σ

2
[TT(s)] + σ

2
[OT(s)] Formula 11.2 

 

µ(z,n):= the average service time for each class z machines for service engineer n given his set of 

skills (in minutes) 

σ
2
[µ(s)]:= the variance of service time for machine type/skill s (in minutes); σ

2
[µ(s)] = σ

2
[TT(s)] + 

σ
2
[OT(s)] (see Appendix 7 and Appendix 8) 

σ
2
[µ(z,n)]:= the variance for each class z machines for service engineer n given his set of skills (in 

minutes)  

ρ(z,n):= the utilization level for class z machines of service engineer n given his set of skills; ρ(z,n) < 

1  

ρ(n):= the utilization level of service engineer n given his set of skills; ρ(n) = ∑z=1,..,Z ρ(z,n) < 1  
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E[R(z,n)]:= the average residual service time for class z machines for service engineer n given his set 

of skills (in minutes) 

ART(z):= the average response time of class z machines (in minutes) 

ART(z,n):= the average response time of class z machines of service engineer n given his set of skills 

(in minutes) 

E[W(z,n)]:= the average waiting time of class z machines of service engineer n given his set of skills 

(in minutes) 

E[TT(z,n)]:= the average travel time of class z machines of service engineer n given his set of skills 

(in minutes) 

E[TT(s)]:= the average travel time for machine type s (in minutes) (see Appendix 7) 

WL(z,n):= the workload of class z machines for service engineer n given his set of skills (in minutes) 

Cap:= the capacity/time one fulltime service engineer has available a year for performing the 

preventive maintenance, the corrective maintenance and the modification calls and other activities (in 

minutes). One fulltime service engineer has 215 workable days a year, 8 hours a day (see Table 4.1), 

so Cap = 103200 minutes 

WL(Others):= the time needed for handling the preventive maintenance and the corrective 

maintenance calls and all other activities (in minutes). In total, WL(Others) is 159509 minutes (This 

data is obtained using time spend on other calls and other activities). 

C(n):= the capacity of service engineer n available during a year for corrective maintenance calls (in 

minutes) 

 

Explanation Formula I and Formula II 

Given the skill allocation, an initial capacity check can be done for each service engineer. The 

utilization level of the service engineer n has to be below 1 (ρ(n) < 1), because each engineer has to be 

able to handle his own workload given his capacity. If the service engineers cannot handle his 

capacity, Formula I and Formula II cannot be computed. Note that Formula I makes a distinction 

between the average response times of the different priority classes, which is dependent on the 

performance of all service engineers together given their different set of skills (Formula II). 

 

Explanation Formula III – Formula VII 

The workload of each service engineer depends on the number of calls that need to be handled by the 

service engineer during a year and the time needed to handle each call, see Formula III. For each 

service engineer in the field, a part of the calls presented in Appendix 9 can be allocated, see Formula 

VI.  Formula VII shows that the average service time for each engineer also depends on the skill set 

and the percentage of calls handled by the engineer.  

 

Explanation Formula VIII 

The capacity of each service engineer for handling the corrective maintenance calls depends on his 

availability percentage, the workload needed for handling the other calls and activities and the training 

time needed for learning new skills, see Formula VIII. The time needed for handling the other calls 

and activities and the training time reduce the capacity of the service engineer for handling the 

corrective maintenance calls. Note that in the initial state T(s,n) = 0 for all service engineers, because 

the service engineers already possess a certain set of skills in the initial situation. 

 

Explanation Formula IX – Formula XI 

The average residual time for each class z machines of each service engineer is shown in Formula IX 

and this is the average time that the machine will remain in service, given that it was not known when 

it began. Formula X and Formula XI are needed for computing the average residual time, which also 

depends on the skill set and the percentage of calls handled by the service engineer. 

 

Explanation Formula XII 

The average travel time for each class z machines of each service engineer is shown in Formula XII. 

The estimated travel time depends on the skill possession of the service engineer and the percentage 

of calls handled by the service engineer. The travel time estimation is also required for computing the 
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average response time for each class z machines: the response time includes the waiting time and the 

travel time. 

 

Figure 11.2 Manpower capacity planning model 
 

Figure 11.2 shows a visual representation of the manpower capacity planning model. In the following 

subsections, Figure 11.2 will be explained in more detail, including the detailed versions of the bold 

blocks presented in Figure 11.2. The bold texts in the following subsections refer to the bold blocks in 

Figure 11.2.  

 

11.4.1. Capacity check 

Capacity check 

IF ∀;  ∈ E1, . , GH, +�� < 1,  

THEN go to All required skills allocated 0?, 

ELSE go to Reallocation skills 
 

Given the initial number of service engineers Nint, their set of skills and their availability percentage, 

the utilization level for each service engineer n = 1,..,Nint ρ(n) can be computed using formulas III - 

VIII. If the utilization level of all service engineers ρ(n) < 1, then check whether all required skills are 

allocated (All required skills allocated?). If the utilization level of one of the service engineers ρ(n) 

≥ 1, then skills need to be reallocated to more service engineers or new service engineers have to be 

hired (Reallocation skills).  

∀;  ∈ E1, . , GH, +�� < 1 

Capacity check 

OK? 
NO Reallocation 

skills 

YES 

∀�; � ∈ E1, . . , JH,  
� ���, �� > 0

,

���
�GM � ���, ��

��� = 0  

All required skills allocated 0? 

 

OK? 
YES 

NO 

START 

END ∀�; � ∈ E1, . , NH, ������ 

Measure response time 

performance 

Reallocation 

required skills 0  
 

∀�; � ∈ E1, . . , JH,  
� ���, �� > 0

,

���
�GM � ���, ��

��� = 1  

All required skills allocated 1? 

 

OK? 
YES 

NO 

Reallocation required skills 1  

 

ρ1(n) ≥ 1 
OK? 

� ���, ��
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YES 
NO 
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NO 
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11.4.2. Reallocation (required) skills 

If one of the initial number of service engineers given his skill set cannot handle his own workload 

(the utilization level of one of the service engineers ρ(n) ≥ 1), skills need to be reallocated to more 

service engineers or new service engineers have to be hired (see Figure 11.2).  

 

 The assumptions for reallocation skills are: 

• Reallocating skill s to service engineer n reduces the capacity of service engineer n C(n), because 

training time T(s,n) is required for service engineer n. Training time for skill s differs in practice 

for each service engineer n. The learning curve of each service engineer n is hard to measure and 

will therefore be neglected in the manpower capacity planning model. Furthermore, for an 

upgraded product, the training time T(s,n) is about 480 minutes for each service engineer, 

whereas it is 2400 minutes for an entirely new product. The distinction between a skill for an 

upgraded product or for an entirely new product requires the need for adding a variable to the 

mathematical manpower capacity planning model. This variable should indicate to which product 

group the possessed skill (by service engineer n) belong to. Machine types/Skills belonging to the 

same product group are considered upgraded products and only require 480 minutes training time 

if the service engineer already possesses one of the skills belonging to this product group. 

Otherwise, 2400 minutes training time is required for the service engineer. The initial skill sets of 

the service engineers categorized into product groups would be relevant here. Since the manpower 

capacity planning model is already complex due to the priority classes and the different skill sets 

of the service engineers, no distinction will be made here between a skill for an upgraded product 

or for an entirely new product. All reallocated skills are considered entirely new products and 

requires training time of 2400 minutes from a service engineer. As mentioned earlier in Chapter 9, 

service engineers can need some more guidance after being trained in a skill. The selection of 

2400 minutes for each new skill can compensate for this. The skill level is assumed the same for 

all service engineers having skill s after being trained in skill s.  

• Each new service engineer is required to work as a fulltime service engineer with availability 

percentage of 100% (P = 1). The new service engineers are in general young workers. Part-time 

workers are often service engineers with high ages. Some service engineers develop so much 

experience in the field that they can be hired by Océ as service product specialist. The specialists 

are only 50% of their time available.  

 

The restrictions for reallocating skills are: 

• Service engineer n should have capacity left: ρ(n) < 1. Skills can only be reallocated to the other 

service engineer if he has capacity left. An important remark here is that the availability 

percentage of the service engineers is not taken into account when allocating skills. Adding a skill 

to a part-time service engineer instead of a fulltime service engineer would mean that, when the 

skill is required from the field, the possibility that the part-time service engineer is available at the 

time needed is lower compared to the fulltime service engineer. In this way, it is expected that the 

part-time service engineers increase the average waiting times of the calls and thus the average 

response times of the calls at the end of a year. As a consequence, it can be stated that the optimal 

number of service engineers determined with the manpower capacity planning model indicates the 

lower limit optimal number of service engineers. 

• The reallocated skill s is currently not in the skill set of service engineer n: r(s,n) = 0. Since the 

N*(M/G/1) queuing approach assumes that workload is equally divided over the service engineers 

given their skill sets, the skill can only be added to the other service engineer if this skill is not in 

his current skill set. 

• Adding the reallocated skill s to service engineer n does not exceed his capacity: suppose r(s,n) = 

1, then ρ(n) < 1.  
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Reallocation skills 

Rank the service engineers n = 1,..,N in descending order according to their utilization level +��, so +��� ≥ +?�� ≥ .. ≥ +�O��� ≥ +��� with service 

engineer n having the highest utilization level ranked as number one +���. 

 

Rank the skills s = 1,..,S in descending order according to the workload required for skill s for service engineer n (belonging to +���) (4��, � =
∑ 6��� × ���,
�×��
,��×����

∑ ��
,������ ×����,��� , so WL1(s,n) ≥ WL2(s,n) ≥ .. WLS-1(s,n) ≥ WLS(s,n) with skill s requiring the most workload from service engineer n (belonging 

to +���) ranked first WL1(s,n). 

 

IF the last ranked service engineer n has excessive workload +��� ≥ 1, 

THEN update the number of service engineers N = N + 1 AND reallocate skill s of WL1(s,n) to the new service engineer n = N + 1 AND 

Update parameters AND IF +��� ≥ 1,  

                              THEN repeat Reallocation skills from Rank the skills belonging to the original service engineer n with the highest  

                              workload of all (belonging to +���), 

                                           ELSE go to Capacity check.  

ELSE IF r(s,n) = 0 for the last ranked service engineer n of +���, 

          THEN IF r(s,n) = 1 for the last ranked service engineer n of +��� AND +��� = ∑ QR�
,��$!��S���O?TUU = ∑ ∑ V�
�×�� ,!�×"�!,��×#���
∑ "�!,������ ×#���

W ��$!��
S���O?TUU < 1, 

           THEN reallocate skill s of WL1(s,n) to the last ranked service engineer n of +��� AND  

                       Update parameters AND IF +��� ≥ 1,  

                                                    THEN repeat Reallocation skills from Rank the skills belonging to the original service engineer n with the highest  

                                                    workload of all (belonging to +���), 

                                                                 ELSE go to Capacity check.  

                       ELSE IF r(s,n) = 0 for the one last ranked service engineer n of +�O���, 

                                  THEN IF r(s,n) = 1 for the one last ranked service engineer n of +�O��� AND  

                                               +�O��� = ∑ QR�
,��$!��S���O?TUU = ∑ ∑ V�
�×�� ,!�×"�!,��×#���
∑ "�!,������ ×#���

W ��$!��
S���O?TUU < 1, 

                                  THEN reallocate skill s of WL1(s,n) to the one last service engineer n of +�O��� AND 

                                              Update parameters AND IF +��� ≥ 1,  

                                                                            THEN repeat Reallocation skills from Rank the skills belonging to the original service engineer n 

                                                                            with the highest workload of all (belonging to +���), 

                                                                                         ELSE go to Capacity check.  

             …, 

           ELSE IF r(s,n) = 0 for the second ranked service engineer n of +?��, 
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                                               THEN IF r(s,n) = 1 for the second ranked service engineer n of +?�� AND  

                                                            +?�� = ∑ QR�
,��$!��S���O?TUU = ∑ ∑ V�
�×�� ,!�×"�!,��×#���
∑ "�!,������ ×#���

W ��$!��
S���O?TUU < 1, 

            THEN reallocate skill s of WL1(s,n) to the second service engineer n of +?�� AND   

                                                            Update parameters AND IF +��� ≥ 1,  

                                                                                          THEN repeat Reallocation skills from Rank the skills belonging to the original service 

                                                                                          engineer n with the highest workload of all (belonging to +���), 

                                                                                                        ELSE go to Capacity check.  

                                    ELSE  

Rank the service engineers n = 1,..,N in descending order according to their utilization level +��, so +��� ≥ +?�� ≥ .. ≥ +�O��� ≥ +��� with service 

engineer n having the highest utilization level ranked as number one +���. 

 

Rank the skills s = 1,..,S in descending order according to the workload required for skill s for the original service engineer n with the highest workload 

(belonging to +���) (4��, � = ∑ 6��� × ���,
�×��
,��×����
∑ ��
,������ ×����,��� , so WL1(s,n) ≥ WL2(s,n) ≥ .. WLS-1(s,n) ≥ WLS(s,n) with skill s requiring the most workload 

from the original service engineer n with the highest workload (belonging to +���) ranked first WL1(s,n). 

 

IF the last ranked service engineer n has excessive workload +��� ≥ 1, 

THEN update the number of service engineers N = N + 1 AND reallocate skill s of WL2(s,n) to the new service engineer n = N + 1 AND 

Update parameters AND IF +��� ≥ 1,  

                              THEN repeat Reallocation skills from Rank the skills belonging to the original service engineer n with the highest  

                              workload of all (belonging to +���), 

                                           ELSE go to Capacity check.  

ELSE IF r(s,n) = 0 for the last ranked service engineer n of +���, 

          THEN IF r(s,n) = 1 for the last ranked service engineer n of +��� AND +��� = ∑ QR�
,��$!��S���O?TUU = ∑ ∑ V�
�×�� ,!�×"�!,��×#���
∑ "�!,������ ×#���

W ��$!��
S���O?TUU < 1, 

          THEN reallocate skill s of WL2(s,n) to the last ranked service engineer n of +��� AND  

                      Update parameters AND IF +��� ≥ 1,  

                                                    THEN repeat Reallocation skills from Rank the skills belonging to the original service engineer n with the    

                                                    highest workload of all (belonging to +���), 

                                                                  ELSE go to Capacity check.  

                      ELSE IF r(s,n) = 0 for the one last ranked service engineer n of +�O���, 

                                 THEN IF r(s,n) = 1 for the one last ranked service engineer n of +�O��� AND  
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                                              +�O��� = ∑ QR�
,��$!��S���O?TUU = ∑ ∑ V�
�×�� ,!�×"�!,��×#���
∑ "�!,������ ×#���

W ��$!��
S���O?TUU < 1, 

                                 THEN reallocate skill s of WL2(s,n) to the one last service engineer n of +�O��� AND 

                                             Update parameters AND IF +��� ≥ 1,  

                                                                           THEN repeat Reallocation skills from Rank the skills belonging to the original service  

                                                                           engineer n with the highest workload of all (belonging to +���), 

                                                                                        ELSE go to Capacity check.  

             …, 

           ELSE IF r(s,n) = 0 for the second ranked service engineer n of +?��, 

                                             THEN IF r(s,n) = 1 for the second ranked service engineer n of +?�� AND  

                                                          +?�� = ∑ QR�
,��$!��S���O?TUU = ∑ ∑ V�
�×�� ,!�×"�!,��×#���
∑ "�!,������ ×#���

W ��$!��
S���O?TUU < 1, 

          THEN reallocate skill s of WL2(s,n) to the second service engineer n of +?�� AND   

                                                          Update parameters AND IF +��� ≥ 1,  

                                                                                        THEN repeat Reallocation skills from Rank the skills belonging to the original service 

                                                                                        engineer n with the highest workload of all (belonging to +���), 

                                                                                                     ELSE go to Capacity check.  

                                                          ELSE 

… 

                                                          ELSE 

Rank the service engineers n = 1,..,N in descending order according to their utilization level +��, so +��� ≥ +?�� ≥ .. ≥ +�O��� ≥ +��� with service 

engineer n having the highest utilization level ranked as number one +���. 

