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Abstract 
This thesis was conducted at the R&D department for gearboxes at Scania in Södertälje. 

Previously, Scania has mainly produced components in the purpose for themselves and 

therefore the cost aspect has not been prioritized. From now on, Scania is part of the 

Volkswagen concern, which means that their gearboxes may be shared within the concern, 

and therefore the cost aspect is of greater importance.  

Studies claim that if the cost aspect is taken into consideration earlier in the design stage, the 

easier is it to affect the final cost. In the early design stage, the designers are the ones that can 

affect the cost. Therefore, should they aim to reduce the cost as much as possible.  

In order to make it easier for them to affect the costs, this thesis was conducted. The primary 

aim of this thesis was to develop a new tool that is used for obtaining estimated cost of 

transmission components at an early conceptual design stage. This tool aims to be used by the 

designers to evaluate and compare different gearbox concepts, which ease their decision 

making during the design process.  

Therefore, the result of this thesis was mainly based on their opinion and how Scania is 

working with cost calculations today. This information was conducted throughout interviews 

with different departments.  Along with this information, a literature study in cost estimations 

methods and tools were conducted, to broaden our views for the new tool.  

As a starting-point, there was an already developed tool within Scania, called Kr/kg. This tool 

is used for obtaining the estimated costs at an early stage. It is yet not established nor used by 

designers. The most significant limitation with this tool is that it provides general cost and 

weight estimations. Therefore, a development that consider the designers and how they work 

with cost estimations at Scania today is needed. To make the implementation of the tool 

easier. 

Therefore, the thesis was divided into two parts. The first part of the result was an 

investigation of the different cost estimation strategies used within the company. The purpose 

was to gain an understanding of how Scania operates regarding costs. The second part of the 

result was the development of a new cost estimation tool.  

What characterizes the new tool is; the ability to consider the assembly part of the lifecycle of 

the product, that the designers have the option to add values to certain parameters and that it 

functions automatically. These characters are what makes the new tool significantly different 

compared with the Kr/kg tool. Changes that affected the result by the designer’s inputs was 

also added.  

The designer has the option to enter type and number of the main components in the gearbox 

and select parameters as inputs. The outputs became cost and weight of the gearbox. This is 

along with visualizing assembly time, assembly cost, number of assemblers required, volume 

effect and cost drivers. Since the new developed tool consider more detailed information, it 

gives the opportunity to handle any gearbox. The new tool consists of 3 times more 

parameters, which resulted in a tool that is more accurate with the reality.  

Even though are there limitations and a chance for future work. This mainly considers the 

simplicity of the equations such as the volume of a gearbox that now only can handle one 

height. Further on can the tool in the future be updated with data in real time from example a 

database.   
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Sammanfattning 
Detta examensarbete utfördes på R&D avdelningen för växellådan på Scania i Södertälje. 

Tidigare har Scania främst tillverkat komponenter till växellådan för sig själva och därav 

mindre fokus på kostnaden. Numera är Scania en del av Volkswagen koncernen vilket 

innebär att växellådorna kan komma att delas inom den och därefter är nu kostnaden en viktig 

aspekt.    

Studier har visat att ju tidigare kostnadsaspekten tas hänsyn till, desto mer utrymme finns det 

för att påverka den slutgiltiga kostnaden. De som påverkar det tidiga design stadiet är 

konstruktörerna och de bör därför vara dem som först försöker reducera den slutgiltiga 

kostnaden.  

För att konstruktörerna lättare ska kunna påverka detta så skapades detta examensarbete. Det 

huvudsakliga målet var att utveckla ett nytt verktyg som är till för att erhålla uppskattade 

kostnader av transmission komponenter vid ett tidigt konstruktionsstadie. Syftet är att 

konstruktörer använder det för att utvärdera och jämföra olika koncept av växelåder så att det 

underlätta deras beslutsagande under konstruktionsprocessen.   

Därav grundades resultatet i arbetet på deras åsikter samt hur man arbetar med 

kostnadsberäkningar på Scania idag. Informationen hämtades genom intervjuer på olika 

avdelningar inom företaget. Denna information stöttades av en litteraturstudie inom 

kostnadsberäkningsmetoder och verktyg. Men som en startpunkt fanns redan ett befintligt 

kostnadsuppskattningsverktyg vid namn kr/kg. 

Verktyget används för att erhålla uppskattad kostnad i ett tidigt stadie. Dock är detta verktyg 

inte etablerat och används för tillfället inte av konstruktörerna. De mest betydelsefulla 

begränsningarna med verktyget är att det tillhandahåller en generell kostnad och 

viktuppskattning. Därav behövs en utveckling som tar hänsyn till konstruktörerna och hur 

man arbetar på Scania för att göra verktyget lätt implementerat.  

Därför delades examensarbetet in i två delar. Den första delen var en undersökning av olika 

kostnadsuppskattningsstrategier som används inom företaget. Syftet var att få en förståelse för 

hur Scania arbetar rörande kostnader. Den andra delen av resultatet var att utveckla ett nytt 

kostnadsuppskattningsverktyg.        

Det nya verktyget karaktäriseras av följande; förmågan att ta hänsyn till monteringsdelen, att 

konstruktören har valmöjligheten att tillägga värden för specifika parametrar och att detta 

fungerar automatiskt. Dessa karaktärer är vad som urskiljer det nya verktyget från Kr/kg 

verktyget. Det tillades även ändringar som påverkade konstruktören och som tillför att 

konstruktören kan påverka resultatet.  

Konstruktören har valmöjligheten att ange typ och antal huvudkomponenter i växellådan och 

val av parametrar som in-värde. Resultatet blev en kostnad och vikt av växellådan. 

Tillsammans med resultatet visualiserar verktyget monteringstiden, monteringskostnaden, 

antal montörer som krävs, volympåverkan och kostnadsdrivaren. Eftersom det nya utvecklade 

verktyget tar hänsyn till mer detaljerad information, ges möjligheten att ta hänsyn till alla 

typer av växellådor. Eftersom verktyget består av ca 3 gånger mer parametrar så blir även 

verktyget mer verklighetstroget.  

Trots det så finns det begränsningar i arbetet och möjligheter till fortsatt arbete. Det gäller 

främst förenklingar i beräkningar såsom beräkningen av volymen på kugg som endast ser till 

en viss höjd. Vidare kan verktyget i framtiden uppdateras med data i realtid genom 

exempelvis en databas. 
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1 Introduction 
This thesis was conducted at Scania CV AB, which is a truck manufacturer located in 

Södertälje. The majority of the parts in their trucks are produced within their factory, where 

one is the transmission components. These components are developed and improved at 

Scania’s research and development department, were this thesis was conducted.  

1.1 Background 

At the R&D department, the consideration of the cost of a component has previously not been 

a prioritized factor. Since Scania have previously only produced parts for themselves, their 

aim has mainly been to have a good quality and produce in time.  

Time, quality and cost are the three aspect that a project manager have to take into 

consideration and find a balance between to achieve the best results of a project (H. 

Iranmanesh, M. R. Skandari 2008). As illustrated in Figure 1, the problem can be illustrated 

as the iron triangle. It emphasizes to show that all the aspects can never be achieved at the 

same time. Depending on the prioritization the dot (current position) moves in the triangle.   

In order to affect these three aspects, it is necessary to consider them during the conceptual 

design stage (Design for six sigma 2016). As seen in Figure 2, the product design has 70% 

influence of the final cost of the product but carries only 5% of the actual cost. (Munro &amp 

Associates 2013). 

 
Figure 2 Biggest shadow 

Which means that it is in this stage that most cost can be cut. Since Scania now is part of the 

Volkswagen concern (Scania 2014), the cost is of more importance. A bigger cost will not 

only affect them but the entire concern.  

Inside the concern will further on some of the components be shared and sold, one of them is 

the gearbox. To be able to make a profit of the sell, Scania must become aware of the cost 

through cost estimations. 
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Figure 1 Connection between time, cost and quality 
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Previously, cost estimations have been done in two ways. Either through a technician or 

through an offer. The first way is to ask a production technician to do a machine processing. 

This approach ask the technician to oversee if it’s possible to produce a component, with the 

consideration of costs. This process is complex and time-consuming. The second way is 

asking a third part to suggest an offer. The third part can then suggest a price for a prototype. 

The issue with this case is that it can take up to two years to get a final price, if there is a 

continuously request for ordering a large number of certain articles. Neither one of these 

approaches provides suggestions on, how to reduce costs.  

The existing approaches are considered as difficult and not optimal for the R&D department. 

Scania therefore aims towards to give the designer the ability to make a cost estimation at a 

conceptual design stage and by this give the designer knowledge of the factors that influence 

the cost of the entire gearbox.  

1.2 Problem definition 

Currently, the designer doesn’t have the knowledge of how much their designed component 

will affect the cost of a gearbox. The only tool that the designers have had is a developed tool 

named “kr/kg”. This tool has defects and has therefore not been properly established yet and 

is currently not used by the designers. This tool is a basic tool that can estimate the weight 

and the cost of a gearbox with the help of a conceptual drawing. It is a manual tool where the 

designer manually checks what adds length and what adds cost in a gearbox.  

The cost is estimated with the help of a reference gearbox. The reference is based on an 

established gearbox, currently produced in production. Since it is currently produced, the cost 

and weight is known. The cost and weight is added/deleted from this known information.  

Regardless the part of the gearbox that is investigated by the designer, the kr/kg in the simple 

tool is estimated to be the same the entire gearbox. The cost of the gearbox differs depending 

on the type, number and complexity of the component. As known, the designers are aware of 

the complexity of an article. However, they are not aware of how the complexity affects the 

cost.  

Therefore, Scania is in needs of a tool that can both consider the cost of a gearbox at a 

conceptual design stage and can be easily used by the designers.  

1.3 Research questions 

To be able to solve the problem at Scania and develop the current simple tool, several 

research questions were defined. These research questions were divided into two research 

fields; how Scania and other companies estimate costs and which estimations models and 

methods that exist. The research questions are the following:  

Scania & other companies 

- What is the level of accuracy of the current simple tool (kr/kg) in comparison with the 

desired tool? 

- What is the level of accuracy of the current simple tool (kr/kg) in comparison with the 

cost estimation tools/methods used at Scania? 

- Which software’s/methods are currently used at Scania for calculating the cost of 

different sub-processes that together delivers a gearbox?  

- What influence does the volume have on the total unit cost of a transmission 

component and which strategy is Scania using to evaluate the influence? 

- Which software’s/ methods are used at other companies for calculating the cost of 

transmission components?  
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-  

General methods/models 

- What type of standard models exists for estimating the cost for a produced unit? 

- What type of established methods exist in the market for estimating the cost of 

produced units? 

- What type of standard models exists for localizing the cost driver of component? 

- Does a strategy to consider the volume influence at a conceptual design stage of a 

product exist, in that case what type of strategy? 

- Which parameters during the design of a transmission component influence the cost 

of assembly? 

1.4 Expected Results 

Along with the research areas, Scania was expecting certain results of this master thesis. The 

expected results are the following: 

 Understand how Scania is performing cost calculations today. 

 Develop a simple method that has the ability to obtain weight and cost based on a 

conceptual drawing.   

 Explore the market and propose suggestions of complex methods that has the ability 

to identify the cost driver.  

 Give feedback on future work and recommendations that can be done after this thesis.  

1.5 Specifications 

In the expected results, there were also some specifications that had to be fulfilled: 

 The tool needs to be easy for the designer to use. 

 The simple tool has to have the ability to adapt to different type of gearboxes.  

 Performed a case study for the new developed simple tool.  

 Execute a manual for the simple method.  

1.6 Delimitations 

Apart from the specifications, there were also some delimitations of the thesis because of lack 

of time and resources. The delimitations of the thesis work considered booth the pre-study 

and the implementation. 

 Only considering the development of the simple method.   

 Only investigate the possibilities of further development of already established 

complex method.   

 Only component level will be considered when estimating the cost of the gearbox. 

 Only the assembly cost of PVA will be considered.  

 Do not consider overhead costs such as salary for economic department, electrics and 

so on. 
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2 Methodology  
When the expected result and research questions were defined, a methodology was 

concluded. This chapter describes the strategy and the procedure that this thesis has followed 

in order to achieve the expected results.  

2.1 Methodology sequence 

The methodology behind this thesis work can be divided into four phases, where the steps 

include different milestones as stated in Figure 3 The four phases of the thesis.

 
Figure 3 The four phases of the thesis 

The first phase – In the first phase of the thesis, the aim was to achieve an understanding of 

the product. To gain this knowledge, literature studies of the gearbox was started and a 

gearbox was disassembled. Drawings of the gearbox were studied throughout CAD models. 

The purpose was to gain a better understanding of the gearbox, along with obtaining 

information that was useful for the new developed tool.  

The reason behind the pre-study was also to better understand the issue of this thesis. This 

was used to state the introduction. The stated problem, expected results and the delimitations 

of the thesis formed a research domain and the research questions. The purpose of the 

selected research questions was to cover different possible approaches for obtaining cost 

estimations to achieve a better understanding and inspiration of the different possibilities for 

developing the new desired tool. 

The second phase – The aim of the second phase was to achieve enough knowledge to have a 

base for the development of the new cost estimation tool. To achieve this knowledge, four 

domains were chosen. These domains can be seen in Figure 4 The four research domains. 

 

Figure 4 The four research domains 

The first research domain aimed to better understand how cost calculations were done at 

Scania and what tools they are using. At the same time, a comparison with another company 

was wished and since Scania is part of the Volkswagen concern, they were chosen. To gain 

this information, interviews took place at Scania in Södertälje. The participants of the 

interviews were all from different departments at Scania. The first couple of interviews 

started off with using the approach of in general being informed of the cost estimation 

strategies used in the different departments at Scania. The purpose was to achieve a wide 

perspective and understanding of their used strategies. Further on, the achieved information 
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supported the selection of relevant questions for a questionnaire that were used for the 

upcoming interviews.  

