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Management summary 
We intended to solve this problem by researching the following points: 

• Defining the current process. 

• The calculation method. 

• Documentation of the planner’s expertise. 

• Capabilities of other employees. 

This brought us to the following deliverables: 

Database 

Galvano Hengelo wanted to have the knowledge of the planner documented concerning the 

calculation of cost prices. Previously, all quotations were made by depending on the experience and 

insight of this one employee. The only data available in the quotation process was the outcomes of 

historical orders. Our analysis of these outcomes showed that borders could be drawn through size 

parameters which enable employees to make uniform calculations. Our research resulted in a 

database linked with a code where the border ranges are defined related to the number of products 

per charge for different shapes of products.  

Improvements on the general process 

The general process asked for some improvements. After defining the original process, the 

bottlenecks were determined. We critically assessed the path of the quotes. Since it moves through 

different departments the flow was not as efficient as it could be. It did not use the theory of a lean 

organization to a desirable extent. Crossing three departments with two of them twice caused 

smooth flows to be interrupted which created the question of building a tool where each 

department is crossed only once. Consequently, the idea of a calculator linked to the database came 

into existence.  

Calculator 

The company wanted us to take steps towards improving the general process, eliminating risk in the 

calculations, and unburdening the planner. By designing a calculator that is linked with the new 

database where knowledge of the planner is documented the calculations can be done by more 

employees than before. This creates the possibility of improving the process by removing delays. 

When a quote only moves through a department once, there is no queue and only one start up 

moment per employee. The situation where more staff members can do the calculations, the risk of 

losing the knowledge and experience in generating the cost price is reduced. Also, this unburdens the 

planner and gives him more time for his other expertise. 

Dashboard 

All calculations are done on the backend where a code generates the output. The input is entered on 

the frontend. This is a dashboard where the parameters of a customer’s request are noted and 

followed up by the cost and sales price. The frontend is designed in a way that only a select number 

of employees can adjust or improve the backend. A security is placed on the calculator and only 2 

staff members have the password. The dashboard is available for all employees such that they can 

use the calculator without any risk. Especially for those unfamiliar with excel it is essential that they 

do not get stuck with unwanted adjustments.  
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Advisory report 

We build the calculator but unfortunately, we could not be present during the implementation 

period. We have the following recommendations for the company: 

• Educate employees in the quotation process.  

• Start using the calculator as addition to the process. 

• Keep improving the calculator by adding more shapes and possibly define new shapes. 

• Acquire a STEP file reader. 

• Link the reader to the ERP system. 

• Acquire a simulator that reads the technical drawings. 
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Reader’s guide 
This chapter provides the reader an overview of what can be expected to encounter during our 

research. For each chapter we give a short explanation on the content.  

Chapter 1 

The thesis starts with an introduction. This provides of a description of Galvano Hengelo and the 

problem they encountered. A problem identification and approach including research questions are 

constructed to solve the problem. Also, the research design and intended deliverables are given.  

Chapter 2 

To progress we provide a context description of the current situation. This is the quotation process as 

where the problem was encountered. We give a detailed description on all the taken steps from 

request to quote. Also, some clear bottlenecks are identified together with a zero-measurement of 

performance.  

Chapter 3 

To be able to identify hidden bottlenecks and find possible solutions we describe and relate our 

research to literature. Methods from lean management are used to find common problems in 

processes and help to find solutions. Also, literature specific on quotation processes are described to 

go into detail on our process.  

Chapter 4 

In this chapter the alternative solutions are described. Both a CPQ system and a CAD system are 

researched to find what they could possibly give as improvement to Galvano. Also, the CPQ system 

Merkato is described since we used this software as a demo. The usefulness of STEP-files for Galvano 

is the last thing that is discussed in the chapter.  

Chapter 5 

The final solution for the problem of the company is given in this chapter. It consists of a calculation 

tool which is described in four elements. These are dashboard, data file and code, background 

calculations, and security of the workbook. After reading this chapter it becomes clear what new tool 

the company is going to use.  

Chapter 6 

This chapter outlines the main findings of this thesis. In the conclusion section the answers to the 

research questions are drawn. The advisory report for Galvano Hengelo is about the implementation 

and possible future improvements. Also, the shortcomings of this thesis are described.  
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1. Introduction 

1.1 Host organization 
Galvano Hengelo is a medium-sized firm specialized in galvanizing. The company has a broad and 

stable clientele covering almost all market segments of the metal industry. Galvanizing takes place in 

a modern and dynamic company with a wide range of galvanic and chemical processes. Quality, 

speed, reliability and fulfilling agreements are important core values. The organization works in a 

professional, pleasant, and informal environment. The firm is part of the Schoonderwolf Group, a 

group of companies consisting of various technically oriented companies.  

For the bachelor Industrial Engineering and Management graduation assignment I investigated the 

problem given by the firm.  

1.2 Problem given by the company 
Annually, the department Work Preparation executes around 2500 calculations. To limit the 

dependence on people and shorten the lead time, the development of a price configurator is desired 

to determine the cost and selling prices based on given parameters. 

1.3 Problem identification 
Galvano has a problem that the planner of the company has too little time for other activities than 

calculating. This employee spends a lot of time determining the number of products per charge, he is 

the only one capable of doing this. His decisions are based on experience and insights, which means 

none of his considerations are documented. He has a lot of other tasks as well, like working in ICT 

and designing racks to hang products on. Since he spends almost half his time calculating, he has 

little time left to work on his other tasks. Also, him being the only man capable to determine the 

number of products per charge brings a great risk. In the worst case, no one can execute the 

calculations for the quotations.  

The company always strives to work efficiently and effectively, as they are always looking for 

improvements in all activities. One activity to improve following the problem is the Configure Price 

Quote (CPQ) process.  

The stakeholders in the CPQ process indicated that there currently are 5 steps in the process moving 

back and forth between 3 different departments. A large part in the process consists of standard 

administrative work, during which the rest of the process is on hold. Each year around 800 

quotations, consisting of about 2500 calculations, need to be processed. 

A lot of time is spent calculating the price of the quotation. The calculations mainly consist of 

determining the area of different products which need to be galvanized. The products come in 

hundreds of shapes. Also, the number of products to be cultivated on one rack (per charge) are 

considered. Determining these parameters, however, can only be done by the planner.  
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Following the problem cluster, we decide to follow the path of the planner being the only employee 

capable of doing the calculations. If this problem is tackled, then the other two paths are also closer 

to a solution. It can be identified that ‘Inefficient and ineffective CPQ’ is the action problem. Since 

this is a cause at the end of the problem cluster.  

The calculations within the CPQ process take about 40% of the total time. Which means the planner 

spends around 320 hours a year determining the input for the quotations. The managing director 

would like to see this number go down to 160 hours. These hours are made up of determining the 

area of the products and determining the number of products per charge of all the different 

products. The overall CPQ process should be halved in duration. 

1.3.1 Problem description 
The aim of my research is to improve the CPQ process. The steps in this process need to be 

digitalized and automated, so all calculation considerations need to be documented. Pursuing this 

aim, the current situation is examined. Getting an overview of the steps taken in the current process 

gives me the opportunity to see which need improvement. It is important to have all considerations 

documented such that the calculations can be checked after the operation is finalized. The 

documentation gives the possibility to retrieve mistakes. After these clarifications the bottlenecks in 

the current process can be identified.  

To proceed, we need to know the desired situation. Here it is important to research how, according 

to literature, processes should be described and steered. Finding the proven methods of researching 

processes and implementing improvements gives a basis in forming my research. To get to know the 

desired situation, we research the wishes of the organization by interviewing the management. 

During my research, we must find a solution to the problem that creates the desired situation. Also, 

we describe the researched alternatives for the solution and the possible future improvements. Next 

to that, the organizational and financial consequences are to be identified. This is done to determine 

whether the solution is acceptable within the host organization.  

In the identification of the current process, we investigate the bottlenecks. To assess what the focus 

points are, we use literature and the knowledge of the stakeholders in the process. Literature is used 

to describe bottlenecks that usually occur in CPQ processes. Interviewing the employees enables us 

to clearly describe the current situation. Also, it is desired that the knowledge available give steps 

Planner needs to be 
unburdened of the 

calculations.

The planner is the only 
employee capable of 
calculating number of 
products per charge.

The planner has always 
done it based on 

experience and insight.

Great risk of him 
falling away. 

Considerations for the 
calculations are not 

documented.

Inefficient and 
ineffective CPQ.

65% of quotations do not 
lead to an order.

A lot of effort 
without direct result.

Too little time for other 
valuable activities.

Slower improvements on 
other departments. 

Figure 1: Problem cluster. 



3 
 

towards solving the bottlenecks. Solving the problem needs to be supported by studying literature to 

assess how we can describe and steer the process. This gives guidance realizing the desired situation 

sketched by the host organization. 

Following the problem identification, problem approach, and research aim, the following knowledge 

problem is identified: 

 ‘How can the CPQ process in Galvano Hengelo be improved in terms of effectiveness and 

efficiency?’ 

  

First, to set clear the usage of both terms, we give a definition of both. Effectiveness is the producing 

of the intended or expected result. Efficiency is performing or functioning in the best possible manner. 

The difference between both is, effective is about doing the right things, while efficient is about 

doing things right (Drucker, 1963).  

Part of my research focuses on reducing the lead time between the steps of the CPQ process, so 

making it more efficient. Reducing the lead time can be done by becoming more conscious of lean 

management and applying it to the process (Plenert, 2010). Lean is a systematic approach that 

focuses the entire enterprise on continuously improving quality, cost, delivery, and safety by seeking 

to eliminate waste, create flow, and to increase the velocity of the system’s ability to meet customer 

demand (Burgess & Radnor, 2013). In this case especially the latter aspect. 

We pay attention to how processes are described and steered. Literature is used to find relevant 

articles about processes like the one in my research. An approach of a process focuses on flows that 

enter and exit the process. In this process these flows pass through different departments. In this 

manner it is important to have a clear process planning. The main objectives in process planning are 

(Scallan, 2003): 

- Identify the functions involved in product design and manufacture. 

- Define the process planning activity. 

- Identify and describe the main tasks undertaken during process planning. 

- Identify and describe the various data used in process planning. 

- Identify and describe the main process planning documentation.  

Elaborating these objectives creates a clear description of the process. 

How can the CPQ process in 
Galvano Hengelo be 
improved in terms of 

effectiveness and 
efficiency?