 

Rank the skills s = 1,..,S in descending order according to the workload required for skill s for the original service engineer n with the highest workload 

(belonging to +���) (4��, � = ∑ 6��� × ���,
�×��
,��×����
∑ ��
,������ ×����,��� , so WL1(s,n) ≥ WL2(s,n) ≥ .. WLS-1(s,n) ≥ WLS(s,n) with skill s requiring the most workload 

from the original service engineer n with the highest workload (belonging to +���) ranked first WL1(s,n). 

 

IF the last ranked service engineer n has excessive workload +��� ≥ 1, 

THEN update the number of service engineers N = N + 1 AND reallocate skill s of WLS(s,n) to the new service engineer n = N + 1 AND 

Update parameters AND IF +��� ≥ 1,  

                              THEN repeat Reallocation skills from Rank the skills belonging to the original service engineer n with the highest  

                              workload of all (belonging to +���), 

                                           ELSE go to Capacity check.  

ELSE IF r(s,n) = 0 for the last ranked service engineer n of +���, 
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             THEN IF r(s,n) = 1 for the last ranked service engineer n of +��� AND +��� = ∑ QR�
,��$!��S���O?TUU = ∑ ∑ V�
�×�� ,!�×"�!,��×#���
∑ "�!,������ ×#���

W ��$!��
S���O?TUU < 1, 

             THEN reallocate skill s of WLS(s,n) to the last ranked service engineer n of +��� AND  

                         Update parameters AND IF +��� ≥ 1,  

                                                       THEN repeat Reallocation skills from Rank the skills belonging to the original service engineer n with the    

                                                       highest workload of all (belonging to +���), 

                                                                     ELSE go to Capacity check.  

                         ELSE IF r(s,n) = 0 for the one last ranked service engineer n of +�O���, 

                                    THEN IF r(s,n) = 1 for the one last ranked service engineer n of +�O��� AND  

                                                +�O��� = ∑ QR�
,��$!��S���O?TUU = ∑ ∑ V�
�×�� ,!�×"�!,��×#���
∑ "�!,������ ×#���

W ��$!��
S���O?TUU < 1, 

                                   THEN reallocate skill s of WLS(s,n) to the one last service engineer n of +�O��� AND 

                                               Update parameters AND IF +��� ≥ 1,  

                                                                             THEN repeat Reallocation skills from Rank the skills belonging to the original service  

                                                                             engineer n with the highest workload of all (belonging to +���), 

                                                                                          ELSE go to Capacity check.  

             …, 

            ELSE IF r(s,n) = 0 for the second ranked service engineer n of +?��, 

                                               THEN IF r(s,n) = 1 for the second ranked service engineer n of +?�� AND  

                                                           +?�� = ∑ QR�
,��$!��S���O?TUU = ∑ ∑ V�
�×�� ,!�×"�!,��×#���
∑ "�!,������ ×#���

W ��$!��
S���O?TUU < 1, 

            THEN reallocate skill s of WLS(s,n) to the second service engineer n of +?�� AND   

                                                           Update parameters AND IF +��� ≥ 1,  

                                                                                         THEN repeat Reallocation skills from Rank the skills belonging to the original service 

                                                                                         engineer n with the highest workload of all (belonging to +���), 

                                                                                                      ELSE go to Capacity check.  

              ELSE update the number of service engineers N = N + 1 AND reallocate skill s of WL1(s,n) to the new service 

                                                  engineer n = N + 1 AND  

                                                 Update parameters AND IF +��� ≥ 1,  

                                                                              THEN repeat Reallocation skills from Rank the skills belonging to the original service  

                                                                              engineer n with the highest workload of all (belonging to +���), 

                                                                                           ELSE go to Capacity check.  
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All required skills allocated 0? 

IF ∀�; � ∈ E1, . . , JH, ∑ ���, �� > 0,���  �GM ∑ ���, � ���� = 0, 

THEN go to Reallocation required skills 0, 

ELSE go to All required skills allocated 1?. 
 

Reallocation required skills 0 

Rank the service engineers n = 1,..,N in descending order according to their utilization level +��, so +��� ≥ +?�� ≥ .. ≥ +�O��� ≥ +��� with service 

engineer n having the highest utilization level ranked as number one +���. 

 

Rank the skills s with ∑ ���, �� > 0,���  �GM ∑ ���, ����� = 0 in descending order according to the workload required for skill s in case there is one backup 

service engineer for skill s (4��, � = ∑ 6��� × ���,
�×��
,��×����
?×����,���  (note that ∑ ���, ����� = 2), so WL1(s,n) ≥ WL2(s,n) ≥ .. with skill s requiring the most 

workload from each of the two service engineers ranked first WL1(s,n). 

 

IF r(s,n) = 0 for the last ranked service engineer n of +���, 

THEN IF r(s,n) = 1 for the last ranked service engineer n of +��� AND +��� = ∑ QR�
,��$!��S���O?TUU = ∑ ∑ V�
�×�� ,!�×"�!,��×#���
∑ "�!,������ ×#���

W ��$!��
S���O?TUU < 1, 

            THEN reallocate skill s of WL1(s,n) to the last ranked service engineer n of +��� AND 

            Update parameters AND IF skill s of WL1(s,n) is reallocated to one service engineer ∑ ���, ����� = 1, 

                                                      THEN repeat Reallocation required skills 0 with ∑ ���, ����� = 1 for skill s of WL1(s,n), 

                                                       ELSE go to All required skills allocated 0?. 

 ELSE IF r(s,n) = 0 for the one last ranked service engineer n of +�O���, 

                       THEN IF r(s,n) = 1 for the one last ranked service engineer n of +�O��� AND      

+�O��� = ∑ QR�
,��$!��S���O?TUU = ∑ ∑ V�
�×�� ,!�×"�!,��×#���
∑ "�!,������ ×#���

W ��$!��
S���O?TUU < 1, 

           THEN reallocate skill s of WL1(s,n) to the one last service engineer n of +�O��� AND 

                                   Update parameters AND IF skill s of WL1(s,n) is reallocated to one service engineer ∑ ���, ����� = 1, 

                                                                             THEN repeat Reallocation required skills 0 with ∑ ���, ����� = 1 for skill s of WL1(s,n), 

                                                                              ELSE go to All required skills allocated 0?. 

            …, 

           ELSE IF r(s,n) = 0 for the second ranked service engineer n of +?��, 

                                              THEN IF r(s,n) = 1 for the second ranked service engineer n of +?�� AND 

     +?�� = ∑ QR�
,��$!��S���O?TUU = ∑ ∑ V�
�×�� ,!�×"�!,��×#���
∑ "�!,������ ×#���

W ��$!��
S���O?TUU < 1, 
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           THEN reallocate skill s of WL1(s,n) to the second service engineer n of +?�� AND 

                                                            Update parameters AND IF skill s of WL1(s,n) is reallocated to one service engineer ∑ ���, ����� = 1, 

                                                                                                      THEN repeat Reallocation required skills 0 with ∑ ���, ����� = 1 for skill s of WL1(s,n), 

                                                                                                       ELSE go to All required skills allocated 0?. 

             ELSE update the number of service engineers N = N + 1 AND reallocate skill s of WL1(s,n) to the new service engineer 

                                                            n = N + 1 AND 

                                                            Update parameters AND IF skill s of WL1(s,n) is reallocated to one service engineer ∑ ���, ����� = 1, 

                                                                                                      THEN repeat Reallocation required skills 0 with ∑ ���, ����� = 1 for skill s of WL1(s,n), 

                                                                                                       ELSE go to All required skills allocated 0?. 
 

All required skills allocated 1? 

IF ∀�; � ∈ E1, . . , JH, ∑ ���, �� > 0,���  �GM ∑ ���, � ���� = 1, 

THEN go to Reallocation required skills 1, 

ELSE go to Measure response time performance. 

 

Reallocation required skills 1 

Rank the service engineers n = 1,..,N in descending order according to their utilization level +��, so +��� ≥ +?�� ≥ .. ≥ +�O��� ≥ +��� with service 

engineer n having the highest utilization level ranked as number one +���. 

 

Rank the skills s with ∑ ���, �� > 0,���  �GM ∑ ���, ����� = 1 in descending order according to the workload required for skill s in case there is one backup 

service engineer for skill s (4��, � = ∑ 6��� × ���,
�×��
,��×����
?×����,���  (note that ∑ ���, ����� = 2), so WL1(s,n) ≥ WL2(s,n) ≥ .. with skill s requiring the most 

workload from each of the two service engineers ranked first WL1(s,n). 

 

IF r(s,n) = 0 for the last ranked service engineer n of +���, 

THEN IF r(s,n) = 1 for the last ranked service engineer n of +��� AND +��� = ∑ QR�
,��$!��S���O?TUU = ∑ ∑ V�
�×�� ,!�×"�!,��×#���
∑ "�!,������ ×#���

W ��$!��
S���O?TUU < 1, 

            THEN reallocate skill s of WL1(s,n) to the last ranked service engineer n of +��� AND 

             Update parameters AND go to All required skills allocated 1?. 

 ELSE IF r(s,n) = 0 for the one last ranked service engineer n of +�O���, 

                       THEN IF r(s,n) = 1 for the one last ranked service engineer n of +�O��� AND      

+�O��� = ∑ QR�
,��$!��S���O?TUU = ∑ ∑ V�
�×�� ,!�×"�!,��×#���
∑ "�!,������ ×#���

W ��$!��
S���O?TUU < 1, 

           THEN reallocate skill s of WL1(s,n) to the one last service engineer n of +�O��� AND 
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                                    Update parameters AND go to All required skills allocated 1?. 

   …, 

   ELSE IF r(s,n) = 0 for the second ranked service engineer n of +?��, 

                                                 THEN IF r(s,n) = 1 for the second ranked service engineer n of +?�� AND 

     +?�� = ∑ QR�
,��$!��S���O?TUU = ∑ ∑ V�
�×�� ,!�×"�!,��×#���
∑ "�!,������ ×#���

W ��$!��
S���O?TUU < 1, 

              THEN reallocate skill s of WL1(s,n) to the second service engineer n of +?�� AND 

                                                               Update parameters AND go to All required skills allocated 1?. 

               ELSE update the number of service engineers N = N + 1 AND reallocate skill s of WL1(s,n) to the new service 

                                                              engineer n = N + 1 AND 

                                                              Update parameters AND go to All required skills allocated 1?. 
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The action Reallocation skills is important if the capacity check turns out to be NOT OK, see Figure 

11.2. Furthermore, skills need to be reallocated over the service engineers in order to satisfy the 

demand in the field. So, for each required skill s in the field ∑z=1,..,Z λ(z,s) > 0, there should be at least 

one backup service engineer ∑n=1,..,N r(s,n) ≥ 2. The skill matrix shows that not all skills are possessed 

by the initial 17 service engineers (see column T in Appendix 4). For some skills, there are even no 

backup service engineers, because only one service engineer possesses the skill. This is not consistent 

with the training decisions as described in Chapter 9. According to the field service managers, the 

number of service engineers for each required skill in the field should be at least two. This result in the 

need for Reallocation required skills (0 and/or 1), see Figure 11.2. If none of the initial service 

engineers possess the required skill, the action Reallocation required skills 0 is needed. If there is no 

backup service engineer for a required skill in the field, Reallocation required skills 1 is needed. 

Note that there is a difference between Reallocation skills and Reallocation required skills. The 

starting point of Reallocation skills is the service engineer with the current set of skills, whereas the 

starting point of Reallocation required skills is the required skills that are not yet allocated to any of 

the service engineers and that there should be at least one backup for the required skills. 

 

In the situation of Reallocation skills, the workload of the service engineer n with the highest 

workload WL1(n) will be decreased to the desired level (ρ1(n) < 1). The service engineer with the 

highest workload can be found by first ranking the service engineers in ascending order and the 

service engineer with the highest workload is ranked first. The skill s that needs to be reallocated first 

to the lowest ranked service engineer WLN(n) would be the skill s that causes the highest workload 

WL1(s,n) for the first ranked service engineer. Again, the skill s that causes the highest workload for 

the first ranked service engineer can also be found by using the ranking principle, but this time the 

skills are ranked. Note that a new service engineer is needed if the service engineer n with the lowest 

workload WLN(n) cannot handle his workload. Reallocation skills is repeated until all service 

engineers can handle their own workload given the initial skill allocation. 

 

In the situation of Reallocation required skills (0 and/or 1), it is more reasonable to allocate the skill 

s that causes the highest workload for each of the two service engineers (one backup for each required 

skill s not yet allocated). This skill s can be allocated to the service engineer n with the most capacity 

left and a new service engineer is only hired if even this service engineer n cannot handle the workload 

of this skill. 

 

If skill s cannot be reallocated to the current number of service engineers N (Reallocation skills and 

Reallocation required skills (0 and/or 1)), a new service engineer has to be added to the current 

number of service engineer N (N = N + 1) and skill s has to be reallocated to the new service engineer 

n = N + 1. If skill s is reallocated to the new service engineer n = N + 1, note that his capacity is 

reduced with T(s,n) = 2400 minutes. This also holds for the current service engineers: the capacity of 

the service engineer reduces with 2400 minutes a year for each new skill.  

 

After each skill reallocation (note that skills are reallocated one by one), parameters need to be 

updated.  

 

Update parameters  

IF G = G + 1, 

THEN ��� = 1, 

ELSE ��� = ���. 

For service engineer n with the 

reallocated skill s 

���, � = 1 For service engineer n with the 

reallocated skill s ���, � = 2400 For service engineer n with the 

reallocated skill s 

IF Reallocation skills, 

THEN ∑ ���, � = ∑ ���, ����� + 1���� , 

ELSE∑ ���, � = 2���� . 

For the reallocated skill s 
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∀;  ∈ E1, . . , GH, +�� For all service engineers using formulas 

III-VIII 

 

11.4.3. Response time performance 

Measure response time performance 

Compute ∀�; � ∈ E1, . . , NH the average response time performance ART(z) using Formula I, Formula 

II and Formula XII. 

 

The ‘optimal’ skill allocation is found if the skills are reallocated to the service engineers in such a 

way that all service engineers can handle their own workload. The average response time performance 

for each class z machines can now be computed using the average waiting time performance and the 

average travel time for each class z machines of each service engineer (given his set of skills). 

 

The average response time performance ART(z) can be used for estimating the SLA performance. The 

SLA of a machine in the field is met if the average response time ART(m) of machine m does not 

exceed the response time target RT(m) set for machine m (SLA(m) = 1), otherwise the SLA of 

machine m is not met (SLA(m) = 0). Note that the average response time ART(m) of machine m has 

to be computed using two different average response time ART(z) of class z machines: each machine 

has one SLA with two response time requirements. The average response time ART(m) of machine m 

can be determined by using 70% weighting factor for the average response time ART(z) of class z 

machines belonging to the higher priority class response time performance and the remaining 30% 

weighting factor for the lower priority class response time performance. The response time target 

RT(m) for machine m is set by using the two response time requirements as stated in the SLA (70% 

for response time requirement for status ‘down’ machines and the remaining the 30% for status ‘up’ 

machines). In this way, it can be computed for each machine in the field whether the SLA of the 

machine is met or not and the percentage SLA’s met/on time in the field is the expected SLA 

performance. 

 

11.5. Conclusion 

With the manpower capacity planning model, an attempt is made to improve the two workforce 

determination models of Océ for determining the optimal number of service engineers needed and at 

the same time aims at meeting the required service level against the lowest costs. In the manpower 

capacity planning model, more realistic assumptions are made, which are close to the existing situation 

of Océ. The more realistic assumptions include issues like generally distributed service processing 

times, not all service engineers can handle all calls (different skill sets of the service engineers), both 

fulltime as well as part-time service engineers exist, and priority classes for dispatching service calls. 

In Table 11.2, the assumptions of the two workforce determination models of Océ and the manpower 

capacity planning model are presented.  