Besides the first interview, the selection of participants of the interviews was not pre-

determined before the interview process. They were selected based on suggestions from the 

previous interviewed participants. The interviews took place in the following departments; 

manufacturing-, assembly-, purchasing- and R&D department. The participants that were 

included were; development engineer, controller, cost engineer, process engineer and business 

controllers. The interview process occurred between the beginning of the thesis until April.  

The second research domain was about the currently existing cost estimation tool at Scania, 

which has the name “kr/kg”. An interview with the supervisor at Scania were performed, 

where the purpose was to be familiar with it, since that tool is the starting position of the new 

developed tool.  

The third research domain was about interviewing designers in order to understand their 

perspective during the design process. Since the new developed cost estimation tool is aimed 

for them to use it is important to consider their opinions and desires in the new tool as well. 

Both junior and senior designers of the gearbox were interview. To make a relevant 

comparison between the designers’ opinions, the interviews with them were performed with a 

prepared questionnaire. The total interview process continued until the end of April and there 

was in total 17 interviews performed.  

The fourth research domain was the literature review, which was based on research of 

previous studies in this field and course material. The focus was to search for relevant cost 

estimation tools and cost estimation models. This also included searching for possible 

algorithms used for obtaining cost estimations. The purpose was to gain relevant information 

and inspiration for the new developed cost estimation tool. The main sources that were used 

in this research domain were books and articles. When it was about finding relevant cost 

estimation models for this thesis and gaining an understanding considered components in 

standard gearboxes and its function, books were mainly used. Kalkyler som beslutsunderlag 

by Andersson.G covered most of the standard information. Articles were used to mainly find 

both different researches and the latest research in this field. Most of the different types of 

algorithms that exist were based on information gained from articles. 

The third phase – The third phase aimed to develop the new tool. The selected information 

from the previous phase was the foundation for the new developed cost estimation tool. A 

suitable structure, algorithm and selected parameters were determined based on it. Once the 

program was formed, Excel was chosen.  

As the new tool was developing, feedback from the supervisor at Scania was received. Using 

this approach gave the benefit of controlling and strengthens the practical relevance of the 

new tool. Additionally, the feedback also considered being a support since it verified that the 

development was going towards the right direction. Along with the tool, a manual was created 

for the designer to use. It describes how to use it and the parts that need to be in consideration 

while using the tool. Further on, making a comparison with the previous tool tested the new 

tool. The purpose was to measure the level of accuracy of the new tool.  

The fourth phase – The aim of the fourth phase was to finalize the report and prepare for the 

presentation.   
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2.2 Mind map of the research domain 

The following mind map, Figure 5, is an illustration of all the research domains that have 

been considered in this thesis. The domains that directly have been necessary to develop the 

new tool are highlighted with arrows directly linked to the new developed tool circle.  

 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The kr/kg and the information about the gearbox was the first step in the development of the 

new tool. Relevant data around the gearbox could be achieved from Catia and during the 

Figure 5 Illustration of the research domain 
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disassembly of the gearbox. Through interviews at Scania and the cost estimation models and 

inspiration around the parameters was gained. The automated cost estimations methods were 

the research domain that was most helpful when structuring the tool. The area that was least 

used was the established cost estimation tools. It was realized that this area was about cost 

estimation methods but not the kind of methods that could be used in the new tool.   
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3 The gearbox 
The first stage in the master thesis was to perform an investigation of the current state at 

Scania to better understand the product. This section aims to explain the literature and 

studies around the gearbox that Scania is producing today.  

3.1 Basic concept 

The main concept of the gearbox can be illustrated in Figure 6. In this concept, the reverse 

gear is not considered. The reverse gear usually adds an extra pair of gearwheels. To better 

understand the concept, it is divided into modules. The modules represent the connection to 

the motor (2), the main gearbox (3) and the planetary gear (7).  

Figure 6 Main concept of a gearbox 

The first module includes the clutch and the connection to the motor. They are connected 

through the input shaft (1). The second module is the main gearbox and it consists of main 

shaft (4) and lay shaft (5) and the gearwheel pairs (6). All gear wheels that are placed on the 

main shaft are movable on the shaft. This means that the gear wheels can move freely around 

the axis of the shaft. On the other hand, all the gear wheels applied on the lay shaft are fixed 

and therefore considers being one with the shaft. The gear wheels on the layshaft therefore 

have the same speed as the lay shaft compared to the gear wheels on the main shaft, which 

can be differ. 

The third module is the planetary gear (7) and the final module is transferring the torque out 

to the next step in the transmission system. This module includes the cardan shaft and the 

output shaft. 

All modules consist of main components that are usually made from steel, apart from the 

housing, which is made of grey cast iron or aluminium. They can all be explored in the 

conceptual drawing and in Table 1. The cost estimations in the current method kr/kg consider 

the main components in this table and in the conceptual drawing. 

 Table 1 Components of a gearbox 

3.2 Function 

A conceptual drawing can be displayed in Figure 7. The components relevant for the function 

are displayed. The gears are marked in red boxes, the main shaft in orange and the lay shaft in 

green. The numbers of each gear is displayed above each gear and they are split in two. The 

split can be either high or low. When a low gear is used the ring wheel becomes still, which 

leads to a decreased speed of the planetary gear. The force travels through the sun wheel that 

pushes the planetary carrier in the ring wheel.  When a high gear is used, the sun wheel 

becomes locked to the ring wheel. In that case the planetary gear starts rotating as a stiff body 

and no gear-change will happen. This means that the ring wheel in this case functions as a 

Clutch Gear control Sensors Controller 

Case Carrier RPM sensor ECU 

Lamina Synchronizer Position sensor  

Lever Fork Breaks  

Declutching Air cylinder   

ECA    

1 2 
3 

5 

6 
7 

4 

9 8 
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carrier. For the highest gear, this operation is called direct gear, illustrated by the grey arrows 

in Figure 7. The grey arrows illustrate the movement of the power. The movement can 

principally be said is moved from input shaft, through a gear to main shaft, down to lay shaft 

and up to main shaft to go through planetary gear and out to output shaft. Apart from when 

the driver uses high split and gear 3. The movement is from input to main shaft and out to 

output shaft.  

Figure 7 The gearbox functionality (conceptual drawing) 

When the driver desires to change gear, there are some operations that will appear 

automatically in the gearbox. First the carrier will change position. The carrier has three or 

two positions, the two gears and a middle place to rest if no position is desired. To change the 

position smooth and to avoid friction, synchronizers are used. The synchronizer helps the 

carrier and the gearwheel to connect without friction, since the gearwheel and the carrier have 

different speed. The synchronizers can have simple, double or triple cones. Depending if it is 

used on one gear (simple) or two gears (double). Triple is used when a rest position is wanted. 

Once the synchronizers are in position, the fork locks the arrangement. The force from the 

main axis is now transferred to the planetary gear.  

The planetary gear includes the elements illustrated in Figure 8. The centre part contains the 

sun wheel, which is often surrounded by five planet wheels. A planetary carrier puts these 

wheels in place. The outer part of the planetary gear is called ring wheel. Depending if the 

ring wheel or planetary carrier is connected to the main shaft, different torques are achieved. 

3.3 Mathematical relations 

The torque can be calculated through the following equation: 

𝑇𝑜𝑟𝑞𝑢𝑒𝑜𝑢𝑡 = 𝑇𝑜𝑟𝑞𝑢𝑒𝑖𝑛 ∙ 𝑖𝑡𝑜𝑡 

To calculate the total gear-change, the gear-change for each gearwheel pair is needed. The 

gear-change can then be multiplied with each other to gain the total gear-change. Each gear-

change is calculated according equation 2 (Olsson 2006, 301). Where z is the number of teeth 

on each gearwheel.  

𝑖 =
𝑍2

𝑍1

 

The gear-change directly affect the number of revolutions (𝜂), which is calculated with the 

following equation (Olsson, 2006): 

𝜂𝑢𝑡 =
𝜂𝑖𝑛

𝑖
 

Figure 8 Planetary gear 
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4 Current simple tool - Kr/kg.  
The previously mentioned mathematical relations of the gearbox have not been taken into 

account in the current simple tool “kr/kg”. The aim is to use them in the new developed 

simple tool. Since the new simple tool is a development of kr/kg, it is necessary for the reader 

to understand the principle of the current simple tool.  

4.1 Principle 

The principle of the current tool is based on a comparison between the investigated gearbox 

and a reference gearbox. This is made to determine the total final cost of the compared 

gearbox. To make the comparison, the following steps are followed: 

1. Generate length – Comparison with the reference box. 

2. Calculating weight – Based on the obtained length, the weight is calculated through 

the following calculation: l𝑒𝑛𝑔𝑡ℎ ∗
𝑘𝑔

𝑚𝑚
 

3. Calculating cost: Based on the generated weight, the cost is calculated through the 

following calculation: 𝑤𝑒𝑖𝑔ℎ𝑡 ∗
𝑘𝑟

𝑘𝑔
 

The cost/kg, weight, cost and cost/mm, are from an existing gearbox that is produced today. 

When using this tool, the different number of components compared to the reference gearbox 

is important.  

4.2 Components considered 

The added or deleted component will either affect the cost, the length or both. The 

components that are considered in kr/kg are displayed in Table 2. The three rows in the 

bottom of the table are components that are not included in kr/kg today. These components 

are desired to add since they also affect cost and length.   

Table 2 Components considered in the calculations 

All components have an existing adding cost and adding length. For example, the sync needs 

space to move, therefore it will add in length, which means an added cost in material of the 

housing. But adding sync also means that there will be one more component and therefore an 

extra cost. The needle roller bearing on the other hand, only adds a cost since they are placed 

on the shaft next to each gear. 

 

 

Component Can add cost Can add length 

Gear Yes Yes 

Creeper, reverse Yes Yes 

Sync Yes Yes 

Manoeuvre main gearbox Yes  No   

Bearing Yes Yes 

Needle roller bearing Yes No 

Breaks Yes Yes 

Break gear Yes Yes 

Planetary gear No Yes 

Recessed gear No Decrease length  

Oil system Yes No  

Position sensor Yes No 

Rpm sensor Yes No 
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5 Cost estimation models 
The literature around the gearbox, the kr/kg and the literature review together form the base 

for the new simple tool. The literature review around cost estimations was as mentioned in 

the methodology divided into two parts, cost estimation models and cost estimation tools. This 

section aims to further explain the first part that is general models used for estimating costs. 

5.1 General about cost estimation models 

Estimating costs is a crucial tool for providing a basis to companies in order to make good 

decisions. The accuracy of the method depends on the accuracy of the wanted result; the time 

spent on establishing and updating method and included variables. Less accurate information 

can lead to less accurate result which leads the company to use risky information. However, 

using a cost estimation method with very detailed information is time consuming. The 

balance between these approaches are explained in the following by (Göran 2013), where 

there are three different principles: 

Causality principle - This principle is referred to the cost of resource consumption, which is a 

factor caused by a cost object. It is a cost that is required to be included in the cost of the cost 

object. Another word for it is the causality principle, where the principle is to determine the 

relationship between the cause and the affect. 

Essentiality principle – This principle is depended on the focus of the most valuable costs. 

Coping principle – This is about the usage of calculation needs to be handled in an efficient 

way. It cannot be too expensive, nor too labour consuming. A calculation method that 

includes a large amount of detailed information requires more understanding and work. This 

can lead to a lot of time being spent on updating variables.  

The three approaches include different kind of methods to estimate the cost. The easiest way 

to estimate the cost of a component is to look at the cost per produced piece.  

5.2 Cost per piece 

The cost per piece is a simple method to calculate the individual cost for each produced piece. 

Since the PVA is considered in this thesis and the PVA is divided on each component, this 

method is relevant for cost estimations.  

The cost per piece is calculated according to the equation below (Schmid, Steven R, 

Kalpakjian 2009). This equation considers booth fixed and variable costs.  

𝐶𝑝 = 𝐶𝑚 + 𝐶𝑙 + 𝐶𝑠 + 𝐶𝑡 

Where 𝐶𝑚 is the machining cost, as seen in   

Table 3.  𝐶𝑙 is the cost for loading, unloading and machine handling, as seen in   

Table 3.  

Table 3 Machining cost & cost for loading and unloading 

𝐶𝑠 is the setup cost, this includes the time it takes to setup the work piece, fixtures and 

preparing the tool. 𝐶𝑠 can be seen in Table 4 (Schmid, Steven R, Kalpakjian 2009). 

 𝑪𝒎 = 𝑻𝒎 ∗ (𝑳𝒎 + 𝑩𝒎)  𝑪𝒍 = 𝑻𝒍 ∗ (𝑳𝒎 + 𝑩𝒎) 

𝑻𝒎 Machining time per piece 𝑻𝒍 Time for loading and unloading 

𝑳𝒎 Labour cost of production/ 
hour 

𝑳𝒎 Labour cost of production/hour 

𝑩𝒎 Burden rate 𝑩𝒎 Burden rate 
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Table 4 Setup cost 

 
𝑪𝒔 = 𝑻𝒔 ∗

#𝒃𝒂𝒕𝒄𝒉𝒆𝒔

𝒗𝒐𝒍𝒖𝒎𝒆
∗ 𝑳𝒎 

𝑻𝒔 Time for setup, mount tool, positioning, trial runs or recalibrating.  

𝑳𝒎 Labour cost of production/hour 

𝐶𝑡 is the tooling cost, these are the cost that are affected by using the tool. It is the actual cost 

of the tool and for how long the tool is used.  

The tool costs can be developed further according to the equation in Table 5 (Schmid, Steven 

R, Kalpakjian 2009). 