Ineffective

Only 35% of the quotations 
lead to an order

Inefficient

Every step of the process 
needs an employee

Figure 2: Ineffectiveness and inefficiency CPQ Galvano. 
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The other part focuses on the documentation of calculation considerations improving the effectivity 

of the process. Making sure that all outcomes are uniform and correct. Truly effective outcomes 

measurement requires standards that encompass all critical elements (Busignani, 2021). For our 

research it is important to make sure that all elements used in the considerations of the planner are 

taken into the outcomes such that they are truly effective.  

1.4 Problem approach 
The company’s management has the problem that their planner has little time to perform his other 

tasks. Next to that, the management now has the risk that if something would happen to the planner 

then none of their other employees have the knowledge to perform the calculations towards the 

quotations. The planner himself would also like to perform more ICT tasks and spend more time 

designing racks to hang products on, rather than calculating.   

Both the managing director and the company director allow me to speak to anyone needed within 

the company at any time, and if it is needed customers can be contacted for the research. The 

planner is the main employee involved in the research. He is the man whose knowledge needs to be 

documented. The project supervisor from the university is important in giving advice and feedback 

on the project. Further material and information needed for the research is provided by the 

company. 

To progress, the information of the steps in the CPQ process is needed. This consists of the 

employees who carry out each step and what they do each step. Interviewing the planner is 

especially interesting, since his information consists of steps he takes in his head and which things he 

takes into consideration in his calculations.  

1.4.1 The research questions 
To find a solution to the core problem, several knowledge questions must be answered. The 

questions are based on the missing data that are required to find a solution to the core problem. In 

this section the knowledge questions are defined with the corresponding research method. The 

questions can be found below:  

The current CPQ process 

In which way is the CPQ process executed now?  

This is discovered by field research. We use this research method because total involvement in the 

process is required, this cannot be done sitting behind my desk. Gathering the data about the current 

process is important for my research to get a clear overview of the current way of working. 

Conversations with participants in the process are held and observations to how the participants 

execute their tasks. The information is about the path of the process in general and about the details 

in the calculations. We analysed where co-workers review each other and where reports are present 

or absent in the process. In case of unclear information, qualitative interviews are held.  

The desired CPQ process 

What are the wishes of the host organization?  

For this question field research is used again. The information for this question is retrieved from 

interviews with the management board, the planner, and the commercial department. The collection 

of this data is important for setting up the problem approach. Again, it is required to get involved 

with the stakeholders in the process, the information to answer this question cannot be collected 

from my own computer.  
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The bottlenecks in the current situation 

What are the bottlenecks of the current process?  

Both field and desk research are done on this question. This is done by analysing the current process 

and by studying literature on what bottlenecks usually occur in processes like the CPQ process. Both 

are done at my desk. Defining and analysing the current process leads to a clear overview of the 

strengths and flaws in this part of the organization. Also, discussing the desired situation and 

combining this with the bottlenecks found by the company, gives a good view on which path to 

follow in my research.  

The possibilities for now and for the future 

What are the possible solutions to the problem and what additions are available for the future? 

Desk research is done to find out which solutions are available. For this question we mainly used the 

internet and the company’s network to research what solutions to the problem are already at hand 

or available at a certain price. Also, the interview about the desired situation is useful. Most 

information is found through literature where the bottlenecks in other CPQ processes are described 

and the according solutions.  

Organizational and financial consequences 

What organizational and financial consequences might appear?  

Both desk and field research are done on this question. We analyse the results of the previous 

questions and think about how these are to be implemented, both are done at my desk. Also, we 

interview the management as to how they see the implementation of the solution and what they 

would like the situation to be soon.  

1.5 The research design 
The research done is mostly descriptive. It describes the situation as it is now and the desired 

situation. In other words, addressing what the characteristics are of the situation. Rather than 

answering how/when/why questions. The research consists of observing and describing phenomena. 

In Figure 3 the phases of the research are visualized.  

 

Figure 3: The different phases of the research. 

We use two main research strategies. These are case study and qualitative interviews. Case study is 

an in-depth exploration from multiple perspectives of the complexity and uniqueness of a particular 

project (Simons, 2009), this is very relatable to my research of Galvano’s CPQ process. Through 
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qualitative interviews we can understand experiences and reconstruct events in which we did not 

participate (Rubin & Rubin, 2005), this is helpful in finding the experiences of the stakeholders in the 

process.  

Case study is done to investigate the process as it is now. We gathered information from different 

sources and through different types of data like interviews, observations, and analyses of documents. 

The case in this research is the company Galvano Hengelo, especially their current CPQ process. 

The second type of research strategy, qualitative interviews, is used in almost every step in the 

research. We neatly planned the interviews and critically decided who the interviewees are. Also, 

how to record and analyse these interviews were points of attention. Interviews are often prone to 

biases and problems, so during the design stage it was important to take time for the consideration 

of designing the interview in the correct way. 

Following the research strategies, we can determine that the main way of data gathering was 

qualitative.  A lot of data were collected through observation and interviews as well as descriptions 

by informants. 

1.6 Intended deliverables 
At the end of the research, we provide the following deliverables: 

• Process description: defining the process as it is before implementing the new calculator. 

This is the basis in determining the bottlenecks and identifying the improvements the 

company needs.  

• Uniform database: since the calculations done in the past are not directly available when a 

new calculation is performed the same calculations are repeated. We therefore deliver a 

database where available historical calculations are used when the parameters are filled in.  

• The new calculator: the new calculator takes all considerations into account that used to be 

done by the planner. It reduces the time that is taken for the usual calculations. The time at 

the company was a bit too short to implement the new tool completely. However, the 

planner and a commercial employee are well capable of using the tool and they can explain 

the tool to other employees. Also, the opportunity to adjust the calculator must be 

implemented.  

• Manual: we deliver a descriptive manual for the users to fall back on. In the manual we 

describe all functional and technical details of the calculator and the database. Also, the 

security manual is available in which we advise the company to only distribute this to a select 

group of employees. Next to that, we give a description to adjust values in the code.  

• Advisory report: there are a lot of options that can be added in the future. We describe most 

of them in the section of alternative solutions. In the advisory report we write 

recommendations on future research and possible future additions to the calculator.  
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2. Context analysis  
This chapter provides a general overview of the current CPQ process at Galvano Hengelo. We give 

information on the different stakeholders in the process as well as the time they need to fulfil their 

tasks. Also, an explanation on the normal flow of the quote through the departments is given. By 

describing the current situation, we intend to give the reader a better understanding of our findings.  

2.1 Current CPQ process 
Within the quotation process, as we discussed with several employees who have a role in the 

operation, five steps are clearly visible and shown in the description. The activities in each step are 

given including the details of time and employees. Also, the possible bottlenecks are noted.  

A lot of different products cross the desks of the commercial section. Products with simple shapes do 

not cost much time since the parameters are easy to calculate. On a regular basis complicated shapes 

come across as well, these products cost significantly more calculation time. A product like the one in 

Figure 4 is easy to calculate. The shape is clear and when the parameters are given on the technical 

drawing, the calculation process can start. Also, the fact that there are holes in the product gives the 

opportunity to hang the product. Later in the chapter it becomes clear why this makes the 

calculations easier. Figure 5 shows a product that can be determined as two combined shapes. The 

area determination for such products is done by separately considering the two shapes and 

combining the areas. The outcomes for the number of products per charge are retrieved easily 

because of the hole in the middle. Finally, Figure 6 shows a complex product. Both the area and the 

numbers per charge are difficult to compute. The area due to the complex shape and the products 

per operation due to the missing hanging option.  

 

Figure 4: Simple product.   Figure 5: Combined shapes.   Figure 6: Complex product. 

Since products differ greatly in shapes and parameters they are split into simple and complex types 

and the average time is calculated taken a selection of products.  

The determination of products per operation is done by first looking at the type of operation. The 
different operations: ‘verzilveren’, ‘vertinnen’, ‘verzinknikkelen’, ‘vertinnikelen’, and ‘chemisch 
vernikkelen’ all have different ranges in the relations between product sizes and number of products 
per operation. The insert pieces like the one shown in Figure 7 come in different sizes and number of 
hooks per pieces where the insert pieces are only usable for a selection of the operations. As can be 
seen in Figure 8, the inserts are hung in a larger rack which is called a window. The number of inserts 
per window are determined by the length of the product when it is hung vertically and by the width 
of the product when hung horizontally. The number of windows per operation is fixed. One 
operation is also known as a charge.  
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For the total number of products, the following formula is used:  

𝑃𝑐𝑠/𝑐ℎ𝑎𝑟𝑔𝑒 =  𝑝𝑐𝑠/ℎ𝑎𝑛𝑔𝑒𝑟 ∗ ℎ𝑎𝑛𝑔𝑒𝑟𝑠/𝑤𝑖𝑛𝑑𝑜𝑤 ∗ 𝑤𝑖𝑛𝑑𝑜𝑤𝑠/𝑐ℎ𝑎𝑟𝑔𝑒 

The pieces per hanger are determined by the width of the product when hung vertically and the 

length of the product when hung horizontally. The ranges of the relations are retrieved from 

interviews with the planner. The direction in which a product is hung is determined by the employee 

using the calculation tool and selected on the user screen. Multiplying the pieces per insert with the 

inserts per window gives the total number of products per window. Finally multiplying this by the 

fixed number of windows per charge gives the total number of pieces per charge.  

Next to the option of hanging products on inserts in windows, there is the opportunity to place the 

products on sticks like shown in Figure 9. Here the hangers in the formula are replaced by the sticks 

and the fixed number of windows per charge is set at 1. Apart from these two points all calculations 

are based on the same considerations.  

 

 

 

 

 

 

 

 

 

 

 

 Figure 9: Hanging stick. 

Figure 7: Insert piece. 

 

Figure 8: Windows. 
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Confirming the total number of products per charge the weight of the separate products is 

determined and multiplied by the pieces per charge. Then it is checked whether the total weight is 

within the boundaries of the maximum weight.  

𝑀𝑎𝑥 𝑝𝑐𝑠 𝑝𝑒𝑟 𝑐ℎ𝑎𝑟𝑔𝑒 = 𝑀𝑎𝑥 𝑤𝑒𝑖𝑔ℎ𝑡/𝑤𝑒𝑖𝑔ℎ𝑡 𝑝𝑒𝑟 𝑝𝑖𝑒𝑐𝑒 

Each machine for the different operations have a fixed hourly rate that considers the costs that are 

made in the complete process of galvanizing a product. Each type of operation in relation with the 

thickness of the applied layer gives a timeframe that is needed to finish the operation. Considering 

this timeframe, the number of products per hour is calculated. To find the cost price per product the 

following formula is used: 

𝑃𝑟𝑖𝑐𝑒 𝑝𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 = 𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟/𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟 

In some cases, orders do not fill a complete charge. In those situations, the planner tries to combine 

orders such that the price per product remains acceptable for the customers.  