 

Current workforce 

determination model 

New workforce determination 

model 

Manpower capacity planning 

model 

Poisson arrival 

process/Exponential interarrival 

times 

Poisson arrival 

process/Exponential interarrival 

times 

Poisson arrival 

process/Exponential interarrival 

times 

Exponential service processing 

times (travel time + on-site 

repair time) 

Exponential service processing 

times (travel time + on-site 

repair time) 

Generally distributed service 

processing times (travel time + 

on-site repair time) 

All service engineers can 

handle all calls (Single server 

queuing model) 

All service engineers can 

handle all calls (Multiple 

servers queuing model) 

Not all service engineers can 

handle all calls (Multiple single 

server queuing models for 

dealing with the different skill 

sets of the service engineers) 
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Fulltime service engineers Fulltime service engineers Fulltime and part-time service 

engineers (Multiple single 

server queuing models for 

dealing with the different 

availability percentages of the 

service engineers) 

Dispatch method: FCFS policy Dispatch method: FCFS policy Dispatch method: Priority 

classes 

Response time = Waiting time Response time = Waiting time 

+ Travel time 

Response time = Waiting time 

+ Travel time 

  Skill allocation method: 

required skill, at least one 

backup for required skill, 

training time, and workload 
Table 11.2 Assumptions of the current and the new workforce determination models, and of the manpower 

capacity planning model 

 

Since the two workforce determination models of Océ assume that all service engineers can handle all 

calls, the workload is equally distributed over the service engineers. For determining the number of 

service engineers needed, all service engineers are able to handle their own workload. The manpower 

capacity planning model however distributes the workload over the service engineers based on the 

skill sets and the availability percentages of the service engineers. This way of distributing the 

workload might result in service engineers not being able to handle their own workload. To make sure 

that all service engineers can handle their own workload, skills need to be reallocated to the service 

engineers. The skill allocation method included in the manpower capacity planning model (see Table 

11.2) takes into account the current skill allocation method of Océ: the skill that is required from the 

field needs to be allocated to the service engineers, at least one backup service engineer is required for 

each required skill, the training time required for allocating the skill, and the changing workload 

caused by allocating the skill. An important remark on the skill allocation method is that the 

availability percentage of the service engineers is not taken into account when allocating skills. 

Adding a skill to a part-time service engineer instead of a fulltime service engineer would mean that, 

when the skill is required from the field, the possibility that the part-time service engineer is available 

at the time needed is lower compared to the fulltime service engineer. In this way, it is expected that 

the part-time service engineers increase the average waiting times of the calls and thus the average 

response times of the calls at the end of a year. As a consequence, it can be stated that the optimal 

number of service engineers determined with the manpower capacity planning model indicates the 

lower limit optimal number of service engineers.  

 

The manpower capacity planning model is implemented in Excel. Excel is an easy to use and an easy 

to understand program in which simple calculations can be performed. The formulas given in section 

11.4 (Formula I – XII) are therefore included in the Excel program. In the next chapter, the manpower 

capacity planning model implemented in Excel is tested for field servcei area NVM152. In Appendix 

10, the sheets of the manpower capacity planning model in Excel are explained, in particular for field 

service area NVM152. The input parameters in Excel can be adjusted for any other field service area. 
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12. Test results 
This chapter presents the results for field service area NVM152 using the manpower capacity planning 

model, which is implemented in Excel. In Section 12.1, the test results of the mathematical manpower 

capacity planning model are presented. The test results in Section 12.1 will be discussed in Section 

12.2. 

 

12.1. Results mathematical manpower capacity planning 
model 

Given the initial 17 service engineers and the current skill allocation over the service engineers, see 

Appendix 4, an initial capacity check can be performed using formulas III – VIII. The initial workload 

distribution is shown in Table 12.1 together with the utilization level of each engineer. 

 

Results (initial) Capacity check 

Service engineer n 
WL(n) 
(in minutes) P(n) 

WL(Others,n) 
(in minutes) 

T(n) 
(in minutes) 

C(n) 
(in minutes) ρ(n) Rank n 

1 72074.48 0.50 5008.132 0 46591.87 1.546933 1 

2 26999 1.00 10016.26 0 93183.74 0.289739 17 

3 48430 1.00 10016.26 0 93183.74 0.519726 15 

4 69356.65 1.00 10016.26 0 93183.74 0.7443 13 

5 21237.8 0.63 6260.165 0 58239.84 0.364661 16 

6 113409.3 1.00 10016.26 0 93183.74 1.217051 4 

7 98034.65 1.00 10016.26 0 93183.74 1.052057 6 

8 89192.71 1.00 10016.26 0 93183.74 0.95717 8 

9 109851.4 1.00 10016.26 0 93183.74 1.178869 5 

10 78029.7 1.00 10016.26 0 93183.74 0.837375 12 

11 73456.62 0.90 9014.637 0 83865.36 0.875887 11 

12 83655.45 1.00 10016.26 0 93183.74 0.897747 10 

13 61597.81 0.90 9014.637 0 83865.36 0.734484 14 

14 88019.99 1.00 10016.26 0 93183.74 0.944585 9 

15 113779.9 1.00 10016.26 0 93183.74 1.221027 3 

16 90242.97 1.00 10016.26 0 93183.74 0.968441 7 

17 129865.5 1.00 10016.26 0 93183.74 1.39365 2 

Total 1367234 15.93 159509 0 1483951 

Table 12.1 Initial workload distribution of the initial number of service engineers N = 17(in minutes) 

 

First of all, Table 12.1 shows that the workload WL(n) of each service engineer n in the field for the 

corrective maintenance calls is different and is 1367234 minutes (22787 hours) for all service 

engineers together. The workload  WL(n) of service engineer n for the corrective maintenance calls is 

based on the skill possession and the availability percentage P(n) of service engineer n. This also holds 

for the workload WL(Others,n) of service engineer n for the other calls and activities, which is 159509 

minutes (2658 hours) for all service engineers together. The workload WL(Others,n) for other calls 

and activities of service engineer n reduces the capacity C(n) service engineer n has left for handling 

the corrective maintenance calls. The total capacity of the initial 15.93 fulltime service engineers (17 

service engineers) is 1483951 minutes (24733 hours). Note that the training time T(n) of service 

engineer n also reduces the capacity of the engineer and the training time is 0 for all service engineers 

in the initial situation.  

 

When looking at the utilization level ρ(n) of each service engineer n in Table 12.1, it can be seen that 

some service engineers have excessive workload in the initial situation: six service engineers have ρ(n) 

≥ 1. Reallocation skills needs to be applied in such a way all service engineers can handle his 

workload, see Table 12.2. The ranking list (Rank n) of the service engineers will be needed for 

reallocating the skills. The new number of service engineers needed turns out to be 19 service 
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engineers instead of the initial 17 service engineers. The 19 number of service engineers are able to 

handle their own workload (ρ(n) < 1 for all service engineers). Note that the training time T(n) is no 

longer 0 for all service engineers. 

 

Results Reallocation skills 

Service engineer n 
WL(n) 
(in minutes) P(n) 

WL(Others,n) 
(in minutes) 

T(n) 
(in minutes) 

C(n) 
(in minutes) ρ(n) Rank n 

1 47006.23 0.50 4449.344 0 47150.66 0.996937 1 

2 60403.82 1.00 8898.689 28800 65501.31 0.922177 19 

3 65182.69 1.00 8898.689 24000 70301.31 0.92719 18 

4 73195.44 1.00 8898.689 16800 77501.31 0.944441 11 

5 37251.97 0.63 5561.681 19200 39738.32 0.937432 15 

6 89323.02 1.00 8898.689 0 94301.31 0.947209 10 

7 83897.44 1.00 8898.689 7200 87101.31 0.963217 7 

8 81217.09 1.00 8898.689 7200 87101.31 0.932444 17 

9 93610.33 1.00 8898.689 0 94301.31 0.992673 3 

10 79430.48 1.00 8898.689 9600 84701.31 0.937772 14 

11 70204.7 0.90 8008.82 9600 75271.18 0.93269 16 

12 70177.29 1.00 8898.689 21600 72701.31 0.965282 6 

13 66280.73 0.90 8008.82 14400 70471.18 0.940537 13 

14 83808.71 1.00 8898.689 7200 87101.31 0.962198 8 

15 81148.09 1.00 8898.689 12000 82301.31 0.985988 4 

16 84516.91 1.00 8898.689 4800 89501.31 0.944309 12 

17 90651.34 1.00 8898.689 0 94301.31 0.961295 9 

18 55722.93 1.00 8898.689 38400 55901.31 0.996809 2 

19 54204.71 1.00 8898.689 38400 55901.31 0.96965 5 

Total 1367234 17.93 159509 259200 1319348 

Table 12.2 Workload distribution after Reallocation skills (in minutes) 
 

Even though all service engineers can handle their own workload after Reallocation skills, not all 

workload are yet allocated to the service engineers. The total workload of all service engineers is 

1367234 minutes (22787 hours) according to Table 12.1 and Table 12.2, whereas it is 1389634 

minutes (23161 hours) as shown in Table 12.3. Table 12.3 shows that 22401 minutes (373 hours) of 

workload is not yet allocated to the service engineers. So, Reallocation required skills 0 needs to be 

applied in such a way that all required skills are allocated to the service engineers.  

 

Total Workload allocated (in minutes) 1367234 

Workload not yet allocated (in minutes) 22401 

Total Workload (in minutes) 1389634 

Table 12.3 Workload not yet allocated (in minutes) 

 

Results of Reallocation required skill 0 is presented in Table 12.4. All workload are now reallocated 

to the service engineers. The new number of service engineers needed turns out to be 20 instead of the 

19 service engineers determined earlier. 

 

Results Reallocation required skills 0 

Service engineer n 
WL(n) 
(in minutes) P(n) 

WL(Others,n) 
(in minutes) 

T(n) 
(in minutes) 

C(n) 
(in minutes) ρ(n) Rank n 

1 47006.23 0.50 4214.24 0 47385.76 0.991991 3 

2 62745.69 1.00 8428.481 31200 63571.52 0.987009 6 

3 67350.64 1.00 8428.481 26400 68371.52 0.985069 9 

4 73555.44 1.00 8428.481 19200 75571.52 0.973322 14 

5 37598.13 0.63 5267.801 21600 37632.2 0.999095 1 

6 89570.52 1.00 8428.481 2400 92371.52 0.969677 17 
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7 84054.94 1.00 8428.481 9600 85171.52 0.98689 7 

8 82895.59 1.00 8428.481 9600 85171.52 0.973278 15 

9 93610.33 1.00 8428.481 0 94771.52 0.987747 5 

10 80512.41 1.00 8428.481 12000 82771.52 0.972707 16 

11 71405.49 0.90 7585.633 12000 73294.37 0.974229 13 

12 70312.29 1.00 8428.481 24000 70771.52 0.993511 2 

13 66806.52 0.90 7585.633 16800 68494.37 0.975358 12 

14 83958.71 1.00 8428.481 9600 85171.52 0.98576 8 

15 81148.09 1.00 8428.481 12000 82771.52 0.980387 11 

16 84891.91 1.00 8428.481 7200 87571.52 0.969401 18 

17 90883.84 1.00 8428.481 2400 92371.52 0.983895 10 

18 55722.93 1.00 8428.481 38400 56371.52 0.988494 4 

19 54204.71 1.00 8428.481 38400 56371.52 0.961562 19 

20 11400.03 1.00 8428.481 33600 61171.52 0.186362 20 

Total 1389634 18.93 159509 326400 1293236     

Table 12.4 Workload distribution after Reallocation required skills 0 (in minutes) 
 

Reallocation required skill 0 is not sufficient, because not all required skills in field service area 

NVM152 is possessed by at least two service engineers. Therefore, Reallocation required skill 1 is 

required. Results of Reallocation required skill 1 is presented in Table 12.5. The new number of 

service engineers needed remains 20, but the skill allocation over the 20 service engineers has changed 

(the total training time has increased from 326400 minutes (5440 hours) in Table 12.4 to 331200 

minutes (5520 hours) Table 12.5). 

 

Results Reallocation required skills 1 

Service engineer n 
WL(n) 
(in minutes) P(n) 

WL(Others,n) 
(in minutes) 

T(n) 
(in minutes) 

C(n) 
(in minutes) ρ(n) Rank n 

1 47006.23 0.50 4214.24 0 47385.76 0.991991 3 

2 62745.69 1.00 8428.481 31200 63571.52 0.987009 6 

3 67350.64 1.00 8428.481 26400 68371.52 0.985069 9 

4 73555.44 1.00 8428.481 19200 75571.52 0.973322 14 

5 37598.13 0.63 5267.801 21600 37632.2 0.999095 1 

6 89570.52 1.00 8428.481 2400 92371.52 0.969677 17 

7 84054.94 1.00 8428.481 9600 85171.52 0.98689 7 

8 82895.59 1.00 8428.481 9600 85171.52 0.973278 15 

9 93610.33 1.00 8428.481 0 94771.52 0.987747 5 

10 80512.41 1.00 8428.481 12000 82771.52 0.972707 16 

11 71405.49 0.90 7585.633 12000 73294.37 0.974229 13 

12 70312.29 1.00 8428.481 24000 70771.52 0.993511 2 

13 66772.31 0.90 7585.633 16800 68494.37 0.974858 12 

14 83958.71 1.00 8428.481 9600 85171.52 0.98576 8 

15 81148.09 1.00 8428.481 12000 82771.52 0.980387 11 

16 84680.24 1.00 8428.481 7200 87571.52 0.966984 18 

17 90883.84 1.00 8428.481 2400 92371.52 0.983895 10 

18 55722.93 1.00 8428.481 38400 56371.52 0.988494 4 

19 54204.71 1.00 8428.481 38400 56371.52 0.961562 19 

20 11645.9 1.00 8428.481 38400 56371.52 0.206592 20 

Total 1389634 159509 331200 1293236     

Table 12.5 Workload distribution after Reallocation required skills 1 (in minutes) 
 

Appendix 11 shows an example for service engineer n = 2, regarding his workload for each class z 

machines and each machine type/skill s. The number of trainings needed of service engineer n = 2 is 

also presented in Appendix 11. For service engineer n = 2 the number of new skills are 13 and this can 

also be derived from Table 12.5  (= 31200 / 2400). 
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Results Measure response time performance 

Since all required skills are allocated and all the 20 service engineers can handle their own workload, 

Measure response time performance can be applied. This is done for all 20 service engineers using 

Formula II, see Table 12.6. Appendix 12 shows an example for the average response time performance 

for each class z machines of service engineer n = 2. Appendix 13 shows the ‘optimal’ skill allocation 

over the 20 service engineers of field service area NVM152.  

 

 
Table 12.6 The average response time performance ART(z,n) for class z machines of each service engineer n and  

the average response time performance ART(z) for class z machines (in hours), including the SLA performance 

SLA(z) for class z machines  

 

Using the average response time performance ART(z,n) for each class z machines determined for each 

service engineer n, the average response time performance ART(z) for each class z machines can be 

computed using Formula I. The response time target RT(z) for each class z machines and the average 

response time performance ART(z) for each class z machines are also presented in Table 12.6. Table 

12.6 shows that the response time targets of class z machines from 23 – 28 cannot be met. SLA(z) = 1, 

means that the response time target of class z machines is met, otherwise SLA(z) = 0. Note that the 

response time of extra visits are not stated in the SLA’s. However, a response time target set for each 

machine in the field is based on two response time requirements (two different RT(z)) and has to be 

compared to the two different ART(z). Using the response time requirements as stated in the SLA’s of 

the more than 5500 machines in the field, it can be computed that the expected SLA performance is 

64% based on the 20 number of service engineers and the ‘optimal’ skill allocation. 

 

12.2. Discussion test results 
In this project, field service area NVM152 is selected for testing the manpower capacity planning 

model. The initial number of service engineers is 17 with the number of skills per engineer ranging 

from 12 to 77 (see Appendix 4). The results for field service area NVM152 revealed that the initial 17 

service engineers given their skill allocation are not sufficient. Instead 20 service engineers are needed 

for handling the demand in the field. The ‘optimal’ skill allocation of the 20 service engineers has the 

number of skills per engineer ranging from 17 to 80 (see Appendix 13). The higher number of service 

engineers needed can be explained by the highly loaded loaded service engineers (see Table 12.1), 

given the initial number of service engineers (including the initial skill allocation). Given the initial 

situation, there are even service engineers with excessive workload. To make sure that all service 

engineers are able to handle their own workload, skills need to be allocated to more service engineers 

to handle. Each newly added skill requires training time from the service engineer and increases his 

workload. The higher number of service engineers needed can also be explained by the fact that skills 
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are lost or new machine types are introduced in the field. Furthermore, each required skill in the field 

has to be possessed by at least one backup service engineer. Both situations requires skills to be 

reallocated to more service engineers. 