Table 5 Tooling cost 

 𝑪𝒕 = 𝟏𝑵𝒊(𝑻𝒄 × (𝑳𝒎 + 𝑩𝒎) + 𝑫𝒊) +  𝟏𝑵𝒇(𝑻𝒊 × (𝑳𝒎 + 𝑩𝒎)) 

𝑵𝒊 Number parts machined per insert 

𝑵𝒇 Number parts machined per insert face 

𝑻𝒄 Time to change insert 

𝑻𝒊 Time required to index the insert 

𝑳𝒎 Labour cost of production/hour 

𝑩𝒎 Burden rate/overhead charge of the machine (incl. depreciation, 
maintenance, indirect labour)  

𝑫𝒊 The depreciation of the insert in dollars 

Since the burden rate includes the overhead charge of the machine, this can be calculated 

through the machining cost per hour. The hourly machining cost is calculated through the 

following equation (Andersson 2013): 

𝐵𝑚 = 𝐴 + 𝑅 

In this equation, A is the amortization of the machine and R is the operating costs of the 

machine. The operating cost are cost for maintenance, needed energy and how much energy 

the machine is using (Andersson 2013). The burden rate can be considered as a fixed cost.  

5.3 Direct and indirect costs 

The fixed and the variable costs can further be divided into direct and indirect costs. The 

direct costs are the cost that can be allocated to a specific component. The indirect costs are 

the cost that is there but cannot be changed, no matter the volume. Figure 9 shows, which cost 

that are indirect and direct.  

Discount 
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Figure 9 Indirect and direct costs 
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Since the direct costs can be allocated to a specific component, these are the cost that the 

designer can affect. Indirect and direct costs are parameters that are consider in several of cost 

estimations methods, such as the absorption costing. 

5.4 Absorption costing 

An absorption costing calculation is a model that presents a calculation of all the costs that a 

calculation object causes. The purpose is to calculate cost per piece (Andersson 2013).  

There are different models for calculating the cost per piece. Which one to use is depended on 

what the desire is, a total or less detailed cost distribution. Absorption costing provides a total 

cost distribution. First the amount of cost for the object is decided. The type of costs it carries 

can be categories in either “type of cost” category or “place of cost” category. Type of cost 

category gathers all the similar costs that later on can directly be placed on the calculation 

object and are therefore called direct costs. Costs placed in place of cost consider being 

indirect costs. A complete cost distribution is finalized when indirect costs transforms to 

distributed costs with the help of a distribution key. The process can be presented as Figure 

10. 

   

 

 

 

 

 

The distribution of costs is originally about distributing the value on common resource 

consumption for every calculation object to carry right amount of cost portion. This goes 

under the causality principle as previously mentioned. If the causality relation for certain 

costs cannot be determined and a complete cost distribution is desired, then a matter of cost 

classification is discussed rather than cost distribution (Göran 2013). Companies in these 

cases determine a classification, which they consider is fair enough. Alternative, company’s 

choses type of classification where a certain affect is desired, example decrease certain 

resource consumption.  

The usage of proper causality offers the benefit of a distribution key having the ability to co-

vary in proportion with the changes in costs in both short and long-terms (Andersson 2008). 

Type of distribution key can be, amount, time, value and area.  Another method that uses 

distribution keys is the activity based costing (ABC).  

5.5 Activity based costing (ABC) 

The aim with the activity based costing is for the calculation object to only carry the resources 

it uses rather than the entire costs of the company. By classifying the costs on the performed 

activities that are required when producing the product, the method is performed.  

(Peace Ebele & Meshach 2016) mentions how an ABC model can be defined as the 

following; the regular relationships between products and the resources used for producing 

these products, traces the cost of products according to the activities, which are based on the 

use of appropriate cost drivers.  

The cost drivers consider being the part that causes the increased or decreased cost when 

performing an activity (Olsson Jan 2013). The performance of distributing the cost from 

company’s activities to calculation objects is based on using the cause for cost on the activity 

Cost object Type of costs 

Direct  

costs Indirect cost 

(expenditure) 

Distributed 

costs 

Place of cost 

Figure 10 Indirect and direct costs of absorption costing 
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as a starting point, in order to know how it have affected the calculation object. Practically 

this means that the cost driver is used for distribute the activity cost to the calculation object.   

 Olsson (2013) mention how ABC calculation is performed through the following steps; 

- Consider indirect costs as activities (“what is performed”) rather than cost centre’s 

(“where it is performed”).  

-  For every activity, identify the cost driver. Example of cost drivers could be; the 

weight, number of articles, number of new articles, number of orders etc.   

-  For the foundation distribution key, distribute the cost of the company’s activities 

with cost drivers.  

The steps presented by Olsson are illustrated in Figure 11. 

 

 

 

 

 

 

 

 

A possible classification in the value chain is to divide the activities performed in five 

primary activities and four support activities (Göran 2013). Primary activities refer to physical 

flow and are depended on a time order. Supported activities on the other hand are considered 

being generalized since these activities cannot be placed in a specific time in the process. The 

parts considered in these activities are described in the following.     

Primary activities – Inflow of logistics, manufacturing, Outflow of logistics, sales and 

service. 

Support activities – Company infrastructure, staff management, technical development and 

resource supply.  

Figure 12, describes the differences in a value chain of primary and secondary activities.  

 

 

 

 

 

 

 

The activity concept is referred to the cause of resource consumption. The cause to the 

activities is the calculation object, which further on causes the resource consumption. A way 

of designing the ABC model is top-down approach, where a common resource consumption 

is distributed at different cost centres and calculation objects (Göran 2013). An activity 

includes the overall costs associated with an activity, called activity cost pool. A cost driver 

Direct costs 
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Figure 11 The cost distribution based on activities used as intermediate link 
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considers being the justified changes of the costs in an activity cost pool over time, which is a 

factor that affects both cost and the performance of an activity (Kennedy 1996). The cost 

driver for every activity is searched. This cost driver will be considered as a measurement of 

the usage of the activity and therefore used as a distribution key. In order for it to be possible 

to measure the volume of the cost driver (referred to the amount of the cost driver), it is 

necessary for the activity to be equivalent and recurrent (Göran 2013).  

The cost per every cost driver unit can be calculated as soon as a company has selected 

activities and their cost driver, also finalized the activity cost and the volume of cost driver 

units. This leads to further on being able to calculate the amount of different activity costs 

contributed to a certain calculation object.  

In order for the ABC-calculation to provide an appropriate value, it is necessary for the 

activities to be standardized. Activities that are complex and custom-made are rather difficult 

to address in an ABC-analyses. It can example refer to activities external projects or internal 

activities such as changes in the organization and development. This prevents the possibility 

to apply ABC to all type of resources. The difficulties with traditional ABC are the 

requirement of a causal distribution of all costs. In companies where huge development costs 

and a requirement of constant updates are involved, there is a chance for difficulties being 

created along with it. This has led to companies avoiding traditional ABC. An alternative cost 

calculation method to traditional ABC is time-driven ABC.  

5.6 Time driven activity based costing (TD ABC) 

This cost calculation method considers being a simplified version of traditional ABC system, 

where the requirement of accurate calculation is instead accepted by an approximated 

calculation (Andersson 2013). The time driven ABC system is based on duration of cost 

drivers, rather than transaction (number of processed invoices).    

Time driven activity based costing (TD ABC) is a method that requires decreased amount of 

data in comparison to traditional ABC system. The two parameters that this method is based 

on are the following (Kaplan 2006). 

- The required time to perform an activity. 

- The unit cost based on used resources.   

The method is depended on identifying the capacity of each process or department. The cost 

of this capacity of resource groups are distributed over the calculation objects, which is 

grounded on the required time to perform an activity (Monroy et al. 2014). Time-driven 

activities are referred to costs being classified on a time unit (example per minute). If 

activities are not completely homogenous this method is enough flexible in order to handle 

these types of situations. If costs appear to be complicated and have a deviation from standard 

that further on leads to a demand of extra time can simply be calculated with TD ABC.  

The selection of activities for TD ABC is performed the same way as it does for ABC 

systems, where the cost of resources that are gathered together in a reasonable way (either 

recourses are related to an activity or a set of several related activities) is calculated. The cost 

of activity is divided with time, which considers being a general cost driver. The amount of 

the cost driver is based on the practical available capacity, which is a capacity based on a 

percentage of theoretical available time. Since it is difficult to determine practical capacity 

there is a rule of thumb of where the value of practical capacity (practical available time) 

claims to be 80-85% of the theoretical available time (Andersson 2013).The cost per cost 

driver unit is based on the cost of activities divided on practical available time. This cost is 

later on multiplied with the time used for performing a certain activity. The equations used for 

calculating the cost for a certain activity are illustrated in the following (Andersson 2013).    
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𝑃𝑟𝑎𝑐𝑡𝑖𝑐𝑎𝑙 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑡𝑖𝑚𝑒 = 𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑡𝑖𝑚𝑒 ∗ 80 % = 𝑥𝑥 𝑚𝑖𝑛𝑢𝑡𝑒                       

𝑈𝑛𝑖𝑡 𝐶𝑜𝑠𝑡 𝐷𝑟𝑖𝑣𝑒𝑟 =
𝑇𝑜𝑡𝑙 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑐𝑜𝑠𝑡𝑠  

𝑃𝑟𝑎𝑐𝑡𝑖𝑐𝑎𝑙 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑡𝑖𝑚𝑒
= 𝑥𝑥 𝑘𝑟/𝑚𝑖𝑛𝑢𝑡𝑒                      

𝐶𝑜𝑠𝑡 𝑓𝑜𝑟 𝑎 𝑐𝑒𝑟𝑡𝑎𝑖𝑛 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 = 𝑈𝑛𝑖𝑡 𝐶𝑜𝑠𝑡 𝐷𝑟𝑖𝑣𝑒𝑟 ∗  𝑇𝑖𝑚𝑒 𝑓𝑜𝑟 𝑎 𝑐𝑒𝑟𝑡𝑎𝑖𝑛 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 = 𝑥𝑥 𝑘𝑟          

The cost for a certain activity is depended on time. The duration of an activity during 

assembling a unit is depended on the ease of assembly. This means that increasing both 

number of parts and the complexity of assembling parts leads to increased assembly time, 

which further on leads to increased assembly cost.  

5.7 Assembly costs 

A designer can change the assembly costs within an industry easily since they have a major 

influence. Design for assembly (DFA) approaches is a methodology used for designing 

products based on having ease of assembly mainly in consideration during conceptual design 

stage. Even though it can be used at any stage of the design process, it is most useful when 

used at the conceptual design stage (Boothroyd et al. 2010). The purpose of having ease of 

assembly in mind is aiming towards designing a product that contains fewer parts. Reducing 

parts leads to less assembly time and further on reduced assembly costs. Besides fewer parts, 

designing products with features that enables easier grasp, insertion of them and the 

movement also gives the benefit of reducing assembly time that later on reduces assembly 

costs.  

The measurement of assembly cost should not strictly be considered as an absolute value. In 

reality it is difficult to measure and quantify assembly costs (Swift & Booker 2013). Also, a 

large number of industrial case studies are required for testing the correlation among the 

costs. However, when used in a relative mode of application, the analysed results are helpful.  

Among several goals with usage of DFA, the main gaols are; to make it possible to compare 

alternative design easily, identify problem with assembly and propose alternative approaches 

in the purpose of making product structure simple. This later on leads to reducing assembly 

cost. DFA methodology enables designers to evaluate their design, which allows 

improvements of the design (Boothroyd et al. 2010). DFA methodology is mostly proactive 

when such information is transparent for the designer. The data will help the designer to 

evaluate the effect of the designed part, that will lead to the reduced cost of the assembled 

product. One way to make this information available for designers, where having cost or time 

of component is essential, is by using graphically representation of the effects of the design 

geometry. This will allow an easier comparison immediately (Swift & Booker 2013).    

The cost driver that dominates the total rolled up cost of a unite for the whole supply chain is 

the labour cost (Whitney 2004). In mechanical industries, the number of labours involved in 

the assembly considers to be approximately 50 % (Swift & Booker 2013), which is the reason 

why assembly plays a big role in the total cost of a product. Two main factors that has the 

most effect on the assembly time are (Boothroyd et al. 2010); 

- The number of parts in a unit 

- The ease of inserting, handling and fastening of parts.  

The reason to reduced assembly time leads to reduced assembly cost is because the assembly 

time is directly linked labour cost (the main cost driver), which is the main assembly cost. No 

matter how the unit will be assembled, the assembly cost can be reduced if the number of 

parts, operations and complexity are reduced (Whitney 2004).    

The most common method used in industry is by far manual assembly. Manual assembly can 

be divided in two areas. The first is, handling, that is referred to acquiring, movement of parts 

and orienting. Insertions and fastening is the other area which is referred to grouping parts or 
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mating one part to another. The total assembly time is an aggregation of these two areas, 

which is stated in the following (Boothroyd et al. 2010). 

𝑇𝑜𝑡𝑎𝑙 𝑎𝑠𝑠𝑒𝑚𝑏𝑙𝑦 𝑡𝑖𝑚𝑒 = ∑ 𝐻𝑎𝑛𝑑𝑒𝑙𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 + ∑ 𝐼𝑛𝑠𝑒𝑟𝑡𝑖𝑜𝑛 𝑎𝑛𝑑 𝑓𝑎𝑠𝑡𝑒𝑛𝑖𝑛𝑔 𝑡𝑖𝑚𝑒  

As mentioned previously, the assembly time has a direct affect to the assembly cost since 

increased assembly time leads to increased assembly costs.   

