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Abstract 

Additive manufacturing (AM), or 3D printing, is a manufacturing method where 

components are produced by successively adding material to the product layer by 

layer, unlike traditional machining where material is subtracted from a workpiece. 

There are advantages and disadvantages with both methods and it can be a complex 

problem to determine when one method is preferable to the other. The purpose of 

this study is to develop a decision support model (DSM) that quickly guides the end 

user in selecting an appropriate method with regards to production costs. Infor-

mation is gathered through a literature study and interviews with people working 

with AM and CNC machining. The model takes into consideration material selec-

tion, size, times, quantities, geometric complexity, post-processing and environ-

mental aspects. 

The DSM was formulated in Microsoft Excel. The difference in costs between each 

method in relation to quantity and complexity was made and compared to the litera-

ture. The AM model is verified with calculations from the Sandvik Additive Manu-

facturing. The margin of error is low, around two to six percent, when waste mate-

rial isn’t included in the calculations. Unfortunately, verification of the CNC model 

hasn’t been performed due to a lack of data, which is therefore recommended as fu-

ture work. 

The conclusion of the study is that AM will not replace any existing manufacturing 

method anytime soon. It is, however, a good complement to the metalworking in-

dustry, since small, complex parts with few tolerances benefits from AM. 

An investigation of existing solutions/services related to the study was also per-

formed with the ambition that the DSM can complement existing solutions. It was 

found that while there are many services that helps companies with implementing 

AM through consulting, few provides any software to assist the company. Regarding 

the question if AM is profitable for certain products, only one software fulfilled that 

demand, though it didn’t provide any actual costs. The DSM therefore fills a gap 

among the existing services and software. 

 

Keywords: Additive manufacturing, 3D printing, cost estimation model, decision support 

model, machining.  
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Sammanfattning 

Additiv tillverkning (AM), eller 3D-printing, är en tillverkningsmetod där kompo-

nenter produceras genom att succesivt addera material till produkten lagervis, till 

skillnad från skärande bearbetning där material subtraheras från ett arbetsstycke. 

Det finns fördelar och nackdelar med respektive metod och det kan vara ett kom-

plext problem att avgöra när den ena metoden är att föredra framför den andra. Syf-

tet med denna studie är att utveckla en beslutstödjande modell (DSM) som hjälper 

användaren välja lämplig metod med avseende på produktionskostnader. Informat-

ion inhämtas genom en litteraturstudie samt intervjuer med personer som arbetar 

med AM och skärande bearbetning. Modellen tar hänsyn till material, storlek, tider, 

geometrisk komplexitet, efterbearbetning och miljöeffekter. 

Den beslutstödjande modellen skapades i Microsoft Excel. Skillnaden i pris mellan 

respektive tillverkningsmetod beroende på antal och komplexitet jämfördes mot lit-

teraturstudien. Modellen för AM verifieras med hjälp av kostnadskalkyler från Sand-

vik Additive Manufacturing. Felmarginalen är förhållandevis låg på cirka två till sex 

procent när spillmaterial inte tas hänsyn till. Tyvärr har modellen för skärande bear-

betning inte verifieras på grund av en brist på data, vilket därför rekommenderas 

som fortsatt arbete.   

Slutsatsen är att AM inte kommer ersätta någon nuvarande tillverkningsmetod. Det 

är dock ett bra komplement till metallindustrin eftersom små, komplexa kompo-

nenter med få toleranskrav gynnas av AM. 

En undersökning över nuvarande tjänster relaterat till studien genomfördes med am-

bitionen att utreda om den beslutstödjande modellen kompletterar dessa. Resultatet 

av undersökningen visar att medan det finns många konsulttjänster som hjälper ett 

företag implementera AM så är det få som erbjuder någon form av mjukvara. Gäl-

lande frågan om AM är lönsam för vissa produkter så var det bara en mjukvara som 

kunde besvara den, dock utan att visa några kostnader. Den beslutstödjande mo-

dellen framtagen i denna studie fyller därmed en funktion bland nuvarande tjänster 

och mjukvaror. 

Nyckelord: Additiv tillverkning, 3D printing, beräkningsmodell, beslutstödjande modell, 

skärande bearbetning.  
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Nomenclature 

 

 

 

  

AM Additive manufacturing 

CAD Computer aided design 

CAE Computer aided engineering 

CNC Computer numerical control 

DMLS Direct metal laser sintering 

DSM Decision support model 

PBF Powder bed fusion 

SLS Selective laser sintering 



vii 

Table of contents 

1 Introduction .................................................................................... 1 

1.1 Problem description ................................................................... 2 

1.2 Research questions ..................................................................... 2 

1.3 Delimitations ........................................................................... 2 

2 Literature review ............................................................................. 3 

2.1 Designing with additive manufacturing ............................................. 3 

2.2 Direct metal laser sintering ........................................................... 5 

2.3 Cost model .............................................................................. 5 

2.4 Environmental aspects and sustainability ........................................... 6 

2.5 Existing services and software ........................................................ 7 

3 Development of the decision support model ................................ 10 

3.1 Interviews .............................................................................. 10 

3.2 Component data ....................................................................... 12 

3.3 Design rules ............................................................................ 15 

3.4 Machine costs .......................................................................... 16 

3.5 Time estimates ......................................................................... 17 

3.6 Post-processing and finishing ........................................................ 19 

3.7 Energy consumption .................................................................. 21 

3.8 Waste material......................................................................... 22 

3.9 Tools and consumables ............................................................... 23 

4 Result .............................................................................................. 25 

4.1 Decision support model .............................................................. 25 

4.2 Verification of the decision support model........................................ 28 

4.3 Comparison to existing services and software .................................... 29 

5 Discussion ....................................................................................... 31 

5.1 Method analysis ........................................................................ 31 

5.2 Result analysis ......................................................................... 32 

6 Conclusions .................................................................................... 34 

6.1 Future work ............................................................................ 34 

References ................................................................................................ 36 

Appendix A – Interview material ........................................................... A1 

Appendix B – Material and machine data sheets ................................... B1 

 
  



viii 

 



1 

1 Introduction 

Metalworking is a widespread and important industrial area today and includes a 

vast range of methods. One of the most common among these methods is machin-

ing, utilizing techniques such as turning, milling and drilling. The common denomi-

nator of machining is that the methods are all subtracting: material is removed from 

a workpiece until the component is finalized, see Fig. 1. 

 

Figure 1. A schematic image over a milling process. Material is subtracted from the workpiece until its 
final shape is obtained [1]. 

A relatively new manufacturing method that has seen increased growth in metal-

working during the past years is additive manufacturing (AM), more commonly re-

ferred to as 3D-printing. Unlike machining, AM utilizes techniques that prints the 

material in layers atop one another until the final component is formed, see Fig. 2.  

 

Figure 2. A schematic image showing a component being printed, adding layers upon layers of material 
until the components final shape is obtained [1]. 

Conventional manufacturing, as the name implies, is well established on the market 

today. Meanwhile, there is a lack of knowledge and experience in the industry about 

AM. This in turn leads to inefficiency and high manufacturing costs which makes it 

difficult for a company to know if AM is a suitable method for their products. Ac-

cording to a study made by the National Institute of Standards and Technology [2], 

AM constitutes less than one percent of all metal manufacturing today, and it 

doesn’t cover the need of AM-components on the market. There’s therefore room 

for AM to grow and development is constantly on the rise, allowing for cheaper, 

more efficient machines and techniques. 
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1.1 Problem description 

There are advantages and disadvantages with both AM and machining which makes it 

difficult to decide when AM is suitable for manufacturing. The idea behind this 

study is to create a decision support model (DSM) to help users get a quick over-

view over which method is preferable by comparing production costs. 

The aim of the study is to create a DSM to which manufacturing method to use 

when producing metal components.  

The objective is to create a cost estimation model to decide if AM or machining 

should be used when manufacturing a certain component. 

1.2 Research questions 

Based on the study’s aim and objective the following research questions aims to be 

answered: 

 When is it favorable to manufacture components with AM compared to ma-

chining? 

 How advanced are existing decision support software and services, and on 

what do they base their results? How do the DSM complement them? 

1.3 Delimitations 

There are several manufacturing methods within AM and machining. This study fo-

cuses on direct metal laser sintering (DMLS) for AM and typical CNC machines ca-

pable of turning, milling and drilling for machining. Both are common in their re-

spective area and both use CAD-models. 

During the study, as more information were gathered, and the DSM began to take 

form, additional delimitations were needed. These are described in chapter three 

along with the creation process for the DSM.  
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2 Literature review 

Since machining is a well explored manufacturing method, the focus of the literature 

review will be on AM, which isn’t as commonly known. 

2.1 Designing with additive manufacturing 

AM has been around for a couple of decennia, with 3D-printing using plastics being 

performed in the 80s. The method has mostly been used when creating prototypes 

but has during the last 10 – 15 years gained ground in the metalworking industry. 