 

Even though the optimal number of service engineers and the ‘optimal’ skill allocation of the service 

engineers lead to very high utilization levels of the service engineers (see Table 12.5), the manpower 

capacity planning model can also be used by Océ for other utilization levels. Highly loaded service 

engineers increases the waiting times and consequently the response times of the calls. Instead of 

aiming at utilization levels below 1 (ρ(n) < 1), Océ can also choose to aim at utilization levels below 

0.8 (ρ(n) < 0.8). If Océ chooses a utilization level below 0.8 for each service engineer, it can be 

concluded that more than 20 service engineers would be needed for reducing the response times of the 

calls for field service area NVM152. Note that a reduction of the utilization level of the service 

engineers could also improve the expected SLA performance. 

 

The lower limit optimal number of service engineers including the ‘optimal’ skill allocation is 

determined with the manpower capacity planning model. It should be noted that the use of priority 

rules for dispatching service calls would increases the lower limit optimal number of service 

engineers. The nearest neighbour approach would be the optimal dispatch method given the situation 

of Océ. It is already difficult for the highly loaded service engineers for meeting the response time 

targets. Efficient usage of the available manpower capacity is required here. Thus, dispatching service 

calls by minimizing the travel times, more calls can be handled in the same time.     
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Part D Implementation 

13. Implementation plan 
Insights have been gained in the two workforce determination models of Océ. Both models do not 

include many issues that are relevant for the situation of Océ. With the manpower capacity planning 

model, an attempt is made to improve the two workforce models of Océ. More realistic assumptions 

which better describes the situation of Océ, are used in the manpower capacity planning model. 

However, in this research project, the manpower capacity planning model has not been tested using 

simulations. In this way, nothing yet can be said about the performance of the manpower capacity 

planning model. It is therefore not suggested to adopt the manpower capacity planning model 

immediately. Simulations are thus required in which the performances of the two workforce 

determination models of Océ and the manpower capacity planning model have to be tested and 

compared. 
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14. Conclusions 
This chapter describes the most important conclusions of the research for Océ in Subsection 14.1, 

including recommendations for Océ, and its contribution to the literature in Subsection 14.2.  

 

14.1. Conclusions of research for Océ 
First of all, with this research, the two workforce determination models of Océ were examined in more 

detail. None of the two models revealed to be the correct model for Océ to apply. Both models assume 

many issues which do not fit reality. With the manpower capacity planning model, an attempt is made 

to improve the two workforce determination models of Océ. Assumptions that better fit the situation of 

Océ are included in the manpower capacity planning model. Unfortunately, it was impossible to gain 

analytical insights in the need for the optimal number of service engineers needed with the manpower 

capacity planning model. Detailed simulations are required for this, which can be explained by the 

dependency of the travel times. The travel times have a huge influence on service level performance of 

Océ. 

 

Furthermore, this research shows that the current dispatch method as applied by the planners 

(minimizing travel times) is the optimal dispatch method given the high utilization environment Océ is 

facing. It is already difficult for the highly loaded service engineers to meet the response time targets, 

so efficient usage of the available service engineers is required. The best way to do this is by 

minimizing the travel times, because travel time is the only factor the planners can directly influence. 

By doing this, more service engineers would be able to handle more calls in the same time. It should 

however be noted that dispatching service calls by minimizing the travel times, the machines close to 

the borderlines of the field service area are treated more badly. This requires intervention from the 

planners from time to time. 

 

14.1.1. Future research for Océ 

Earlier conclusions show that analytical insights in the need for the optimal number of service 

engineers needed could not be obtained by using queuing models alone. Detailed simulations are 

required here including the actual way the planners dispatch the service calls to the engineers. This is 

recommended to Océ for further research. Only by testing the model with real data and compare its 

performance with the actual performance, it would be easier to find the most appropriate model for 

Océ to apply. 

 

14.2. Contribution of research to literature 
In this project, a multiple single server queuing approach is introduced for dealing with the situation 

between no flexibility (single server queue) and total flexibility (multiple servers queue). Tang et al. 

(2008) showed that a multiple servers queue performs the same as a single server queue in high 

utilization environments. Even though the single queue situation remains, all the single queues are 

related to one another. In this way, the overall performance of the multiple single server queuing 

model depends on the performances of all the single server queuing models together. Unfortunately, it 

was impossible to gain analytical insights in the need for manpower capacity by using the multiple 

single server queuing approach only. Detailed simulations cannot be left out here, especially due to the 

dependency of the travel times. This need for detailed simulations would hold for all organizations, in 

which travel time plays an important role and its dependency on many other issues, like different skill 

sets and dispatch method.  

 

 

  



63 

 

Reference list 
• Adan, I. & Resing, J. (2001), “Queuing Theory”, TUE Department of Mathematics and 

Computing Science, pp.1-122 

• Agnihothri, S.R. & Karmarkar, U.S. (1992), “Performance evaluation of service territories”, 

Operations Research, 40(2), pp. 355-366 

• Agnihothri, S.R. & Mishra, A.K. (2004), “Cross-training Decisions in Field Services with Three 

Job Types and Server-Job Mismatch”, Decision Sciences, 35(2), pp. 239-257 

• Bertrand, J.W.M., Wortmann, J.C. & Wijngaard, J. (2001), “Productiebeheersing en material 

management”, Noordhoff Uitgevers B.V., 2
de

 druk, pp.  

• Bucchianico, A. D. (2000), “Statistisch Compendium”, TUE Department Wiskunde & 

Informatica, pp. 6-18 

• Broekmeulen, R.A.C.M. (2005), “Transport en handling”, TUE Department Technology 

Management, pp. 21-23 

• Flapper, S.D. & Broekmeulen, R.A.C.M. (2009), “A heuristic to allocate skills to traveling repair 

men in large scale situations with corrective maintenance, many skills and multi-period 

dispatching, TUE Department Technology Management (Operations, Planning, Accounting, and 

Control),pp. XXX 

• Hill, A.V., March, S.T., Nachtsheim, C.J. & Shanker, M.S. (1992), “An approximate model for 

field service territory planning”, IIE Transactions, 24(1), pp. 2-10   

• Van Houdt, M. (2008), “Is Flexibility the key to better performance? Distributing the Skills for 

Nashuatec Technical Services”, TUE Department Technology Management, Series Master Thesis 

Operations Management and Logistics, pp. 1-93 

• Van Aken, J.E., Berends, J.J. & Van der Bij, J.D. (2005), “Methodology for Business Problem 

Solving”, TUE Department Technology Management, pp. 15-22 

• Jordan, W.C. & Graves, S.C. (1995), “Principles on the benefits of manufacturing process 

flexibility”, Management Science, 41(4), pp. 577-594 

• Jordan, W.C., Inman, R.R. & Blumenfeld, D.E. (2004), “Chained cross-training of workers for 

robust performance”, IIE Transactions. 36, pp. 953-967  

• Kulkarni, V.G. (2000), “Modeling, Analysis, Design, and Control of Stochastic Systems”, 

Department of Operations Research University of North Carolina, pp. 251-300 

• Montgomery, D.C., Runger G.C. (2003), “Applied statistics and probability for engineers”, John 

Wiley & Sons Inc., Third edition, pp. 97-140 and 277-326 

• Tang, Q., Wilson, G.R & Perevalov, E. (2008), “An approximation manpower planning model for 

after-sales field service support”, Computers & Operations Research, 35, pp. 3479-3488 

• Watson, E.F., Chawda, P.P., McCarthy, B., Drevna, M.J. & Sadowski, R.P. (1998), “A Simulation 

Metamodel for Response-Time Planning”, Decision Sciences, 29(1), pp. 217-241 

 

• AS400 database 

• Eertink, B. (1989), “RTS – Response Time Simulation” 

• De Bruin, W. (2008), “Capacity calculation DDS Venlo Kendal” 

  



64 

 

List of definitions  
 
AS400 database: Data warehouse including records of service engineers. 

 

Availability percentage: The availability percentage of a service engineer indicates whether he is a 

fulltime service engineer or a part-time service engineer. 

 

Call Intake: All incoming calls are registered and first handled by Call Intake. These are preventive 

maintenance and corrective maintenance calls (TC01 and TC02 respectively). 

 

Call Screening: Call Screening tries to handle the call by phone within 30 minutes. These are only 

corrective maintenance calls (TC02). 

 

Dispatch method: The way of allocating calls to service engineers to handle in the field. 

 

Corrective maintenance: Corrective maintenance is any maintenance activity which is required to 

correct a failure that has occurred on the machine. This activity may consist of repair, restoration or 

replacement of components. 

 

Field service area: For the Business Unit Services, the Netherlands is split up in 8 areas, see Appendix 

1. 

 

Machine ‘down’: The machine is completely down and do not function at all. 

  

Machine ‘up’: The machine has been deteriorated, but is still running. 

 

Modification: Modification considers upgrade of the machines, due to safety reasons for instance. 

 

On-site time: The time the service engineer is at the location of the machine for performing service. 

 

Planning/scheduling: Creating a sequence of activities from which it can be observed which job is 

executed when and by whom. 

 

Preventive maintenance: Preventive maintenance is an equipment maintenance strategy based on 

overhauling a machine at a fixed interval or fixed volume production of a machine, regardless of its 

condition at the time. 

 

Reallocation skills: Adding skills to more service engineers given the initial skill allocation. 

 

Response time: The time between when a service call is registered by Océ and the time the service 

engineer arrives at the location of the machine. 

 

Service call: A request to service a machine in the field. 

 

Service engineer: An employee fix broken machines (corrective maintenance calls) in the field. Other 

calls (preventive maintenance and modification calls) and other activities should also be handled by 

the service engineer. 

 

Service Planning: Planners at Service Planning dispatch calls to service engineers. 

 

Skills: The knowledge and skill necessary for someone to have the possibility to execute a certain 

action, in this situation repair a broken machine. A skill is based on the ability to repair and handle 

service calls of machines belonging to a certain machine type. 
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Service level agreement: The service level agreement is a contract that was entered into with respect to 

the time limit before which a service engineer of Océ has to be on the location of the machine or has to 

have fixed a problem when it occurs.  

 

Field service team: One team is responsible for the machines in their area. Each team consist of 

service engineers, a service product specialist, a field service manager and a planner. Only the service 

engineers (including the service product specialist) perform service on-site. 

 

Teambuilding: Planning tool used by planners at Service Planning for dispatching service calls to 

service engineers. 

 

Workforce determination model: The model Océ is currently using for determining the required 

number of service engineers needed each year. 
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List of variables 
λ(s):= the arrival rate of calls for machine type s (in years)  

λ(s,n):= the arrival rate of calls for machine type s of service engineer n given his set of skills (in 

years) 

λ(z):= the arrival rate of calls for class z machines (in years) 

λ(z,n):= the arrival rate of calls for class z machines of service engineer n given his set of skills (in 

years) 

λ(z,s):= the arrival rate of calls for class z machines requiring skill s (in years) 

µ:= the average service time (in minutes) 

µ(s):= the average service time for machine type s (in minutes) 

µ(z,n):= the average service time for each class z machines for service engineer n given his set of skills 

(in minutes) 

ρ(m):= the utilization level for machine m in the field  

ρ(n):= the utilization level of service engineer n given his set of skills  

ρ(z,n):= the utilization level for class z machines of service engineer n given his set of skills 

σ
2
[µ(s)]:= the variance of service time for machine type/skill s (in minutes) 

σ
2
[µ(z,n)]:= the variance for each class z machines for service engineer n given his set of skills (in 

minutes)  

ПW(m):= the probability a call has to wait in queue for machine m 

 

ART(z):= the average response time of class z machines (in minutes) 

ART(z,n):= the average response time of class z machines of service engineer n given his set of skills 

(in minutes) 

c:= the number of parallel service engineers 

Cap:= the capacity/time one fulltime service engineer has available a year for performing the 

preventive maintenance, the corrective maintenance and the modification calls and other activities (in 

minutes) 

C(n):= the capacity of service engineer n available during a year for corrective maintenance calls (in 

minutes) 

df:= degrees of freedom  

E[OT]:= the average on-site repair time (in minutes) 

E[OT(s)]:= the average on-site repair time for machine type s (in minutes) 

E[R(z,n)]:= the average residual service time for class z machines for service engineer n given his set 

of skills (in minutes) 

E[TT]:= the average travel time (in minutes) 

E[TT(n)]:= the average travel time of service engineer n given his skill set (in minutes) 

E[TT(s)]:= the average travel time for machine type s (in minutes) 

E[TT(z,n)]:= the average travel time of class z machines of service engineer n given his set of skills 

(in minutes) 

E[W(m)]:= the average waiting time of machine m (in minutes) 

E[W(z,n)]:= the average waiting time of class z machines of service engineer n given his set of skills 

(in minutes) 

Index l:= call 

l(z):= the actual arrival rate of calls (in years) 

L(m):= the number of calls for machine m (in years) 

n:= service engineer 

N:= the number of service engineers 

N(m):= the number of service engineers needed for servicing machine m 

m:= machine in the field 

ml:= the number of call for machine m 

M:= the number of machines in the field (in years) 

OT_0102(ml):= the on-site time of call l of machine m for the preventive maintenance and the 

corrective maintenance calls (in minutes)  
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OT_Others(ml):= the on-site time of call l of machine m for the modification calls and other activities 

(in minutes) 

pdown:= the percentage of all machines with status ‘down’ last year  

pup:= the percentage of all machines with status ‘up’ last year 

P(n):= the availability percentage of the service engineer n during a year 

q:= the number of calls/machines in queue

 

r(s,n):= indicator of skill possession of service engineer n; if r(s,n) = 1, this means that service 

engineer n possess skill s, otherwise r(s,n) = 0  

RT(m):= the response time target set for machine m (in minutes) 

RTdown(m):= the response time target for machine m with status ‘down’ (in minutes) 

RTup(m):= the response time target for machine m with status ‘up’ (in minutes) 

s:= machine type/skill 

S:= the number of skills 

SLA(m):= the SLA performance based on machines; SLA(m) = 1 means that SLA is met for machine 

m, otherwise SLA(m) = 0 

SLA(z):= the SLA performance based on priority classes; SLA(z) = 1 means that SLA is met for 

priority class z machines, otherwise SLA(z) = 0 

T(s,n):= the training time for service engineer n for skill s (in minutes) 

T(n):= the training time of service engineer n for new skills (in minutes) 

TT_0102(ml):= the travel time of call l of machine m for the preventive maintenance and the 

corrective maintenance calls (in minutes) 

TT_Others(ml):= the travel time of call l of machine m for the modification calls and other activities 

(in minutes) 

WL(n):= the workload of service engineer n for the corrective maintenance calls (in minutes) 

WL(Others):= the time needed for handling the preventive maintenance and the corrective 

maintenance calls and all other activities (in minutes) 

WL(Others,n):= the workload for other calls and activities for service engineer n (in minutes) 

WL(z,n):= the workload of class z machines for service engineer n given his set of skills (in minutes) 

z:= class of machines 

Z:= the number of classes 
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Appendix 1: Field service areas 
 

NVM151 

NVM141 

 

 

NVM173  

NVM174  

NVM162  

NVM161 

NVM152  

NVM142 
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Appendix 2: A general queuing system 
Océ’s current and new proposed workforce determination models for determining the number of 

service engineers use a queuing approach. In this chapter, a general description of queuing systems is 

given, which provides a better understanding of the underlying idea of the two workforce 

determination models. 