5.7.1 Assembly costing model 

One way to estimate the total manual assembly cost is by aggregating the handling and fitting 

times and then multiply it with the labour rate, based on amount per second. The manual 

assembly cost, 𝐶𝑚𝑎 can be calculated as following (Swift & Booker 2013):   

𝐶𝑚𝑎 = 𝐶1(𝐹 + 𝐻) 

Where, 

H = Handling of component index (in seconds) 

F = Fitting of component index (in seconds) 

𝐶1 = The labour rate (amount per second) 

The handling and fitting is related to the time factor, in other words, the time it takes for 

handling and fitting one component. The labour rate is based on the annual salary (plus the 

percentage of overhead costs) for an employee divided on the annual working time per 

employee in seconds. This equation gives the manual assembly cost depending on assembly 

time. That is why assembly time is directly linked to assembly costs.  

There is another approach of estimating the assembly cost, where assembly time is directly 

linked to assembly cost. This is based on combining available time capacity in the system per 

year with the total producing time it takes in order to meet the demand per year.  

𝑡𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠 𝑝𝑒 𝑠ℎ𝑖𝑓𝑡 ∗ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠ℎ𝑖𝑓𝑡𝑠 ∗ 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 𝑑𝑎𝑦𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 ∗ 60 

𝑡𝑝𝑟𝑜𝑑𝑢𝑐𝑒 = 𝑝𝑟𝑜𝑑𝑢𝑐𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 ∗ 𝑑𝑒𝑚𝑎𝑛𝑑 

The outcome is total number of labour that is required in order to meet a certain demand, 

which is an assembly cost.  

𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠 =
𝑡𝑝𝑟𝑜𝑑𝑢𝑐𝑒 ∗ 𝑑𝑒𝑚𝑎𝑛𝑑

𝑡𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦
 

This statement can be explained in the following example scenario: 

Scenario 

A company has an annual demand on 80 000 units per year. An employee at that company 

works 7,5 hours per shift and the company has two shifts per day, where the employee works 

200 days per year. This means, based on available capacity per day, the systems total 

available time (in minutes) per year is: 

𝑡𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =  7,5 ∗ 2 ∗ 200 ∗ 60 =  180 000 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟  

The total time it takes to produce one unite is currently 7 hours, which means 420 minutes. 

This means that with the current producing time, the total required producing time in order to 

meet the demand is; 

 𝑡𝑝𝑟𝑜𝑑𝑢𝑐𝑒 = 420 ∗ 80 000 = 336 00 000 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑑𝑒𝑚𝑎𝑛𝑑  

This further on leads to the number of employees required in order to meet the demand. 
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𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠 =
336 00 000

180 000
= 186.6 ≈ 187 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 

This is another reason to why the assembly time has a direct impact on the assembly cost, 

which is the labour cost (the cost driver). 

As shown in assembly costing model, the required volume also has an influence on the total 

minutes required in order to meet the demand as well. The volume further on determines the 

takt time in order to meet the demand.   

5.8 Volume effect 

The required demand of units is an essential factor that will in one or another way affect the 

costs within an organisation. Increased demand directly determines the takt time that further 

on can lead to a need for increasing number of employees. Until a certain volume a certain 

number of employees are needed. Number of employees is a cost that is considered as fixed.   

The fixed costs for a certain volume will always be the same no matter how many products 

that are produced (Olsson Jan 2013).  This means that these are the costs that will decrease 

with the number of produced pieces if the cost per piece is calculated. An increased volume 

gives a decreased fixed cost per piece since the fixed cost is distributed on more parts. 

The effect on the costs with the volume in mind can be seen in Figure 13. As illustrated, the 

fixed costs are decreasing as well as the total piece cost. The variable cost is the same, no 

matter volume.  

 

Figure 13 Diagram of cost per piece 

All though, there are costs that will affect the fixed cost drastically. As illustrated in Figure 

14, the fixed cost is decreasing until a certain volume. Later the volume increases again. The 

increase can be caused by an investment, for example a new machine. The scenario could be 

that one machine can only produce a certain number of parts but a higher volume is needed 

and therefore another machine is needed. Another scenario can be change in takt time or a 

need of a new tool. This is called half fixed costs. Cost that are fixed until a certain 

production volume (Olsson Jan 2013).

 

Figure 14 Diagram of cost per piece with half fixed cost 
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6 Cost estimation tools 
The purpose with the research of cost estimation models mentioned in the previous chapters 

was to identify parts that potentially can be taking to account in the new tool. In order to 

develop a new cost estimation tool, it is also necessary to identify research within cost 

estimation tools that are particularly developed for designers to use at early conceptual 

design stage. Therefore, a part of the literature review was to make research among different 

studies of this area. This section is about highlighting the type of parameters a designer can 

have access to at an early stage, along with presenting type of automatic algorithm these 

parameters are depended on. 

6.1 Cost estimation approaches 

Several cost estimation tools with different cost estimation approaches that are depended on 

an automatic algorithm currently exist. These tools are developed in the purpose of enabling 

modification of a design at an early stage in order to reduce costs. For the designer to obtain 

an estimated cost, it is important for them to have a balance between the relationship of cost 

information and design decisions. That is why it is necessary for designer to have access to a 

tool that gives the possibilities of rapidly revealing an accurate estimate of the financial 

consequences that comes along with the design decisions made by designers. As Figure 15 

reveals, a way of dividing these models can be in qualitative techniques and quantitative 

techniques (Niazi et al. 2017). Qualitative techniques are subdivided in intuitive and 

analogical techniques, while quantitative techniques are subdivided in parametric and 

analytical techniques. They are classified in groups with similar features in various categories.  

 

 

 

 

 

 

 

 

Qualitative 

cost estimation techniques are mainly based on an analysis between the new product and 

already existing products. The purpose is to identify the similarities that give the benefits of 

incorporating the pervious data into the new product. This leads to a significantly reducing the 

need to obtain the cost estimate from scratch. This generates reliable cost estimates for the 

new product and the data is considered useful as support.  

Quantitative cost estimation techniques on the other hand are referred to detailed analysis of a 

product design, the features of a product and the corresponding manufacturing processes. In 

this case, costs are generated based on analytical function of certain variables that represents 

different product parameter. It can also base on the total aggregated sum of elementary units 

that represents different used resources during the life cycle of a certain product. A cost 

estimation tool of casting that is grounded on quantitative cost estimation techniques is 

proposed by (Chougule & Ravi 2006).   

Qualitative Techniques Quantitative Techniques 

Intuitive Techniques Parametric Techniques 

Analogical Techniques Analytical Techniques 

Product Cost Estimation 

Techniques 

Figure 15 Initial classification of the PCE Techniques (Niazi et al. n.d.2006) 
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6.2 Quantitative cost estimation tool 
The novelty with tool developed by Chongule and Ravi is the ability it has on proposing a cost 

breakdown of a new casting. It gives the benefits of identifying the cost reduction area and ‘what if’ 

analysis at a design stage. It also gives the benefit of adjusting the cost rates (energy, material, tooling, 

labour and overhead) and cost factors. The tool combines parametric and analytical approaches. 

Therefore, it is constructed in a way where it makes cost analysis of the joined effect of the preliminary 

design of a product, tooling and process. 

This tool focuses on manufacturing costs, driven by product design. The following Figure 16 

displays the algorithm of the tool depended on different, attributes, elements and parameters 

included and their relationships between them.  

The architecture of the tool can be divided in different areas. The tool begins with using the 

four types of attributes as input, which is; geometry, material, quality and production 

requirements. These attributes are what drives the design process. For every attribute, several 

different parameters are considered for each individual attribute. Process planning and 

methoding is also required to be in consideration. The process planning deals with different 

decisions that needs to be made, while methoding involves a choice between feeding system 

and gating system that needs to be made. The attributes are completed with programs that 

automatically reload information from process planning and methoding. The outputs of the 

attributes along with the process planning and methoding are used for estimating the cost of 

casting. The essential elements for the sum of casting cost are tooling, energy, labour, 

material and overhead. In order to provide a searching for the process plan of the closest 

matching product manufactured earlier, a case-based reasoning approach is employed.   

The previous mentioned aspects considered in the tool are the following. Table 6 displays the 

different parameters included in every attribute.  

 

Figure 16 Cost estimation system: overall architecture - (Chougule & Ravi 2006) 
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Table 6 Attributes and parameters for quantitative cost estimation tool 

Attributes Parameters 

Geometry Weight, volume, minimum and maximum of the section thickness and the complexity 

of hole size and shape. 

Material  Type of material. 

Quality Surface finish and dimensional tolerance. 

Production Order quantity, sample lead time, production rate and production lead time. 

Other parts that are required to be in consideration are displayed in Table 7.  

Table 7 Considered parts and parameters for quantitative cost estimation tool 

Other considered 

parts 

Parameters 

Process planning What type of; manufacturing methods, equipment, steps, time required, type of tool 

and process parameters (such as, melting, cooling time, quality checks and etc.) 

Methoding  Feeding system (location, size and shape of feeders) and gating system (location, 

shape and size of sprue). 

The essential elements of what is causing the cost of casting that are mainly driven by the 

product and process parameters. The parameters including for determine the costs of these 

elements are displayed in Table 8.  

Table 8 Cost elements and parameters for quantitative cost estimation tool 

Cost elements Parameters 

Material Costs (divided in 

direct and indirect cost) 

Unite metal cost (per kg), the weight, density and volume. 

Labour Unite labour cost, number of workers involved in an activity, number of 

activities, and time for each activity per component. 

Energy Unit energy cost  

Tooling Amortized cost of tooling, casting volume, accuracy index and order quantity.  

Overhead Administration cost and depreciation cost per; component and kg. 

The equation is not adapted to currency changes and is therefore generalized for any currency 

changes. The total cost of the casting is a sum of costs corresponding to the previously 

mentioned essential elements.  

𝑪𝒄𝒂𝒔𝒕𝒊𝒏𝒈 =  𝑪𝒎𝒂𝒕𝒓𝒆𝒊𝒂𝒍 + 𝑪𝒍𝒂𝒃𝒐𝒖𝒓 + 𝑪𝒆𝒏𝒆𝒓𝒈𝒚 + 𝑪𝒕𝒐𝒐𝒍𝒊𝒏𝒈 + 𝑪𝒐𝒗𝒆𝒓𝒉𝒆𝒂𝒅 

Other costs that can be added but is not considered in this model are costs such as; fixed costs, 

delivery, taxes, interest rate and duties.  

While the tool developed by Chougule and Ravi focuses on quantitative cost estimation 

technique, a tool developed by Seo et al focuses on a qualitative technique.   

6.3 Qualitative cost estimation tool 

Currently, there are different established methods for determining the life cycle cost (LCC). 

The novelty with the qualitative cost estimation tool developed by Seo et al is the ability to 

allow a rapid estimation of product LCC during the conceptual design phase. It is based on 

high level product attributes, which is a term referred to considering all possible attributes on 

a product rather than a specific one. The method is called learning LCC model and it 

considers being a development of a cost estimated method for LCC of products. The tool uses 

previously conducted detailed LCC studies in order to provide fast feedback on a wide range 

of different concepts.  
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The architect of the tool is depended on an artificial neural network (ANN) that is trained to 

consider both product attributes and the life cycle cost (LCC) factors from previously existing 

detailed studies of LCC. The training ANN enables to emulate the already existing LCC 

studies and generalize the trends between the products.  

Training an artificial neural network is a phase. Grounded on known attributes, the output 

nodes can be assigned as “1” (correct value) for the nods that corresponds to the correct value 

and “0” for the others. This enables the designer to perform a comparison between network’s 

calculated values of the output nodes and the “correct” values.  

The model functions in a way where the designer query the learning model (the trained 

artificial network part) with new high-level product attributes in order to obtain an estimated 

LCC rapidly for a new product concept. Designers later on provide high-level attributes of 

new products concepts in the purpose of obtaining predictions of LCC. These predictions of 

LCC are based on trends from real products and the LCC studies that are used as training 

data. 

The aspects considered in the learning LCC model can be divided in four parts: a set of 

important product attribute inputs; a set of factors output of LCC, a training data set, where 

the information is grounded on analyses of previous products and a suitably trained LCC 

model.  

Attributes input – It is necessary that the considered product attribute inputs are the once 

important for the designer and typically known at a conceptual design stage. They need to be 

statistically and logically linked to the elements of the LCC factors. It is also necessary that it 

is type of attributes that are available during the product conceptual design. Some examples of 

them are displayed in Table 9.   

 Table 9 Candidate attributes set 

Durability Selling price In use energy source 

Strength Product liability In use power consumption 

Conductivity Distribution mass Modularity 

Mass Distribution volume Upgradeability 

Volume Transport distance Serviceability 

Materials (various) Transportation means In use flexibility 

Performance Lifetime Recycled content 

Functionality Use time Recyclability 

Process Mode of operation Reusability 

Assimilability Additional consumable Dis assemble 

One way to identify product attributes can be by the approach presented by (Mueller & 

Besant n.d.) which is modelling life cycle parameters as function of design parameters. 

Examples on functions of an engine’s power are material structure, mass and efficiency.  

After identifying the candidate attributes, they were further on grouped for organizational 

purposes. They were also reviewed for conceptual associations to the LCC factors. The 

grouped attributes were divided according to the method of  (Hubka & Eder 1994), which is 

depended on recognizing the life cycle phases and the purpose of technical systems.  

Factors output – It is necessary that the factor outputs are in a form which is useful for 

designers and cost estimators in different contexts. This makes it possible to offer the most 

flexibility as different systems can be applied subsequently. The considered cost factors 

depend on several influences, such as; the stage for when to use the model, type of 
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information extracted from the model, amount of data available for the input of the model and 

type of product being designed. Table 10, displays examples of cost factors. 

Table 10 Life cycle cost factors 

 

 

 

 

 

 

All cost factors included in a product’s life needs to be investigated and numbered in order to 

identify the cost LCC cost factors. The different cost factors contained in a product can be 

decomposed as presented in Table 11. 