2.1.1 Steps 
The process of request to quotation moves to several desks as shown in Figure 4. It is handled by the 

following employees: 

-Commercial employee. 

-Planner. 

-Administrative employee. 

 

Figure 10: The process of request to quotation. 

The first step is handling the quote request. The customer must provide the following data to receive 

a quote: 

- Name and address. 

- Technical drawing of the product. 

- Properties of the product. 

- Requested coat. 

- Thickness of the coat. 

- Number of products. 

- Package requirements. 

- Delivery requirements. 

Administrative 
department

Planner
Commercial 
department

Handling the 
quote request.

Reviewing the 
details of the 

request.

Creating an article 
in the ERP system.

Calculation of the 
number per 

charge.

Finalizing the 
quote and sending 
it to the customer.
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The commercial department handles this part of the process. When some information is missing, 

they contact the customer. The time it takes for this step to be completed is for both standard and 

complex products 5 minutes. 

The second step in the quotation process is reviewing the request. The planner checks with the 

galvanizers whether the company can carry out and hold up to the requirements. This is done 

considering the properties of the product, mainly the dimensions, and the requested coating. The 

performance and numbers per operation are very much dependent on the experience of the 

production personnel. Sometimes it happens that completely new and complex products arrive, 

these products are tested on how exactly they should be handled. For this check the commercial 

department might request a sample from the customer. The planner sends this test in a memo to 

administration where it is placed on an ‘ordergeleidekaart’, a sort of order explanation. For standard 

products the reviewing time is about 15 minutes. Complex products take double the time on 

average.  

Third step in line is the preparation of the quote. When it is confirmed that the requested product 

can be handled, an article is created in MKG. This is the ERP system that Galvano uses. In MKG the 

administrative employees register the customer and process the data given. This way all properties 

of the potential order are noted, including all written contacts, like e-mails. For every part of the 

process a rule is created in the ERP system, this rule is a sentence that ends up on the quotation to 

describe the properties of the request. For each rule which must be processed it takes about 2 

minutes, for both standard and complex products. 

Fourth, the calculating process starts. In the MKG article all relevant calculation data can be added. 

The area of the product needs to be calculated. This is then used to calculate the amount of coating 

needed. The calculation continues by computing the numbers per charge. Considering all these data 

a price is generated. There is a minimum of €55 per order, if the final price is lower the order is 

automatically set to the minimum. For each standard product the average calculation time for area 

and numbers per charge is 10 minutes. The data processing costs 2 minutes for both standard and 

complex products. 15 minutes are needed for the calculation of area and charges for the complex 

products.  

Finally, the quote is generated and sent to the customer. It should at least consist of the following 

data: 

- Description of the surface treatment. 

- Thickness of the coating. 

- Expected number of orders. 

- Price per unit. 

- Packaging. 

- Delivery time. 

- Payment policy. 

- Delivery condition. 

- Quote policy. 

For all quotes this takes 5 minutes on average. 
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In Figure 11 and Figure 12 the time it takes to finish the processes of a standard and complex 

quotation are shown respectively.  

 

 

Figure 11: Standard quotation process. 

 

Figure 12: Complex quotation process. 

2.3 Overview of problems/bottlenecks 
The processes described above can be analysed now. Obviously, like in all processes, there are some 

factors stopping it from reaching full potential. Bottlenecks are obstacles which reduce the capacity 

of a system (Timilsina, 2012). People, process, and equipment are three key elements of a company’s 

quality system and all of them need to be focused on for an overall improvement in performance 

(Sundararajan, 2021). Productivity in any system is a function of the marriage between these 3 key 

elements (Adegeye, 2020). In the quotation process we determine whether the elements form 

inefficiencies or ineffectiveness.  

People 

Starting with people, we find in the described process that 3 types of employees are involved. There 

are several commercial employees, who mainly perform similar tasks. Which means that the risk of 

having an employee missing out due to illness or unexpected vacancy is covered decently. Also, some 

other employees in the company are familiar with the tasks of the commercial employees. The same 

holds for the administrative employees, there are multiple options for temporary replacement. 

Training new employees does not take too long either. However, for the planner it is a completely 

different story. The planner has been with the company for about 30 years and is the only one who 

can perform his task effectively. So, the risk of losing his knowledge for any reason whatsoever forms 

a large point of attention. In addition, this employee is the internal expert on IT, and the designing of 

hanging options for which he has very little time remaining. This causes the whole organization to 

improve slower than possible. So, the amount of time spent by the planner in the quotation process 

forms a bottleneck.  

Process 

Looking at the process and zooming out, the build-up of the quote is sent back and forth several 

times. All parties have their own contribution to the quote, as described in Figure 10, but the 

distribution is divided in an inefficient way. The red line shows a backwards movement that asks start 
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up time for the second time in the same department in the same process. Since a great number of 

products pass the desks of the different departments, each department needs time to recognize a 

product when it comes back from another department. The recognition time forms inefficiency for all 

departments and in the end in the total processing time of a quote. This excessive amount of time 

forms a bottleneck. One of the reasons that this bottleneck is formed again traces back to the fact 

that too little staff members have enough knowledge to calculate the cost price.  

Equipment 

In the process the ERP system MKG is the main equipment. Here all received data and the output of 

the calculations are stored accessible for all employees. Unfortunately, most of the work is not 

automated yet. All the administrative lines are typed, and the calculations need to be done by hand. 

Only the multiplication of surface with layer of coating and price of base material is done in the 

program. So, the difficult calculations are still on paper. Since only 35% of quotations lead to an 

order, the time spent calculating has little return. Therefore, the lack of efficiency in the calculations 

together with the little utilization of the equipment forms a bottleneck.  

The three elements named show clearly what aspects in the current process form points of attention. 

People tells us that more employees need to be trained to unburden the planner. It is difficult to pass 

over 30 years of knowledge and experience, so a combination is to be made between training staff 

members and automating the calculations. The process flow is another bottleneck. If a constructing 

quote would just pass through a department once, then the maximum capacity of the system is used. 

However, due to the specific calculations and lack of documentation it is currently necessary to move 

the quote back and forth. As a result, the equipment in the process is not used at full potential. 

Documenting all calculation considerations and training employees to perform them gives the 

opportunity to use the program at a higher rate.  

Summing up the bottlenecks gives a clear overview about what needs to be improved: 

- Knowledge of the calculations is not spread.  

- The flow of the process is inefficient. 

- Equipment is not used at full potential. 
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2.4 Definition and zero-measurement of performance 
Table 1: Bottlenecks of the quotation process. 

Bottleneck KPI Company policy Zero-measurement of 
performance 

Knowledge of the 
calculations is not 
spread.  

- Employees able 
to perform the 
task of planner 

- Percentage of 
time spent on IT 
activities 

- 2 
- 50% 

- 1 
- 25% 

The flow of the 
process is inefficient. 

- Total time from 
request to 
quote 

- Processing time 
quote 

- Calculation time 
quote 

- 2 days from 
request to 
quote 

- As low as 
possible 

- As low as 
possible 

- Average of 2 
days 

- Standard 
quotes: 45 
minutes 

- Complex 
quotes: 65 
minutes 

- Standard 
calculation: 20 
minutes 

- Complex 
calculation: 35 
minutes 

Equipment is not 
used at full potential.  

- Number of 
movements per 
quote 

- Maximum of 
3 

- 5 
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3. Literature review 

3.1 Lean management 

3.1.1 Principles 
Lean is about eliminating waste and creating customer value and consists of principles that constitute 

the backbone of a company’s philosophy (Hines, 2004). Lean has five main points of attention which 

are value, value stream, flow, pull, and perfection (Womack & Jones, 2003). These five points 

describe lean thinking for delivering customer satisfaction using few resources. The concepts provide 

a way to map continuous process improvement.  

Value is the principle of satisfying the customer to a certain level. In the end the purpose of the 

service delivered is to provide additional value to the customer. Identifying the value of the service 

for the customer is coupled with the vision and strategy of the company (Stentoft, Freytag, & de 

Haas, 2011). In our research this principle is about a fast reply to the customer with a quote that 

pleases their expectations.  

The value stream is established after the value principle has been identified. The stream includes all 

the steps from start to end. The map of steps is set up to find and adjust steps that do not create 

enough value, hereby eliminating useless ones and decreasing the cycle time (Stadnicka & 

Ratnayake, 2018). This eventually increases the efficiency of a small process which consequently 

improves the complete company’s efficiency. Increasing value to the customer due to smaller 

throughput time and less used resources. Reducing the time from request to quote is associated with 

the reduction of movements. If the constructing quote only passes through each department once, 

then the cycle time is reduced significantly.  

The third principle is flow, which is applicable when the inefficient steps have been eliminated. Here 

it is necessary that the process of creating value smoothens. Considering the lean philosophy, we 

suggest that the focus is on the process instead of separate departments.  Organizing the process in 

such a way that there are no queues in the system increases productivity and decreases the risk of 

errors (Abusukhon, 2021). The main challenge in this principle is to get everyone on the same page 

and training the employees for the jobs they’re given.  The focus of people is generally to work as 

efficient as possible on their own task forgetting to consider the efficiency of the whole organization. 

It is important to identify the right person for the right job, since the efficiency of the whole process 

is defined by the weakest link (Christensen & Overdorf, 2000). Creating an environment where more 

employees can do the quote calculations increases the flow of the process.  

Pull means the request of the customer is turned to a provided product or service, and the customer 

needs are satisfied as soon as possible (Ballard & Howell, 2003). Adopting the strategy set at flow the 

time from request to delivery is reduced. Due to the adapted flow work hardly ever piles. Resulting in 

satisfaction of the customer. The process from request to quote in our research is based on the 

concept of pull. Generally, all delivered products or services come from customer requests.  

Last in line is perfection. This point is to analyse all results and decide what non-value adding activity 

will be removed from the value chain so that the number of steps, amount of time and information 

needed to serve the customer continually falls (Radnor, 2010). The other principles are about what to 

do, this one is about how to do it. This point plays an important role in the documentation of the 

calculations. When a quote is sent to the customer and leads to an order, it is important to check 

afterwards whether the outcomes leading to the final quote were indeed the correct numbers. If this 

is the case, then the considerations can be documented and added to the new database.  
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3.1.2 Problems 
Companies are often organized as separate departments which contradicts the lean principle of flow. 