The increase of metal-based AM products has been a cornerstone for this develop-

ment alongside an increased availability of AM machines, which has led to lower 

costs for machines and materials. One of the main advantages of AM is the freedom 

of design where engineers no longer are limited by the restrictions by CNC ma-

chines. This creates opportunities for a more changing manufacturing process that 

enables the production of single parts and small series more cost effective [3]. 

Atzeni et al. [4] mentions several positive effects with regards to cost efficiency 

among components manufactured with AM. This effect becomes even more notice-

able if reconstruction and optimization of the components is allowed to take ad-

vantage of the benefits of AM. Zhang et al. [5] reinforces this and describes how a 

product can be designed optimally through topology optimization. Furthermore, 

Atzeni et al. [4] highlights a problem with machining when fixturing the workpiece, 

a problem AM doesn’t have when printing since no fixtures are needed. However, 

this problem may appear for AM during finishing while clamping and indexing the 

component. By indexing, Atzeni et al. refers to the challenge of finding a reference 

line for the finishing process of the printed part. The problems surrounding tool 

handling with machining is an aspect that needs to be considered, yet may be diffi-

cult to model cost-wise, since tooling costs needs to be covered by the manufac-

tured products over a certain span of time. AM, which ignores this restriction, is 

therefore well suited for short production series where the expenses are kept rea-

sonable. The cost per component for AM is not affected as much by the quantity: 

the price is relatively constant [4].  

By analyzing a specific component after modelling, breaking points can be found 

where one method is more profitable than the other regarding quantity. This is 

demonstrated in Fig. 3 where SLS is compared to high pressure die cast (HPDC). 
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Figure 3. Graph describing how cost per part differs depending on the production volume. The 
comparison is between SLS and high pressure die cast (HPDC). The cost per AM component is 

independent of the production size [4].  

For AM, complexity doesn’t have much of an impact, as seen in Fig. 4. Complexity 

for a component is, for example, curved holes, small components, cavities within 

the component, small angles and areas hard to reach with CNC machines in general. 

AM therefore benefits from components with complex designs when compared to 

machining [6]. 

 

 

Figure 4. Graph showing how the complexity of a component affect 3D-printing and traditional 
manufacturing respectively. The cost hardly increases for AM with complexity, while the cost is 
exponential for traditional manufacturing [6]. The picture has been translated to English from 

Swedish by the authors. 
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2.2 Direct metal laser sintering 

Powder bed fusion (PBF) is a common method within AM of which DMLS is a sub-

category. The difference between DMLS and selective laser sintering (SLS) is that 

DMLS is specifically about fusing metal while SLS may involve fusion with plastics, 

glass and ceramics.  

The principle behind DMLS is shown in Fig. 5. First, a thin layer of powder is 

placed on the platform, usually 0.1 millimeters, whereupon a laser melts the pow-

der in the desired shape. The platform is then lowered, and the powder roller adds 

new powder for the laser to melt, creating a new material layer on top of the previ-

ous one. This process is repeated until the component is complete whereupon lefto-

ver powder is collected [7]. 

 

Figure 5. Schematic picture over the manufacturing process with DMLS [7]. Material powder is spread 
out on the platform where a laser fuses the powder together. The platform is then lowered, and the 
powder roller adds new material to the powder bed. The process is repeated until the component is 

complete. 

One of the benefits with PBF is that the powder can act as a support structure dur-

ing the manufacturing process, so the component doesn’t collapse. This isn’t always 

the case though, as it depends on the materials and shape of the component. Draw-

backs with the method includes a relatively low build rate, high energy consump-

tion, size limitations depending on the build tray and that the surface finish is largely 

dependable on the grain size of the metal powder. Components manufactured there-

fore usually undergoes post treatment surface finishing [7]. 

2.3 Cost model 

A cost model specifically for DMLS is described by Baumers et al. [8] and can be 

seen in Eq. (1). The model considers manufacturing time, material cost and energy 

consumption. Note that while the equation is the same, the name for the different 
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variables are changed by the authors to be more in line with the equations in this 

study. 

𝐶𝐴𝑀 = (𝐶𝐼 ∙ 𝑇𝐴𝑀) + (𝑚 ∙ 𝐶𝑝) + (𝐸𝐴𝑀 ∙ 𝐶𝐸) (1) 

where  CAM = cost for the build [SEK] 

  CI = indirect costs per hour [SEK/h] 

  TAM = total build time [h] 

  m = mass of the component [kg] 

  Cp = metal powder cost [SEK/kg] 

  EAM = energy consumption for the build [kWh] 

  CE = electricity cost [SEK/kWh] 

Baumers et al. also show that production volume and design variation have an im-

pact on how efficient the AM-process is from a cost and sustainability perspective. A 

poorly utilized build tray, with great build height and a small area, will take a long 

time to manufacture and use a lot of unnecessary powder. It’s therefore important 

to build several parts at the same time to maximize utilization. This is further de-

scribed by Hällgren et al. [9] who says that build time have a certain start time re-

gardless of the amount of parts, but it increases almost linearly with the amount of 

parts that’s being built. See Fig. 6.  

 

Figure 6. Build time considering the number of manufactured components [9]. 

2.4 Environmental aspects and sustainability 

There is a lack of in-depth studies and research regarding AM and sustainability, es-

pecially concerning AM with metal, since most studies focus on the energy- and ma-

terial consumption [10]–[12]. In regards to energy consumption, Kellens et al. [10] 

states that in general, the energy required for AM processes are of one to two orders 

of magnitude higher compared to conventional machining. This is further backed up 

by Nyamekye et al. [11] who, after conducting an experiment manufacturing parts 

using PBF and machining, drew the conclusion that PBF used about ten times more 
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energy during the process. In addition, only about one percent of metal powder 

were lost in the AM process where as 75 percent of the workpiece turned to chips 

during the machining process.  

One advantage with AM in regards to sustainability, as outlined by Ford and 

Despeisse [12], is the ability to construct parts lighter, since geometry can be opti-

mized as the design rules set by conventional manufacturing doesn’t apply. Lighter 

vehicles require less fuel, which in turn generates less impact on the environment 

and saves a lot of money. Other advantages include the ability to manufacture on de-

mand, reducing the need for inventories and shortening lead times. 

Operators working with AM or CNC machines face certain health risks during their 

work. CNC machines expose the operator to loud noises and carries the risk of the 

operator hurting themselves during handling of the workpiece or when changing 

tools. Operators working with AM machines are, according to a preliminary study 

by Graff et al. [13], subject to problematic working conditions during handling of 

metal powder because of nanoparticles that are formed during AM with metal. 

These may cause complications in the lungs if inhaled, so a protective mask is re-

quired while handling metal powder. The study raises the importance of developing 

safer ways in handling metal powder as well as increasing surveillance over larger 

nanoparticles in the AM-area. 

2.5 Existing services and software 

There are several consultants on the market today, offering services to improve a 

company’s AM production. Most of them assists with optimizing design, manufac-

turing and quoting, either with the help of professional consultants, ancillary soft-

ware or a combination of both.  

2.5.1 3YOURMIND 

3YOURMIND [14] is a German company started 2014 with main office in Berlin. 

It’s one of the leading platforms for industrial AM. Their Enterprise platform, ac-

cording to them, simplifies workflows from design to production and allows direct 

access to on-demand AM suppliers with transparent prices and delivery times. In ad-

dition, the platform connect teams, departments and AM production, increases 

printer utilization and use analytics to increase profits. Their other platform, eCom-

merce, optimizes the AM service for 3D printing services for their customers with 

automatic order management, streamlined production processes, providing an 

online shop and more.  

Regarding the choice between AM or CNC machining, an interesting add-on to 

their Enterprise platform is the AM Part Identifier, or AMPI. This software directly 

screens parts and assemblies to determine which are technically and economically 



8 

suited for AM. Unfortunately, the software wasn’t available for students, but a few 

details could be observed from a YouTube video that demonstrates the software 

[15]. The user uploads their parts to the server and then rates and weights several 

technical and economical criterions based on their importance. Tab. 1 below details 

the criterion that were observed in the video.  

Table 1. Technical and economical criterions for the AMPI that were discerned from a YouTube video 
showcasing the software [15]. 

 

The application then makes an assessment if AM is a suitable manufacturing method 

for their parts based on a technical and economical score. It also recommends which 

parts that benefits from a re-design. 

2.5.2 Xometry 

Xometry [16] is an American company that sells itself as a “One-stop shop for manu-

facturing on demand”. Xometry allows you to upload a CAD file for instant quoting 

on their web portal and have it manufactured by one of several manufacturers in the 

United States connected to their network. They offer five different manufacturing 

methods: AM, CNC machining, sheet metal fabrication, urethane casting and injec-

tion molding. There is a wide selection of available metallic and plastic materials to 

choose from, depending on the method chosen. You may then add different features 

and finishes to the component as well as deciding quantity, whereupon you are in-

formed of pricing, estimated lead time and the best method to manufacture your 

component. They guarantee quality parts at low prices and fast lead times. 