 
Figure A2.1 A general queuing system  

 

A queuing system consists of a stream of calls that arrive at a service facility, get served according a 

given service discipline, and then depart, see Figure A2.1. The service discipline refers to the way the 

calls are dispatched to the servers to handle, for example first-come-first-serve (FCFS policy) or with 

priority rules. The service facility may have one (c = 1) or more (c > 1) servers and the servers can 

handle all calls in queue in the same way. For queuing systems, the arrival process of calls and the 

service process of calls are very important, requiring the need for distribution fittings to find out from 

which distribution the arrival process and the service process come from. In this way, the most 

appropriate queuing model can be selected for describing the situation studied. With queuing models, 

the average waiting time of a call can be determined. For more details on queuing systems, see 

Kulkarni (1999) and/or Adan & Resing (2001). 
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Appendix 3: Current workforce determination model 
G�Y�
= ∑ :�_0102�R�[�\�� Y\� + ∑ ��_0102�R�[�\�� Y\�

+�Y� × 578
+ ∑ :�_:;ℎ=���R�[�\�� Y\� + ∑ ��_:;ℎ=���R�[�\�� Y\�578  

Formula A3.1 

 

G = � G�Y�
]

[��
 

Formula A3.2 

 

N(m):= the number of service engineers needed for servicing machine m 

Index l:= call; ml:= the number of call for machine m 

m:= machine in the field 

L(m):= the number of calls for machine m (in years) 

M:= the number of machines in the field (in years) 

N:= the number of service engineers  

ρ(m):= the utilization level for machine m in the field; ρ(m) < 1 

OT_0102(ml):= the on-site time of call l of machine m for the preventive maintenance and the 

corrective maintenance calls (in minutes)  

TT_0102(ml):= the travel time of call l of machine m for the preventive maintenance and the 

corrective maintenance calls (in minutes) 

OT_Others(ml):= the on-site time of call l of machine m for the modification calls and other activities 

(in minutes) 

TT_Others(ml):= the travel time of call l of machine m for the modification calls and other activities 

(in minutes) 

Cap:= the capacity/time one service engineer has available a year for performing the preventive 

maintenance, the corrective maintenance and the modification calls and other activities (in minutes). 

One fulltime service engineer has 215 workable days a year, 8 hours a day (see Table 4.1), so Cap = 

103200 minutes 

 

For determining the number of fulltime service engineers N(m) needed a year for servicing machine m 

in the field the utilization level ρ(m) is needed, see Formula A3.1. The total on-site repair time 

∑l=1,..,L(m) OT_0102(ml) and the total travel time ∑l=1,..,L(m) TT_0102(ml) of machine m for the corrective 

and the preventive maintenance calls are based on figures of last year (October 2007 – September 

2008). This also holds for the total on-site repair time ∑l=1,..,L(m) OT_Others(ml) and the total travel 

time ∑l=1,..,L(m) TT_Others(ml) of machine m for the modification calls and the other activities. The 

total time needed for servicing machine m in the field is divided by the capacity of a fulltime service 

engineer (Cap) to service machine m in the field, including the utilization level of the fulltime service 

engineer for guaranteeing the response time target set for machine m. In this way, for all machines in 

the field the number of fulltime service engineers N can be determined using Formula A3.2 
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Formula A3.3 

E[W(m)]:= the average waiting time for machine m (in minutes) 

RT(m):= the response time target set for machine m (in minutes); RT(m) = RTdown(m) * pdown + 

RTup(m) * pup 

RTdown(m):= the response time target for machine m with status ‘down’ (in minutes) 

RTup(m):= the response time target for machine m with status ‘up’ (in minutes) 

pdown:= the percentage of all machines with status ‘down’ last year, which is set equal to 70% by Océ 

based on last year’s figures (October 2007 – September 2008) 

pup:= the percentage of all machines with status ‘up’ last year; pup= 1 - pdown 

E[TT]:= the average travel time (in minutes) 
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E[OT]:= the average on-site repair time (in minutes) 

µ:= the average service time (in minutes); µ = E[TT] + E[OT] 

ρ(m):= the utilization level for machine m in the field; ρ(m) < 1

   

An M/M/1 queuing model (Adan & Resing, 2001) is used for finding relationships between the 

response time and the utilization factor needed from a service engineer (see Formula A3.3). Note that 

Océ sets the response time RT(m) for machine m equal to the average waiting time E[W(m)] for 

machine m. Important to note here is that an M/M/c queuing model is indirectly used in the current 

model with four parallel service engineers (c = 4). Converting multiple server queuing system 

(M/M/c) into one single server queuing system (M/M/1) is done by equally dividing the number of 

calls of machine m over the number of parallel service engineers (c). According to Océ, each machine 

m in the field can be handled by four service engineers on average.  

When zooming into an M/M/1 queuing model, the calls are assumed to show a Poisson arrival process 

and an exponential interarrival process (first M of M/M/1). Furthermore, the service time (travel time 

+ on-site time) distribution is assumed to be exponentially distributed (second M of M/M/1). 

Moreover, the model assumes that there is only one service engineer who is able to handle all calls in 

the system, given the average service time µ to handle a call from the queue. All other calls not in the 

system cannot be handled by this engineer. The average service time consists of an average travel time 

E[TT] and an average on-site repair time E[OT]. Each call requires a travel time and is assumed equal 

for all service engineers regardless of the call. The average travel time E[TT] is therefore based on all 

travel time figures of a home location to a call location and all travel time figures between the call 

locations for all calls from October 2007 to September 2008. With regard to the on-site repair time, all 

service engineers with the skill to handle one machine type in the field (more than one machine in the 

field can belong to one machine type) can handle the machines belonging to that machine type equally 

well. In this way, the average on-site repair time E[OT] is based on all on-site repair times of the 

machines belonging to the same machine type from October 2007 to September 2008. 
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Appendix 4: The initial skill allocation (December 2008) 
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For field service area NVM152, with r(s,n) = 1 meaning that service engineer n has skill s; ∑ ���, �����  is the number of service engineers having skill s, see 

column T; and P is the availability percentage of the service engineers, see row 4. Note that row 196 indicates the number of skills per engineer n  ∑ ���, �	
�� . 
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Appendix 5: New workforce determination model 
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Formula A5.1 
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Formula A5.2 

 

ПW(m):= the probability a call has to wait in queue for machine m 

c:= the number of parallel service engineers 

ρ(m):= the utilization level for machine m in the field; ρ(m) < 1 

q:= the number of calls/machines in queue

 

RT(m):= the response time target set for machine m (in minutes); RT(m) = RTdown(m) * pdown + 

RTup(m) * pup 

RTdown(m):= the response time target for machine m with status ‘down’ (in minutes) 

RTup(m):= the response time target for machine m with status ‘up’ (in minutes) 

pdown:= the percentage of all machines with status ‘down’ last year, which is set equal to 70% by Océ 

based on last year’s figures (October 2007 – September 2008) 

pup:= the percentage of all machines with status ‘up’ last year; pup= 1 - pdown 

E[W(m)]:= the average waiting time for machine m (in minutes) 

E[TT]:= the average travel time (in minutes) 

E[OT]:= the average on-site repair time (in minutes) 

µ:= the average service time (in minutes); µ = E[TT] + E[OT] 

 

The new workforce determination model uses the M/M/c queuing approach (Adan & Resing, 2001). 

When zooming into an M/M/c queuing model, again the arrival rate of calls are assumed to show a 

Poisson arrival process (first M of M/M/c) and the service time (travel time + on-site time) distribution 

is assumed to follow an exponential distribution (second M of M/M/c). Furthermore, the new proposed 

model also considers four parallel service engineers (c = 4). The differences between the current 

workforce determination model and the new proposed workforce determination model is the formula 

for the response time target RT(m) (see Formula A5.2) and the formula used for determining the 

required utilization level ρ(m) for machine m in the field (see Formula A5.1). Using the utilization 

level based on the parallel service engineers as the utilization level for one single service engineer is 

still not correct here. Furthermore, the calls not included in the system for determining the required 

utilization level cannot be handled by the service engineer in the system. The dependency of the 

utilization level on the skill set of the service engineer is still not included in the new workforce 

determination model. 
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Appendix 6: Distribution fitting of interarrival times 
For justifying the assumption of exponential distributed interarrival times, the distribution of the 

interarrival times needs to be examined. If the interarrival times show an exponential distribution, the 

first M of M/M/c is correct, otherwise the first M should be G.  

 

The interarrival times of the corrective maintenance calls should be determined for each priority class 

z calls (see Table 11.1). Relevant information will be the date and time of arrival of the calls for each 

class z calls for period October 2007 to September 2008 (for NVM152). The interarrival time of each 

class z calls is the time between each incoming call, but this data could not be obtained easily. 

Therefore, the starting date and time of handling each service call is used, which is gathered from the 

AS400 database. If a call is dispatched to a service engineer to handle and the service engineers starts 

travelling to the location of the call, this will be registered by the service engineer as the starting date 

and time for the call. Knowing the response time of each call (also gathered from the AS400 database), 

the date and time of the incoming call by Océ can be computed. So the response time of each call is 

reduced from the date and time registered by the service engineers at the beginning of each service. 

Important to note is that the office hours are taken into account here and it is assumed that office hours 

are from 8AM to 4PM. The office hours influence when calls are placed by customers. 

 

The current and the new proposed model assume a Poisson arrival process (discrete distribution), in 

other words the distribution of the interarrival times fits an exponential distribution (continuous 

distribution). The exponential distribution is frequently used to model the time interval between 

successive random events.  

 

The Chi-square χ
2
goodness of fit test may be applied to continuous distributions. For the situation of 

Océ, the observed data of the interarrival time Oi are grouped into discrete bins k so that the Chi-

square test statistic may be calculated (Formula 9-39 in Montgomery & Runger, 2003). The expected 

values Ei under the assumed distribution are the probabilities associated with each bin multiplied by 

the number of observations. In this way, the value of the χ
2
-test statistic is dependent on how the data 

is binned.  

 

^U? = � �:_ − &_�?
&_

`

_��
 

Formula 9-39  

in Montgomery & Runger (2003) 

 

Furthermore, if the mean and the standard deviation can be estimated with the sample data, this will 

costs two degrees of freedom for testing the hypothesis whether the observed interarrival times come 

from an exponential distribution. The larger number of degrees of freedom df, the stronger the 

hypothesis test. In this project, the χ
2 
test is used to determine whether or not an exponential 

distribution provides a good fit to the observed data.  

 

A limitation of the Chi-squared goodness of fit test is that the test requires a sufficient sample size. 

The expected frequencies should be at least 5 for one of the classes in order to compensate for classes 

with frequencies lower than 5.  

 

The eight-step hypothesis-testing procedure may now be applied, using confidence level of 95% 

(α=0.05) For testing the hypothesis, a confidence level of 95% is chosen. This confidence level is 

often used in reliability studies. (Chapter 9.7 in Montgomery & Runger, 2003): 

Step 1: The variable of interest is the form of the distribution of interarrival times of class z calls. 

Step 2: H0: The form of the distribution is exponential. 

Step 3: H1: The form of the distribution is not exponential. 

Step 4: α = 0.05. 

Step 5: The test statistic is  
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Step 6: Reject H0 if χ

2
0 > χ

2
0.05,df, with df = k-p-1 and p = 2. 

Step 7: Compute χ
2

0. 

Step 8: Reject H0 if χ
2

0 > χ
2

0.05,df. So, reject H0 if the P-value < 0.05. Conclude that the distribution of 

the interarrival times of class z calls does not come from an exponential distribution. 

 

Statgraphics, a statistical analysis program, is used for computing the average interarrival times of 

each class z calls and the P-values can be obtained for each class z calls. If the P-value is smaller than 

0.05 (reject H0), it can be concluded with 95% confidence that the interarrival times does not come 

from an exponential distribution. The results can be seen in Table A6.1.  

 

Class z Description z 

Average interarrival 
time 1/λ(z) (in 
minutes) 

Coefficient 
of 
variation 

Degrees of 
freedom 
df 

P-value 
χ

2
-test Reject H0? 

Priority class 
1 Extra visits 448.414 0.951973 98 0.000524938 Yes 

Priority class 
2 RT=2, AVG, ‘down’ 1904.82 1.34194 6 0.173323 No 

Priority class 
3 RT=2, AVG, ‘up’ 1846.47 1.08892 6 0.310431 No 

Priority class 
4 RT=3, AVG, ‘down’ 396.726 1.10977 98 0.0000550122 Yes 

Priority class 
5 RT=3, AVG, ‘up’ 6328.56 0.853637 10 0.630284 No 

Priority class 
6 RT=4, MAX, ‘down’ 1304.02 0.926387 48 0.578694 No 

Priority class 
7 RT=4, MAX, ‘up’ 1299.42 1.24424 48 0.583328 No 

Priority class 
8 RT=4, AVG, ‘down’ 363.251 1.04687 98 1.33275E-8 Yes 

Priority class 
9 RT=4, AVG, ‘up’ 434.245 1.10107 98 1.53383E-8 Yes 

Priority class 
10 RT=5, MAX, ‘down’ 32123.8 0.183536 0 Insufficient data - 

Priority class 
11 RT=5, AVG, ‘down’ 426.216 1.09052 98 0.0145851 Yes 

Priority class 
12 RT=5, AVG, ‘up’ 629.81 1.11622 98 0.0066803 Yes 

Priority class 
13 RT=6, MAX, ‘down’ 9030.93 1.12791 5 0.688774 No 

Priority class 
14 RT=6, MAX, ‘up’ 30647.2 0.873869 0 Insufficient data - 

Priority class 
15 RT=6, AVG, ‘down’ 445.498 0.998446 98 0.0017151 Yes 

Priority class 
16 RT=6, AVG, ‘up’ 411.859 1.24691 98 2.66454E-15 Yes 

Priority class 
17 RT=7, AVG, ‘down’ 22884.2 0.919562 0 Insufficient data - 

Priority class 
18 RT=7, AVG, ‘up’ 13462.6 0.835553 4 0.395696 No 

Priority class 
19 RT=8, MAX, ‘down’ 

No data 
 - - No data - 

Priority class 
20 RT=8, MAX, ‘up’ 10720.3 1.0656 3 0.429501 No 

Priority class 
21 RT=8, AVG, ‘down’ 1716.33 

0.973404 
 48 0.545402 No 

Priority class 
22 RT=8, AVG, ‘up’ 380.795 1.01989 48 1.49725E-12 Yes 

Priority class 
23 RT=9, AVG, ‘down’ 14346.0  1.09275 0 Insufficient data - 

Priority class 
24 RT=9, AVG, ‘up’ 817.731 0.880433 98 0.3304 No 

Priority class 
25 RT=10, AVG, ‘down’ 34187.0  0.956957 0 Insufficient data - 

Priority class RT=10, AVG, ‘up’ Insufficient data  - - Insufficient data - 
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26  
Priority class 

27 RT=12, AVG, ‘up’ 1086.19 0.795906 98 0.0672588 No 

Priority class 
28 RT=20, AVG, ‘up’ Insufficient data - - Insufficient data - 

Table A6.1 Results of the Chi-squared test 

 

z:= class of machines 

1/λ(z):= the average interarrival time of class z machines (in minutes) 

df:= degrees of freedom  

 

The results in Table A6.1 show that a majority of the interarrival times of the class z calls (more than 

50%, excluding the class z calls with insufficient data for computing the P-value) can be adequately 

modeled with an exponential distribution. It should be noted that the results are for bins with equal 

expected values, which explains the different degrees of freedom df for each class z calls. As 

mentioned earlier, the value of the Chi-square test statistic is dependent on how the data is binned. In 

this way, bins can be increased and the frequency diagram can show whether an exponential 

distribution fits the sample data well. See for example the frequency tables of class 1 calls (Figure 

A6.1 and Figure A6.2). Figure A6.1 displays the frequency diagram for bins of 12 (k = 12). Figure 

A6.2 shows the frequency diagram for bins of 20 (k = 20).  

 
Figure A6.1 The frequency diagram for class 1 calls with bins =12 

 

 
Figure A6.2 The frequency diagram for class 1 calls with bins = 20 

 

Changing the number of bins to 20 should be done for all other class z calls. The frequency diagrams 

of some class z calls show that an exponential distribution can describe the interarrival times of the 

calls well, but this is not the case for all classes. In this way, it can be said that an exponential 

distribution does not fit the interarrival times of the class z calls well.  
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Furthermore, as mentioned earlier, the larger the number of degrees of freedom df is, the stronger the 

test results are. Since the classes with large degrees of freedom result in rejecting the H0, it can be 

concluded that an exponential distribution does not adequately model the interarrival times of the class 

z calls. Thus, the first M of M/M/c should be G. 
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Appendix 7: Distribution fitting of travel times 
For justifying the assumption of exponential distributed travel times, the distribution of the travel 

times needs to be examined. If the travel times show an exponential distribution, the second M of 

M/M/c might be correct, otherwise the second M could be G. This requires the need for fitting the 

distribution of the on-site repair times.   