It is difficult for them to change the existing structure. Often managers even have difficulties 

describing the release cycle of a customer request. To implement lean principles the first step is to 

effectively organize collaboration among units (Ong & Sui Pheng, 2021). The greatest source of waste 

is the sequential work in units, which is switching between departments constantly. This leads to a 

longer release cycle than necessary. As we discussed earlier the process in this research moves 

between departments several times with two departments on two different occasions.  

Most organizations have problems evaluating work. This problem is caused by the absence of key 

performance indicators (Marais, de Plessis, & Saayman, 2017). The main thought is ‘delivering work 

on time using the available resources’. In this manner the performance of work cannot be evaluated 

since there is no clear material to compare it with. For this matter we have analysed the process and 

set a zero-performance which can be compared with the process after adjustments.  

The problem of not being able to evaluate work causes the lack of documentation. Poor 

documentation is the cause of many errors and reduces efficiency in every phase of a process (Nanz, 

2011). To be able to act, all facts need to be present. They must be present to get an understanding 

of deviations in the process, which factors stood out in not holding up to standards set in the 

strategy. We relate this to the evaluation of quotes where we check whether an order could be 

produced according to the primary calculations. If this is not the case, it is important that all 

considerations in the calculations are noted such that the origin of the miscalculation can be 

retrieved. When the miscalculation is rectified, the right outcomes are documented in the new 

database. 

Over the years lean was extended to wider application areas. Now a difference should be made 

between strategic and operational lean (Kumar & Harms, 2004). Strategic lean relates to lean 

thinking which happens mainly before the process starts. This area is executed on the basis that 

focus of the final customer is still missing in a lot of lean supply chains. Focusing on the final 

customer it is important for Galvano to reduce the lead times from request to quote. Operational 

lean is related to the operations happening during the process. This concerns the separate steps in 

the process of generating a quote making sure the departments are used efficiently. Combining these 

two types of lean will lead to extra value creation using a minimum number of resources.  

3.1.3 Bottlenecks 
The process activities holding back organizational performance are called bottlenecks. To get to know 

a bottleneck, knowledge is required about the whole system. This is the case since no process 

advances quicker than its slowest activity. Systematically locating bottlenecks and defining their 

causes can be done by a bottleneck analysis (Buddas, 2014). For a mechanical operations system 

mathematical approaches are mainly used. However, these will not directly work for human 

preparedness since employees express their feelings and thoughts. Since the process under 

consideration is execute by humans, we must use different approaches. To assess bottlenecks in a 

human operation a framework is built. This is done on separate components, which is elaborated on 

in this section, with process mapping, theory of constraints, critical path analysis and critical success 

factors. It strikes that these components look quite alike to the lean management steps.  

Process mapping 

Modelling the relationships in an operation between activities, people, data, and objectives is 

process mapping. Such a map helps to be able to analyse, streamline, standardize and improve a 

procedure by rethinking activities (Hunt, 1996). If an activity lacks the ability to define boundaries, 



16 
 

identify the purpose of improvement, consider the depth and width of the process, and fail to 

include process improvement as a goal it may lead to failing to improve the operation (Klotz, 

Horman, Bi, & Bechtel, 2008). Creating and recreating a process map of an organization requires 

insight from different stakeholders. This component is followed in the first step of our research 

where we define the current process by interviewing the stakeholders and getting involved in the 

process. 

Theory of constraints 

The theory of constraints (TOC) assumes that a chain is not stronger than the weakest link.  The 

theory is found on the basis that systems cannot be understood if separated from an entity and 

analysed in parts (Bostan, 2021). Operations always have constraints that impact by blocking. This 

component of the bottleneck analysis identifies the bottleneck and takes action to remove it. The 

TOC can be divided into the continuous improvement branch and the logistics branch. The first one 

focuses on strategic methods for improving organizational constraints (Goldratt, 2004). The logistics 

branch focuses on operational methods. We relate this to the elements discussed in our bottleneck 

analysis. The three elements, people, process, and equipment can be analysed in parts but in the 

end, it is concluded that the process bottlenecks are a consequence of the people. Likewise, the 

equipment bottleneck follows from the inefficiencies in the process. 

Critical path analysis 

The analysis and assessment of process performance can involve exploring cycle time. The critical 

path analysis is a method for measuring and computing the lead time of all preceding activities 

forming a process (Chanas & Zielinski, 2001). This method is also used to determine the longest path 

of activities for completion of the total process. Checking the dependency of activities helps to locate 

the critical path. This is the reason why we set out the timelines in Figure 11 and Figure 12. The delay 

of a critical activity will delay process completion. Cutting lead or cycle time in the critical path leads 

to process improvement.  

Critical success factors 

Improving process performance requires the assessment of efficiency and effectivity in the process 

combined with setting a future goal. Critical success factors determine the organizational areas 

required for the organization to reach its goals (Achanga, Shebab, Roy, & Nelder, 2006). 

Organizational success factors should be set at the managerial level. In my research this is the desired 

situation of the company, we discuss what they want to see in the future. When that situation is 

being implemented it can be compared with the zero-performance we set before.  

3.2 Quotation process 
The quotation process at Galvano involves several organizational units and tends to be time and 

resource consuming. Standard quotations do not take up too much time and resources. However, 

complex, and detailed quotations take up quite some time and resources. With the low quotation-to-

order ratio many resources were spent that were never efficient.  

Therefore, it is desirable to change the process improving efficiency. In the first phases of contact 

with the customers the quotations should be consuming little time and few resources to quickly get a 

first quotation (Hvam, Pape, & Nielsen, 2006). Only when the customer tends to place the order, the 

detailed more complex quotation should be set up. Here the new calculation comes in, this creates 

the possibility to compute a cost price quickly and effectively. 

In Figure 13 below a quotation process is shown which proved to be successful in the book 

‘Computers in Industry’ (Grabot, 2018). The two main parts are the communication with the 
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customer and the calculations done by the configuration system. This process moves in the way like 

we described above. First, the request comes in at the commercial department. Then, a quick 

effective calculation is done by the system with the employees overlooking. Next, the first quotation 

is communicated with the customer and discussed whether they are satisfied and want to proceed to 

order. After that, the quote is revised and adjusted when necessary. Finally, the quotation is sent to 

the customer. In this process only the commercial department is present, in practice the 

administrative department plays a role as well but only come in when the customer is ready to 

proceed to order. Creating a tool for Galvano gives them the opportunity to also rearrange their 

process in the way described in Figure 13. 

 

 
Figure 13: General quotation process. 
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4. Solution design 
For the solution design a lot of general ideas came up while interviewing stakeholders in the 

quotation process. During my research we experimented with 3 different possible solutions for the 

core problem. In this section we discuss two alternatives, the final solution is discussed in the next 

chapter. The first alternative is a CPQ system, such a system intends to make the process from 

request to quote uniform in one application. One program was sampled to find out how useful it 

would be at this stage for Galvano Hengelo. The second alternative is a CAD system. The reason why 

this idea came up is that most customers have technical drawings of their requested product, like the 

one shown in Figure 14, and CAD can read different types of files and analyse them.  

 

 
Figure 14: Technical drawing. 

4.1 CPQ 
The first alternative was a CPQ system. The term CPQ stands for Configure, Price, Quote: 

• Configure: configuring the requirements of the customers. While doing so the system 

immediately shows all options in a user-friendly interface. 

• Price: linking a price to the specific products or services the customer requires. The price 

varies depending on the options chosen, generating the final offer should be done 

completely automatically.  

• Quote: generate an accurate professional quote as part of the automated process.  

CPQ system helps determining the prices of complex goods for the company in an easy and user-

friendly way. It allows companies to configure products or services based on capabilities, costs, 

discounts, competition, and local factors. It makes an accurate quotation for their customer 

considering all inputs. CPQ can be used for both products and services.  

As a business grows, the product offering grows, or the original offering reaches a higher complexity 

and many variants, it can be quite complicated to create and manage accurate quotes in a short time 

(Binder, Iwer, & Quint, 2020). Doing all calculations on paper tends to become too time consuming. 

Not only does the system save valuable time, but configuration via CPQ also removes the need to 

know every detail of your products. Which makes it easy to use for more staff members in a 
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company. For example, whether a certain operation is compatible with a type of steel. And thus, save 

time normally spent on price calculation and making a well-designed quotation. 

CPQ system can be used as a stand-alone solution without any problems. That already gives you 

many advantages. But integrated with and within the ERP system is also an option. When the sale is 

closed, the back office immediately has all the necessary and accurate information. A configuration 

by rules creates orders with products that are available. The logistics department receives a bill of 

materials from the configurator to start their process immediately. Unfortunately, the company was 

not ready for such a system yet. The reason behind this is that the calculations for several products 

with very particular shapes remain difficult and still ask for quite some attention from employees 

with knowledge of the calculations. For the organization to be ready for such a development, it is 

determined that a self-developed program should be implemented and finetuned for several years. 

After this period, they will likely be ready for the implementation of a CPQ system and consequently 

the process can then be executed by employees with less calculation knowledge.  

4.1.1 Merkato 
During my project for Galvano Hengelo, a try-out was done with a CPQ system named Merkato. This 

program was used to see whether it was an improvement to the current process. Developing the 

interface of Merkato requires some prior programming knowledge for this specific program. It is easy 

to implement all relations from the process into the system. All documentations in other programs 

can be combined into one system.  

The program is compatible with any ERP system, such that all steps taken in Merkato can be 

documented. Using the interface, a set of options are generated based on the customer’s 

requirements. The system can take an advisory position towards the final quote as well. A step 

further in the process could be that customers are given the possibility to fill in their own 

requirements and product information on Galvano’s website. This consequently reduces the time of 

getting a quote for a customer and reduce the company’s resources used.  

In previous years Galvano already had some contact with Quootz. When this project started, they 

reached out again, the decision was made to set a meeting where they got the opportunity to show 

their offerings. One of the owners together with one of their commercial staff came in to give a 

demonstration about Merkato. Also, a discussion was held on what aspects of the process needed to 

be implemented in the CPQ system and what new opportunities it could deliver. The system looked 

very interesting and useful to the improvement of the process. So, we decided to keep in touch to 

see in what way we could further explore the collaboration.  

In the following week the commercial employee sent an email with a plan for a few weeks of testing. 

He offered the opportunity to create a demo of the possible future CPQ system adjusted to the 

desires of Galvano. This consisted of giving me a day-course in programming such that I could 

transfer the data of the excel file, which is discussed in the next chapter and can be found in the 

Appendix, to the system and see whether this would bring extra benefits to Galvano. All this was 

offered under the conditions of calculating a Return on Investment (ROI) of acquiring the software 

and writing about it in my thesis. The ROI can be found in the next section.  
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ROI 

In Figure 15 the ROI calculation can be found as required by Quootz. Unfortunately, not all detailed 
information could be given until serious negotiations were held in acquiring Merkato.  
 