Table 11 Decomposed cost factors in life cycle cost stages  

 Company cost User Cost Society Cost 

Design 
Market recognition & 

development 

  

Production 
Materials, energy, facilities & 

wages 

  

Usage 
Transportation, storage, wages, 

breakage & warranty service 

 

Transportation, storage, 

energy, materials & 

maintenance 

Waste, pollution & health 

Damages 

 

Disposal/ 

Recycling 

 Disposal/ Recycling dues Packaging, waste, pollution & 

health damages 

 
  Waste, pollution & health 

damages 

 

The LCC of a product is obtained by aggregating the cost of the user, the manufacturer and 

the society, as shown in Figure 17. 

Following Figure 18 presents grouped candidate attributes with the steps to identify 

potentially strong links for both attributes and between attributes and the LCC factors. The 

figure 27 represents the function, which is based on quality function deployment (QFD) 

structure.  

Market recognition Storage 

Development Breakage 

Conductivity Warranty service 

Materials Maintenance 

Energy Waste 

Facilities Pollution 

Wages Health damages 

Transportation Disposal/recycling due 

Detailed 

Product 

Information 

LCC Factors 

Life cycle cost 

Aggregation 

Detailed 

LCC 

Figure 17 The aggregation scheme for the LCC 
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Training data set - The LCC training data is used for representing different range of products. 

It also needs to involve several completed input samples of the attributes of a product and the 

corresponding LCC factors outputs. There should be data maintenance of data transparency, 

where an absorption stating of any uncertainties and assumption are made.   

LCC structure – The structure of the learning LCC model must be selected, trained and 

validated. When applying the model the learning model must have the ability to be fast and 

suggest reasonable LCC estimates.  

In order to evaluate the learning LCC concept, there are three key areas that are necessary to 

investigate. Primary, the LCC factors considered being feasible and could predict the LCC 

must be recognized. Next step is to identify a list of reasonable product attributes. In order to 

create a set of important attributes these attributes must be correlated with LCC data. The last 

step is to establish that the learning LCC model has the ability to be trained in order to 

effectively match the LCC results.  

It is clear to see that the parameters available at the conceptual design stage that the 

quantitative and qualitative and cost estimation tools highlights are mainly depended on the 

type of algorithm that is being used. What is common with these tools is the need for applying 

certain inputs. The tool later provides the designer a cost estimation of the unit as an output, 

since the tools functions automatically. 

  

Figure 18 Conceptual relationships between product attributes and the LCC factors - (Seo et al. 2002) 
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7 Automatic cost estimation methods  
Since the cost estimation tools mentioned in the previous chapter aims to simplify a 

designer’s work. It is necessary that the new tool must be able to estimate the final cost of a 

gearbox automatically. Therefore, another part of the literature review was to identify 

general automatic cost estimation models which function automatically.. The focus of this 

section is to present the structure of the method and which automatic method that could be 

used within the new tool.  

7.1 Knowledge-based engineering 

An automatic method that is well established and used by engineers are expert systems, also 

called knowledge-based systems (Schmid, Steven R, Kalpakjian 2009). The goal of a 

knowledge-based system is to solve a task the same way as a human would (Schmid, Steven 

R, Kalpakjian 2009). An example of a knowledge based system is from Choi et al, they made 

an intelligent computer program that had the capability to estimate the cost of a component 

with the help of a 3d-program (Choi et al. 2007). 

Choi’s method is supposed to use all the geometrical information from a 3d drawing and use 

it to estimate the cost of the component. The method is estimating the cost for booth 

manufacturing and the assembly of different articles. The aim of the method was to validate 

the relationship between cost driving parameters and the final cost. (Choi et al. 2007).  

The output is the final cost but to achieve the result, several of inputs are needed from the 

user. In this article, they chose to use the following inputs: 

 Parameterized geometry 

 Design parameters including part/assembly types 

 Materials 

 Production methods 

In this article they used four elements to estimate the cost after the input parameters (Choi et 

al. 2007). They first use an estimation process, then an estimation model and over to the 

calculation model. All of them received help from assistant techniques.  

First the estimation process identifies the sequence of cost and in this case using a bottom-up 

process, which follows the component from raw material to finalized product. After this, the 

cost estimation model indicates the relationship between the input parameters listed above 

and the dependent parameters, which are the cost. An example of an estimation process can 

be the inference engine, fuzzy logic. It is a model that arranges vagueness and imprecise 

information into mathematical means, therefore is the name fuzzy used (Schmid, Steven R, 

Kalpakjian 2009). A cost estimation application is for example hole depth, hole diameter and 

surface finish and the output is the machining time.  

Shehab and Abdalla used these parameters. They used a similar method as in KBE. But to 

compute the output from the inputs, they used fuzzy logic (Shehab, E.M., Abdalla, H.S., 

2001). They applied rules from the inputs and decided the output depending on which of the 

rules that were fulfilled.  

The cost estimation method can then determine the same relationships and rules but on a 

mathematical basis. The assistant techniques are meant to support the relationship 

development booth in the cost estimation method and the cost estimation model.  

A simplified model of a knowledge-based system can be seen in Figure 19. Where the control 

structure can be explained as the cost estimation method and gives the final cost to the end 

user. 
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Figure 19 Model of a knowledge-based system 

The expert systems usually use an interface to announce the result. Languages that can be 

used are java, c++ or prolog (Schmid, Steven R, Kalpakjian 2009).   

The result is based on the control structure, which contains the rules. The rules are checking 

information from the knowledge source and the database. Further on, they are matched with 

the rules that are applicable. The rules are typically on if-then basis. One example of the result 

from an expert system could be the following: 

The inputs are 5 articles that have geometry circle and cube. These facts are controlled in the 

database. If they are in the database they are send to the control structure (inference engine). 

The rules are checked in the control structure. The rules can be as following: If circle=3 and 

cube=2 then assemble=30. But if any of the parameters were to be changed, so would the 

result.   

The result of the KBE is varied since these types of systems needs a lot of knowledge to form 

the rules and the system needs to continuously be maintained.  

7.2 Generic framework 

Instead of using KBE, there are several of authors that are using frameworks. A framework 

can be described as expert-systems shells or environments that can help a developer to write 

program afters specific needs (Schmid, Steven R, Kalpakjian 2009), in this case cost 

estimations. The framework can for example be generic or integrated.  

The method in the different frameworks differs and the user can develop the framework 

further or adapt it to a certain product.  

For example is Yui and Egbelu using a method that is searching for all possible ways to 

manufacture a part and then optimize the cheapest method(Yui & Egbelu n.d.).The algorithm 

is based on choices that are depended on the geometry. For example, if the geometry is 

cylindrical and has a certain radius, drilling is an option. If the shape is not cylindrical there 

are other options. The method is considering the option according to the following sequence 

in Figure 20. 

(Knowledge Source) 

(Rule interpreter) 

Knowledge base 

Natural-language 

interface (optional) 

Control structure 

User 

Database 

Input data 

(System status) 
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Figure 20 Sequence of a generic framework 

As seen, the method is based on a sequence and all the steps are depending on each other. 

Everything is done atomically. The input of the method is geometric design data, blank stock 

shape and cost data. The algorithm is a loop that will loop until all entries are evaluated. The 

downside with this method is that they have no connection to a CAD-program and the authors 

find this being a future development (Yui & Egbelu n.d.) 

Another example of a generic framework is where the costs are divided on feature-, 

component- and assembly level (Weustink et al. 2000). The authors of this article concluded 

that the cost could be divided into the following four parameters that are the cost driving 

product characteristics: 

 Geometry 

 Material 

 Production process (es) 

 Production planning 

The parameters consider being cost attributes. These attributes are controlled on a feature-, 

component- and assembly level. With other words is the cost attached to geometry controlled 

on all three levels. All levels are dependent on each other and communicate with the help of a 

structure.  

The framework follows the fundamental structure as shown in Figure 21 Fundamental 

structure (Weustink et al. 2000) and is also based on the four parameters mentioned above. 

The following section aims to explain the structure further; 

The product can be represented in means of elements. Elements and relations have attributes. 

Examples of attributes in a gearbox can be dimensions, type of steel or tolerances. Examples 

of elements in the gearbox are gearwheels, planetary gear and manoeuvring. The elements can 

have relations with each other, for example being a part of the same component. The cost 

attributes are allocated to the product elements. The cost attributes are not allocated to the 

relations between the elements as seen in Figure 21. 

Manufacturability 
verification

Feasible process 
sequences 

All entries of the cost 
matrix are 
evaluated?

Cost matrice of 
setup,material 

handlig, fixtures and 
machining

Select an 
unevaluated entry

Machine tool

Volume size

Evaluate machining 
cost

Fixture system

Estimate setup and 
fixture costs

Evaluate the material 
handling cost

Select a process 
sequence with 

minimal 
manufactruing cost

Recommendation

n 

n 
Cost Attributes 

Attributes 

Relation 

Element 

Figure 21 Fundamental structure (Weustink et al. 2000) 
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The physical product also has five elements that are assemblies, components, modules, faces 

and features. But no cost attributes are connected to faces and modules. If a surface need 

manufacturing it counts as a feature.  The faces are surfaces that aren’t going through any 

production operations and modules are groups of components.  

To better understand how the method is proceeding, an example is written. It’s an example of 

a simplified gearbox with three components, as seen in Figure 22. 

The method follows the fundamental structure for each 

level, starting at the assembly level. In Figure 22, the 

iteration starts with the gearbox itself. It checks which 

components that are part of this assembly and what are 

the cost attributes allocated to this level. When the 

iteration has noticed all the elements (components) in 

the gearbox, it continues with the features. All the 

features in each component is allocated with their cost 

attributes. When the cost attributes of all levels are 

detected, the total cost can be calculated by adding all of 

the costs from each level.  

At each level, an option point can be added. This option 

point can either display different design alternatives or 

product variants. It can be a way of comparing if a 

component should be manufactured in-house or bought 

from supplier (Weustink et al. 2000). The cost for each 

brand can then be compared with each other. Since the 

costs are calculated on each level, the cost driver can be 

announced. This gives the designer an opportunity to 

change the design to decrease the costs (Weustink et 

al. 2000).  

7.3 Integrated 

Instead of helping the designer to announce the cost driver with the help of another program, 

an integrated framework can be used. There is one where the framework is integrated with a 

CAD-program (Ou-Yang & Lin 1997). The aim of their framework is to estimate the cost at 

an early design stage, after the CAD module design. The system framework is consisting of 

three different parts, a CAD/CAM system, an analysing module and a reference module.  

Each of the modules consist of tools that perform tasks and save data. The first module, 

CAD/CAM, consist of a library and a tool. The feauture-based design tool helps the designer 

to modificate and construct the parts. In the library, relevant data from the features are saved.  

Once the feature is designed, the next step in the flow is the analysing the module. The 

analysing module is working with the reference module.  

The reference module consist of several of reference data. Such as available machines, 

operation type, operating cost for each piece of equipment and surface ranges for each 

machine. It also consist information about how to produce certain features that has different 

roughness and the duration of each process. The last file of reference in the reference module 

includes data about individual features. This is info such as volume and defined parameters. 

All of this costs are saved in the manufactruring cost file, which is displayed for the user.   

It is in the cost file that the final cost will be saved and this will also work as a reference for 

the user. It is the reference module that is writing to this file. This module is the major module 

and consist of two sub-modules.  
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The first sub-module is the feature geometry analysis. This module is directly connect to the 

database in the CAD/CAM module. It extracts the feature-based part data. It is then saved in 

the feature specification file in the reference module.  

The second sub-module is the cost analysis module. In this module there are three functions. 

The functions analyse the manufacturability of a feature, manufacturing time and least the 

manufacturing costs. The manufacturability is comparing the tolerance of the feature with the 

machine ability. The machining time is gained through the volume of material that is removed 

and the surface roughness of the features. This data will help the estimation of the 

manufacturing costs.  

7.4 Apriori 

The entire manufacturing cost is something that has been wished to estimate for a long time 

and programs have been developed for this purpose. One example of a program that also has 

been in contact with Scania is Apriori.  

Apriori is a program used by companies in the purpose to control if their products meet its 

profit, by the usage of product cost management (PCM).  

Apriori is  an established PCM-software, used in the purpose of making informed decisions 

that can drive costs out of products pre- and post-production (Apriori 2015a). This software 

gives the designers the ability to analyze cost rapidly and accurately in real-time. It is 

integrated with a 3D program and extract specific information of manufacturing process 

based on a 3D model. The designer has the opportunity to assess alternative designs, 

processes and sources (Apriori 2015b). 

For the process, the software considers different manufacturing processes, the sequences of it 

and which cost drivers that have an influence on the product cost (Apriori 2015c). It also has 

the ability to display the labor costs and the overhead costs in several countries if for example 

outsourcing is used.   
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8 Result - Cost estimations within the concern 
The first part of the result was to make an investigation of how the cost estimation of 

gearboxes are performed at Scania and other companies. This was along with investigating 

whether if established cost estimation tools/software’s exist within the company. The choice 

was to investigate Volkswagen since Scania is part of the Volkswagen concern. If a 

tool/software existed, the purpose according to the research question was to measure the 

accuracy of the tool/software compared to the developed tool in this thesis. To do so an 

investigation within the concern started and is presented in this part of the result.  

8.1 Scania CV AB 

The cost of a component at Scania can be divided into to two parts, as shown in Figure 23. 

These are the costs of the material and PVA (product value adding). The material considers 

the cost of the actual material purchased before manufacturing. The PVA on the other hand is 

the value that is added on the component depending on the costs it causes. The overhead costs 

of the department are included in this as well. The PVA can be divided in to two types of 

PVA; the PVA for manufacturing and the PVA for assembly. The manufacturing department 

is called DX, while the assembly department is called DT. 