There is no information on how Xometry calculates its price and lead time. The 

quotation is done by Xometry themselves whereupon the order is sent to suitable 

manufacturing partners where they may accept the order if they can fulfill it. 

Technical criterion Economical criterion 

Size Quantity 

Material properties Cost 

Quality properties Complexity 

Usage Packability 

Qualification requirements Leap time 

Single part/assembly group Change frequency 

Weather exposure Need for decentralization 
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2.5.3 Other service providers 

While 3YOURMIND and Xometry offers services that helps with the decision to 

use AM or CNC machining, there are other services on the market that assists with 

AM production worth mentioning. 

Senvol [17] is an American company that offers data to help their customers imple-

ment AM. They offer five different products that helps with obtaining, generating 

and analyzing data. One of their services, Senvol Database, is an open database over 

AM machines and materials, containing information about manufacturers, types, 

working dimensions and price for machines and hardness, certifications and mechan-

ical and thermal properties for materials. The database is also available as an API for 

companies creating AM related software which allows it to access the database. 

Thrinno [18] is a startup from Belgium founded in November 2017. Their goal is to 

become the industry standard for simple, accurate cost estimates for AM using 

metal. At the moment, they offer the software Thrinno Feedback, a fast quotation 

tool where you can upload a 3D model and the program offers an estimate of the 

manufacturing cost of the component. The cost for each manufacturing step is calcu-

lated separately based on the time the operation need, such as laser time for the vol-

ume, contour and the supporting structures. The software also analyses the model 

and estimate its quality based on tension, removal of the supporting structures, if 

the component fits the machine etc. The software also presents several different 

building orientations, offering cost and quality estimates for each orientation. One 

advantage of the software is that all cost calculations are explained. 

Protiq [19] is a German based company that, similarly to Xometry, hosts a web por-

tal where users can upload and configure 3D models and have them printed and de-

livered. Unlike Xometry, only different AM methods with associated materials are 

available. They also offer personal consulting for generating data and choosing mate-

rial, training courses and assisting with reverse engineering. 

3Diligent [20] is an American company that assists customers with manufacturing 

parts when they lack the in-house capabilities. The customer submits a request for 

quotation that 3Diligent shares with their partners across the United States, who in 

turn places bids for the customer to accept. After accepting one of the bids, produc-

tion starts. The parts may be manufactured with AM, CNC machining, molding and 

casting using a wide range of materials, both metallic and plastic. 
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3 Development of the decision support model 

The literature review in conjunction with interviews with people experienced with 

AM, CNC machining and quotations, helped form the DSM, which resulted in a va-

riety of models and approximations. This section of the report presents the methods 

and reasoning that led to the final result. 

3.1 Interviews 

The DSM is meant to be used by AM personnel working for companies that aids 

their customers in exploring the potential of AM for their production. The AM staff 

is therefore defined as the user in the DSM. 

When developing the DSM, there were some questions that needed answers: 

 What information is the customer interested in? 

 What kind of output is the user interested in? 

 What data is possible to produce? 

 What kind of data can the user be expected to input? 

These questions formed the basis for the interviews with the AM staff, as seen in Ap-

pendix A, while serving as the groundwork for the model itself. 

Four people working at Sandvik Additive Manufacturing were interviewed. Two of 

them handle economics and customer relations, while the other two are engineers 

handling technical aspects such as production and optimization of components. To 

assist with the CNC machining side of the DSM, a lab engineer at the University of 

Gävle was interviewed. However, this interview served more as a discussion and 

verification of the CNC machining model in the DSM. As such, there were no ques-

tions prepared as in the case of the AM interviews. 

3.1.1 Result of the AM interviews 

It was quickly determined that the customer is interested in costs and delivery time 

for their products, as they want their components to be manufactured as cheaply and 

fast as possible. However, the customer isn’t always informed about AM, rarely 

aware of the benefits and disadvantages. In most cases, it’s a way of keeping up to 

date with the latest trend in the metalworking industry, as AM with metal has seen a 

surge in popularity over the last few years. With the world becoming more aware of 

environmental issues, it was also requested that the model takes energy consump-

tion into consideration.  
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It was requested that the DSM should be easy to use on the move, so the user can 

give a fast response to a potential customer about the suitability of AM. There 

should therefore be as few inputs as possible. If the DSM judges AM to be the pref-

erable manufacturing method, then further work with optimizing the component 

and calculating exact quotations may be performed. 

The customer usually provides a blueprint or CAD file of their components, making 

it easy to input necessary component data. The building orientation on the other 

hand, is far too complex to determine in advance. Since this determines how many 

components that can be produced simultaneously, it needs to be approximated 

somehow in the DSM. 

Regarding complexity and manufacturability, it is usually something the engineers 

and operators can determine by experience. It was suggested by one of the AM engi-

neers to use a scale between one and ten, which the user inputs themselves. A one 

represents a simple component while a ten is an incredibly complex part, almost im-

possible to manufacture with machining. Since the DSM should be easy to use, this 

seemed like a reasonable approximation. The same method was used to determine 

the need for post-processing and finishing. 

Unfortunately, there is no current method for calculating times and costs for post-

processing and finishing. Nevertheless, it was an aspect to important to ignore, so it 

needed to be considered somehow. During the interviews, it was discussed to com-

pare a rough machined part to a printed component so that only the rough process is 

considered as manufacturing time, while post-processing and finishing is calculated 

separately. The hourly cost for post-processing is currently based on the time an op-

erator works with the process, and both times and costs increase with higher toler-

ances as more operations are needed and additional tools are required. 

An interesting fact gained from the interviews was the contamination, and in turn 

waste, of metal powder. From the literature, about one to two percent of the metal 

powder is lost during AM according to Nyamekye et al. [11]. However, this isn’t 

the full picture, as additional powder is discarded after a certain number of uses. 

Since this was an interesting find, and that wasn’t accounted for in Sandvik’s own 

calculations, it was decided to incorporate this into the DSM. 

At the end of the interviews, one of the staff members working with quotations gave 

the authors access to cost calculations for two components A and B. These calcula-

tions helped form the model for indirect costs, according to Eq. (1), and helped 

with verification of the AM model in the DSM.  
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3.1.2 Result of the CNC machining interview 

The interviewed agreed upon the use of a one to ten scale to approximate complex-

ity, though while the machining time do increase with complexity, the change isn’t 

as huge as initially believed. 

When estimating machining time, the initial idea was to approximate machining 

time for turning, milling and drilling separately, with the user defining which opera-

tions was needed. However, estimating milling time proved to be very difficult to 

approximate with the condition that the DSM should be easy to use. An idea to han-

dle this came from the AM interviews, which used turning to estimate the entire 

machining time. When discussing this idea with the interviewed, it was believed to 

be a reasonable approach. It was also deemed reasonable to neglect time for chang-

ing inserts and rapid travel. Finally, rough estimates for the programming and ma-

chine setup times depending on the complexity of the component was given, as 

mentioned in chapter 3.5. 

During the preparatory work, cost approximations were made for inserts, tool 

holders and fixtures for CNC machining. These were discussed and adjusted during 

the interview to make them more accurate. Regarding fixture costs, it was recom-

mended to let the user decide if a custom fixture is needed or not for CNC machin-

ing, as a custom fixture is expensive and standard fixtures comes with the machine.  

3.1.3 Objective of the DSM 

In summary, the DSM should present cost estimations, energy consumption and de-

livery times. The input consists of component parameters, such as material, quan-

tity, volume and size, as well as machine parameters such as purchase costs, depreci-

ation and utilization. The manufacturing time is also needed, which includes pro-

gramming, machine setup, build time, finishing and packaging time. Finally, an esti-

mation of the costs for tools and consumables should be made. To create the DSM, 

Microsoft Excel [21] was used. 

3.2 Component data 

3.2.1 Material 

Several parameters in the DSM depends on the material of the component. The user 

can select a material from a drop-down menu whereupon default values for density, 

price, cutting parameters and build rate are retrieved. These values are stored in a 

material data sheet in the DSM, which the user is free to change depending on their 

own production. 

Materials are divided into categories, such as austenitic stainless steel and low al-

loyed steel. For material selection, Sandvik Coromant’s catalogues for rotating and 
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turning tools 2017 [22], [23], served as a starting point. From these catalogues, ma-

terial data such as the specific cutting force and recommended machining parameters 

were obtained. The most commonly used materials among them were chosen and 

compared to the Senvol database [17] for materials usable with PBF, to confirm if 

there is any metal powder corresponding to each category. 