 

The travel time figures of NVM152 of the period October 2007 to September 2008 will be used here, 

which is based on the number of service engineers (given their set of skills) in the period of October 

2007 to September 2008 (21 service engineers). Also note that these travel time figures include the 

actual way the planners dispatch calls to the service engineers, including the nearest neighbour 

approach. Moreover, the travel times also include the way the machines are distributed in the field 

service area NVM152. Since the travel time is assumed dependent on the skills, the travel time 

distribution will be categorized into different skills/machine types (s). Only the travel time figures for 

the corrective maintenance calls are used here, which include travel times between home locations of 

the service engineers to the call locations and the travel times between the call locations. 

 

The Chi-squared χ
2
 goodness of fit test is again used for fitting the data of travel times on an 

exponential distribution (see Appendix 6). Also the confidence level of 95% is applied here (travel 

times do not come from an exponential distribution if P-value < 0.05). Note that the arrival rate λ(s) of 

calls a year categorized into machines type s indicates the number of observations k for computing the 

degrees of freedom df. Note that distribution fittings are only done for travel times with required 

demand for machine type s (λ(s) > 0).  

 

Machine  
type/skill s Description s 

Arrival rate λ(s) of 
calls for machine 
type s (in years) 

P-value 
χ2-test 
Exponential 

Reject H0? 
Exponential 

1 *C520      38 0 Yes 

2 *C912      0     

3 *DPF       0     

4 *HUMI      0     

5 *HVS4      0     

6 *HVS6      0     

7 *L420      0     

8 *L520      5 Insufficient data  -  

9 *L522      0     

10 *L620      0     

11 *L622      0     

12 *L630      0     

13 *L632      3 Insufficient data  -  

14 *L634      0     

15 *L810      0     

16 *L812      0     

17 *U510      0     

18 *W820      0     

19 *WA        16 7.92E-07 Yes 

20 *X820      0     

21 *X912      0     

22 0180       6 Insufficient data  -  

23 2040       0     

24 3012       2 Insufficient data  -  

25 3018       8 0.323139 No 

26 3023       1 Insufficient data  -  
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27 3045       74 0 Yes 

28 3045B      0     

29 3055       0     

30 3100       0     

31 3114       1 Insufficient data  -  

32 3121       26 9.37E-08 Yes 

33 3122       13 0.100407 No 

34 3133       19 0.000499913 Yes 

35 3140       2 Insufficient data  -  

36 3145       1014 0 Yes 

37 3145B      0     

38 3155       371 0 Yes 

39 3165       712 0 Yes 

40 6320       0     

41 6535       0     

42 80         2 Insufficient data  -  

43 8445       29 2.1133E-06 Yes 

44 8465       67 0 Yes 

45 85         44 0 Yes 

46 9260       0     

47 BL500      0     

48 BLMKR      3 Insufficient data  -  

49 BMSDD      4 Insufficient data  -  

50 CP700      240 0 Yes 

51 CP800      203 0 Yes 

52 CP900      266 0 Yes 

53 CS110      0     

54 CS115      13 2.84285E-05 Yes 

55 CS125      29 0.022112 Yes 

56 CS163      3 Insufficient data  -  

57 CS170      92 0 Yes 

58 CS171      261 0 Yes 

59 CS172      193 0 Yes 

60 CS173      69 0 Yes 

61 CS175      21 0.000680706 Yes 

62 CS180      161 0 Yes 

63 CS191      70 0 Yes 

64 CS193      24 0.000042439 Yes 

65 CS220      162 0 Yes 

66 CS230      206 0 Yes 

67 CS231      53 0 Yes 

68 CS240      40 0.000112828 Yes 

69 CS250      1 Insufficient data  -  

70 CS600      86 0 Yes 

71 CSTRM      0     

72 D4040      4 Insufficient data  -  

73 D8070      0     

74 D8080      0     

75 D8090      0     

76 DFS10      0     

77 DP400      0     

78 DSCAN      1 Insufficient data  -  
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79 EBAS1      0     

80 HP220      0     

81 HP400      0     

82 HP405      0     

83 HP410      0     

84 HP450      0     

85 HP455      0     

86 HP460      0     

87 HP500      0     

88 HP550      0     

89 HP800      0     

90 HP815      0     

91 HP850      0     

92 HP855      2 Insufficient data  -  

93 L1855      0     

94 L2000      0     

95 L5000      0     

96 L7XXX      0     

97 LEXM       0     

98 M1020      44 0 Yes 

99 M1025      13 0.144245 No 

100 M1035      63 0 Yes 

101 M1045      69 0 Yes 

102 M1050      33 0.00105539 Yes 

103 M1060      0     

104 M1075      0     

105 O1014      54 3.26E-14 Yes 

106 O1016      150 0 Yes 

107 O1018      81 0 Yes 

108 O1020      202 0 Yes 

109 O1025      83 0 Yes 

110 O1030      603 0 Yes 

111 O1040      124 0 Yes 

112 O1050      8 0.0850536 No 

113 O1130      246 0 Yes 

114 O1140      59 0 Yes 

115 O1150      27 1.39E-07 Yes 

116 OFD        0     

117 OP14       59 0 Yes 

118 OP15       88 0 Yes 

119 OP20       178 0 Yes 

120 OP22       67 0 Yes 

121 OP25       201 0 Yes 

122 OP30C      0     

123 OP31C      24 0.000286443 Yes 

124 OP33       57 4.48E-12 Yes 

125 OP35       127 0 Yes 

126 OP40       20 1.92E-07 Yes 

127 PAUDE      0     

128 PBAS0      0     

129 PBAS2      0     

130 PP10       0     
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131 PP15       6 Insufficient data  -  

132 PP16C      78 0 Yes 

133 PP17C      75 0 Yes 

134 PP18C      41 0 Yes 

135 PP20D      36 0.000188428 Yes 

136 PP22D      7 0.0502394 No 

137 PP28       2 Insufficient data  -  

138 PPC        1 Insufficient data  -  

139 PS055      0     

140 PS088      2 Insufficient data  -  

141 PS110      12 1.77887E-05 Yes 

142 PS145      0     

143 PS158      2 Insufficient data  -  

144 PS200      1 Insufficient data  -  

145 PS235      0     

146 PS350      11 0.0272855 Yes 

147 PS440      14 0.00412987 Yes 

148 PS500      0     

149 PSAT1      0     

150 PSUPR      0     

151 ROTA       0     

152 RW         0     

153 V1000      795 0 Yes 

154 V1100      0     

155 V2000      42 5.20E-09 Yes 

156 V2045      596 0 Yes 

157 V2050      293 0 Yes 

158 V2055      51 0 Yes 

159 V2060      56 0 Yes 

160 V2065      62 1.11E-16 Yes 

161 V2070      546 0 Yes 

162 V2090      423 0 Yes 

163 V2100      233 0 Yes 

164 V2105      138 0 Yes 

165 V2110      8 0.0118468 Yes 

166 V3000      76 0 Yes 

167 V3090      0     

168 V4222      0     

169 V5115      2 Insufficient data  -  

170 V5160      4 Insufficient data  -  

171 V6000      35 1.11E-15 Yes 

172 V6100      0     

173 V7200      0     

174 V7300      0     

175 V7400      3 Insufficient data  -  

176 V7450      3 Insufficient data  -  

177 V7650      0     

178 V9200      0     

179 V9210      1 Insufficient data  -  

180 WP20       4 Insufficient data  -  

181 WP28       31 6.70E-11 Yes 

182 WP30       18 0.00020042 Yes 
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183 WP31C      24 0.0246794 Yes 

184 WP32       12 0.120237 No 

185 WP33       179 0 Yes 

186 WP35       115 0 Yes 

187 WP36       21 6.28058E-05 Yes 

188 WP40       0     

189 WP45       0     

190 WP50       14 7.51328E-06 Yes 

191 WP51       0     

Table A7.1 Results of the Chi-squared test for travel times 

 

Table A7.1 shows that a majority of the travel times (93%) do not come from an exponential 

distribution with 95% confidence level. Note that for some machine types the distribution fitting 

cannot be done due to insufficient data. The degrees of freedom for these machine types are also very 

low. In this way, the test results of the other machine types are more important, because the higher the 

degrees of freedom, the stronger the test results are. Thus, the second M of M/M/c might be G. 

 

Since it can be concluded that the travel times do not come from an exponential distribution, other 

distribution need to be found for estimating the average travel time and the variance of the travel time. 

These values are needed when using a queuing model in the manpower capacity planning model. 

Important to note here is that the travel time figures can only be fitted on non-negative distributions. 

Thus, when looking at the frequency diagrams of the travel times for machine type s, a majority of the 

travel times can be adequately modelled with a gamma distribution. See Figure A7.1 for the frequency 

diagram of travel times for machine type s = 1 (C520). 

 

 
Figure A7.1 The frequency diagram of travel times for machine type s = 1 (C520)  

 

When looking at the frequency diagram (Figure A7.1), the gamma distribution (the exponential 

distribution with shape = 1 is a special case of the gamma distribution) better fits the distribution of the 

travel time data than the exponential distribution. This is because the gamma distribution is based on 

two parameters: shape and scale, whereas the exponential distribution is only based on one parameter. 

For machine type s =1, the shape parameter is 5.09 and the scale parameter is 0.16 (see shapeTT and 

scaleTT in Table A7.2). With the two parameters for the gamma distribution, the average travel time 

E[TT(s)] for machine type s and the variance of the travel time σ
2
[TT(s)] for machine type s can be 

computed using Formula 4.21 in Montgomery & Runger (2003). 

 

E[TT(s)] = shape/scale 

σ
2
[TT(s)] = shape/scale

2
 

Formula 4.21 

in Montgomery & Runger (2003) 

 
The average travel time E[TT(s = 1)] for machine type s = 1 is 32.11 minutes and the variance σ

2
[TT(s 

= 1)] for machine type s = 1 is 202.69 minutes.  
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Machine  
type/skill s Description s shapeTT(s) scaleTT(s) E[TT(s)] σ²[TT(s)] 

 
Coefficient 
of variation 

1 *C520      5.08536 0.158397 32.10515 202.6879 0.443444 

2 *C912               

3 *DPF                

4 *HUMI               

5 *HVS4               

6 *HVS6               

7 *L420               

8 *L520      72.1746 2.18711 32.99999 15.0884 0.117708 

9 *L522               

10 *L620               

11 *L622               

12 *L630               

13 *L632      2.52567 0.108243 23.33333 215.5644 0.629233 

14 *L634               

15 *L810               

16 *L812               

17 *U510               

18 *W820               

19 *WA        4.53954 0.105776 42.91654 405.7304 0.469347 

20 *X820               

21 *X912               

22 0180       4.61194 0.122985 37.50002 304.9154 0.465648 

23 2040                

24 3012       15.6594 0.782972 19.99995 25.54363 0.252704 

25 3018       5.06435 0.154132 32.85723 213.1759 0.444363 

26 3023           20 0 0 

27 3045       7.31399 0.212342 34.44439 162.2118 0.369762 

28 3045B               

29 3055                

30 3100                

31 3114           25 0 0 

32 3121       15.0938 0.406673 37.11532 91.26577 0.257395 

33 3122       5.19378 0.162697 31.92302 196.2115 0.438792 

34 3133       8.27087 0.162007 51.05255 315.1256 0.347716 

35 3140       48.6644 1.39041 35.00004 25.17246 0.143349 

36 3145       4.48502 0.143297 31.29877 218.4189 0.472191 

37 3145B               

38 3155       4.00059 0.132923 30.09705 226.4247 0.499963 

39 3165       4.01823 0.125615 31.98846 254.6548 0.498865 

40 6320                

41 6535                

42 80         1.85052 0.061684 30.00005 486.3514 0.735111 

43 8445       6.4273 0.214243 30.00005 140.0281 0.394444 

44 8465       4.61658 0.136547 33.80946 247.6031 0.465414 

45 85         3.64204 0.13679 26.62505 194.6418 0.523996 

46 9260                

47 BL500               

48 BLMKR      12.5075 0.536034 23.33341 43.52972 0.282758 
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49 BMSDD      3.70144 0.141007 26.25004 186.1613 0.519774 

50 CP700      5.60691 0.152735 36.71005 240.3513 0.422317 

51 CP800      5.36507 0.143985 37.26131 258.7861 0.43173 

52 CP900      6.57676 0.194614 33.79387 173.6456 0.389937 

53 CS110               

54 CS115      16.521 0.613639 26.923 43.87432 0.246026 

55 CS125      4.25954 0.139657 30.50001 218.3923 0.484528 

56 CS163      16.6148 0.45313 36.66674 80.91881 0.245331 

57 CS170      4.83097 0.13403 36.04395 268.9245 0.45497 

58 CS171      4.43743 0.137147 32.35528 235.9168 0.474716 

59 CS172      4.03686 0.119864 33.67867 280.974 0.497712 

60 CS173      4.13561 0.124635 33.18177 266.2316 0.491734 

61 CS175      3.2189 0.082435 39.04764 473.6768 0.557373 

62 CS180      5.28791 0.1709 30.94154 181.0506 0.434869 

63 CS191      6.7773 0.23142 29.28571 126.5479 0.384124 

64 CS193      3.03322 0.098375 30.83333 313.4275 0.57418 

65 CS220      4.0692 0.139035 29.26745 210.5042 0.49573 

66 CS230      5.32505 0.171315 31.08338 181.4399 0.433349 

67 CS231      5.27511 0.17695 29.8113 168.473 0.435396 

68 CS240      3.28826 0.102358 32.12509 313.8503 0.551464 

69 CS250          15 0 0 

70 CS600      4.02324 0.111974 35.93013 320.8792 0.498554 

71 CSTRM               

72 D4040          60 0 0 

73 D8070               

74 D8080               

75 D8090               

76 DFS10               

77 DP400               

78 DSCAN          25 0 0 

79 EBAS1               

80 HP220               

81 HP400               

82 HP405               

83 HP410               

84 HP450               

85 HP455               

86 HP460               

87 HP500               

88 HP550               

89 HP800               

90 HP815               

91 HP850               

92 HP855          20 0 0 

93 L1855               

94 L2000               

95 L5000               

96 L7XXX               

97 LEXM                

98 M1020      6.73798 0.19777 34.06978 172.2697 0.385243 

99 M1025      5.6849 0.118246 48.07689 406.5837 0.41941 

100 M1035      5.78074 0.164048 35.2381 214.8036 0.415919 
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101 M1045      9.99589 0.292786 34.1406 116.606 0.316293 

102 M1050      4.15877 0.139487 29.81475 213.7457 0.490363 

103 M1060               

104 M1075               

105 O1014      4.46897 0.160883 27.77776 172.6582 0.473038 

106 O1016      5.67184 0.174982 32.41385 185.241 0.419892 

107 O1018      4.62485 0.143129 32.31246 225.7576 0.464998 

108 O1020      5.45679 0.164973 33.07687 200.4987 0.428086 

109 O1025      3.8901 0.127223 30.57702 240.3419 0.507014 

110 O1030      4.51883 0.14507 31.14931 214.7192 0.470421 

111 O1040      5.72981 0.180549 31.73548 175.7721 0.417763 

112 O1050      5.91081 0.193006 30.62501 158.6739 0.411317 

113 O1130      3.88698 0.114754 33.87228 295.173 0.507217 

114 O1140      5.78043 0.187824 30.77578 163.8544 0.41593 

115 O1150      6.30519 0.174399 36.15382 207.3052 0.398246 

116 OFD                 

117 OP14       8.76638 0.252333 34.74131 137.6804 0.337746 

118 OP15       6.11892 0.186135 32.87356 176.6114 0.404262 

119 OP20       5.27146 0.16536 31.87869 192.7836 0.435547 

120 OP22       9.12273 0.201035 45.37881 225.7259 0.331084 

121 OP25       5.16716 0.149198 34.6329 232.1271 0.43992 

122 OP30C               

123 OP31C      3.93226 0.114393 34.37501 300.4992 0.504288 

124 OP33       5.79295 0.121575 47.64919 391.9325 0.41548 

125 OP35       4.77433 0.145537 32.80492 225.4061 0.457661 

126 OP40       14.3127 0.481313 29.73678 61.78263 0.264326 

127 PAUDE               

128 PBAS0               

129 PBAS2               

130 PP10                

131 PP15       3.03956 0.11766 25.83342 219.5599 0.573581 

132 PP16C      5.48244 0.218737 25.06407 114.5854 0.427084 

133 PP17C      3.56311 0.114618 31.08683 271.2212 0.529768 

134 PP18C      3.4407 0.113765 30.24392 265.8456 0.539109 

135 PP20D      4.20776 0.145744 28.8709 198.0932 0.4875 

136 PP22D      7.94305 0.205931 38.57141 187.3026 0.354819 

137 PP28       120.666 4.38785 27.50003 6.267313 0.091035 

138 PPC            30 0 0 

139 PS055               

140 PS088      8.65349 0.1923 44.99995 234.0091 0.339942 

141 PS110      8.99221 0.224805 40.00004 177.9322 0.333478 

142 PS145               

143 PS158      80.6658 1.19505 67.49994 56.48294 0.111341 

144 PS200          90 0 0 

145 PS235               

146 PS350      15.025 0.294607 51.00015 173.1125 0.257984 

147 PS440      13.089 0.235838 55.49996 235.3309 0.276406 

148 PS500               

149 PSAT1               

150 PSUPR               

151 ROTA                

152 RW                  
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153 V1000      3.76199 0.118779 31.67218 266.648 0.515574 