 
Figure 23 Cost of a component 

Apart from the two departments DT and DX, there are several of departments in the 

organisation that are involved for producing the gearbox. This can be seen in the organisation 

diagram in Figure 24. 

The gearboxes launch their lives at the R&D (research and development) department, where 

engineers design them. When they have completed the design phase, the next step is for them 

to be manufactured. These components can either be manufactured within the company or 

purchased. If purchased, the purchasing department handles it. Once the components are 

manufactured or purchased, the next step for them is to be assembled, which is carried out at 

the DT department. 

The R&D department on the other hand adds the cost of material for the components. This 

cost is calculated every month, which is depended on the state of the market.  

The total cost of the components is gathered in a list every year, this is by gathering the PVA 

from both DT and DX, as well as the material cost from R&D. This cost is called the delivery 

value.    

8.1.1 Cost estimation at the purchasing department 

Material PVA Cost

Figure 24 Departments involved in gearboxes at Scania 
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The delivery value on the other hand does not consider the cost estimation obtained at the 

purchasing department. This is because they only perform cost estimation of articles that are 

purchased from other suppliers. They only perform cost estimation based on the cost of 

material and the manufacturing process. The method that they use for their estimations was 

explained during a meeting with a cost engineer the 27:th of March 2017, which is 

summarized and presented in the following.  

As the cost engineer describes it, the aim for the cost engineers is to make sure that Scania 

can concur against other companies. This is by making a detailed evaluation in order to 

confirm that Scania receives the right price offer from the suppliers by cost estimations. 

For obtaining these types of estimations, there is no general method used at Scania. Instead, 

there is one cost engineer that is an expert on each component. Every component is unique. 

Therefore, there is a need for having good knowledge of the manufacturing process to be able 

to achieve reliable estimations. This means that the cost estimation method in this department 

is tailored for every considered component.   

The cost engineer that was interview had his expertise area in gearboxes and mainly on the 

gears. His method can be described as in Figure 25. The method could be described as 

bottom-up approach, which implies that in this case a bottom to top view on the product is 

performed. It means that the estimations are based on already existing production, down to 

the raw material (Göran 2013). 

 

Figure 25 Method for cost engineer 

The aim of the first step is to estimate the raw material; therefore the drawing is investigated 

at this stage. This drawing usually contains information about the drawing of the final product 

and a drawing for smith. The final drawing is the appearance of the product when it is 

finalized. The smith drawing illustrates how the product is going to be forged. Each of these 

drawings displays the weight for the component. The difference is the removed material, 

called scrap. However, sometimes there are no drawings for smith available. 

If smith drawings are not available, the cost engineer has to estimate the amount of material 

that is needed before smithing. Figure 26 displays a section view of a gear and the estimation 

the cost engineer makes when no smithery is found. The blue part is the final product and the 

red part is the material that is added to get the original work piece. The white part is the hole 

in the middle of a gear.  

Figure 26 Added material at a gear 

When the material is added, the cost of the material can be estimated. The material is divided 

in three parts. The base cost, cost of alloy and the cost of scrap. The base cost is the cost of 

the material, the alloy is what is added on the gear and the scrap is the amount of money that 
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can be saved if the scrap is sold. When these factors are concluded from the market, it can be 

multiplied with the weight of the material, weight of scrap and weight of the alloy.  

After the third step, the gear data sheet is analysed. Here all of the necessary information that 

is gained about the gear and it characteristics. This information is necessary for estimating 

how much time that is required for manufacturing the gear. All of the data is then added in the 

cost estimation sheet in excel. In the cost estimation, other relevant data is also added. This is 

information about number of tools, the lifespan, type of machines and so on. What is not 

taken into account is the PVA.  

At the last step, the cost is added into an estimation program from Volkswagen. In the end, 

the result is a number, which represents the cost for each step in the manufacturing, the 

overhead cost and profit. The profit and the overhead cost are changed depending on the 

volume.  

Apart from the tools and the machine itself, the total time of the machining process is relevant 

for the cost. This is because a larger module in a gear means that the machine needs more 

time to manufacture the gear. The module of a gear is the pitch diameter in millimetre divided 

the number of teeth, as seen in the following equation (Olsson 2006).  This can also be 

illustrated in Figure 27. 

 

Figure 27 The module of a gear 

Therefore, a larger module means a larger area to process.  

The steps that are followed in this method use certain parameters. These parameters can be 

found in Table 12. 

Table 12 Important parameters at purchasing 

Parameters      

Material Base Alloy Scrap   

Machining costs Set up Down time Handling   

Fixed costs Rent of the 
building 

Overhead 
costs 

Amortization Machine 
related costs 

 

Variable costs Machine costs Tooling costs Setup costs Labour costs Energy costs 

As seen in the table, most of the used parameters are depended on the manufacturing process. 

8.1.2 Cost estimation at the manufacturing department - DX 

The manufacturing process at Scania takes place at the DX department. They calculate the 

cost of each produced component. The method used there was explained through a meeting at 

DX, the 20:th of March 2017.  

During this meeting, it was understood that DX does not estimate their costs on beforehand. 

Their calculations are based on the actual costs of the components. They have a structure that 

they follow each month for computing the cost and then calculating the PVA. This structure is 

illustrated in Figure 28.  

 

Gather costs of each 
department

Certain % for each 
component group

Total actual cost =

cost department * %
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Figure 28 Structure to calculate PVA 

The first step is to collect the costs from each department. These are all the cost that each 

department causes including the overhead costs. Other departments included in the PVA for 

DX are the departments for quality, engineering, logistics and support. They can be referred 

as fixed costs along with the overhead costs. Once all of the costs from each department are 

collected, they are added on each component.  

To be able to add the right amount of costs for each component, a certain percentage is 

applied on every department. These percentages represent the allotment of the total cost of the 

component. The total cost in this case is obtained by multiplying the certain percentages with 

the total actual cost of each department. These costs are then added together in order to obtain 

the total cost of the component. The used percentages differentiate depending on which 

component group cost that is being estimated.  

The cost estimations for these components are depended on how much time each department 

use to manufacture that specific component of their total machining time. There can be 

departments that partly are working with a certain component and therefore not 100% of the 

cost is added on that component.  

Further on, the PVA can now be obtained. This cost is calculated at the economic department, 

which is calculated through the following equation: 

𝑃𝑉𝐴 =
𝑡𝑜𝑡𝑎𝑙 𝑎𝑐𝑡𝑢𝑎𝑙 𝑐𝑜𝑠𝑡

𝑣𝑜𝑙𝑢𝑚𝑒
 

 

The considered parameters within DX can be found in Table 14.  

Table 13 Important parameters at manufacturing 

Manufacturing - DX 

Total cost Fixed costs % of manufacturing for 
each component 

PVA Total cost Volume 

The parameters and calculation of PVA, at DX does not differ that much from DT, which is 

the department where the gearboxes are assembled.  

8.1.3 Cost estimation at the assembly department - DT 

The strategy that the assembly department, DT is using was explained through a meeting at 

the department the 12:th of April 2017. At DT, a controller was interviewed at the economy 

department. As performed in DX, their economic department calculate both the PVA of DT 

and the total cost (material + total PVA) at DT as well.  

The obtained PVA at DT is the actual cost from each of the departments within the assembly 

department. Because the assembly is done at several assembly lines it makes it difficult to 

calculate the PVA. That is why it becomes more difficult to attach a cost to a place of cost. In 

order to divide the cost fairly, DT uses mix factor. This factor divides the cost depending on 

how much time each part of the assembly is working with each component/gearbox. When 

DT is calculating the PVA, the first step is to get all of the numbers from the different 

departments. The work path can be seen in Figure 29. 

 

Figure 29 Structure to calculate PVA at DT 

Once the costs are transferred from Oracle, their cost tool, to excel, they are distributed into 

distribution keys. Each of the distribution keys are connected to a place of cost. The fixed 

costs are also divided on all of the different departments so they can be added on the PVA for 
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each gearbox. This is in order for each cost to be connected to a distribution key and a place 

of cost as well. As seen in Figure 29 Structure to calculate PVA at DT, the next step is to use 

the mix factor. The mix factor is a measurement on how much time each place of cost is used 

on each gearbox. The mix factor is multiplied with the cost from each department, the 

distribution key. The last step is to calculate the PVA. This is provided according to the same 

equation as in DX. As seen in Table 14, the parameters at DT are almost the same as in DX.  

Table 14 Important parameters at assembly 

Assembly 
   

Total cost Fixed costs Variable costs Mix factor 

PVA Total cost Volume  

However, the main difference between the departments are that DT main cost driver is the 

employees, since it considers to be approximately 50% of the total cost. The reason behind 

this cost is depending on the time it takes to assemble and the level of volume as well. An 

increased volume requires more employees and a longer assembling time requires more 

employees as well. However, it is important to understand that this cost is not linear. It 

depends on the takt time. This is also something that makes it more difficult to determine the 

number of employees that are needed, since it is depended on both volume and takt time. The 

takt time is depended on the volume, the actual available time and the assembly time. The takt 

time can never be lower than the cycle time of the gearbox.  

The assemble times required for each component are added together in order to obtain the 

total time to assemble a gearbox. At DT, they have an excel-sheet to evaluate the time needed 

to perform certain operations. Some of these components are pre-assembled and they can be 

found in Table 15.  

Table 15 Pre-assembled components 

Component Number of operations 

Manoeuvring  15 

Housing  13 

Planetary gear 9 

Main shaft 8 

ECU, sensor, cables 13 

Lay shaft 4 

Oil system 4 

Coupling 4 

Input shaft 1 

Output shaft 2 

Once the pre-assembled components are finished, they can be added in the gearbox. Further 

on, the total assembly time can be concluded and the total finalized cost can be estimated. The 

total finalized cost of the components is estimated at the economic department at DX.  

8.2 Cost estimation at Volkswagen 

At Scania, the cost for each department is estimated at their separate economy department. 

VW on the other hand, perform their estimations differently. Therefore it was interesting to 

analyse their methods in comparison to Scania’s.  

This comparison could take place because of a former employee at Volkswagen, which is 

now the heads of cost engineers at Scania. An interview took place at Sodertalje South, 19th 

of April 2017. The questions that were asked during the interview can be found in Appendix 

1. 

8.2.1 Organisation 
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Since the head of cost engineers have been working at the purchasing department at VW, it is 

from this point of view the strategy for how VW cost estimations are performed that has been 

taking to account.  

At VW, the organisation for cost calculations functions accordingly to Figure 30.  

 

Figure 30 Organisation at Volkswagen 

The difference between the purchasing department and the economic department is that the 

economics department estimates all of the costs within the organisation. The purchasing 

department only consider parts that are going to be purchased. The purchasing department is 

then divided into two parts, where there is one more general part that is working with for 

example the benchmarking and how they can help the supplier to gain a cheaper price. The 

other one is about cost engineers estimating costs, where they focus on the cost of the 

component that is going to be purchased. The estimations are based on very accurate numbers 

in order to decrease the prices from the suppliers. They do not estimate the cost for producing 

a component in-house.  

8.2.2 Work path at purchasing in VW 

Several cost engineers perform the estimations at Volkswagen. There are also several of 

people that are working on the same area of the truck.  

Since Scania is a part of the VW concern they have been working with a standard that is 

proposed from VW since 2010. Every company in the concern is part of this network called 

IPCM- international procurement cost management. They have specific work path that can be 

seen in Figure 31. The method at VW is very difficult for a designer to use, since a lot of 

estimations have to be done before it is entered in the program. Performing these estimations 

requires a large amount of knowledge. 

 

Figure 31 Method at VW 

First, they receive information from the supplier. This is information about their production, 

machines, employees and so on. Then they look into Casys, which is a database with 

information about costs. In the end, a comparison is made between these two in order to 

determine whether if it should cost as much as the supplier says, if something can be changed 

and so on.  

In these cost estimations they calculate the cost per piece. The manufacturing costs and the 

overhead costs are included in this cost. The manufacturing costs include both material costs 

and production costs. The overhead costs are referred to the profit and administration costs. 

The material costs and production costs can be further divided into several of costs according 

to Table 16. 

Table 16 Important parameters at VW 

Material costs Production costs  

Direct material costs Direct production costs 
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Scrap material costs Scrap material costs 

Pre-logistics costs Setup costs  

Indirect material costs Indirect production costs 

The direct costs are costs that can directly be attached to the product. Scrap that is in material, 

are costs that the suppliers are removing. Scrap in production, is the material that is removed 

during the production process. Pre-logistic costs are costs that will be added to transport the 

material to the right place. Setup cost is for the machine during production. Indirect costs are 

costs that always will be there but cannot be attached to one product, example the economic 

department.  

8.3 Designers point of view 

As part of the interviews at Scania, 7 interviews with the designers were scheduled. They took 

place between the dates 19/4-27/4 2017. All of the designers answered the same questions and 

they can be found in Appendix 2. During these interviews the aim was to gain a better 

understanding of how the designers are working, what parameters are important for them and 

how their previous experience affect their knowledge. Since the program that is developed 

with this thesis is going to be used by the designers, their opinion is of great importance. 

During the interviews, it was obvious that the knowledge was depending on both their 

academic and working background. Experience helped the designers in their work and helped 

them to estimate the cost of an article.  

A lot of the designers did not consider about the cost at all when they are working on a 

design. Either it was not important in their design or they prioritized other parameters. The 

designers that always had the cost in mind were the designers that were working on a critical 

part of the gearbox or designers that have been working for a while. The junior designers 

usually worked with improvements of an existing article. They do not necessary see the whole 

picture.  