Since there are different kinds of materials in each category, based on composition 

and manufacturing method, cutting parameters varies, so an average value is chosen 

among appropriate materials. 

Comparing the density of material, both in workpiece and powder form, it was ob-

served that they are the same, or at least very similar. As such, it is assumed that the 

density is the same for the material, both when used as powder for AM and as a 

workpiece for CNC machining. To approximate the density, MatWeb was used 

[24], an online material database. 

3.2.2 Weight and material cost 

The weight of the component is calculated as follows: 

𝑚 =
𝑉 ∙ 𝜌

1000
(2) 

where  m = mass of the component [kg] 

  V = volume of the component [cm3] 

  ρ = density of the material [g/cm3] 

However, the material cost is more than just multiplying the weight with the mate-

rial price. Both AM and CNC machining produce additional material related to the 

component. In the case of AM, this comes in the form of support structures and 

waste powder. For machining, waste is produced in the form of chips. 

To take this additional material into account, the following equation was formulated 

by the authors: 

𝐶𝑚,𝐴𝑀 = (𝑚 +𝑚𝑠 +𝑚𝑤𝑝) ∙ 𝐶𝑝 (3) 

where  Cm,AM = material cost for AM component [SEK] 

  ms = mass of the support structures [kg] 

  mwp = waste metal powder [kg] 

  Cp = metal powder cost [SEK/kg] 
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Similarly, the material cost for CNC machining becomes: 

𝐶𝑚,𝐶𝑁𝐶 =
𝑉𝑤 ∙ 𝜌

1000
∙ 𝐶𝑤 (4) 

where  Cm,CNC = material cost for machined component [SEK] 

  Vw = volume of the workpiece [cm3] 

  Cw = workpiece material cost [SEK/kg] 

3.2.3 Complexity and finishing factor 

The question on how complexity is handled in the DSM is an important, but chal-

lenging question, since it is beneficial to AM from a cost perspective as seen in Fig 4. 

From the interviews it was decided to use a scale between one and ten do approxi-

mate the complexity of the component, which is referred to as the complexity fac-

tor. One represents a simple part and ten a complex component that’s nearly im-

possible to manufacture with machining. The higher the complexity factor, the 

more time and resources is needed for machining as setup time, manufacturing time 

and tool costs increase [6].  

Determining the finishing and post-processing is done the same way. The user 

judges the finishing on a scale from one to ten where one represents no finishing re-

quired at all, the rough build is passable. Ten represents a component with many 

tolerances and high demands on surface finish. The finishing factor, while it affects 

both AM and machining, has a larger impact on AM since it’s a more time-consum-

ing process [4]. During machining, most finishing processes can be done after the 

rough process by simply changing tools and machining parameters to get a smoother 

surface. 

3.2.4 Quantity and batch size 

The number of components produced has an impact on the cost per component. 

The initial cost for CNC machining is often high, especially if custom-made fixtures 

are needed, so the more components produced gives a lower cost per part. The cost 

per component for AM conversely doesn’t depend on the quantity, as the price re-

mains constant [4]. 

The DSM also allows the user to input a batch size, which is the number of compo-

nents that gets delivered to the customer each time. This affects the total packaging 

time, and there’s a separate delivery time in the output that tells how fast one batch 

can be produced and delivered. 
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3.3 Design rules 

There are limitations in how large a component can be due to the capability of the 

machine, especially in the case of AM. However, if the component is small enough, 

several components can be built in the same set, which improves production effi-

ciency through minimizing waste powder and machine setup times [8], [9]. 

3.3.1 Design rules for AM 

The number of simultaneous builds is determined by the size of the build tray in re-

lation to the component. According to the result of the interviews, the building ori-

entation can be difficult to determine in advance. Therefore, an approximation is 

made based on the dimensions of the component. 

Since the orientation is unknown, a cube using the maximum length of the compo-

nent (x, y or z) is used. In this cube, it doesn’t matter in which orientation the com-

ponent is printed. This gives a flexible way of print the component, and a reasonable 

estimate of the number of simultaneous builds. This value may be higher if the ori-

entation is known. 

To approximate the number of simultaneous builds, the authors formulated the fol-

lowing equations: 

𝑁𝑥 = ⌊
𝑥𝑡

max(𝑥, 𝑦, 𝑧) + 5
⌋ (5) 

𝑁𝑦 = ⌊
𝑦𝑡

max(𝑥, 𝑦, 𝑧) + 5
⌋ (6) 

𝑁𝑏 = 𝑁𝑥 ∙ 𝑁𝑦 (7) 

where  xt = the length of the build tray in the x-axis [mm] 

  yt = the length of the build tray in the y-axis [mm] 

  Nx = number of components along the x-axis 

  Ny = number of components along the y-axis 

  Nb = number of simultaneous builds 

The constant 5 is the space required between the components in millimeters. This 

constant may vary according to the interviews, but five was determined to be a rea-

sonable value. 

3.3.2 Design rules for CNC machining 

Most CNC machines have a larger work-space compared to AM machines. If a com-

ponent can be printed, it also can be manufactured in a CNC machine from a size 

perspective.  



16 

3.3.3 Rotational symmetry 

In the DSM, the user selects if the component is rotational symmetric or not, which 

determines the main machining operation. If the component is rotational symmet-

ric, the main machining operation is assumed to be turning so the volume of the 

workpiece is based on a cylinder. Otherwise, it’s based on a cuboid to represent 

milling. This is based on the Sandvik Coroplus ToolGuide [25], see Tab. 2. 

Table 2. How the volume of the workpiece for CNC machining is approximated depending on if the 
component is rotationally symmetrical or not. The index r is the radius of the workpiece and represent 
the highest value of x or y, cut in half. 

3.4 Machine costs 

The indirect cost from Eq. (1) mostly represents the machine cost. This applies for 

both AM and CNC machines. 

There are seven factors that have an impact on machine costs: 

 Machine purchase price, Cip [SEK] 

 Warranty extension, W [SEK/year] 

 Maintenance costs, Cr [SEK/year] 

 Depreciation, D [years] 

 Working days, d [days/year] 

 Machine hours, t [hours/day] 

 Machine utilization, U [%] 

The machine cost per hour, Ci, regardless if it’s an AM or CNC machine, is calcu-

lated as follows: 

𝐶𝑖 = (
𝐶𝑖𝑝

𝐷
+𝑊 + 𝐶𝑟) ∙

1

𝑑 ∙ 𝑡 ∙ 𝑈
(8) 

These seven factors and the equation was formulated by the authors using the cost 

calculations from Sandvik Additive Manufacturing and the handbook Modern 

skärande bearbetning [26] as the basis. The DSM includes a machine data sheet with 

a list of both AM and CNC machines with estimated values for the first four factors, 

as seen in Appendix B. These values can be changed by the user to give a more real-

istic cost. The last three factors are entered as production data. 

Rotational 
symmetric? 

Workpiece 
geometry 

Main 
machining 
operation 

Workpiece volume, Vw  

Yes Cylinder Turning 𝜋 ∙ (𝑟 + 2)2 ∙ (𝑧 + 4) 

No Cuboid Milling (𝑥 + 4) ∙ (𝑦 + 4) ∙ (𝑧 + 4) 
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Apart from machine costs, the cost of the operator is added whenever the operator 

performs any work. There’s also an option to input how many machines that works 

simultaneously to shorten lead times. 

3.5 Time estimates 

Time is an important factor in estimating costs, as the machine and operator costs 

depends on it. While there are many time-consuming moments during the manufac-

turing process, only the five largest are used in the DSM to keep it simple. These 

are: 

 Programming 

 Machine setup 

 Handling 

 Manufacturing 

 Finishing 

3.5.1 Programming time 

According to interviews, the programming of a complex component is more time 

consuming than for a simple part. For CNC machining, the programming time 

ranges from twenty minutes up to three hours, depending on the complexity. To es-

timate this in the DSM, the programming time is approximated as twenty times the 

complexity factor, which gives a range between 20 and 200 minutes. For AM, the 

programming time may take up to one and a half hour for a complex component. 

This is to optimize the support structures. The programming time is therefore as-

sumed to vary between 10 to 100 minutes based on the complexity factor in the 

same way as for CNC machining. The programming cost is the time multiplied with 

the operator cost. 

3.5.2 Machine setup and handling time 

Machine setup differs between AM and CNC machines. For AM machines, a ma-

chine setup is needed between each build to remove and fill powder, clean, assem-

ble the tray and more. This is one reason why it’s important to fill the build tray 

with as many components as possible, so the machine setup time can be reduced. 

For CNC machining the machine setup is only applied once, when the operator pre-

pares the necessary tools and fixtures. Instead, a handling time is added to represent 

the time it takes to open/close the door, remove and insert a new workpiece, re-

moving chips and such. 
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For AM, a correlation between setup time and complexity hasn’t been seen in nei-

ther the literature nor the interviews. Therefore, it’s up to the user to estimate the 

setup time. For machining, both setup and handling time is dependent on the com-

plexity of the component and the necessity of a fixture, according to interviews. 

