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Abstract 

The purpose of this thesis is to find out how additive manufacturing (AM, 3D printing) 
can be used in technical maintenance business and to create a starting point for adopting 
AM in a maintenance provider’s business. To study this, the current state of AM 
technology and how it relates to technical maintenance is surveyed. In addition, a plastic 
jig was manufactured using 3D printing. This jig could help to reduce down time of a 
process and also gives the company more information on the practical side of AM. This 
thesis also includes helpful charts and information that can be used to spread AM 
knowledge throughout a company. 
 

Additive manufacturing technology’s current state is surveyed from textbooks, articles 
and studies. Machine manufacturers’ and service providers’ web pages are also utilized. 
At the moment 3D printing can be used to manufacture end parts and spare parts that 
directly replace old parts made of different plastics and metals. The AM knowledge is 
combined with the requirements and characteristics of technical maintenance and 
especially from the view point of a service provider. Technical maintenance’s special 
characteristics include: the importance of supply chain and delivery time; difficulty of 
acquiring CAD models; lack of testing facilities and possibilities. In technical 
maintenance, the availability of spare parts at the right time and at a low price is of the 
utmost importance. AM can produce parts on demand with a simple supply chain 
provided that some preparations are done.  
 

Requirements for parts in technical maintenance vary a lot as the customer companies 
can include for example paper mills, food manufacturers and power plants. A wide variety 
of parts means that there are bound to be suitable applications for AM. However, it also 
means that locating these is difficult. Finding suitable applications should be done from 
the sites and factories instead of a centralized group looking for applications.  
 
The results show that while there remains problems in AM’s adoption to technical 
maintenance, applications can be found. One of the biggest barriers to adoption is the 
difficulty of quality assurance and lack of testing possibilities. 
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Tiivistelmä 

Tämän diplomityön tavoitteena on tutkia miten ainetta lisääviä valmistusmenetelmiä 
(3D-tulostusta) voidaan hyödyntää teollisessa kunnossapidossa ja kuinka 
kunnossapitopalveluntarjoaja voi aloittaa 3D-tulostuksen käyttöönoton. Työssä 
selvitetään ensiksi 3D-tulostus teknologian nykytilanne ja kuinka se liittyy teolliseen 
kunnossapitoon. Lisäksi 3D-tulostetaan jigi muovista. Jigin tarkoitus on vähentää erään 
prosessin tehotonta työaikaa ja sen valmistuksesta yritys saa myös lisätietoa 3D-
tulostukseen liittyvistä käytännönjärjestelyistä. Tämä diplomityö sisältää myös 
hyödyllistä tietoa ja taulukoita, joilla 3d-tulostus-tietoa voidaan levittää yrityksessä. 
 
Ainetta lisäävien valmistusmenetelmien nykytilannetta selvitetään oppikirjoista, 
artikkeleista ja tutkimuksista. Lisäksi hyödynnetään konevalmistajien ja alalla toimivien 
palveluntarjoajien nettisivuja. Tällä hetkellä 3D-tulostamalla voidaan valmistaa 
lopputuotteita ja varaosia, jotka korvaavat vanhoja, perinteisesti valmistettuja osia. Tätä 
ja muuta tietoa 3D-tulostuksesta sovelletaan teolliseen kunnossapitoon erityisesti 
palveluntarjoajan näkökulmasta. Kunnossapidon erikoispiirteitä ovat: toimitusketjun ja 
-ajan tärkeys; CAD-mallien hankkimisen vaikeus; testitilojen ja mahdollisuuksien 
puuttuminen. Teollisessa kunnossapidossa varaosien oikea-aikainen ja 
kustannustehokas saatavuus on erittäin tärkeää. 3D-tulostamalla voidaan valmistaa 
varaosia tarvittaessa ja yksinkertaisesti, jos valmisteluista on huolehdittu. 
 
Teollisessa kunnossapidossa vaatimukset varaosille vaihtelevat huomattavasti, sillä 
asiakasyrityksiin kuuluu esimerkiksi paperitehtaita, voimalaitoksia ja 
ruoanvalmistuslaitoksia. Asiakkaiden laaja-alaisuus tarkoittaa, että sovelluskohteita 3D-
tulostamiselle löytyy. Toisaalta näiden kohteiden löytäminen on vaikeaa. 
Sovelluskohteiden tulisikin löytyä lähellä prosessia toimivien ihmisten kautta. 
 