The ones that had been working for a while talked about the importance of the big picture, 

which were to be able to see the total function and not only their product. 1 SEK on one 

article can be a huge cost on 1 million articles. If the entire life cycle of the gearbox is 

considered, the price of the article is just a small slice of the total cost. If an article is 

produced in a certain way, this might lead to the need of a new machine, which will make it 

more expensive. An article that is going to be connected with other articled must be easy to 

assemble.  

The assembly and the whole picture were more important for senior designers. They were 

more aware of how their article affected the entire function of the gearbox. Can one article be 

deleted and the function is still correct? They are trying to delete material that is not needed 

and thinking about their tolerances. Because they know that a narrow tolerance will cost more 

since it will need more processing. They mainly prioritize the function. If the function is 

correct, they will then consider minimizing the cost and weight.  

8.4 Important parameters for the designers 

Cost and weight were two parameters that were not of greater importance. The designers were 

asked which parameters that were of greatest importance for them, the result can be seen in 

Table 17. Here there are the parameters and the main value from their prioritization.   
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Table 17 Designers parameters and prioritization 

Parameter Prioritization 1 -7 

Function 1 

Concept 2 

Durability 3 

Weight 4 

Cost 5 

Losses 6 

Manufacturing 7 

The designers found that a big obstacle for their daily work was communication. This is booth 

regarding communication in-house and outside Scania. Outside Scania is normally referred to 

suppliers. The designers would like to have a closer contact with the suppliers to discuss the 

possibilities to change a design. Today this is mainly done through purchasing. Inside Scania, 

the function is normally considered. The function and specifications may not be clear which 

leads to re-work. It is difficult to know if the solution will work before it is tested.  

In order to test different solutions and concepts costs and requires a lot of time and there is 

always lack of time. It makes it difficult to keep it simple and still keep the function. This 

make it easy to fall back to how it was before, which prevents from being creative and 

thinking outside the box. It is difficult to change something that previously have been 

working. The senior designers say that one should never change something that works.  

8.4.1 How to help the designers in their daily work 

Since the organisation has changed at Scania the designers have noticed a change in their 

daily work, they have more pressure on them to consider the costs. Therefore, the designers 

find this thesis tool helpful. They think that they can get a better understanding on how 

different components affect the cost and if some components are deleted, how the total cost 

and weight are affected. They also found it important to be able to form a basis for a boss. 

This to have a motivation why changes should be done and how they directly affect the cost. 

The designers were also asked which parameters they would like to add and find important in 

this program. The following parameters were discussed: 

 Heat treatment 

 Manufacturing methods 

 The general cost and weight of components  

 Price/kg for each component 

 Density of components  

 Tolerance 

 Assembly 

 After-sale 

 Comparison of different concepts 

 Reparation 

 Cost for problem 

 Different between article inside and outside gearbox  
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9 Result - New developed cost estimation tool 
The second part of the result in this thesis is to develop a tool for the designer to use in an 

early design stage. The tool was developed with the help of the first part of the results and the 

literature review. The result ended up in a program, which was programed in Excel. 

9.1 The program 

 The program has a main structure; this main structure is an overview of how the program in 

general is meant to proceed. The structure is illustrated in Figure 32.  

The structure is divided into three steps; input, relations and result. This structure is used on 

three levels; assembly, main components and under-components. Since the article level is not 

considered, under-components level is the lowest level. An illustration of the levels is 

illustrated in Figure 33. 

The under-components are the components that need pre-assembly before they are assembled 

with other components to the main components. The main components are the components 

that are needed for the gearbox. In this level, the main components are assembled. In the 

highest level, all of the main components are assembled on the housing to achieve a gearbox. 

The number of components that are assembled in the main assembly is depending on the 

inputs from the designer.  

9.1.1 Inputs in the program  

The inputs are collected from the input sheet. All the inputs that the designer is adding into 

the input sheet can be collected from a conceptual drawing. These inputs are divided into the 

main components to sort out the information for the designer.  The parameters that the 

designer can enter are the ones that can affect the weight and cost of a gearbox.  The designer 

can enter the following parameters, found in Table 18. 
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Table 18 Input parameters of the program 

Main shaft Lay shaft Other 

Split gear wheel main shaft Input gearwheel Planetary gear 

Gear wheel 1 Bearing front 

 

Gear wheel 2 

  

Crawler 

  

Sync package 3 Input shaft Housing 

Sync package 2 Needle roller bearing Front housing 

Sync package 1 

 

Rear housing 

Needle roller bearing 

  

Driver 

  

Bearing back 

  

Bearing inner ring 

  

Bearing other 

  

For each component there are different options. Number of components is possible to select 

on all components apart from shafts and housing which are always components of a gearbox. 

The choice of material is only possible at housing. For the gears a width can be entered. For 

the sync package numbers of cones can be chosen. There is also a possibility to enter general 

information about the gearbox. The general information that is available is the distance 

between main and lay shaft and the daily volume. These inputs help the program to 

understand and connect the relations between the different components.  

9.1.2 Relations in the program 

The relations in the program are mainly based from the literature section about the gearbox; in 

section Error! Reference source not found. and the kr/kg method in section Error! 

Reference source not found.. There are the main relations such as that the gears on main and 

lay shaft are expected to have the same width and that the number of drivers depends on the 

number of synchronisers. Then there are relations that are related to assembly, weight, length 

and general relations.  

The general relations are based on the volume and the distance between shafts. The distance 

between shafts will make the housing, the gears and the synchronizer shorter or taller. This 

distance has a relation to the volume of the housing. The distance between shafts mainly 

affects the height of the housing. The components that are adding length, as concluded in the 

kr/kg, are gears, bearings, drivers and synchronizers. The sums of these length changes are 

added in relations. The designer enters the width of the gears while the other components 

already have a standard width. The volume of the housing is calculated through the following 

equation: 

(𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑙𝑒𝑛𝑔𝑡ℎ + 𝑎𝑑𝑑𝑒𝑑 𝑙𝑒𝑛𝑔𝑡ℎ) ∗ (𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 ℎ𝑒𝑖𝑔ℎ𝑡
+ 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑠ℎ𝑎𝑓𝑡𝑠) 

If a component already has a standard length, it only affects the length if the number of 

components changes. So the certain length is then added or deleted from the total length.  

The added length is later multiplied with the weight or cost for material/mm2 to achieve the 

material cost and weight of the housing. Since there is no easy division between front and rear 
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house, the added length is divided with a percentage of how much of the total length each 

house contains. The reference length of the housing and the length and weight of each 

component can be found in the database.  

9.1.3 Database in the program 

The database consists of three parts that are displayed on three different sheets; times for 

assembly, information about components and the reference gearbox.  

The reference gearbox sheet is the reference that the program refers to. This sheet contains all 

of the standard information about the gearbox such as distance between shafts and number of 

gears.  

The assembly time sheet is referred to assembly time allocated into a detailed level. The times 

considered in this sheet is allocated according to the levels mentioned previously.  

The material sheet is also a sort of reference but here the information is specific to each 

component. Here are the lengths, the widths, the costs, kronor/mm and kg/mm stored. This 

database is necessary to calculate the cost drivers.  

9.1.4 Cost drivers in the program 

Three types of cost drivers are recognized; cost of assembly, added weight and added 

material. As seen in Figure 32, the cost drivers are considered for each relation and this is 

done at each level. Each level is estimating its own cost drivers. The first cost driver, 

assembly cost is, as mentioned, calculated through the time for assembly in seconds 

multiplied with the cost of a person per second.   

The second and third cost driver is calculated in the same way. If there is a component that 

cannot change in width, the cost of a component or weight of a component is multiplied with 

the difference in number. If there is a component that differs in width, they are calculated 

through the following equation for cost driver two: 

𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑙𝑒𝑛𝑔𝑡ℎ ∗
𝑘𝑔

𝑚𝑚
∗ 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑠ℎ𝑎𝑓𝑡 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 

The third cost driver is calculated the same way as the previous equation except for instead of 

kg/mm it is multiplied with kr/mm to receive the added weight. There is though one different 

aspect, the calculations of the housing. Since the housing is affected by several components, 

this equation differs. First the change in length is calculated. There are four components that 

affect the length, it is, as mentioned in section Error! Reference source not found.; 

bearings, gears, drivers and synchronizers. Then the added height is calculated through the 

difference in distance between the shafts. The new housing is calculated with an area. The 

height multiplied with the length. This is later multiplied with the kg/mm2 or kr/mm2. This 

also depends on the selected material. There is a different cost and weight depending on the 

material. Different materials give different result. 

9.1.5 Results of the program 

The results for each level are shown in each of the levels sheets. But there is also a sheet that 

displays the results. The result sheet displays the cost drivers for each level and the biggest 

cost driver in each category. Apart from the cost drivers, the results show costs and time to 

assembly. The assembly time is divided into time for one gearbox, both main line and sub-

assembly. It also displays the time to assemble a certain volume and the standard volume. 

With the assembly time, the assembly cost is attached; the PVA, which is also displayed. The 

cost is attached to number of employees that is needed number of employees are also 

displayed. Apart from the costs, the total weight, added weight and new length are displayed. 

The total cost is divided with weight to achieve the cost/kg. 
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10 Analysis and Discussion 
This chapter presents the analysis and discussion of the result of this thesis work. It presents 

the main objective findings and the limitations with the study and the new tool. The results 

from Scania’s working path is discussed and a comparison between the new tool and the 

Kr/kg tool is made for evaluating the differences.  

10.1 Cost estimation strategies within the VW concern 

There were two reasons behind preforming the investigation at Scania, achieve an 

understanding of their methods and investigate if any tools or software’s were used. This 

information could later on be used to develop the new tool. Also, for making a comparison 

between the new tool and the tools at Scania, in order to measure the accuracy and to gain 

inspiration for it.  

The results revealed that the different departments estimate the costs in different ways and 

therefore, a general way for estimating the cost of a gearbox does not exist. Nor does any 

tools/software’s for estimating the cost. That is why regarding the cost estimation strategy 

perspective and what factors to consider, the gained information was not directly useful to use 

in the new tool. However, the parameters used at Scania are used later in the life cycle of the 

product. Therefore, it is more likely that this information will not be helpful in the new tool. 

The strategies used in these departments were either too general to use or tailored for an 

expert. The different methods for each department are not relevant for the following reasons; 

 The method used by the cost engineer is mainly depended on the cost factors of the 

manufacturing process. Since our tool only considers assembly and the cost engineer 

does not, their method was not relevant. 

 The strategy used for estimating the cost at DX and DT can considered being the 

same. Both DX and DT more or less uses the strategy of considering the departments 

within DX and DT being distribution keys. These cost aspects are information that is 

both not available at an early stage as well as it is information that is too complex for 

a simple tool to handle. Therefore not relevant for the new tool.  

 The method that is used at Volkswagen is similar to the method that is used by the 

cost engineers at Scania and is therefore not relevant as well.  

Even if the investigation within the company was not directly useful for the structure of the 

new tool, it still gave the opportunity to become familiar with the type of parameters that they 

use and how the volume affects the cost. The investigation eased the selection of parameters 

and the recognition of the volume impact in the new tool.  

The largest volume impact at Scania’s assembly department is the cost of employees. 

Therefore, this the volume impact has been in consideration. As it was stated in the literature 

review, section 5.8, the fixed costs are the cost that is affected when a higher volume is 

produced. Since the overhead costs are not considered, the number of employees is the only 

fixed cost. This cost is gained from the actual costs.  

The new cost estimation tool has the actual costs in common with Scania. Since the new tool 

gain the cost information from the produced gearboxes and use it as reference. Even though, 

there is a main difference in the new tool. The departments at Scania use updated information 

of their references, while the new tool does not. The new tool only considers the cost of the 

gearbox the day the information was received.  

10.2 The new developed cost estimation tool 

As a result of the first part and the literature study, the new tool was developed. This tool was 

structure with the designer’s point of view taken into consideration.  
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As stated in the result, the parameters that was of most of importance for the designers were 

the function, the concept, the durability, weight and cost. The designers also found the 

program to be helpful for comparing different gearbox concepts, to announce the cost of a 

problem/change, to see the assembly cost and to announce the kr/kg for each component and 

the general costs. Therefore, we found it of importance to achieve some of these desires in the 

program. The database will announce the time for each process and the cost of each 

component. It will announce the changes in a design and visualize more information for the 

designer. Therefore the program was structured and developed according to these demands. 

But not only was the program structured according to the designers point of view, the 

literature review was also of great importance. According to the literature review in section 0, 

several of solutions to estimate the cost is to use a framework, which we also decided to do in 

our program. Our framework consists of standard information for each component, assembly 

times and the relations between them. As Weustink et al did in their tool; we decided to 

structure the program in levels, generally to make it easier for the designer to visualize the 

cost for each level. The reason why we decided to use a framework and not knowledge-based 

engineering is mainly because of the complexity. A knowledge-based tool requires more 

knowledge from the user. It depends on the user and how the user enters the values. The users 

most know what they can enter in a rule-based tool. There is no really structure of what the 

user can enter which means that a lot of relations and knowledge can be lost on the way. We 

also wanted a tool that was more accurate than the use of fuzzy logic or a rule-based program. 

We wanted to show the actual cost and not the approximately cost.  

This is also the reason behind the choice of parameters. The number of parameters that has 

been added in the program is based on the parameters that the designer achieves in the early 

conceptual design stage, from a conceptual drawing that can be seen in section 3.2. Therefore 

it was difficult to advance some of the estimations that were made in the program. Examples 

of estimations that are not that accurate are the following:  

 The height of gears is not a standard and nothing the designer has in an early design 

stage. The accuracy of the added material is therefore not so high. Since the 

estimations are based on a certain height and the width of the gear is only changed, 

this means that the volume is not correct.  