The machine setup and handling cost is obtained by multiplying the time with the 

operator cost. 

3.5.3 Manufacturing time 

The challenge when calculating manufacturing times is to find equivalent parameters 

to make the comparison fair. As such, the printed component is assumed to be equal 

to a rough machined part regarding manufacturing time, while post-processing and 

finishing is calculated separately. 

For AM, the build time per part was formulated as follows: 

𝑇𝐴𝑀 =
𝑉 ∙ (1 + 𝑠)

𝑣 ∙ 60
(9) 

where  TAM = build time per part [min] 

  V = volume of the component [cm3] 

  s = additional volume due to support structures [%] 

  v = build rate [cm3/h] 

The build time is only multiplied with the machine cost to get the cost per part, 

since the operator isn’t present during the build. 

CNC machining consists mainly of three operations: turning, milling and drilling. 

During the process of establishing the DSM, it was found that while it is possible to 

estimate the manufacturing time for turning and drilling, milling proved to be too 

complicated. To use existing formulas for milling, knowledge about the geometry 

and necessary tools are required: requirements that shouldn’t be needed to use the 

model. From interviews, it was found that using the time estimate formula for turn-

ing to estimate milling and drilling is be a good simplification. The equation for 

manufacturing time for turning, according to Sandvik Coromant’s Technical guide 

[27], is therefore used regardless of operation in the DSM. 

Since a complex component takes more time to produce, the complexity factor im-

pacts the machining time. As seen in Fig. 4, the cost increases exponentially for tra-

ditional manufacturing, so the machining time is modelled exponentially in the DSM 

as well. 
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Using equations from Sandvik Coromant’s Technical guide as a foundation [27], the 

machining time is calculated as: 

𝑇𝐶𝑁𝐶 =
𝑉𝑐
𝑄
∙ (1 +

𝑒𝛼

100
) (10) 

where  TCNC = manufacturing time for machining [min] 

  Vc = chip volume [cm3] 

  Q = metal removal rate [cm3/min] 

  α = complexity factor 

The exponential function in Eq. (10) is formulated so that a complexity factor of ten 

doesn’t generate an unreasonable high manufacturing time, which is why the con-

stant 100 is implemented.  

To get the manufacturing cost, the manufacturing time is multiplied with the ma-

chine and operator cost added together, since unlike AM the operator is usually pre-

sent during the machining process. The chip volume is calculated by subtracting the 

volume of the component from the volume of the workpiece. The metal removal 

rate is calculated using the following equation, also from Sandvik Coromant’s Tech-

nical guide [27]: 

𝑄 = 𝑣𝑐 ∙ 𝑎𝑝 ∙ 𝑓𝑛 (11) 

where  vc = cutting speed [m/min] 

  ap = cutting depth [mm] 

  fn = feed per revolution [mm/rev] 

The machining parameters are estimated for each material category using Sandvik 

Coromant’s catalogues for rotating and turning tools 2017 [22], [23]. 

3.6 Post-processing and finishing 

Since there are currently no methods to calculate costs for post-processing and fin-

ishing, the way it’s presented in the DSM is very rough. However, because it is an 

important aspect, it needed to be considered somehow. Therefore, it was deter-

mined that a rough model is better than nothing at all.  

Post-processing includes a variety of things. For AM it mainly consists of removing 

the component from the build tray, heat treatment, removal of support structures, 

fine processing, media blasting, sanding and metal plating. For CNC, post-pro-

cessing includes bead blasting, anodizing, grinding and powder coating, which can 

be applied for printed components as well. Some of them, such as blasting, depend 

on the size and surface area of the component, while methods such as anodizing 
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doesn’t [1]. In the DSM, a categorization hasn’t been made and it is instead seen as 

one process with one cost.  

To estimate the finishing time and cost in the DSM, the finishing factor and the vol-

ume of the component is used, since certain post-processes depends on the size of 

the component. A higher finishing factor and volume means longer finishing times 

and costs. The finishing time is estimated to be the same for both AM and CNC, 

since a rough machined component were deemed equal to a printed component. 

With these aspects in consideration, the authors formulated the following equation 

to approximate the finishing time per part: 

𝑇𝑓 = {
10 ∙ 𝛽 ∙

𝑉

100
, 2 ≤ 𝛽 ≤ 10

0, 𝛽 = 1
(12) 

where  Tf = finishing time per part [min] 

  V = volume of the component [cm3] 

  β = finishing factor 

 If the finishing factor is set to one, post-processing is ignored. Otherwise, the time 

is assumed to increase linearly with the finishing factor. The constant 100 and 10 is 

implemented to fit the time based on data for component A. This is a rough and sub-

jective estimation since it depends on data for only one component and the authors’ 

choice of finishing factor.  

The cost for post-processing is based on the time the operator works with the pro-

cess, and both times and costs increase with higher tolerances as more operations 

are needed and additional tools are required. The finishing cost is approximated as 

follows by the authors for AM and CNC machining respectively: 

𝐶𝑓,𝐴𝑀 = 𝐶𝑜 + 100 ∙ 𝛽 (13) 

𝐶𝑓,𝐶𝑁𝐶 = 𝐶𝑜 + 20 ∙ 𝛽 (14) 

where  Cf,AM = finishing cost for AM [SEK/hour] 

  Cf,CNC = finishing cost for CNC [SEK/hour] 

  Co = operator cost [SEK/hour]   

According to interviews, the finishing cost for the AM component is higher. One of 

the reasons is that if finishing for AM is needed, it is usually done in a CNC machine 

which leads to additional machine and tool costs. The constants 20 and 100 were 

implemented in consideration of this aspect by the authors. However, this isn’t rein-

forced by any literature. To get the finishing cost per produced part, the finishing 

cost is multiplied with the finishing time. 
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3.7 Energy consumption 

There are several components of a CNC machine that consumes energy. Zhou et al. 

[28] mentions a few of them, including main transmission system, auxiliary system, 

feed system, hydraulic system, spindle/feed shaft motor, tool change device, moni-

tors, cutting the work piece and more. In AM machines the laser is the most power 

consuming element. Since the DSM should have few inputs, a rough estimate is ac-

ceptable. 

To determine the energy consumption for CNC machining, the net power was cal-

culated using the following equation from Sandvik Coromant’s Technical Guide 

[27]. 

𝑃𝑐 =
𝑣𝑐 ∙ 𝑎𝑝 ∙ 𝑓𝑛 ∙ 𝑘𝑐

60 ∙ 103
(15) 

where  Pc = net power (kW) 

  vc = cutting speed [m/min] 

  ap = cutting depth [mm] 

  fn = feed per revolution [mm/rev] 

  kc = specific cutting force [N/mm]. 

Using Eq. (11), Eq. (15) may be rewritten as 

𝑃𝑐 =
𝑄 ∙ 𝑘𝑐
60 ∙ 103

 

Since an approximation for Q has already been determined, only kc remains which is 

derived from Eq. (16). The kc1 value represents the force needed to cut a chip area 

of 1 mm2 with a thickness of 1 mm, and can be found for each material group in 

Sandvik Coromant’s Technical Guide [27]. 

𝑘𝑐 = 𝑘𝑐1 ∙ ℎ𝑚
−𝑚𝑐 ∙ (1 −

𝛾0
100

) (16) 

where  hm = actual chip thickness [mm] 

  mc = constant representing the slope of the kc – hm curve 

  γ0 = rake angle [o] 

The actual chip thickness, hm, can be calculated as follows: 

ℎ𝑚 = 𝑓𝑛 ∙ sin 𝜅 (17) 

where  κ = entering angle [o] 
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To minimize the number of inputs, the rake- and entering angles is assumed to be 

neutral, so γ0 = 0o and κ = 90o. Eq. (16) may then be rewritten as: 

𝑘𝑐 = 𝑘𝑐1 ∙ 𝑓𝑛
−𝑚𝑐  

Since all parameters are known, the net power for the operation can be calculated. 

Multiplying the net power with the total manufacturing time for all components in 

hours gives us the energy consumption in kilowatt hours. From this, the energy cost 

can be calculated by multiplying the energy consumption with the electricity cost. 

Unfortunately, a similar method wasn’t found for AM. Instead, the net power is es-

timated through the typical energy consumption rate noted in some of the data 

sheets for the AM machines. If a typical value wasn’t mentioned, an average value 

was used instead. The net power is then multiplied with the total build time for all 

components to get the energy consumption in kilowatt hours. 

With both values obtained, the carbon footprint can be calculated by multiplying the 

energy consumption with the Swedish CO2 emission factor which converts one kilo-

watt hour to 25 gram CO2 equivalents [29]. 