 
Figure 15: ROI calculation. 

€ 1000 annual savings with the functions of Merkato in the quotation process itself. The 
consequences in each step of the quotation process are shown below: 

1. Handling of quotation request (remains unchanged in MKG). 
2. Assessment of quotation request (remains unchanged). 
3. Prepare quotation (remains unchanged in MKG). 
4. Calculation (Excel and Merkato do the same in terms of calculation, no advantage to be 

gained). 
5. Issue quotation (smoother with Merkato, saving 3 minutes per quotation). 

 
These 40 hours are made up of 3 minutes savings from submitting a quotation. 

800 quotations on an annual basis ➔800 * 3 = 2400 ➔ 2400/60 = 40 hours. 

The salary of the planner is an assumption. The annual wage is divided by 1,600 hours to get an 

hourly wage. This means that the payback period, based on their data, is 20 years. 

In addition, time must be spent on maintaining and updating the software. This time cannot be 

estimated as it is too difficult to determine the training time and number of additions. The time spent 

on these activities will lower the ROI. 

Galvano indicated that a possible purchase of software in the future should have other 

functionalities, such as reading dimensions from a drawing and entering them directly. It is 

considered too risky to let the customer fill in the dimensions, as the machining process is too 

dependent on these dimensions. Also, according to the company director the purchase price of 

€20,000 is far too much. 

The 40 hours saved are determined to be too little. Especially because the program needs to be 

implemented and all stakeholders in the process must be trained. So, the potential difficulties are 

seen as a too large risk compared to the potential advantages.  

Calculator
Return on investment

Purchase Merkato Quootz

Assumptions wages Yearly Hourly

Planner € 40.000 € 25

Costs of investment

Purchase € 20.000

Advantages Hours Savings

Planner 40 € 1.000
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4.2 CAD system with STEP files 
It was unknown in advance whether Galvano Hengelo's customers are in possession of technical 

drawings. Based on a survey in telephone conversations, it has emerged that in general all customers 

have the possibility of exporting their drawings in the requested format. Most customers have their 

technical drawings in STEP files. A CAD system is capable of reading and analysing these files. The 

intention of possibly using such a system is that the employees no longer read the drawings of the 

product and find all parameters, but instead the program provides the parameters within seconds 

(Liu, Yang, & Zhou, 2018).  

4.2.1 CAD systems 
CAD was originally written out in full as Computer-Aided Drafting. Today CAD is translated as 

Computer-Aided Design. Computer-Aided Design is translated with the description: making drawings 

and designs by using computers. 

There is a wide variety of CAD programs on the market for consumers and technical companies. In 

addition to the specific technical fields for which CAD programs have been developed, a distinction is 

also made in the dimension of these programs. For example, there are 2D, 2½D and 3-dimensional 

systems. The 2D systems are suitable for making technical drawings. By means of these 2D systems 

drawings can be made with different views. An example of a well-known 2D CAD system is AutoCAD 

LT 2014, which is a simplified version of AutoCAD and is also called AutoCAD Light. 

The 2½D systems have been enhanced with depth. CAD-CAM systems can be used for this. CAD 

(Computer-Aided Design) is associated with CAM (Computer Aided Manufacturing). The CAM 

package of a machine can be used for loading CAD files and designs. This information is used by the 

machine to manufacture the product shown in the CAD file, which is why it is also called Computer 

Aided Manufacturing. 

CAD 3D systems are used to create 3 dimensional drawings. This can be addressed in various 

technical fields. For example, machines can be drawn in 3D CAD systems, but also buildings and other 

objects. Within 3D systems, surface models, volume models, solid models and wire models are used.  

4.2.2 Step file 
A STEP file is a widely used file format to exchange a product or design between different 3D 

programs. The name is an abbreviation of “Standard for the Exchange of Product model data” and 

the structure of the file is laid down in ISO 10303-21.  

Many manufacturers and suppliers who make their articles available in a 3D file choose STEP files. 

This usually concerns simplified versions of products, in order not to disclose their exact design and 

to keep the STEP files as small as possible.  

The most used technical drawing programs export 3D models to a STEP (.stp or .step) file. They can 

also import such a file and convert it to their own file format. 

Calculating the surface area of a product can be difficult for Galvano in certain cases. The surface 

area of a product is important for determining the material price. Calculating complicated product 

shapes takes time. The solution to this is an auxiliary tool that offers the possibility to read in 2D and 

3D drawings and calculate the area directly. The work planner then immediately receives the surface 

of the product when reading in the drawings. In addition, this auxiliary tool can be used internally by 

other employees to calculate the surface area of a product, without having the knowledge and 

experience required to calculate the surface area of a product. 
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Reading in technical drawings offers many advantages. No specific knowledge is required to calculate 

the surface area of a product, because the program calculates this based on the technical drawing. 

Calculating a surface area becomes possible for every employee. However, the software is not 

applicable to simulate the process such that the rest of the calculations can be performed. For this 

part of the process the knowledge and insight of staff member remains necessary.  

 

Galvano decided not to proceed in working out this alternative. The reason behind this is that it is 

quite expensive to acquire software like the one shown in Figure 16 and it is a too big step from the 

process as it is currently. The planner said that it might be a useful tool in the future, but the most 

important thing now is to get all data necessary to calculate the cost price and selling price uniformly 

in a tool created on their own. The system still asks for attention from the calculators since the 

number of products per charge must be determined after the input parameters are found.  

  

Figure 16: CAD-system. 
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5. Solution tests  
We decided that the first step in automating the quotation process is to document all calculation 

considerations such that the number of products per charge can be found without knowledge and 

experience of the calculations. 

Speaking to the planner and the company director, we came up with the idea to build a calculation 

tool of our own in Excel. This is preferred to another type of dashboard because the employees are 

already familiar with Microsoft Office. We decided that the calculation tool must be customizable 

during the implementation such that new product shapes or findings in calculations can be added 

without having to learn another coding language. In the first instance, the Excel file was created 

based on the dimensions of a product to calculate the number of products per batch. These 

parameters are important for making the calculation in MKG. The Excel file calculates the full price 

based on the processing price, the material price (based on surface of the product) and the starting 

price.  

All calculations are based on information given in the technical drawings of the products and on the 

research done based on historical calculations by the planner. The outcomes of the calculations of 

the planner are found on the orders that are documented in Galvano’s database. The main task in 

this was to find the number of products that can go into the galvanizing machine per operation based 

on the dimensions of the products and the type of operation.  

The company gave me the task to make the number of products per operation uniform. In the past it 

occurred several times that the exact same products with the exact same operation were requested 

months apart and the calculation had to be done again due to the lack of documentation. In these 

situations, it happened several times that the outcome of the calculations differed. Doing the 

calculations for a second time makes it inefficient work but getting to different outcomes makes it 

ineffective as well. Documenting all calculation considerations gives uniform outcomes whenever the 

calculations are done. By doing so, the planner does not have to do the same calculations time after 

time. If the right numbers are found, I thought it would be a logical step to write a code in excel that 

does the calculations.  

The calculation and operational data found during my research is placed in a separate excel sheet 

and forms the basis of the outcomes generated by the code. In this way, it is possible for several 

employees to do the calculations instead of only the planner. An employee only needs to be able to 

read the drawing of the product to find the dimensions.  

The use of the new calculator has no direct financial consequences. The calculator should be 

expanded in the future, the costs of this must be examined. In addition, the quotation process is set 

up differently. If implemented, this solution will have the following advantages: more efficient 

calculation, reduction of risks related to the passage of the quotation process and promotion of the 

lead time of the calculation process. Implementing the calculator gives the opportunity to reduce the 

number of movements in the process, this is a positive organizational consequence. These 

advantages made it clear to Galvano that this would be a good improvement to the process.  
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5.1 Explanation calculator  
The first step after we decide to create a calculation tool is to interview the planner and commercial 

employees to find out what factors are considered when a price calculation is done. The different 

parties find the following considerations important: 

- Parameters to calculate the surface. 

- Number of products. 

- Number of products per operation, also giving the unique code of the hanger that is used. 

- Type of operation. 

- Layer thickness.  

- Weight of the products.  

- Number of operations per hour and the costs of the operation per hour.  

Subsequently, I had several sessions with either the planner or a commercial employee to see how 

the process of quotation to order takes place. When an order is placed the planner creates an 

‘ordergeleidekaart’ where the number of products per hanger, the number of hangers, and the total 

number of products per operation are placed. This is done to make sure the production employees 

do not take matters into own hands. An example is shown in Figure 17 below.  

 

Figure 17: "Ordergeleidekaart". 

These ‘ordergeleidekaarten’ turned out to be of good use for me as many of them were scanned 

together with the technical drawing of the according product. Using this database of scans gives a 

good basis in analysing historical orders. The goal here is to find the relation between the ranges of 

lengths and widths with the number of products placed beneath or besides each other. Using the 
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historical analysis in combination with the discussions with the planner we can build a database in 

which all outcomes are uniform. In contrast, previously it happened quite often that for the same 

product sizes different outcomes were found. From the new database the outcomes that are placed 

on the ‘ordergeleidekaart’ are retrieved by a code. Both the database and the code will be discussed.  

5.1.1 Dashboard 
Figure 18 shows the module in which all input parameters as discussed with the planner and 

commercial employees should be filled in. In this section a description will be given on each variable. 

Dependent on these variables the calculation will be done, which is described later in this chapter.  

The number of parameters to fill in is determined by using the law of George Miller (Miller, 1956). 

This scientist determined the capability of a person to process information to be ‘7 plus or minus 2’, 

this means the attention span for an employee can be set between 5 and 9 parts. Therefore, the 

number of parameters to process in the calculator is in this range for most of all quotations.  

The first one is about the figure of the base object. Because Galvano gets a lot of different shapes to 

assert, I decided to pick the most often occurring figures such that these can be uniformed on the 

base of historical calculations. The chosen figures are strip, ring, block, window, cylinder, sheet, pipe, 

half ring, L-shape, triangle, and screw. Several of the following inputs are dependent on the type of 

figure.  

The hanging option is simply the way a product should be placed in the machine. The products most 

of the time have either a hole, screw thread, or no option to hang it. These options have a large 

impact on how many products at a time can go into the machine.  