154 V1100               

155 V2000      3.65819 0.150392 24.32437 161.7398 0.522838 

156 V2045      3.29389 0.113383 29.051 256.2201 0.550992 

157 V2050      3.16879 0.096397 32.87239 341.0116 0.561763 

158 V2055      3.24733 0.103661 31.32644 302.2008 0.554928 

159 V2060      4.19624 0.142963 29.35193 205.3114 0.488169 

160 V2065      4.62129 0.137454 33.62063 244.5955 0.465177 

161 V2070      3.38168 0.115953 29.16423 251.5177 0.543793 

162 V2090      3.94447 0.122368 32.23449 263.4225 0.503507 

163 V2100      3.67205 0.106035 34.63055 326.5954 0.52185 

164 V2105      4.74328 0.117729 40.28982 342.2251 0.459156 

165 V2110      3.48397 0.15734 22.14294 140.7331 0.535751 

166 V3000      5.98105 0.177465 33.7027 189.9118 0.408895 

167 V3090               

168 V4222               

169 V5115          60 0 0 

170 V5160      18.4384 0.189111 97.50041 515.5724 0.232883 

171 V6000      3.97751 0.087555 45.42849 518.8543 0.501412 

172 V6100               

173 V7200               

174 V7300               

175 V7400          60 0 0 

176 V7450          30 0 0 

177 V7650               

178 V9200               

179 V9210          75 0 0 

180 WP20       11.936 0.596798 20.00007 33.51229 0.289448 

181 WP28       10.5469 0.261418 40.34496 154.3312 0.30792 

182 WP30       6.18301 0.1603 38.57149 240.6207 0.402161 

183 WP31C      4.09943 0.10128 40.4762 399.6466 0.493899 

184 WP32       4.00661 0.12172 32.91661 270.429 0.499587 

185 WP33       5.49327 0.202539 27.12204 133.9102 0.426663 

186 WP35       4.14138 0.149275 27.74329 185.8536 0.491391 

187 WP36       2.97126 0.122526 24.25004 197.9175 0.580136 

188 WP40                

189 WP45                

190 WP50       12.4675 0.383616 32.49995 84.72 0.283211 

191 WP51                

Table A7.2 Travel time values based on a gamma distribution 

 

Table A7.2 shows all the parameters, the average travel time and the variance of the travel time for 

each required machine type s in the field. The variance of the travel times with equal travel time 

figures or one travel time figure is assumed constant and equal to 0. Since the number of calls for these 

machine types is very small, the variance of travel times for these machine types can be ignored. 

Furthermore, it should be noted here that travel time figures below five minutes do not occur. The 

travel times should be at least five minutes due to the time needed for an engineer to get in the car and 

parking the car at the call location. The gamma distribution should be shifted to the right due to the 

five minutes. However, when looking at the gamma distribution and the average travel times it can be 

stated that the probability that the travel times are between 0 and 5 minutes are very low and thus have 

a very low influence on the average travel times (and the variance of the travel times). In this way, the 

average travel times and the variance of the travel times using the gamma distribution can still be used 

in the project, which are shown in Table A7.2.  
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Appendix 8: Distribution fitting of on-site repair times 
For justifying the assumption of exponential distributed on-site repair times, the distribution of the on-

site repair times needs to be examined. If both the travel times and the on-site repair times show an 

exponential distribution, the second M of M/M/c is correct, otherwise the second M should be G.  

 

The on-site repair time figures of NVM152 of the period October 2007 to September 2008 will be 

used here for the corrective maintenance calls only. It is assumed that all service engineers having skill 

s can perform machines belonging to machine type s equally well. In this way, the on-site service 

times need to be investigated for each machine type s in the field. 

 
The Chi-squared χ

2
 goodness of fit test is again used for fitting the data of on-site repair times on an 

exponential distribution (see Appendix 6). Also the confidence level of 95% is applied here (on-site 

repair times do not come from an exponential distribution if P-value < 0.05).  

 

Machine  
type/skill s Description s 

Arrival rate 
λ(s) of calls for 
machine type 
s (in years) 

P-value 
χ2-test 
Exponential 

Reject H0? 
Exponential 

1 *C520      38 0.005089 Yes 

2 *C912      0     

3 *DPF       0     

4 *HUMI      0     

5 *HVS4      0     

6 *HVS6      0     

7 *L420      0     

8 *L520      5 Insufficient data  -  

9 *L522      0     

10 *L620      0     

11 *L622      0     

12 *L630      0     

13 *L632      3 Insufficient data  -  

14 *L634      0     

15 *L810      0     

16 *L812      0     

17 *U510      0     

18 *W820      0     

19 *WA        16 2.21E-01 No 

20 *X820      0     

21 *X912      0     

22 0180       6     

23 2040       0     

24 3012       2     

25 3018       8 Insufficient data  -  

26 3023       1 Insufficient data  -  

27 3045       74 2.08E-09 Yes 

28 3045B      0     

29 3055       0     

30 3100       0     

31 3114       1 Insufficient data  -  

32 3121       26 8.92E-03 Yes 

33 3122       13 0.102957 No 

34 3133       19 0.141639 No 
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35 3140       2 Insufficient data  -  

36 3145       1014 0 Yes 

37 3145B      0 0.055252 No 

38 3155       371 0 Yes 

39 3165       712 0 Yes 

40 6320       0     

41 6535       0     

42 80         2 Insufficient data  -  

43 8445       29 0.016059 Yes 

44 8465       67 1.14E-07 Yes 

45 85         44 0.018528 Yes 

46 9260       0     

47 BL500      0     

48 BLMKR      3 Insufficient data  -  

49 BMSDD      4 Insufficient data  -  

50 CP700      240 0 Yes 

51 CP800      203 0 Yes 

52 CP900      266 0 Yes 

53 CS110      0     

54 CS115      13 0.004751 Yes 

55 CS125      29 0.000463 Yes 

56 CS163      3 Insufficient data  -  

57 CS170      92 3.45E-09 Yes 

58 CS171      261 0 Yes 

59 CS172      193 0 Yes 

60 CS173      69 2.95E-10 Yes 

61 CS175      21 0.001704 Yes 

62 CS180      161 Insufficient data  -  

63 CS191      70 1.31E-11 Yes 

64 CS193      24 0.427975 No 

65 CS220      162 0 Yes 

66 CS230      206 0 Yes 

67 CS231      53 0.001853 Yes 

68 CS240      40 0.004345 Yes 

69 CS250      1 Insufficient data  -  

70 CS600      86 3.78E-09 Yes 

71 CSTRM      0     

72 D4040      4 Insufficient data  -  

73 D8070      0     

74 D8080      0     

75 D8090      0     

76 DFS10      0     

77 DP400      0     

78 DSCAN      1 Insufficient data  -  

79 EBAS1      0     

80 HP220      0     

81 HP400      0     

82 HP405      0     

83 HP410      0     

84 HP450      0     

85 HP455      0     

86 HP460      0     



92 

 

87 HP500      0     

88 HP550      0     

89 HP800      0     

90 HP815      0     

91 HP850      0     

92 HP855      2 Insufficient data  -  

93 L1855      0     

94 L2000      0     

95 L5000      0     

96 L7XXX      0     

97 LEXM       0     

98 M1020      44 0.066716 No 

99 M1025      13 0.088008 No 

100 M1035      63 2.96E-08 Yes 

101 M1045      69 1.78E-06 Yes 

102 M1050      33 0.011973 Yes 

103 M1060      0     

104 M1075      0     

105 O1014      54 7.48E-06 Yes 

106 O1016      150 0 Yes 

107 O1018      81 1.38E-09 Yes 

108 O1020      202 0 Yes 

109 O1025      83 2.28E-08 Yes 

110 O1030      603 0 Yes 

111 O1040      124 1.94E-11 Yes 

112 O1050      8 Insufficient data  -  

113 O1130      246 0 Yes 

114 O1140      59 1.32E-08 Yes 

115 O1150      27 2.88E-03 Yes 

116 OFD        0     

117 OP14       59 8.45E-08 Yes 

118 OP15       88 1.11E-16 Yes 

119 OP20       178 0 Yes 

120 OP22       67 0.003792 Yes 

121 OP25       201 0 Yes 

122 OP30C      0     

123 OP31C      24 0.20885 No 

124 OP33       57 1.70E-02 Yes 

125 OP35       127 0 Yes 

126 OP40       20 3.96E-03 Yes 

127 PAUDE      0     

128 PBAS0      0     

129 PBAS2      0     

130 PP10       0     

131 PP15       6 Insufficient data  -  

132 PP16C      78 5.65E-05 Yes 

133 PP17C      75 5.9E-09 Yes 

134 PP18C      41 0.108574 No 

135 PP20D      36 0.000174 Yes 

136 PP22D      7 Insufficient data  -  

137 PP28       2 Insufficient data  -  

138 PPC        1 Insufficient data  -  
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139 PS055      0     

140 PS088      2 Insufficient data  -  

141 PS110      12 0.325107 No 

142 PS145      0     

143 PS158      2 Insufficient data  -  

144 PS200      1 Insufficient data  -  

145 PS235      0   Yes 

146 PS350      11 0.048126 Yes 

147 PS440      14 8.98E-05 Yes 

148 PS500      0     

149 PSAT1      0     

150 PSUPR      0     

151 ROTA       0     

152 RW         0     

153 V1000      795 0 Yes 

154 V1100      0     

155 V2000      42 1.96E-03 Yes 

156 V2045      596 0 Yes 

157 V2050      293 0 Yes 

158 V2055      51 9.76E-07 Yes 

159 V2060      56 9.88E-06 Yes 

160 V2065      62 2.34E-12 Yes 

161 V2070      546 0 Yes 

162 V2090      423 0 Yes 

163 V2100      233 0 Yes 

164 V2105      138 0 Yes 

165 V2110      8 0.936724 No 

166 V3000      76 5.9E-06 Yes 

167 V3090      0     

168 V4222      0     

169 V5115      2 Insufficient data  -  

170 V5160      4 Insufficient data  -  

171 V6000      35 5.73E-03 Yes 

172 V6100      0     

173 V7200      0     

174 V7300      0     

175 V7400      3 Insufficient data  -  

176 V7450      3 Insufficient data  -  

177 V7650      0     

178 V9200      0     

179 V9210      1 Insufficient data  -  

180 WP20       4 Insufficient data  -  

181 WP28       31 8.38E-02 No 

182 WP30       18 0.138194 No 

183 WP31C      24 0.077922 No 

184 WP32       12 0.031093 Yes 

185 WP33       179 0 Yes 

186 WP35       115 0 Yes 

187 WP36       21 0.012589 Yes 

188 WP40       0     

189 WP45       0     

190 WP50       14 0.410204 No 
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191 WP51       0     

Table A8.1 Results of the Chi-squared test for on-site repair times 

 

Table A8.1 shows that a majority of the on-site repair times (82%) do not come from an exponential 

distribution with 95% confidence level. Note that for some machine types the distribution fitting 

cannot be done due to insufficient data. The degrees of freedom for these machine types are also very 

low. In this way, the test results of the other machine types are more important, because the higher the 

degrees of freedom, the stronger the test results are. Thus, the second M of M/M/c should be G, since 

the travel time figures as shown in Appendix 7 also fits a general distribution better than an 

exponential distribution. 

 

Since it can be concluded that the on-site repair times do not come from an exponential distribution, 

other distribution need to be found for estimating the average on-site repair time and the variance of 

the on-site repair time. These values are needed when using a queuing model in the manpower 

capacity planning model. Important to note here is that the on-site repair time figures can only be fitted 

on non-negative distributions.  

 

 
Figure A8.1 The frequency diagram of on-site repair times for machine type s = 1 (C520)  

 

When looking at the frequency diagram (Figure A8.1), a gamma distribution better fits the on-site 

repair times of machine type C520 (s = 1). For all other machine types the general distribution (G) fits 

the on-site repair data best, more specifically the gamma distribution. The parameters for the gamma 

distribution for each machine type are given in Table A8.2. Using Formula 4.21 of Montgomery & 

Runger (2003) given earlier in Appendix 7, the average on-site repair time and the variance of the on-

site repair time for each machine type can be computed. The on-site repair values can be found in 

Table A8.2. The average on-site repair time for machine type s = 1 (C520) E[OT(s = 1)] is 99 minutes 

and the variance σ
2
[OT(s = 1)] is 2190.92 minutes. Again, the variance of the on-site repair times with 

equal on-site repair time figures or one on-site repair time figure is assumed constant and equal to 0. 

Since the number of calls for these machine types is very small, the variance of on-site repair times for 

these machine types can be ignored.  

 

Machine  
type/skill s Description s shapeOT(s) scaleOT(s) E[OT(s)] σ²[OT(s)] 

Coefficient 
of variation 

1 *C520      4.47346 0.045187 98.99992 2190.918 0.472801 

2 *C912               

3 *DPF                

4 *HUMI               

5 *HVS4               

6 *HVS6               

7 *L420               

8 *L520      2.97443 0.05757 51.66659 897.4615 0.579827 
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9 *L522               

10 *L620               

11 *L622               

12 *L630               

13 *L632      5.89712 0.117942 50.00017 423.9386 0.411794 

14 *L634               

15 *L810               

16 *L812               

17 *U510               

18 *W820               

19 *WA        2.22148 0.00974 228.0773 23416.49 0.670932 

20 *X820               

21 *X912               

22 0180       3.64185 0.052781 68.99991 1307.299 0.524009 

23 2040                

24 3012       13.1025 0.238227 55.00006 230.8725 0.276263 

25 3018       4.16727 0.07354 56.66663 770.5542 0.489862 

26 3023           80 0 0 

27 3045       3.50156 0.03747 93.45069 2494.04 0.534403 

28 3045B      26.7024 0.205403      

29 3055                

30 3100                

31 3114           40 0 0 

32 3121       4.78725 0.065932 72.60868 1101.263 0.457043 

33 3122       4.16467 0.064839 64.23084 990.619 0.490015 

34 3133       3.05906 0.043528 70.27782 1614.539 0.57175 

35 3140       288.666 6.79214 42.50001 6.257234 0.058858 

36 3145       3.90396 0.039622 98.52911 2486.702 0.506113 

37 3145B      5.43733 0.057788      

38 3155       3.60903 0.036088 100.0061 2771.165 0.526387 

39 3165       3.09618 0.030999 99.88064 3222.081 0.568312 

40 6320                

41 6535                

42 80         4.2309 0.056412 75.00013 1329.509 0.486165 

43 8445       3.48945 0.047429 73.57146 1551.178 0.53533 

44 8465       3.61758 0.043849 82.5001 1881.442 0.525764 

45 85         2.60583 0.029362 88.74989 3022.662 0.61948 

46 9260                

47 BL500               

48 BLMKR      41.6436 0.734887 56.66667 77.10937 0.154962 

49 BMSDD      14.9103 0.172042 86.66663 503.7527 0.258974 

50 CP700      3.69672 0.026308 140.517 5341.225 0.520106 

51 CP800      3.61337 0.029165 123.8924 4247.922 0.52607 

52 CP900      3.54049 0.026376 134.2305 5089.076 0.531457 

53 CS110               

54 CS115      6.83318 0.074544 91.66664 1229.702 0.38255 

55 CS125      5.02922 0.054934 91.54989 1666.537 0.445913 

56 CS163      0.64749 0.018325 35.33331 1928.127 1.242749 

57 CS170      3.46463 0.043764 79.16657 1808.951 0.537244 

58 CS171      4.14241 0.067525 61.34595 908.4871 0.49133 

59 CS172      3.66162 0.055246 66.27846 1199.697 0.522593 

60 CS173      5.02448 0.073024 68.80597 942.239 0.446123 
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61 CS175      3.87244 0.048574 79.72216 1641.245 0.508168 