3.8 Waste material 

Both AM and CNC machining produce waste material: contaminated metal powder 

and chips respectively. According to interviews, metal powder is only usable a cer-

tain number of times before it becomes too contaminated with oxygen, whereupon 

it is returned to its manufacturer. This is reinforced by Baumers et al. who says that 

an optimized build tray will increase the efficiency and generate as little waste pow-

der as possible [8]. In the same way, chips are sent back to become new material. 

To calculate the volume of the discarded powder, Eq. (18) was formed by the au-

thors: 

𝑉𝑤𝑝 =
𝑉𝑝 ∙ 𝜔 ∙ 𝑏

𝑛𝑝
(18) 

where  Vwp = volume of total waste metal powder used [cm3] 

  Vp = volume of total metal powder used [cm3] 

  ω = waste factor [%] 

  b = number of machine runs 

  np = number of times the metal powder can be reused 

The waste factor is a variable that the user input, similarly to the np value for each 

material, and represents the percentage of discarded powder due to contamination. 
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Using Vwp from Eq. (18), the waste mass, wp, can be calculated using Eq. (19). 

𝑤𝑝 =
𝑉𝑤𝑝 ∙ 𝜌

1000
(19) 

Calculations for CNC machining is done the same way, since the chip volume, Vc, is 

already known. 

𝑤𝑐 =
𝑉𝑐 ∙ 𝜌

1000
(20) 

Both wp and wc are the weight in kilograms. 

3.9 Tools and consumables 

Apart from the machine, tools and consumables are required for the manufacturing 

process. For AM, consumables come in the form of protective gas, building plates, 

filters, bottles, coaters etc. To account for these, a consumable factor is imple-

mented in the estimation model where the user can input the percentage of the total 

cost that makes up the consumables. CNC machining requires inserts and tool hold-

ers and, depending on the component, drills and fixtures. While CNC machines also 

require consumables in the form of coolants and hydraulic oil, these are a small per-

centage when compared to the tools and fixture costs and is therefore neglected. 

The price of tools, inserts and fixtures were estimated from Sandvik Coromant’s 

2017 price list [30] together with interviews. An average insert was determined to 

cost around 120 SEK while a tool holder could cost between 1400 and 4200 SEK 

depending if it’s for turning or milling. Therefore, the price for tool holders were 

estimated to 2800 SEK. 

Finding cost estimates for fixtures was more problematic, as the cost of fixtures var-

ies greatly. Sinreich et al. [31] mentions that fixtures are an expensive element and 

that each fixture may cost $20 000 or more. This translates to around 170 000 SEK. 

Another example of fixture costs comes from Tool and Manufacturing Engineers 

Handbook by Cubberly, written 1989 [32]. In the book, Cubberly presents an ex-

ample of fixture costs for five different parts, ranging from $1 240 to $5 840. By to-

day's economy, that would translate to between $2 555 and $12 035. In SEK, that 

would be between 21 650 – 101 980. Since these estimates are examples only, it’s 

difficult to know how realistic they are. 

The user has the option to decide if a custom fixture is needed or not. In the latter 

case, the cost is set to zero since simple fixtures are included with the machine. 

Since the components usually are small, the cost is put on the lower side regarding 

the numbers obtained from the data above. 
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The complexity factor affects the tool costs for CNC machines, the reasoning being 

that a more complex component requires additional tools. For tool holders and fix-

tures, the cost is assumed to increase linearly, while the cost for inserts increases ex-

ponentially. The equations formulated can be seen below. 

𝐶𝑇,𝑖𝑛𝑠𝑒𝑟𝑡 = 120 ∙ 𝛼 ∙ (1 +
𝑒𝛼

1000
) (21) 

𝐶𝑇,ℎ𝑜𝑙𝑑𝑒𝑟 = 2800 ∙ 𝛼 (22) 

𝐶𝑇,𝑓𝑖𝑥𝑡𝑢𝑟𝑒𝑠 = 5000 ∙ 𝛼 (23) 

where CT,insert = total cost for inserts [SEK] 

 CT,holder = total cost for tool holders [SEK] 

 CT,fixture = total cost for fixtures [SEK] 

 α = complexity factor 

Like Eq. (10), the exponential function in Eq. (21) is formulated so that a complex-

ity factor of ten doesn’t generate an unreasonable high insert cost, which is why the 

constant 1000 is implemented.  
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4 Result 

This section presents and explains how to use the DSM and compares it to existing 

services. 

4.1 Decision support model 

The DSM is made up of five different sheets in Microsoft Excel: 

 Component 

 Production 

 Material data 

 Machine data 

 Costs 

When using the model, the first sheet that should be used is Component, where the 

user defines the component: see Fig. 7. Yellow fields represent data the user inputs 

themselves, while white fields are automatic calculations based on the user’s input. 

All values in this chapter are made up for the sake of showing of the model and do 

not represent a specific component or working environment. 

 

Figure 7. The sheet containing component data in the DSM. The user chooses material and specifies 
volume, size, quantity and other parameters. 

Here, the user chooses the material and inputs the volume and dimensions of the 

component. This in turn calculates the weight depending on the density of the mate-

rial, which is stored in Material data as seen in Appendix B. 

After that, the user judges the complexity and finishing, specifies if a custom fixture 

is needed for CNC machining and if the component is rotationally symmetrical or 

not. Finally, the quantity, batch size and packaging time is specified. 

Material

Weight [kg] 0,31

Complexity factor (1-10) 7

Finishing factor (1-10) 4

Custom fixture needed? Yes

Volyme [cm3] 40

Max length, x [mm] 40

Max width, y [[mm] 40

Max height, z [mm] 60

Rotationally symmetrical? Yes

Quantity [pcs] 50

Batch size [pcs] 10

Packaging time/batch [min] 5

Stainless steel, austenitic

COMPONENT DATA
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Next, the user specifies production parameters, as seen in Fig. 8. 

 

Figure 8. The production parameters sheet of the DSM. Here, the user chooses machines and inputs 
data such as operating hour per year, manufacturing times and electricity cost among others. 

This sheet compares production data for AM and CNC machining and contains sev-

eral parameters. First, the user chooses their AM machine and an appropriate CNC 

machine. If the AM machine is too small, or the CNC machine doesn’t have enough 

power, an error message appears as seen in Fig. 9.  

 

Figure 9. Error messages that appear if the machine isn't suitable for the component. 

Machine, AM SLM 280 Machine, CNC

Buildable with AM? Yes Buildable with CNC? Yes

Machine costs/h [SEK] 339,87 Machine costs/h [SEK] 137,25

Depreciation [SEK/year] 1 200 000,00 Depreciation [SEK/year] 420 000,00

Working days [days/year] 255 Working days [days/year] 255

Machine hours [h/day] 24 Machine hours [h/day] 24

Machine utilization 75% Machine utilization 75%

Machine hours [h/year] 4590 Machine hours [h/year] 4590

Operator wage [SEK/h] 350 Operator wage [SEK/h] 350

Build rate[cm3/h] 12,0 No. of machines used 1

Build width, x [mm] 280

Build length, y [mm] 280

Build height, z [mm] 365

Simultaneous builds [pcs] 16

No. of machines used 2

Material costs [SEK/kg] 1 200,00 Material costs [SEK/kg] 60,00

Support structures 10% Volume, workpiece [cm3] 100

Waste factor 20% Chip volume [cm3] 60

Total manufacturing time [h] 214,50 Total Manufacturing time [h] 27,65

Programming time [min] 70 Programming time [min] 140

Machine setup time [min] 100 Machine setup time [min] 84

Build time/part [min] 220,0 Handling time/part [min] 7

Finishing time/part [min] 16,0 Machining time/part [min] 5,7

Finishing time/part [min] 16,0

Finishing cost/h [SEK] 750 Finishing cost/h [SEK] 490

Net power [kW] 4,5 Net power [kW] 5,9

Electricity cost [SEK/kWh] 0,50 Electricity cost [SEK/kWh] 0,50

Consumable factor 2% Tool costs [SEK] 56 361

Inserts 1 761

Tool holders 19 600

Fixtures 35 000

AM CNC
MACHINE DATA

MANUFACTURING

MATERIAL

ENERGY CONSUMPTION

CONSUMABLES & TOOLS

Universal machining centre

Machine, AM SLM 280 Machine, CNC

Buildable with AM? No Buildable with CNC? No

AM CNC
MACHINE DATA

Component doesn't fit the build tray! The max power of the machine is too low!

Universal machining centre
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The depreciation is calculated based on the selected machine and its values in Ma-

chine data, as seen in Appendix B. The user inputs how much the machine is used 

based on working days per year, working hours per day and machine utilization. 

Then, the user inputs the operator cost and specifies how many machines are work-

ing in parallel to decrease lead time. 

Under the material category, the price appears depending on the material. For AM, 

the user then approximates how much extra volume is added due to support struc-

tures and the metal powder waste factor. 