The material is the type of steel the product is made of. The next input, machining code, is the type 

of assertion needed for the product. The planner knows which one to choose. These first four inputs 

can all be selected from a drop-down menu.  

Now we can move to the inputs that need to be typed in. These are the number of products that 

need to be galvanized and the parameters of the single products. In the table below the parameters 

that should be known are shown  

Table 2: Parameter of different shapes.  

Strip Length Width Thickness   

Ring Outside diameter Inside diameter Height   

Block Length Width Height   

Window Length outside Width outside Thickness Length inside Width inside 

Cylinder Length Diameter    

Sheet Length Width Thickness   

Pipe Outside diameter Inside diameter Height   

Half ring Outside diameter Inside diameter Height   

L-shape Length long side Width long side Thickness Length short side Width short side 

Triangle Length Height Thickness Circumference  

Screw Diameter screw Length cylinder 
screw 

Diameter 
head 

Thickness head  
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After filling in these parameters, a surface area will be calculated based on them. During the 

implementation phase both the employee and the calculator compute the area. If the employee 

finds a different area due to a complex product shape, then the correct surface can be filled in 

manually. Also, the weight should be filled in, such that the maximum weight will not be overtaken.  

Lastly, the thickness of the layer should be filled in. This is about the material that is placed on top of 

the product. Using this parameter, the amount of time needed to go through the machine is 

determined, also the cost of the raw material is determined by this.  

Below the output parameters can be found that will be given on the quote. The company finds it 

important that the customer knows what factors are used in the calculation of the final price.  

 

Figure 18: Dashboard. 

5.1.2 Data file and code 
The calculation tool is based on a data file that functions on the background of all calculations. All 

necessary information is found in this database. To connect this database to the calculator, a code is 

written where the outcomes are determined considering the input parameters given by the planner 

and the commercial employee in the dashboard. Below are some examples of the total data file.  

 

Figure 19: Part 1 about the machining codes in the data file. 
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In Figure 19 the first part of the data file is shown. On top of the page the prices of the raw material 

per kilogram used in the assertion are noted. These prices can be changed by an employee when 

there are changes. Below this part we document information related to the different operations.  

In the first column the machining code is placed, the row of each code gives the information related 

to the operation. The second column gives the hourly rates of using the machine according to the 

operation. The following column calls the price of the first raw material used in the galvanizing 

process. Next to this the material name is noted. The next two columns give the information on a 

possible second raw material used in the assertion. The last column shows the abbreviation of the 

machining code.  

 

Figure 20:Part 2 about the machining codes in the data file. 

Figure 20 above shows columns 8-13 with information about the machining codes of Figure 19. 

Column 8 describes the operation written normal language. The next three columns give information 

on the capability of each assertion. The ninth column tells the number of windows that can be filled 

per operation. The following column gives the maximum total weight of all the products in the 

windows. Column 11 shows the maximum number of products on a hanger, this has to do with the 

width of the windows. The 12th column is dedicated to the costs of starting an operation, this differs 

among different codes. The last column gives the abbreviation of the base material that the product 

consists of.  

 

Figure 21: Output of calculations. 

In Figure 21 the number of products possible per operation are determined by considering the input 

parameters. The first column generates a code by combining the inputs of the employee on type of 

operation, base product, hanging option and hanging method. Following this the size parameters are 

used in calculating the number of hangers per window, which are written out in the second column. 

The third column determines the number of products per hanger by also using the size parameters. 

The last column is the number of windows per operation. The code used behind these outcomes 

continuously questions the sizes and gives values accordingly. In the example on the dashboard: NiP 

on Al (NiP 8%) (Chemisch vernikkelen), if the length of the product is between 100 and 200 mm, the 

product has a hole in it to hang it in, and the product needs to be made silver and hanged vertically, 

then 6 hangers can be placed in one window. For the number of products that can be placed besides 

each other the following example holds: if the width of the product is between 0 and 40 mm, the 

product has a hole in it to hang it in, and the product needs to be made silver and hanged vertically, 

then 31 products can be placed on a hanger. There are thousands of different combinations which 

the code takes into consideration. In Figure 22 an example is given of what the code looks like.  
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Figure 22: Example of a piece of code. 
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5.1.3 Output background calculations 
In Figure 23 the outputs of the calculations over the input parameters are given. These are visualized 

such that the planner can check whether there are errors in the calculation. Due to the specific and 

differing shapes of the products it remains difficult to correctly compute all parameters. For the basic 

shapes the output is correct 95% of the time. However, for complex shapes sometimes not all 

product information is correctly shown by the parameters, in this case the planner can adjust, so the 

output is given in the right way.  

 

Figure 23: All inputs and outputs. 

The top 3-5 inputs are all taken from the input form described before. Using these input parameters, 

the calculations of surface and number of products per operation as discussed earlier. Surface and 

volume are calculated by using the size and shape parameters. The number of products per 

hanger/window/charge are taken from the data file where the correct values are determined. The 

weights of the products are calculated using the density of the materials. Then the price per product 

is determined using all information calculated before considering the costs of raw material and 

machining. Multiplying this with the number of products will give the selling price.  

5.1.4 Security workbook 
To prevent employees unfamiliar of the ins and outs of the tool trying to modify pieces of code or 

information, a security is placed on all parts of the calculator except for the input parameter cells. 

Since a lot of different calculations are done on the background and much information is processed 

within a calculation, the chance of people accidentally changing cell values is large. Changing the 
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information could instantly lead to the calculator giving an error. So, only giving access to the input 

fields on the dashboard is the safest way of working.  

The password of the security is given to the planner. He is the only employee that changes or adds 

information to the tool since he has most knowledge about the outcomes. However, for the planner 

it is also wisest to use the configurator with the locked worksheet. The chance of accidently changing 

cells is too big a risk.  

The security works as follows:  

 

Figure 24: Review tab. 

Go to the “Review” tab as shown in Figure 24. 

Here a range of locked cells can be added under “Allow edit ranges”. In the case of the configurator, 

the input boxes must remain open, and the rest can be locked. This range has already been entered 

but may need to be added to in the future. 

Then click on the “Protect sheet” icon. A password must be entered here to lock the entered range. 
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6. Advisory report 
During my research we were able to construct the calculator. Unfortunately, we are not present once 

the model is being implemented in the company. Therefore, we discuss what we recommend the 

company to research in the future. 

We identified steps that should be removed from the quotation process because they cost 

superfluous time. Because of this we advise Galvano to conduct research on how these steps can be 

removed by implementing the calculator. To improve the process flow it is very useful to train 

employees in calculating the cost prices for the quotes. The designed tool makes it less complicated 

to find the cost prices. However, using the tool still asks for insight and knowledge of the final 

operation. During the implementation stage of the calculator, it is important that the users know 

what considerations are considered when the cost price is computed. 

In the future it is important to keep improving the calculator. Our advice for this is to start using the 

calculator next to the original calculations. The tool can already be used as a replacement for most 

hand calculations and is more accurate because of our research, but the effort of employees is still 

necessary for the quotes. They must be able to read and analyse a technical drawing and administer 

it in the ERP system. For complex product shapes the calculator sometimes gives wrong values. 

Therefore, it is important that the inconsistencies are found and corrected such that the tool 

becomes more complete.  

Currently all the product information is read by employees. For the future it is our advice that all 

product information is retrieved from the STEP-files and automatically administered in the ERP 

system. It is best to research what programs are compatible with the own ERP system and can 

analyse the requested files. If from the file the surface and weight is retrieved and for the quote the 

employee fills in the operational parameters, then very little time is needed to find a quote.  

To completely automate the CPQ process it is required that a software is found that recognizes the 

operations. Currently it is too expensive to have such a system tailormade. However, we advise to 

keep track of innovations concerning this. In the future it is advisable to acquire a simulator that 

reads the STEP-files and simulates the way the products are to be placed on the racks. Also, this 

software must calculate the cost price considering the placement of the products and then generate 

a quotation for the customer.  
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7. Conclusions and discussion 

7.1 Conclusions  
This chapter provides an overview of the research done with considering whether we found a 

solution to our research problem. The problem is set out in different components and discussed 

whether the intended goal is achieved for each component. My research was based on answering 

the following main problem: 

The company encountered that the planner needs to be unburdened from the quotation work. 

Consequently, the main problem of an ineffective and inefficient CPQ was found. The solution to this 

is set out in the following components which can be checked to whether the goal is achieved.  

The current process 

We describe the situation as it currently is concerning the quotation process. This consists of the 

quote request coming in up to the moment the quote is sent to the customer. First, the commercial 

department handles the request by checking whether all necessary information is present. Then, the 

process moves to the planner who reviews the details of the request and determines whether the 

company can execute the request. If so, the administrative department creates an article in the ERP 

system and documents all customer information. Next, the constructing quote is back at the planner 

such that the calculations can start. The surfaces of the separate products are determined for the 

operation and the number of products per operation are computed which together form the basis of 

calculating the cost price. Finally, the quote is finished by the administrative department by 

combining the customer information with the outcomes of the cost price calculation and the quote 

including sales price is sent to the customer.  

The bottlenecks 

To determine the bottlenecks in the process, we use the three constraints named by Sill (2006). 

People, process, and equipment are the three that identify the point of improvement. The first one 

tells us that more employees need to be trained to unburden the planner, since he is the only one 

with the right knowledge to execute quotation calculations. It is difficult to pass on 30 years of 

knowledge and experience, so a combination is to be made between training staff members and 

simplifying the calculations. The process flow is another bottleneck. If a constructing quote would 

just pass through a department once, then the maximum capacity of the system is used. However, 

due to the specific calculations and lack of documentation it is currently necessary to move the quote 

back and forth causing two departments to have start up time twice. As a result, the equipment in 

the process is not used at full potential. Documenting all calculation considerations and training 

employees to fulfil them gives the opportunity to use the program at a higher rate. 

The wishes of the organization 

Galvano spoke out their wish of having a calculation tool in which all the calculations and 

considerations of the building of a quote are made uniform. We conducted several analyses on the 

outcomes found on the ‘ordergeleidekaarten’. The historical data were used as a basis on which we 

were able to create our own database. All the outcomes on the number of products that fit in one 

charge are assessed on whether they agree with the historical quotes and are checked with the 

planner. The documentation of calculations as it was before improved in the aspect that only the 

parameters need to be filled in instead of searching the whole database for historical outcomes or 

doing the calculations again. This is the result that the company wanted as presented to me.  