 At the moment, the planetary gear is considered as one component including the 

housing. However, there are changes in the planetary gear that could be taken into 

consideration. The reason why this was left out was because there is not enough 

information in the conceptual drawing.  

The parameters that the designer is entering give the designer the opportunity to manipulate 

the results. They can affect the assembly cost, the added weight cost and the added material 

cost. Depending on the number of components and the combination of the components, 

different assembly times, weight and material costs are calculated. This will help the designer 

to make better decisions since the change is visualized. This is something that is different 

compared to the Kr/kg tool.  

10.2.1 Comparison between kr/kg and the new tool 

The differences makes the new tool more accurate compared to the Kr/kg. The main changes 

are the following: 

 The choice of parameters 

 Reference box 

 Each main component has it owns cost drivers and cost estimations 

 Choice of material 

 Assembly consideration 

 Kr/mm, kg/mm, kr/mm2 and kg/mm2 
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The first change is of great importance since it affects the end result significantly. The 

parameters in the new tool are more detailed. The new tool makes it possible for the designer 

to affect each main component. By changing the width of a gear or the distance between 

shafts the cost of the entire gearbox and the cost of the component is affected. The new tool 

can consider any gearbox that will be produced in the future, as long as it has the same 

structure as the reference box.  

The Kr/kg is based on a reference gearbox where the Kr/kg is achieved. This reference box 

has already been in production for several of years. The new tool also uses a reference box 

but only to achieve a reference length, weight and cost. When changes are made each 

component is added, deleted or changed compared to the reference.  

It means that each component has its own cost driver and its own cost estimations, which is 

not considered in the Kr/kg. The cost driver is determined partially accordingly to time driven 

activity based (standard) model as mentioned in section 5.6, where the determination of the 

cost driver is depended on the component that requires longest assembly time. Because it is 

determined on each level, the designer can easier understand the cause of an increasing cost 

and where it comes from, it give the opportunity to change each component individually such 

as the housing. 

The housing is currently the only component that the material of it can be changed. This is 

because the other components are standard components that have been produced in steel for a 

long time, as stated in section 3.2. However, the housing in the reference gearbox is made of 

two materials, aluminium and grey cast iron; this combination is not standard in every 

gearbox produced. Therefore, this component is the only component that can be changed in 

material.  

Other than the choice of material, the new tool considers assembly costs that are not 

considered in the Kr/kg. The volume, is something that will affect the assembly cost as well. 

Depending on the assembly time of the gearbox, the new tool also has the ability to display 

the number of employees required for a certain volume and estimate the assembly cost that 

comes along with it. This means that the new tool has the capability to consider the volume 

influence depending on a certain selected volume. Other relevant parameters have been in 

consideration as well, such as kr/mm. 

Even though kr/mm is considered in the Kr/kg tool, kr/mm is used with a different the new 

tool. Kr/kg emphasize to see the difference in length and multiply with kr/mm. The new tool 

emphasizes to consider each component and their effect on the weight and cost. Each 

component has a kr/mm and kg/mm and is multiplied with length. The limitation with usage 

of kg/mm and kr/mm is that it only considers components that increases or decreases along 

one side, either the length, the width or the height (x,y and z-axis). In order to consider 

components that increases or decreases on two sides, it is necessary to consider additional 

parameters. These are kilo per square millimetre for the estimation of the weight and kr per 

square millimetre for estimation of cost.  

10.3 Not considered literature 

Even though there are a lot of changes in the new tool, there were parts of the literature 

review that was not considered. The purpose with the literature review was to gain a wide 

perspective of the cost estimation field and therefore several possible cost estimation 

calculations were taking in to account during the literature review. Many of the standard cost 

estimation models that exist functions in a way where as many cost factors that occurs 

throughout the life cycle of a product are taking to account. That is why costs like overhead 

costs are taking to account in these types of calculation. Absorption cost, as presented is a 

good example for these types of strategies. Along with determining the parts the new tool 

should take in consideration, it was clear to see that these types of models were not suitable 

for the new developed tool. The main reason is because cost estimation performed by using 

these types of models are performed later on of the life cycle of the product while, while the 
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purpose of the new tool is to be used at an early stage. Different information is available at 

different stages of the life cycle, which further on means that different parameters are used. 

That is why the strategies used in these types of models were not used in the new developed 

tool. 

Cost estimation models like absorption costing are considered to be a well establish models, 

which are commonly used within industries. Since it is a well-established model, absorption 

costing was taking to account in the literature review. The purpose was to both gain 

inspiration of what parts that can be excluded in the new tool and to understand how cost 

estimations that are commonly used within industries functions. 
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11 Conclusions 
The aim of this section is to conclude our findings and express the limitations of our study. 

This is done with the new tool and kr/kg in consideration and the comparison between them 

and Scania’s method of working.  

The new tool that has been developed is more accurate than kr/kg. Since the new tool have 

more parameters, it is closer to reality. The new tool can handle any new gearbox as long as it 

has two shafts, no matter the distance between the shafts or the number of components. 

Something that kr/kg cannot handle. Then there is the fact that kr/kg doesn’t consider the 

assembly costs. The tools differs and consider different aspects and they are therefore difficult 

to compare in accuracy.  

The new developed tool may be considered as more accurate than kr/kg but it will never be 

100% accurate compared to the reality. The cause behind this is as stated in the discussion, 

the way of calculating. If a more accurate solution is wanted, more parameters are needed. 

But more parameters also mean that the tool is not considered as simple anymore, rather very 

complex. Apriori is a good example on how more parameters implies the result and makes the 

programme more complex.  Since Apriori use information on a 3D level and is based on a 

more complex programming, it has the ability to consider more aspects. This means that it can 

obtain more accurate cost estimation compared with new tool, which therefore considers 

being the next level for making cost estimations.  

But the question is what Scania want in this case. A simple tool that is easy to use or have a 

more complex method that is more accurate. If the first, as stated in this thesis, our tool is 

more suitable.  

Our tool is based on a gearbox from production. The reader should be aware of that the cost 

of a gearbox will only be accurate when the gearbox have been produced for a while. This is 

when the purchasing department have been negotiating the prices of the components and the 

volume has been stabilized. This makes it very difficult to achieve an accurate number in the 

early design stage. Therefore, the result will always only be estimations. The actual cost can 

be calculated after the production is introduced.  

As it was stated in the discussion, Scania doesn’t have a specific method to calculate the cost. 

They take the actual costs and allocate each cost to each distribution place and component. 

This means that the new tool would need the actual cost, which is not its purpose. Therefore 

it’s not possible to compare the two. Since VW was working almost identical to Scania, it 

means that it’s not possible to compare with them either. The volume influence on the other 

hand can be compared. As stated in the results, Scania knows that the number of employees 

and the takt time is what is influenced by the volume and therefore affect the cost.  

11.1 Limitations of the study 

Even though we are aware of the fact that the tool only will be estimations, there are some 

limitations that affect the result that could be solved differently. There were limitations of the 

new tool and the study in general. The limitations are the following: 

Weight - The weight is obtained from a certain kg/mm, tailored for every component. This 

parameter is multiplied with the width or the length of the component in order to obtain the 

weight. The limitation is that it does not have the ability to consider the changes in height for 

the component. Changes in height also imply an increased or decreased weight. The only time 

the tool considers changes in height is when the gearbox has another distance between the 

shafts. But since different gearboxes have different exchange, the height of the gears will 

change as the number of teeth change, as stated in section 3. Therefore the new tool will never 

exactly reflect to reality since it only consider one height of the component.   
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Material – Along with the weight is the added material cost. For the same reason as for the 

weight, the added material will be affected. The added or subtracted material cost will differ 

from reality. When the gearbox change the distance between the shafts, the added material 

cost will change with a certain percentage, the percentage that the change of distance is 

compared to the reference. But this doesn’t mean that the problem is solved in this case, since 

the percentage is only changing according to the reference height of the component. This is 

also adapted to the weight.  

Assembly time - The assembly time currently used in the new tool are based on the time it 

takes to assemble for the already existing gearboxes. When a new gearbox is developed, the 

concept of it will most likely differ from the existing gearbox. It means that the method of 

assembly will change and this means that the assembly time will change. This is not current 

supported by the new tool.  

Another limitation is that the assembly times in the new tool are based on a previous thesis 

that was made in 2013. The level of accuracy in this information is therefore unknown.  

Cost driver – The method to calculate the cost driver in the new tool is similar to time driven 

activity based costing, mentioned in section 5.6. The idea of TD ABC is to use the cost of the 

used resources as a base to calculate the unit cost. The new tool also uses the used resources 

to calculate the unit cost. But the TD ABC uses more than one source of resource. They 

account all of the costs that are related to the activity such as overhead costs, costs for 

handling the material and etc. The new tool on the other hand is limited to the cost of one 

employee per second multiplied with the assemble time. This is because it was decided that 

this costs were not supposed to be considered. It is also information that is difficult for a 

designer to achieve in an early design stage. This information also changes depending on the 

month and how many gearboxes that are produced each month.  

11.2 Critics to the study 

The main limitations that occurred in this study were the standard information used in the 

database of the program. Overall, a large amount of the values used in the new tool are 

estimated and therefore uncertainties resides.  

Regarding the material cost, they are depended on information gain that particular day. A 

better study would be to make a deeper analysis of how much the information differs 

depended on which period they are taken and then use an average of a certain period that is 

representative. This strategy would provide more reliable information.  

Catia has played a big role in gaining information regarding dimensions and weight of the 

components. Since there is a large number of different dimensions of the components to 

choose from when creating a gearbox, the dimensions and weight therefore differs from one 

component to another of the same kind. In this study only the main gearbox has been 

illustrated when gaining the information from Catia. An alternative could also in this case 

have been to use an average among the information of several components of the same kind, 

which would provide more representative information.  

Other parts that could have been in the consideration is to have had made a wider 

investigation among the designers. Since the designers’ desires and opinions plays a big role 

in this tool, that information is of a great importance. Therefore, more time could have been 

spent on making a deeper analysis on how they work in order to gain an even better 

understanding of their exact work strategy. The tool in that case would have been even more 

adjusted to them. Also, more participants could have been involved in the investigation 

among designers. That would have giving the benefit of gaining a more representative static 

on the designers’ opinions and desires.  
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12 Future work 
These mentioned limitations require an improvement in future developments, to obtain more 

trustworthy results. In order to develop the new tool further in the future, the next level is to 

consider additional aspects in it. Suggestions for additional aspects to consider in the future, 

along with suggestions on how to improve the mentioned limitations, are explained in the 

following points: 

 In order to ease the cost estimation, the components considered in the new tool are all 

handled as if all of them are purchased. In reality the components in the gearbox 

contains a mixture of both purchased components and components processed within 

the company. A future recommendation is to consider these two type. It could be a 

solution where the PVA for manufacturing is added on each component that is 

produced at Scania. 

 The cost of the material that is used as a reference in the new tool, are costs that can 

differ depending on changes in currency. Therefore the estimated cost becomes less 

reliable. A suggestion for future development is to develop the tool in a way, where it 

has the ability to update cost of the material dependently on the changes in the 

currency and the market. This could be done with a database that is updated 

continually.  

 The estimation of the weight in the new tool is not accurate according to reality. At 

the moment each component will change with a certain percentage according to the 

change of width of the component and the height of the gearbox. To become more 

representative to reality, a kilo/mm2 could be used for all components and not just the 

housing. It means that the designer should be able to enter the height of the 

components, for the gears and synchronisers this would mean the diameter.  

 In reality, in order to obtain as accurate cost estimation as possible, the complete life 

cycle of the gearbox needs to be in consideration. Since this thesis only considered 

the assembly part of the life cycle, a future suggestion could be to consider the 

manufacturing part as well. During the design process, the main changes a designer 

make is on a tolerance level. The choice of manufacturing process in combination 

with choice of material is depended on geometrical dimensions, which further on 

settles the cost. Therefore, a future research could be to evaluate how big of influence 

the geometrical changes has on the cost of the gearbox.  

 At the moment the new tool only consider the assembly of the gearbox. As mentioned 

in the previous dot, this could be developed in the program to consider manufacturing 

costs. But Scania has to make a decision wherever this is interesting in this program. 

Maybe a tool like ours could be used in the early conceptual stage and a program like 

Apriori is something that can be used when a more detailed article list is concluded.   
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Appendix 1 Questions for VW 

Organisation 

 How does the organisation look like at VW?  

 Is the cost calculated at one or several departments? 

 Is manufacturing and assembly separated as Scania? 

 Are there cost engineers as Scania has? 

 What is there position? 

 Who is in charge of the final cost? 

Cost estimations 

 Does VW estimate the cost at a conceptual design stage? 

 Does VW calculate the costs from already existing costs or do they estimate their 

costs before assembly and manufacturing? 

 What is the general method to calculate costs at VW? 

 Do you calculate PVA? 

 If so where is PVA calculated? 

 Do you identify the cost driver?  

 Do you use a complete cost distribution of a component? 

Effect of cost estimations 

 Does VW share their way of calculating costs with others in the same concern? 

 Does different departments share their method and share their numbers with other 

departments?  

 How is information about costs shared booth within VW and within the concern? 

(standardized methods or so on) 

 



 

 

 

Appendix 2 Questions for the designers 
Questions regarding work procedure and education. 

 Which factors do you take into account in a design? 

 How do you work to minimize the cost in a  design? 

 How do you work to minimize the weight in a design? 

 What is the biggest obstacle for a design? 

 Do you take the cost into consideration when designing a component? 

o Which factors do you consider as most important in the design considering 

cost? 

o Did you receive an introduction or education about cost in the design phase? 

Questions around the design of our program. 

 Which parameters do you consider as the most important to control in a design with 

cost in consideration? 

 How many parameters and which parameters do you consider are the most important? 

 How would a cost calculating program help you in your daily work? 