The manufacturing time is calculated automatically based on machine, material and 

complexity/finishing factor. The only value the user inputs themselves is machine 

setup time for AM. With this, the user can now select Costs to see the component’s 

price when manufactured with AM and CNC machining respectively, see Fig.10. 

 

Figure 10. The costs sheet in the DSM. Here, the user can see the estimated cost and environmental 
effects of the component if manufactured with AM and CNC machining respectively, as well as delivery 

times. The preferable method depends on the cost per part. 

This sheet contains the information that the user and their customer is the most in-

terested in: price, environmental effects and delivery times. The user may change 

the profit margin as the rest is calculated automatically depending on the input in the 

previous sheets. 

 

COSTS AM CNC
Cost/Part [SEK] 2 037,52 1 421,43

Material cost 485,38 47,10

Programming cost 8,17 16,33

Machine setup + handling cost 46,67 50,63

Production cost 1 246,19 46,28

Finishing cost 200,00 130,67

Energy cost 8,25 0,28

Packaging cost 2,92 2,92

Tools & consumable costs 39,95 1 127,22

Total cost [SEK] 101 875,87 71 071,32

Profit margin 20% 20%

Price/Part 2 445,02 1 705,71

Price 122 251,04 85 285,59

Profit/Part 407,50 284,29

Profit 20 375,17 14 214,26

Energy Consumption [kWh] 825,00 27,80

Carbon Footprint [kg] 20,63 0,70

Waste material [kg] 2,95 23,55

Delivery time/batch [days] 1 1

Delivery time [days] 5 2

Preferrable method CNC

TECHNOLOGY
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4.2 Verification of the decision support model 

To verify how accurate the DSM is, a comparison was made between the costs of 

two components manufactured by Sandvik Additive Manufacturing, using their esti-

mated cost against the AM cost approximated by the DSM. The two components are 

referred to as A and B, since the components themselves are classified. 

The input in the DSM is matched as closely as possible: no formulas are altered, 

though material and machine data were changed to better represent the company’s 

data. The result of the AM verification is presented in Tab. 3 below. 

Table 3. The calculated cost for component A and B respectively using Sandvik’s own calculations and 
the DSM’s approximation. 

 

The main reason for the higher cost using the DSM is that waste material is in-

cluded. The price of the metal powder for component B is nearly four times higher 

than the powder for A, which is why there’s such a difference. If waste material is 

omitted the cost would be as seen in Tab. 4. 

Table 4. The calculated cost for component A and B respectively using Sandvik’s own calculations and 
the DSM’s approximation when powder waste is not considered. 

Component Cost/part (Sandvik) Cost/part (DSM) Margin of error 

A 117 SEK 119 SEK +2% 

B 825 SEK 873 SEK +6% 

 

To verify that the model takes parameters in account in a reasonable way, two 

graphs showing how the cost per part varies with quantities and the complexity fac-

tor are made, as seen in Fig. 11 and 12. The finishing factor was set to five for both 

tests, with the complexity factor also being set to five in the first test. All other pa-

rameters were approximated and remains unchanged. 

 

Component Cost/part (Sandvik) Cost/part (DSM) Margin of error 

A 117 SEK 124 SEK +6% 

B 825 SEK 1038 SEK +26% 
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Figure 11. Graph showing how the cost varies for each manufacturing method depending on the 
quantity. 

As seen in Fig. 11, the break-even point is around twenty components. The initial 

cost is high because of the need of tools and fixture. The cost for only one AM com-

ponent is slightly higher as well, due to waste material and programming costs. 

 

Figure 12. Graph showing how the cost varies for each manufacturing method depending on the 
complexity factor. 

Comparing the result in Fig. 12 with the graph in Fig. 4, the approximations made 

seems to give a reasonable result.  

4.3 Comparison to existing services and software 

When comparing the DSM to existing services and software, several differences can 

be found. The initial step of deciding if AM is a suitable manufacturing approach for 
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one’s components is usually done by direct consulting with experts. With services 

like Xometry, you can get different quotes depending on choice of method, but it 

doesn’t go deeper than that. With Thrinno, you can optimise and reduce costs when 

manufacturing a component with AM, but it doesn’t assist with the initial question. 

However, if the advantages of both services: the choice between several manufactur-

ing methods with Xometry and the optimization with Thrinno could be combined 

with the DSM, it could become very useful. 

The software that’s most similar with the DSM is 3YOURMIND’s AM Part identi-

fier as it helps with the decision if AM is worthwhile or not, though not by giving an 

estimated cost. As seen in Tab. 1, some of the economic aspects are used in the 

DSM as well: quantity, cost and complexity. Regarding technical criterion, only size 

is considered. In these aspects, AM Part Identifier is more comprehensive. 

Overall, there seems to be a place for the DSM among the existing services today. 

There’s room for improvement, but it provides a service that’s rare to find outside 

of direct counselling. 
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5 Discussion 

AM is a complex method where many aspects must be considered simultaneously. 

It’s a customer-oriented technology with high flexibility with few limitations in de-

sign. At the same time, component requirements may have a major impact on the 

usability of AM, for example high tolerances. A component can be expensive to 

manufacture with AM, but the product and its function can’t be manufactured in 

any other way, which makes it valuable. Another aspect to consider is when a com-

ponent consists of several parts. With traditional manufacturing, the cost for each 

individual part may be lower than if the component were manufactured with AM. 

However, AM can reduce the number of parts, which in turn lowers the time and 

costs needed for assembly. When creating a cost estimate model, these aspects are 

difficult to implement and relate to the overall calculation. 

It was found that cost estimates for AM is more predictable, since approximations 

was easier to form than for CNC machining. Because machining relies on many 

tools, there are several uncertainties regarding tool breakage and availability that 

doesn’t apply to AM. 

An advanced DSM that takes more parameters into consideration would be easier to 

create than a rough model with fewer inputs and more approximations. However, 

this would require prior knowledge of necessary data, which would defeat the pur-

pose of the DSM. This balance between more accurate estimations at the cost of 

more inputs was one of the greatest challenges with this study. 

5.1 Method analysis 

Initially, previous research and literature were studied to learn more about AM and 

machining, with interviews aiming to give the study more substance. Hearing about 

the technologies from a more experienced perspective was valuable since the inter-

viewed works with these technologies daily and see its challenges and limitations in a 

different light. 

In this study, four people working with AM were interviewed, but only one person 

involved with machining. This unbalanced allocation of interviewed is mainly be-

cause of the knowledge of the authors and the amount of literature for machining, as 

there are more formulas for machining than for AM. The personnel working with 

AM were also knowledgeable with machining, so some answers regarding both 

methods came from the same sources. This may impact objectivity, as the inter-

viewed may be partial to AM. 
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Several equations formulated by the authors in the DSM depend on the complexity 

and finishing factor. These are subjective since the user determines the factor them-

selves, and different users may have different ideas of what, for example, constitutes 

as a seven. This leads to different users obtaining different costs. 

AM is relatively unexplored. Several times no existing formulas were found, leading 

us to create them ourselves based on data of the two components we had access to. 

This led to a lot of approximations and guesswork, reducing the reliability of the 

DSM. Some approximations are roughly formed, and simplifications have been 

made to reduce the number of inputs. The ambition with the DSM in its current 

state is that it can inspire research to take it to the next level, with more compre-

hensive and realistic data. We think there is a need for this kind of simple model to 

present AM for a relatively conservative industry. 

5.2 Result analysis 

The verification of the DSM was done in comparison with other calculations and not 

with empirical data. To increase the reliability of the DSM, the values and formulas 

in the model should be tested for different components. 

In the DSM, the manufacturing time for AM represents effective print time, while 

for CNC machining the time represents rough processing. For both AM and machin-

ing, the actual manufacturing time is longer as the model doesn’t take rapid travel, 

tool change, new powder appliance etc. into account. These times are difficult to es-

timate, so to make the comparison equal, and to reduce the number of inputs, these 

times were neglected for both manufacturing methods.  

The printed component is assumed to be equivalent to a roughly processed ma-

chined component with regards to finishing. This means that if tolerances are re-

quired, and finishing in a CNC machine is needed, the CNC machine cost would 

need to be applied to the AM component as well. This cost is difficult to approxi-

mate but is an important aspect and needs to be taken into consideration somehow. 

Therefore, the finishing cost for AM is higher than CNC machining in the DSM, but 

this needs further investigation as it is very roughly approximated. 

A weakness with the study is the lack of verification for the CNC machined compo-

nents. The cost for the A and B components were calculated for AM, so no data 

about their equivalent machined costs were available, since they weren’t suitable for 

machining due to complexity. During the study, it became clear that estimating ma-

chining costs is a complex task, so the cost estimation was dependent on the litera-

ture review. The lack of data lead to many assumptions, which is why a verification 

of the approximations made would prove useful for future use of the DSM. 
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The purpose of the DSM in its current form is to be used by companies working 

with AM, which is why there’s machine data for specific AM machines while CNC 

machine data is more general. In many cases, the customers approaching AM com-

panies already manufacture their components with traditional manufacturing, and 

therefore already know the production cost. In these cases, only the AM cost is of 

interest.  