62 CS180          75 0 0 

63 CS191      4.17389 0.065657 63.57143 968.2397 0.489474 

64 CS193      2.30838 0.033497 68.91324 2057.302 0.658183 

65 CS220      3.45895 0.048256 71.67902 1485.388 0.537685 

66 CS230      3.29354 0.048056 68.53517 1426.146 0.551021 

67 CS231      2.50114 0.038784 64.4898 1662.815 0.632311 

68 CS240      2.81352 0.056115 50.13891 893.5108 0.596177 

69 CS250          45 0 0 

70 CS600      2.95171 0.028131 104.9277 3729.979 0.582054 

71 CSTRM               

72 D4040      10.7318 0.084171 127.5001 1514.777 0.305256 

73 D8070               

74 D8080               

75 D8090               

76 DFS10               

77 DP400               

78 DSCAN          30 0 0 

79 EBAS1               

80 HP220               

81 HP400               

82 HP405               

83 HP410               

84 HP450               

85 HP455               

86 HP460               

87 HP500               

88 HP550               

89 HP800               

90 HP815               

91 HP850               

92 HP855          25 0 0 

93 L1855               

94 L2000               

95 L5000               

96 L7XXX               

97 LEXM                

98 M1020      1.48438 0.012602 117.7939 9347.61 0.820781 

99 M1025      3.76805 0.05612 67.14285 1196.418 0.515159 

100 M1035      4.09637 0.050667 80.8492 1595.704 0.494084 

101 M1045      2.57697 0.023624 109.0813 4617.336 0.622939 

102 M1050      4.92456 0.068825 71.5517 1039.615 0.450626 

103 M1060               

104 M1075               

105 O1014      4.67569 0.089061 52.50004 589.486 0.462463 

106 O1016      4.90672 0.076934 63.77864 829.0088 0.451444 

107 O1018      3.39104 0.068002 49.86662 733.309 0.543042 

108 O1020      4.35893 0.065721 66.32527 1009.202 0.478972 

109 O1025      4.21061 0.056399 74.6574 1323.734 0.487335 

110 O1030      4.84436 0.071299 67.94439 952.9514 0.454341 

111 O1040      4.42102 0.066013 66.97247 1014.542 0.475597 

112 O1050      3.32813 0.033281 100 3004.69 0.548151 
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113 O1130      2.85723 0.037309 76.58204 2052.621 0.591599 

114 O1140      3.09203 0.03718 83.16335 2236.764 0.568693 

115 O1150      5.05795 0.045504 111.1537 2442.719 0.444644 

116 OFD                 

117 OP14       4.62406 0.075029 61.63047 821.4241 0.465038 

118 OP15       5.03673 0.083156 60.56965 728.3858 0.44558 

119 OP20       3.53497 0.051164 69.09096 1350.382 0.531872 

120 OP22       2.13586 0.030134 70.87921 2352.15 0.684248 

121 OP25       4.5675 0.065872 69.33871 1052.623 0.467908 

122 OP30C               

123 OP31C      1.88827 0.017862 105.7144 5918.395 0.727726 

124 OP33       2.91914 0.035916 81.27642 2262.946 0.585292 

125 OP35       5.46092 0.07871 69.38052 881.4736 0.427924 

126 OP40       2.48612 0.034643 71.76482 2071.577 0.634219 

127 PAUDE               

128 PBAS0               

129 PBAS2               

130 PP10                

131 PP15       3.30779 0.044851 73.75015 1644.326 0.549833 

132 PP16C      2.9046 0.040314 72.04923 1787.197 0.586755 

133 PP17C      3.36144 0.058421 57.53851 984.8994 0.545428 

134 PP18C      2.81542 0.052789 53.33326 1010.306 0.595975 

135 PP20D      7.47534 0.124244 60.16661 484.2617 0.36575 

136 PP22D      7.25469 0.129935 55.83322 429.7012 0.371271 

137 PP28       5.08833 0.096921 52.50004 541.6815 0.443315 

138 PPC            360 0 0 

139 PS055               

140 PS088      1.5466 0.01473 105.0002 7128.563 0.804102 

141 PS110      4.07973 0.023823 171.2503 7188.383 0.49509 

142 PS145               

143 PS158          180 0 0 

144 PS200          180 0 0 

145 PS235               

146 PS350      3.92822 0.026958 145.7141 5405.148 0.504548 

147 PS440      5.43951 0.029517 184.2858 6243.443 0.428766 

148 PS500               

149 PSAT1               

150 PSUPR               

151 ROTA                

152 RW                  

153 V1000      3.12002 0.032197 96.90406 3009.723 0.566137 

154 V1100               

155 V2000      3.6606 0.037868 96.66661 2552.705 0.522666 

156 V2045      3.31485 0.034495 96.09598 2785.778 0.549247 

157 V2050      3.84378 0.040511 94.88331 2342.185 0.510059 

158 V2055      4.93866 0.054442 90.71432 1666.259 0.449982 

159 V2060      5.32018 0.056176 94.70591 1685.884 0.433548 

160 V2065      7.45103 0.077762 95.81815 1232.194 0.366346 

161 V2070      3.02723 0.02977 101.6876 3415.786 0.574748 

162 V2090      3.15372 0.029353 107.4411 3660.312 0.563104 

163 V2100      3.40064 0.02918 116.5385 3993.725 0.542275 

164 V2105      5.05867 0.039731 127.323 3204.626 0.444613 
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165 V2110      1.59927 0.016962 94.28546 5558.629 0.79075 

166 V3000      4.15026 0.037572 110.4627 2940.058 0.490865 

167 V3090               

168 V4222               

169 V5115      58.4425 0.338797 172.5001 509.1546 0.130808 

170 V5160          180 0 0 

171 V6000      3.81733 0.043186 88.39297 2046.802 0.511823 

172 V6100               

173 V7200               

174 V7300               

175 V7400          240 0 0 

176 V7450          210 0 0 

177 V7650               

178 V9200               

179 V9210          240 0 0 

180 WP20       5.40333 0.120074 45 374.7689 0.430199 

181 WP28       2.60671 0.036243 71.92293 1984.459 0.619375 

182 WP30       1.91889 0.020468 93.75027 4580.312 0.721897 

183 WP31C      4.87742 0.062935 77.49994 1231.438 0.452798 

184 WP32       9.43612 0.18462 51.11104 276.8445 0.325539 

185 WP33       5.30674 0.098408 53.92596 547.984 0.434096 

186 WP35       3.27512 0.062735 52.20588 832.1691 0.552569 

187 WP36       2.49907 0.046551 53.6841 1153.222 0.632573 

188 WP40                

189 WP45                

190 WP50       2.4314 0.036754 66.1537 1799.915 0.641316 

191 WP51                

Table A8.2 On-site repair time values based on a gamma distribution 
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Appendix 9: Number of calls for each class z machines categorized into machine type s 
λ(z,s) (in years) 
This table is obtained by categorizing the calls of each machine type s, placed in period October 2007 – September 2008, into the 28 different priority classes. 
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Column A:= the machine type/skills 

Column B – AC:= the arrival rate of calls for each class z machines divided into each machine type/skill s (in years) (λ(z,s)) 

Column AD:= the arrival rate of calls for each machine type/skill s (in years) (λ(s)) 

Column AE:= the total workload for each machine type/skill s in the field (in minutes) (WL(s)) 

Row 193:= the arrival rate of calls for each class z machines (in years) (λ(z)) 

Cell AE193:= the total workload in the field (in minutes) 
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Appendix 10: Manual for reading and usage of the manpower capacity planning model in 
Excel  
Explanation sheets 

Sheet ‘Customer_Database’:= the SLA’s of the machines in the field regarding their response time requirements and the type of service contracts for 

computing the expected SLA performance later on 

Sheet ‘r(s,n)’:= the skill sets of each service engineer and their availability percentage (fulltime or part-time) (see Appendix 4 for the initial number of service 

engineers and skill allocation and see Appendix 13 for the ‘optimal’ number of service engineers and the ‘optimal’ skill allocation) 

Sheet ‘r(s,n)xP(n)’:= the skill sets of each service engineer based on their availability percentage (fulltime or part-time) 

Sheet ‘TT(s)+OT(s)’:= the travel time and the on-site values of each machine type together with the distribution fittings (see Appendix 7 and Appendix 8) 

Sheet ‘TT(s)’:= the travel time values of each machine type together with the distribution fittings (see Appendix 7) 

Sheet ‘OT(s)’:= the on-site values of each machine type together with the distribution fittings (Appendix 8) 

Sheet ‘lambda(z)’:= the total number of calls divided into class z machines and machine types of period October 2007 – September 2008 (see Appendix 9) 

Sheet ‘WL(cor)’:= the workload for each class z machines (for corrective maintenance calls) and for each machine type using the total number of calls during 

period October 2007 – September 2008 

Sheet ‘lambda(z,s)’:= the total number of calls divided into class z machines and machine types of period October 2007 – September 2008 for each fulltime 

service engineer in the field 

Sheet ‘ln=1’:= the total number of calls divided into class z machines and machine types of period October 2007 – September 2008 for service engineer n = 1 

based on his skill set and his availability percentage (fulltime or part-time) 

Sheet ‘n=1’:= the utilization level for each class z machines for service engineer n = 1 

Sheet ‘ml=1’:= the average residual time, the average travel time and the average response time performance for each class z machines for service engineer n 

= 1  

Sheet ‘ln=2’:= the total number of calls divided into class z machines and machine types of period October 2007 – September 2008 for service engineer n = 2 

based on his skill set and his availability percentage (fulltime or part-time) (see Appendix 11 for the workload) 

Sheet ‘n=2’:= the utilization level for each class z machines for service engineer n = 2  

Sheet ‘ml=2’:= the average residual time, the average travel time and the average response time performance for each class z machines for service engineer n 

= 2 (see Appendix 12) 

… 

Sheet ‘ln=20’:= the total number of calls divided into class z machines and machine types of period October 2007 – September 2008 for service engineer n = 

20 based on his skill set and his availability percentage (fulltime or part-time) 

Sheet ‘n=20’:= the utilization level for each class z machines for service engineer n = 20 

Sheet ‘ml=20’:= the average residual time, the average travel time and the average response time performance for each class z machines for service engineer n 

= 20 

Sheet ‘WL(Others)’:= the workload for all other calls (preventive maintenance calls and modification calls) and other activities of period October 2007 – 

September 2008 
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Given the initial situation of field service area NVM152, an initial capacity check can be performed for each service engineer. (Step Capacity check as shown 

in Figure 11.2) Reallocation (required) skills in Figure 11.2 can be performed by adding the following four sheets: 

  

Sheet ‘Rank(n)’:= the utilization level of all service engineers in the field, including the ranking of the service engineers which is needed for reallocation 

(required) skills  

Sheet ‘Rank(s,n)’:= the ranking of skills for each service engineer which is needed for reallocation (required) skills 

Sheet ‘RRS0’:= the ranking of skills that are required from the field but not yet allocated by the service engineers which is important for Reallocation 

required skills 0 

Sheet ‘RRS1’:= the ranking of skills that are required from the field but there are no backup service engineers which is important for Reallocation required 

skills 1 
 

In the final sheet, the average response time performance of each class z machines can be computed (Measure response time performance in Figure 11.2). 

 

Sheet ‘ART(z)’:= the average response time performance of each class z machines (in hours), including the expected SLA performance  

 

 
Explanation of the coloured cells in the sheets: 

Blue:= the input parameters that need to be determined at the start of the manpower capacity planning model  

Yellow:= the input parameters 

Pink:= the output parameters 

Red:= capacity check NOT OK 
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Appendix 11: Workload for service engineer n = 2 
∀�: � = E1, . . , NH, (4��, 2� and ∀�: � = E1, . . , JH, (4��, 2� 
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Column A:= the machine type/skills 

Column B – AC := the workload for each class z machines divided into each machine type/skill s for service engineer n = 2 (in years) (WL(z,s,2)) 

Column AD:= the workload for each machine type/skill s for service engineer n = 2 (in years) (WL(s,2)) 

Column AE:= the ranking of the skills possessed by service engineer n = 2 according to the workload level 

Column AG:= the initial skill possession of service engineer n = 2  (rint(s,2) = 1 or 0) 

Column AH:= the new skill possession of service engineer n = 2  (ropt(s,2) = 1 or 0) 

Column AI:= indicates new skills for service engineer n = 2 (ropt(s,2) - rint(s,2) = 1 or 0) 

Row 193:= the workload for each class z machines for service engineer n = 2 (in years) (WL(z,2)) 

Cell AD193:= the total workload in the field for service engineer n = 2 (in minutes) (WL(2)) 

Cell AG193:= the initial number of skills possessed by service engineer n = 2 

Cell AH193:= the new number of skills possessed by service engineer n = 2 

Cell AI192:= the total number of new skills that service engineer n = 2 has to be trained on 
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Appendix 12: Average response time performance of service engineer n = 2 
∀�: � = E1, . . , NH, 6��, 2�7b &'�����, 2�) 
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Column A:= the machine type/skills 

Column B – AC := the average service time for each class z machines divided into each machine type/skill s for service engineer n = 2 multiplied by the 

percentage of calls handled by service engineer n=2 for machine type s (in minutes) (µ(z,s,2)) 

Row 193:= the average service time for each class z machines for service engineer n = 2 (in minutes) (µ(z,2)) 

Row 194:= the variance of the service time for each class z machines for service engineer n = 2 (in minutes) (σ
2
[µ(z,2)]) 

Row 195:= the average residual time for each class z machines for service engineer n = 2 (in minutes) (E[R(z,2)]) 

Cell B196:= the total workload in the field for service engineer n = 2 (in minutes) (WL(2)) 

Row 197:= the utilization level for class z machines of service engineer n = 2 (ρ(z,2)) 

Row 198: ∑z=1,..,Z ρ(z,2) 

Row 199: ρ(z,n) x E[R(z,n)] 

Row 200: ∑z=1,..,Z ρ(z,n) x E[R(z,n)] 

Row 201: (1-ρ(z,n))-(1-ρ(z-1,n)) 

Row 202:= the average waiting time for class z machines of service engineer n = 2 (in minutes) (E[W(z,2)]) 

Row 203:= the average travel time for each class z machines of service engineer n = 2 (in minutes) (E[TT(z,n)]) 

Row 204:= the average response time for class z machines of service engineer n = 2 (in minutes) (E[ART(z,2)] 

Row 205:= the average response time for class z machines of service engineer n = 2 (in hours) (E[ART(z,2)]  
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∀�: � = E1, . . , NH, A?'6��, 2�)
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Column AE:= the machine type/skills 

Column AF – BG := the variance for each class z machines divided into each machine type/skill s for service engineer n = 2 multiplied by the percentage of 

calls handled by service engineer n = 2 for machine type s (in minutes) (σ
2
[µ(z,s,2)]) 

Last row:= the variance for each class z machines for service engineer n = 2 (in minutes) (σ
2
[µ(z,2)]) 
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∀�: � = E1, . . , NH, &'����, 2�) 
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Column A:= the machine type/skills 

Column B – AC := the average travel time for each class z machines divided into each machine type/skill s for service engineer n = 2 multiplied by the 

percentage of calls handled by service engineer n = 2 for machine type s (in minutes) (E[TT(z,s,2)]) 

Last row:= the average travel time for each class z machines for service engineer n = 2 (in minutes) (E[TT(z,2)]) 
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Appendix 13: The ‘optimal’ skill allocation 
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For field service area NVM152, with r(s,n)=1 meaning that service engineer n has skill s; ∑ ���, �����  is the number of service engineers having skill s, see 

column W; and P is the availability percentage of the service engineers, see row 3. Note that row 196 indicates the number of skills per engineer n  ∑ ���, �	
�� . 

 
 

 

 

 

 

 

 

 
 