The organization wished to create a possibility where more employees can find the number of 

products per charge. The first step in creating the possibility was to create an accessible tool where 
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only the parameters need to be filled in.  Such a tool makes it possible to find the outcomes without 

doing the calculations themselves. In this situation the employee only needs the capability of reading 

and analysing a technical drawing. This creates the opportunity for the planner to put more of his 

time into his other tasks. The best scenario is that the planner his task in the CPQ process is just to 

control the quotation before it is sent to the customer. We created the tool to give more employees 

the capability of finding the number of products per charge. However, still either the planner or a 

commercial employee needs to do it because some knowledge is needed about the calculations.  

Sometimes products come in with very ‘exotic’ shapes. In these cases, the employee doing the 

calculations should be a little bit creative with the tool. For example, when two different shapes are 

combined two different calculations should be done with the tool.  

For the basic shapes of products most calculations can be done with the tool. As said before, 

sometimes products come in combined shapes where creativity is asked. Also, if new regular shapes 

come across then the planner should add these with all information using the manual given in the 

Appendix. The insert pieces and hanging sticks should also be updated when new ones are designed. 

We created the database and the tool considering the equipment that was available in the company 

at the time of research. So, if new equipment is designed the tool will become less accurate.  

Possible solutions 

CPQ system 

CPQ system helps determining the prices of goods for the company in an easy and user-friendly way. 

It allows companies to configure products or services based on capabilities, costs, discounts, 

competition, and local factors. To make an accurate quotation for their customer considering all 

inputs. CPQ can be used for both products and services. Unfortunately, in our case acquiring such a 

system is too expensive compared with the advantages it potentially brings. The calculations are too 

difficult to program for someone unfamiliar with the process and training someone to program 

internally is considered too early.  

CAD 

A CAD system can help to determine the parameters and compute the surface by reading and 

analysing a 3D-drawing of the product delivered by the customer. The planner said that it can be a 

very useful tool in the future, but the most important thing now is to get all data necessary to 

calculate the cost price and selling price uniformly in a tool created on their own. The system still 

asks for attention from the calculators since the number of products per charge must be determined 

after the input parameters are found. 

Excel calculator 

Since we determined acquiring a new system for improving the process is too early, we decided that 

a tool had to be designed. Using the available resources, we were able to document a lot of 

calculations and draw border lines in number of products per charge related to the size parameters 

and place this in a database. Also, we determined the specified input parameters by interviewing the 

stakeholders in the process and placed this in a dashboard. Writing a code such that the database 

and the dashboard are connected was the final step in completing the calculator in Excel. The file 

calculates the full price based on the processing price, the material price (based on surface of the 

product) and the starting price.  

At this stage a tool in Excel was the best solution since fully implementing a new tool will cost years 

during which employees using the program have to keep adding new shapes and considerations. In a 

known program this implementation is easier and once it is fully implemented the transition to a CPQ 

system, for example, can be made by directly moving the data and code.  
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Financial and organizational consequences 

For the implementation of the new calculator, we have a look at the potential consequences. During 

my research we considered both the financial and organizational aspect. The use of the new 

calculator does not have any direct costs, it is designed in Excel and ready for use. If it is used 

correctly, then the tool will save time in the process which is a benefit. However, the calculator 

should be expanded in the future of this the costs must be examined. Looking at the organizational 

consequences, we see that the quotation process is set up differently. The calculator makes it 

possible, if implemented correctly, to reduce the number of steps in the quotation process such that 

the quote does not move back to a department anymore.   

7.2 Discussion 
The main goal of this thesis was to design a calculator for the quotation process where the 

considerations of the planner are documented. Also, Galvano wanted an overview of the current 

process from request to quote. For the company it is useful to find where the bottlenecks are and 

consequently search for improvements.  

During my research the intention was to design a calculator for products of all different sizes and 

shapes. However, after interviewing stakeholders in both the service and operations processes it 

turned out that for products of special shapes the calculations are very complex. For me it was not 

possible to turn the considerations of those into a uniform database. The reason behind this was that 

a lot of shapes were not definable. Fortunately, all standard shapes are available in the calculator and 

are released to start using. With using a little bit of insight and creativity still the outcomes of a lot of 

complex products can be computed by the calculator, but the outputs should be double-checked.  

Since we needed all the time available to design and work out all aspects of the deliverables, we are 

not present during the implementation of the calculator. Also, this phase will most probably take 

years to get the tool ready for a new stage. Since new products keep coming, it is important that 

during the implementation the calculator keeps getting updated and improved. After this period, 

Galvano is ready for more automatization in the quotation process.  

The research to a new applicable software was an extra subject during my thesis. Unfortunately, no 

suitable software was found in terms of costs and benefits. Simulators where the products are 

automatically hung in the racks are currently way too expensive for Galvano. The programs discussed 

in this research, CAD and CPQ, both request the database that we produced during my time at the 

company. So, these two software are possibilities after the years of implementation. Regrettably, we 

are not there at this stage.  

All in all, we are very satisfied with the results that we were able to achieve. During my research, the 

calculating process has significantly improved in terms of uniformness, and we feel like the company 

can really find benefits in it. In my time at the company the wishes of the stakeholders in the process 

kept changing and consequently the calculator needed changes as well. As time passed, the 

requested changes reduced and those that had to be implemented were less significant. We 

experienced our time at the company as very pleasant. It was a great learning experience to see the 

operations within such a company and how all departments are connected. This will benefit us in the 

future.  
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Appendix A: Interviews 
Interviews 

Multiple interviews were taken to find out the wishes of the company and the functionalities of the 

future configurator. All interviews were held in Dutch, below an English summary is given of different 

interviews describing the main aspects that needed to be handled during the period at Galvano. Also, 

an interview with the board of Quootz Merkato is given.  

Management 

Speaking to different people from Galvano’s management a couple of reasons were found why there 

was a need for quicker and easier calculations. Also, the future after the configurator was already 

discussed. 

Other tasks for the planner 

The work planner has multiple tasks and responsibilities. The work planner is concerned with IT 

within the company, calculation/work preparation, engineering projects and contact person for the 

shop floor. The work planner spends half of the time on matters that take place on the work floor. A 

lot of staff comes in with questions about hanging work and product operations. The calculation can 

take 3 hours a day, but this is different. This varies greatly, because one day it can be an hour and 

another day it can be several hours. 

Internally uniform  

According to the management team, a large part of calculations must be done multiple times. By this 

it is meant that the same or similar products could pass the planner a year apart and the old 

calculation is not easy to be found or isn’t even there. This could cause the outcome to be different 

from time to time, which is why the efficiency in calculating decreases. Making calculations uniform, 

that is placing the data of calculations in the configurator will cause the output to be the same every 

time and proven right from the past. The configurator will only need the input parameters, so hardly 

any calculations need to be done by the planner.  

Improving the website 

The company’s future wish is to give the customers the opportunity to do the work of filling in the 

parameters on the website and then automatically send them a quote. However, this remains a 

doubtful measure since it could open opportunities for competitors in finding the prices. Also, for 

some products the expertise from the planner is needed to make an accurate quote. The main idea 

behind having the customer do the job, is not losing time on quotes that don’t lead to an order.  

Wishes commercial department 

With one of the commercial employees all considerations in a single calculation were talked through. 

The different input parameters that can be found on a drawing and are used in the calculation should 

be available to fill in. These considerations are what type of operation needs to be done to the 

product, check whether there is a hanging option on the product, the size parameters, hanging it 

horizontally or vertically, the number of products and the layer thickness. All these considerations 

are inputs.  
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Step files 

All customers have said that they generally have 3D drawings (step files), this is important related to 

the acquiring of a 3D software program. The program can read technical drawings and the program 

reads the surface of a product from the 3D file. Since all customers have these drawings, the option 

of software doing the job might be interesting in the future.  

Merkato 

Merkato could offer the collaboration of their CPQ software with the usage of a CAD software, this 

would take a lot of work out of the hands of employees from multiple departments. However, the 

commercial department said that it was too early to acquire such a software since it would still take 

up quite some time to process all information into the database of the current excel tool.  

The extra step that Merkato takes when it comes to the quotation process, is that from the 

calculation an automatic quote can be generated. All the pieces of code used in the excel file can be 

transformed and written in Merkato, but the calculation itself will be done the same. The board said 

that the program is easier and more reliable than excel.  
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Appendix B: Manual calculator (Dutch) 

Stappenplan aanpassing/toevoeging 

Het volgende stappenplan bestaat uit de stappen die uitgevoerd moeten worden bij een aanpassing 

of toevoeging aan de configurator. Met deze stappen kan de aanpassing/toevoeging van begin tot 

eind veilig uitgevoerd worden, zodat het delen van de werkmap en de beveiliging van de werkmap 

niet aangetast zal worden. Alle stappen worden in het verloop van deze handleiding duidelijk 

uitgelegd. 

- Delen van werkmap opheffen 

- Beveiliging blad opheffen 

- Gewenste aanpassing/toevoeging uitvoeren 

- Blad beveiligen 

- Werkmap delen 

Werking configurator 

In het invulveld van de configurator moeten verschillende indicatoren gegeven worden. Deze 

indicatoren zullen gezamenlijk de juiste combinatie moeten vormen om tot de Stuks Per Inzet, 

Inzetten Per Raam en Ramen Per Charge te komen. 

De combinatie wordt gemaakt door Figuur, Bew.Code en Ophang methodiek. Deze combinatie wordt 

gevormd in cel D19. Vervolgens wordt deze combinatie gezocht in de eerste kolom van het werkblad 

“INFO”. Als de combinatie gevonden is, gaat de configurator de afmetingen van het product invullen 

in de formules in de 3 cellen naast de combinatie in het werkblad INFO.  

De ophang methodiek wordt bepaald aan de hand van de ingevulde Figuur, Ophangoptie, Bew.Code 

en afmetingen van het product. 

De formules in het werkblad INFO bepalen hoeveel Stuks Per Inzet, Inzetten Per Raam en Ramen Per 

Charge mogelijk zijn aan de hand van de afmetingen van het product. De formules kunnen 

bijvoorbeeld het volgende betekenen: “Als een product in de breedte kleiner is dan …, dan kunnen 

er … op rij.” Het format voor deze formules is: ALS(Calculatie!D…<=…;”…”) De puntjes in deze 

formule zijn vrij in te vullen. Calculatie!D… betekent cel D…, dit zal D1-D5 zijn, van het Calculatie 

werkblad.  

Ontgrendelen werkmap 

Om de werkmap te ontgrendelen moeten de volgende stappen uitgevoerd worden: 

Ga naar het tabblad: “controleren” 

Klik onder dit tabblad op: “Delen van werkmap opheffen” 

 

Klik vervolgens onder hetzelfde tabblad op: “Beveiliging blad opheffen” 
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Vul hier het gegeven wachtwoord in. 