The ambition during the development of the DSM has been to use as few numerical 

values as possible in the equations. This is to make it easy for the user to enter cur-

rent values for the different parameters. There is, however, a utility in default val-

ues for parameters that can be difficult to enter. The default values are based on ma-

terial categories and general CNC machine data but can be further specified with 

specific materials and machines intended to be used. 

The idea behind the DSM is to quickly tell if AM is suitable for a component, and 

when there’s reasons to investigate the options further. A good approximated cost 

with few inputs is therefore more valuable in this case than an advanced calculation 

with a larger number of inputs. 

 

 



34 

6 Conclusions 

Additive manufacturing will not replace any existing manufacturing method. It is, 

however, a good complement to the metalworking industry today. Components 

suitable for AM should generally be on the smaller side, have a degree of complexity 

and few demands on tolerances and surface finishing. It’s also suitable for small se-

ries or on-demand production. Otherwise, it rarely becomes economically justifia-

ble. If a component can be optimized using the benefits of AM, such as reducing 

weight or the number of parts, AM could be an alternative if the component itself 

benefit from the gains.  

Comparing the DSM to existing services, there certainly seems to be a place for it. 

Apart from direct consultations, only a few services assist with the choice between 

AM and other manufacturing methods. Among these, the DSM stands out due to it 

calculating an estimated cost based on the user’s own data when it comes to materi-

als, machines and workshop. 

6.1 Future work 

It’s clear that this study is merely scratching the surface on the choice of manufactur-

ing method for components. Right now, the model only compares DMLS against 

CNC machining, but more methods could be implemented for a more comprehen-

sive comparison. 

To increase the DSM’s reliability, the estimated cost for CNC machined parts 

should be verified using practical data. AM would also benefit from this, since it’s 

now only verified against another calculation. 

The post-processing needs to be investigated further to get reliable calculations. 

One idea is to categorize different kind of post-processes into groups, since different 

operations depends on different parameters, providing different cost estimations. 

The complexity and finishing factor also needs to be further specified, to minimize 

the difference in cost depending on user. If post-processes were to be categorized as 

mentioned above, the finishing factor could even be removed.  

While the DSM right now is in the form of a Microsoft Excel document, it would be 

useful if it could be created as an application instead, preferable for mobile phones 

and tablets so it’s easy to carry around while travelling and meeting potential cus-

tomers. Another improvement would be if there was a function in the application 

that allows the user to upload a CAD file to automatically get the volume and size of 

the component. 
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Finally, while the DSM only examines the production economics around a compo-

nent, there’s a lot of technical aspects to consider as well. Expanding the model so 

these aspects can be included could be beneficial, especially if the DSM’s could auto-

matically optimize the component for AM based on technical criterions. 
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Appendix A – Interview material 

Input/output 

1. What information is the customer interested in?  

2. What information it the user interested in?  

3. What CNC machining data is easy for you to obtain?  

4. Is there any input for AM or CNC machining that is difficult to enter? 

5. How often do you obtain CAD files together with customer requests?  

6. Can you see any benefits with inserting a CAD file into the model so that 

volumes, dimensions etc. are calculated automatically? 

Machine parameters 

7. What factors decides the building orientation in the machine? 

8. In what unit is the build speed of a DMLS machine? 

9. What decides the build rate for the machine?  

10. What distance must there be between the components in the machine? 

Design of the component 

11. With AM, it’s possible to make a component lighter by making certain parts 

hollow. Is this included in the CAD file, or is it something you add later? 

12. How do you decide if a component is too complex for traditional manufac-

turing?  

13. What makes a component complex? 

14. How often do you optimize the weight of a component?  

The basic calculation 

15. Please look at the DSM in its current state. Do you miss anything important, 

or is something unnecessary?  

16. How do you handle depreciation? 

17. How do you handle annual expenses, such as premises costs? 

18. Do you have access to an example cost calculation we can compare the DSM 

to? 
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Times  

19. How do you handle machines with more than one laser? 

20. How long are the programming and setup times?  

21. How many hours do you operate per year? 

22. How do you calculate your delivery times? 

23. When preparing a CAD file for machining, typically a CAM software is 

used. Is there a similar method for AM? 

Post processing 

24. How do you handle post-processing in your calculations? 

25. How do you handle support structures? 

26. When is finishing and post-processing not required? 

27. When is heat treatment not required? 

28. Is any other form of post-processing used? 

Other 

29. If recurring customers want the same product, how do you manage pro-

gramming times etc. for that order?  

30. How is waste handled? Can discarded powder be reused? 

31. Do several machines work simultaneously when manufacturing a large or-

der? 

32. Do you have any good manual for AM? 

33. According to a AM material and machine database, Senvol, these metals can 

be applied to PBF. Which materials are you interesting in default values for? 

- Aluminum, amorphous metal, bronze, chromite, cobalt, copper, gold, iridium, 

iron, magnesium, nickel, niobium, platinum, refractory metal, silver, steel, tita-

nium, zirconium. 

34. Do you have anything else you would like to add? 
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Appendix B – Material and machine data sheets 

 

 

Metal AM Price Price Powder

Density Cutting speed Cutting depth Feed/revolution removal rate Build rate (powder) (workpiece) reuse

MATERIAL ρ [g/cm3] k c1  N/mm2] m c k c  [N/mm2] v c  [m/min] a p  [mm] f n  [mm/rev] Q  [cm3/min] [cm3/h] [SEK/kg] [SEK/kg] [times]

Steel, unalloyed 7,85 1600 0,25 2012 310 4 0,40 496 10,0 1 600 30 10

Steel, low alloyed 7,84 1850 0,25 2326 220 4 0,40 352 10,0 1 600 30 10

Steel, high alloyed 7,86 1950 0,25 2452 205 4 0,40 328 10,0 1 600 30 10

Stainless steel, ferritic/martensitic 7,72 2350 0,21 2849 110 3 0,40 132 12,0 1 200 60 10

Stainless steel, austenitic 7,85 2300 0,21 2788 105 3 0,40 126 12,0 1 200 60 10

Stainless steel, duplex 7,80 2250 0,21 2727 85 3 0,40 102 12,0 1 200 60 10

Aluminium alloy 2,71 650 0,25 1044 2000 1 0,15 300 10,0 1 000 60 10

Copper based alloy, leaded 8,55 550 0,25 884 500 1 0,15 75 5,0 1 200 120 8

Copper based alloy, non-leaded 8,38 1350 0,25 2169 300 1 0,15 45 5,0 1 200 120 8

Nickel based alloy 8,43 2850 0,25 4262 175 3 0,20 105 12,0 1 600 80 8

Cobalt alloy 8,53 2900 0,25 4337 235 3 0,20 141 12,0 2 000 120 8

Titanium alloy 4,52 1400 0,23 1847 120 3 0,30 108 18,0 4 000 180 8

Machining

Specific cutting force

Build tray

Machine cost Warranty Maintance costs Depreciation x y z area Net power

AM MACHINE [SEK] [SEK/year] [SEK/year] [Years] [mm] [mm] [mm] [mm2] [kW]

EOS M 100 3 000 000 150 000 30 000 5 90 90 95 8100 1,7

EOS M 290 5 000 000 250 000 50 000 5 250 250 325 62500 3,2

EOS M 400 8 000 000 400 000 80 000 5 400 400 400 160000 16,2

CL M2 cusing 5 000 000 250 000 50 000 5 250 250 350 62500 9,0

CL Mlab cusing 3 000 000 150 000 30 000 5 90 90 80 8100 1,5

SLM 125 4 000 000 200 000 40 000 5 125 125 125 15625 3,0

SLM 280 6 000 000 300 000 60 000 5 280 280 365 78400 4,5

SLM 500 10 000 000 500 000 100 000 5 500 280 365 140000 9,0

Machine cost Warranty Maintance costs Depreciation Max power

CNC MACHINE [SEK] [SEK/year] [SEK/year] [Years] [kW]

Lathe, small (≤6 chuck) 600 000 30 000 30 000 5 11,0

Lathe, medium (6-12" chuck) 800 000 40 000 40 000 5 25,0

Lathe, large (12-16" chuck) 1 000 000 50 000 50 000 5 37,0

Lathe, Xlarge (16-21" chuck) 2 500 000 125 000 125 000 5 45,0

Multitask, medium (8-12" chuck) 1 000 000 50 000 50 000 5 22,0

Multitask, large (16-24" chuck) 1 400 000 70 000 70 000 5 45,0

Universal machining centre 2 100 000 105 000 105 000 5 28,0

Build envelope
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