Toevoegingen Invulveld 

Select menu Figuur 

De verschillende opties voor de figuren worden uit het INFO blad gehaald. Als opties toegevoegd 

moeten worden, zal dat moeten gebeuren in 2 stappen.  

Allereerst moet de toevoeging gedaan worden in het INFO blad: 

 

Figure 25: Figuren. 

Deze lijst zal aangevuld moeten worden met de betreffende figuur. 

Vervolgens moet het bereik van het select menu aangepast worden. Dit kan gedaan worden door de 

cel van het select menu te selecteren, dan naar het tabblad “Gegevens” en hier “Gegevens validatie” 

aanklikken.  

 

Figure 26: Keuzemenu figuren. 
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Figure 27: Cellen van figuren selecteren. 

Onder “Bron” kan het bereik aangepast worden. Hier moet gezorgd worden dat alle nodige figuren 

worden meegenomen.  

Ophangoptie aanpassen 

Met dezelfde stappen als bij het select menu van Figuur kan de ophangoptie aangevuld worden en zo 

ook de verschillende materialen of bewerkingscode. 

 

Figure 28: Basismaterialen. 

  

Figure 29: Ophangopties. 
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Figure 30: Bewerkingen 

Ophangmethodiek aanpassen 

De code is zo opgebouwd dat deze langs relevante indicatoren loopt om te bepalen welke 

ophangmethodiek van kracht hoort te zijn. Deze code kan aangevuld worden, daarbij moet goed 

gekeken worden naar welke indicatoren van het invulveld relevant zijn voor het bepalen van de 

ophangmethodiek.  

De code wordt van links naar rechts gelezen, dus als op het eind een mogelijke situatie wordt 

beschreven die door een eerder deel van de code al beschreven is, zal het eerste deel aangeroepen 

worden.  
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Momenteel staan de volgende dingen in de code: 

Table 3: Huidige opties 

Figuur Ophangoptie Afmeting Bewerking Methodiek 

Strip Gat/Schroefdraad Lengte<=1100 Lijn 1 of 2 Verticaal 

Strip Gat/Schroefdraad Lengte<=900 Lijn 3 of 4 Verticaal 

Strip Geen   Horizontaal 

Strip  Lengte>1100 Lijn 1 of 2 Horizontaal 

Strip  Lengte >900 Lijn 3 of 4  Horizontaal 

As/Cilinder Gat/Schroefdraad Lengte<=50 & 
Diameter <=30 

 Verticaal op 
inzetstuk 

As/Cilinder Gat/Schroefdraad Lengte<=700 & 
Diameter <=50 

 Stok steken 

As/Cilinder Schroefdraad Lengte<900 & 
Diameter>50 

Lijn 3 of 4 Verticaal aan 
haken 

As/Cilinder Schroefdraad Lengte<1100 & 
Diameter>50 

Lijn 1 of 2 Verticaal aan 
haken 

As/Cilinder Geen Diameter<80  Klemmen 

As/Cilinder Geen Diameter>80  Horizontaal 

Ring  Buiten diameter<=220  Inzetstuk 

Ring  Buiten diameter>220  Stok 

Plaat Gat/Schroefdraad   Inzetstuk 

Plaat Geen   Stok 

Raam  2*Lengte Buiten-Lengte 
Binnen <216 

 Inzetstuk 

Raam  2*Lengte Buiten-Lengte 
Binnen >=216 

 Stok 

Blok    Inzetstuk 

Pijp    Haak 

 

Afmetingen producten 

 

Figure 31: Parameters figuren. 

Bij het toevoegen van een nieuw figuur, kunnen ook de parameters van het product toegevoegd 

worden in de cellen ernaast. Op het invulveld zal dit dan automatisch mee veranderen zodat de juiste 

parameters per product weergegeven zullen worden.  
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Nieuwe ophangmethode toevoegen 

 

Om een nieuwe manier van ophangen te implementeren in de configurator, dienen een aantal 

stappen ondernomen te worden. 

Allereerst is het nodig om de juiste woorden combinatie te creëren. Deze combinatie start elke keer 

met een van de volgende bewerkingen: 

 

Figure 32: Bewerkingen 

De bewerkingen moeten zonder spatie gevolgd worden door het betreffende figuur.  

 

Figure 33: Figuren 

Daarachter moet de ophangmethodiek genoemd worden, ook zonder spatie. 

De ophangmethodiek moet toegevoegd worden aan de code in het calculatie blad cel I8. Dit kan 

gebeuren volgens de manier zoals is beschreven onder “ophangmethodiek aanpassen”. 

De waardes die bepaald zullen worden aan de hand van de ingevulde parameters, moeten 

beschreven worden in de kolommen na de woorden combinatie. In kolom B van het Info blad moet 

de formule voor het aantal inzetten per raam weggeschreven worden. In kolom C van het Info blad 

moet de formule voor het aantal stuks per inzet weggeschreven worden. In kolom D van het Info 

blad moet het aantal ramen per charge weggeschreven worden. De formules kunnen ingevuld 

worden zoals het is beschreven onder “Werking configurator”. 

 Beveiligingsniveaus aanpassen 

De beveiligingsniveaus worden weergegeven en kunnen aangepast worden onder “Werkmap 

beveiligen”. Deze kop is te vinden onder Bestand➔Info➔Werkmap beveiligen 

Hier moet het select menu aangeklikt worden en vervolgens gekozen worden voor “Toegang 

beperken”. Hier kunnen gebruikers toegevoegd worden op verschillende machtigingsniveaus. Onder 

“meer opties…” zijn de uitgebreide instellingen te vinden met de lijst van toegewezen machtigingen. 

Hier kan gekozen worden voor bepaalde toegangsniveaus: Volledig beheer, wijzigen en lezen.  
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Gebruikers met leesmachtiging kunnen werkmap lezen, maar kunnen de inhoud niet wijzigen, 

afdrukken of kopiëren. 

Gebruikers met een wijzigingsmachtiging kunnen inhoud van werkmap lezen, bewerken, kopiëren en 

wijzigingen opslaan, maar kunnen geen inhoud afdrukken. 

 

 

Figure 34: Stap 1 beveiliging. 

 

Figure 35: Stap 2 beveiliging. 
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Doordat er al een wachtwoord zit op de formules in de werkbladen zelf, is alleen de optie “Toegang 

beperken” nog van toepassing.  

Onder de beveiliging is helaas geen niveau die slechts de configurator kan invullen. Hiermee zou ik 

voorstellen het wachtwoord op het bereik binnen de werkmap te behouden. Dit gecombineerd met 

het delen van het bestand met anderen zal een soort van “user” creëren. 

Blad beveiligen 

 

Figure 36: Stap 3 beveiliging. 

Ga naar het tabblad “controleren” 

Hier kan een bereik van vergrendelde cellen worden toegevoegd onder “Bereiken bewerken 

toestaan”. In het geval van de configurator moeten de invulvakken openblijven en kan de rest 

vergrendeld worden. Dit bereik is al ingevoerd, maar moet in de toekomst bij toevoegingen wellicht 

aangevuld worden. 

Vervolgens moet er geklikt worden op het icoontje “Blad beveiligen”. Hier dient een wachtwoord 

ingevoerd te worden waarmee het ingegeven bereik vergrendeld wordt. 

 

Werkmap delen 

Om de werkmap te kunnen delen dient hoogstwaarschijnlijk in eerste instantie de knop “Werkmap 

delen” teruggehaald te worden. 

Dit kan als volgt gedaan worden: 

- Bestand > Opties > Werkbalk Snelle toegang 

- In het select menu “kies opdrachten uit”, “alle opdrachten” selecteren 

- In deze lijst moeten de functies:   -Werkmap delen (verouderd) 

 -Wijzigingen behouden (verouderd) 

 -Delen beveiligen (verouderd) 

 -Werkmappen vergelijken en samenvoegen 

Bovenaan in excel zullen nu 4 knoppen tevoorschijn komen.  

 

Figure 37: Stap 4 beveiliging. 



47 
 

De eerste knop is voor het delen van de werkmap. Deze dient na het vergrendelen van het blad 

aangeklikt te worden. Hierbij zal de pop-up zoals hieronder tevoorschijn komen. Hier moet het vakje 

met “Gebruik de oude functie voor gedeelde werkmappen…” aangeklikt worden. Zodra dit gedaan 

is, druk je op OK en is de werkmap gedeeld.  
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Appendix C: Code 
 

Strip placed vertically  
 

 

Figure 38:"Chemisch vernikkelen" 

 

Figure 39:"Verzilveren op koper" 
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Figure 40:Protalloy 

 

Figure 41: "Verzilveren op combinatiemateriaal" 
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Figure 42:"Vertinnen" 

Cylinder placed vertically on an insert piece 

 

Figure 43:"Chemisch vernikkelen" 
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Figure 44:"Verzilveren op koper" 

 

Figure 45: Protalloy 
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Figure 46:"Verzilveren op combimateriaal" 

 

Figure 47:"Vertinnen" 
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Ring placed on an insert piece 

 
Figure 48:"Chemisch vernikkelen" 

 

Figure 49:"Verzilveren op koper" 
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Figure 50: Protalloy 

 

Figure 51: "Verzilveren op combimateriaal" 
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Figure 52:"Vertinnen" 
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Plate placed on an insert piece 

 

Figure 53:"Chemisch vernikkelen" 

 

Figure 54:"Verzilveren op koper" 
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Figure 55: Protalloy 

 

Figure 56:"Verzilveren op combimateriaal" 
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Figure 57:"Vertinnen" 

Window shape placed on an insert piece 

 

Figure 58:"Chemisch vernikkelen" 
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Figure 59: "Verzilveren op koper" 

 

Figure 60: Protalloy 

 

Figure 61: "Verzilveren op combimateriaal" 
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Figure 62: "Vertinnen" 

L-shape  

 

Figure 63: "Chemisch vernikkelen" 
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Figure 64: "Verzilveren op koper'' 

 

Figure 65: Protalloy 
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Figure 66: "Verzilveren op combimateriaal" 

 

 

Figure 67: "Vertinnen" 
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Strip placed horizontally  

 

Figure 68:"Chemisch vernikkelen & verzilveren op koper" 

 

Figure 69: Protalloy & "Verzilveren op combimateriaal" 

 

Figure 70: "Vertinnen" 
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Cylinder placed on a stick 

 

Figure 71: "Verzilveren" 

 

Figure 72: Protalloy & "Vertinnen" 

 

Figure 73: "Chemisch vernikkelen" 