Diplomityön tulokset osoittavat, että 3D-tulostuksen omaksumisessa teolliseen 
kunnossapitoon on vielä haasteita, mutta sovelluskohteita on löydettävissä. Yksi 
suurimmista esteistä on laadunvarmistuksen ja testauksen rajoitukset. 
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Introduction 

Additive manufacturing, also known as 3D printing (these terms will be used 

interchangeably in this thesis), is a relatively new technology that allows products and 

prototypes to be made directly from 3D CAD models. This technology creates many new 

possibilities not only in the manufacturing industry, but also in maintenance service and life-

cycle businesses. These possibilities derive from the straightforward and fast process from 

design to product and the complex products that are no longer limited by the traditional 

manufacturing methods. AM has been described as revolutionizing product development 

and manufacturing. (Gibson et al. 2015) 

 

In additive manufacturing, the 3D model is first split into layers, which are then created one-

by-one on top of each other to form the part. There are seven different AM processes that 

differentiate in the way the layers are deposited to create parts. For example, layers can be 

extruded or made by binding granular or liquid material. The different methods have 

different applications and they vary in available materials, build quality and speed among 

other things. (Gibson et al. 2015) 

 

Fundamentally, the additive manufacturing technology has hardly changed in recent years, 

but the improvements in existing technology have been significant. All of the current 

methods have seen improvements in material properties, speed and accuracy. These 

improvements have increased professional interest in AM technologies and this in turn has 

lowered the costs. Consumer machines and applications have also become available. 

(Campbell et al. 2012) The additive manufacturing industry grew 25,9 % in 2015 and on 

average it grew 33,8 % annually between 2012 and 2014. (3ders.org, 2016) 

 

Three major industries using additive manufacturing are: automotive, aerospace and 

medical. These industries are a good example of how AM has developed into a viable 

manufacturing method. Automotive manufacturers use AM in product development phases 

and to quickly make parts available before the full production tool is ready. Aerospace 

companies are after complex and lightweight structures. Medical industry uses AM because 

of the ease in which 3D imaging data can be made in to solid objects. (Campbell et al. 2012) 

 

In this thesis the main focus will be on additive manufacturing as it relates to maintenance 

service business, specifically to technical maintenance in industry. The goal of technical 

maintenance is to maintain production and operation of a facility and minimize shutdowns. 

Maintenance can be divided into planned and breakdown maintenance which can be further 

divided into different maintenance types and strategies (PSK 6201 2011). These will help 

defining the advantages that AM can provide to maintenance business. 

 

AM technology can provide multiple different benefits in technical maintenance. 

Maintenance often requires a broad range of spare parts that occupy large storage spaces. 

This ties up money and the value of these storages could be significant. A solution could be 

to have only 3D models of the spare parts and 3D print these when needed. This would cut 

down the storage costs. In addition, this could be done close to the site, thus reducing 

delivery time and costs. Additive manufacturing could also be faster than traditional 

manufacturing methods if a spare part is not available. Another, maybe not so obvious 

benefit could be developing spare part designs specifically for 3D printing and improving 

performance through maintenance. 
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The above mentioned benefits will rarely be the same for two cases and each case should be 

evaluated separately. This means that one solution cannot be adapted directly from a certain 

facility to another. Researching industry customs and competitors might give an idea on the 

viability of AM in service business, but it will not give a perfect answer. Could AM give 

service providers an edge over competitors? Or could it be necessary to stay competitive in 

the near future? 

1.1 Aim of the thesis 

The main goal of this thesis is to find out if Caverion can benefit from adopting additive 

manufacturing into its service business. The benefits could come in the form of cost savings, 

reduced down times or otherwise improving performance.  

 

To find out how AM could affect technical maintenance, the current situation has to be 

mapped. This includes finding out what kind of parts are needed and what their specifications 

are like. In addition, AM technology’s current situation will be investigated. One part will 

be printed to help evaluate the practical usefulness of AM. 

 

Secondary goal of the thesis is to plan the implementation of additive manufacturing 

technologies into Caverion’s technical maintenance business. What are the industries and 

facilities where AM can be adopted? Should a 3D printer be bought or is it more viable to 

utilize service providers? This also includes current and future research and advances to 

follow. 

1.2 Scope of the thesis 

This thesis will focus on the application of additive manufacturing in technical maintenance 

in industry and manufacturing parts. Instead of only considering manufacturing parts with 

AM, the benefits and drawbacks of AM technologies are also examined from the viewpoint 

of this service business. The companies that are involved are Caverion Industrial solutions 

and its affiliate Botnia Mill Service.  

 

All the different additive manufacturing technologies are included. Materials that will be 

considered are different metals and plastics. 
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2 Service and technical maintenance business 

2.1 Service operations 

A service operations system is designed to deliver services that satisfy the needs of 

customers. It is made up of people, technology and organizational networks. (Parker 2012, 

pp.5) Caverion Industrial solutions-division provides technical maintenance service to 

different production plants. This service includes facility and production process 

maintenance and its goal is to increase profitability of the customer’s plant and create 

competitive advantage through smoothly running operations. 

 

Designing, achieving and maintaining service success is a challenging task. Companies have 

to learn and develop continuously to achieve and sustain advantages. In the increasingly 

global and more competitive markets meaningful service differentiation has become even 

harder to achieve. There are three generic competitive strategies that the company can pursue 

to create an advantage over competitors (Parker 2012, pp.14, 18-19): 

 

 seek to become the lowest cost provider, 

 achieve a differentiated position as perceived by customers or 

 seek to focus on particular market sectors or target audiences. 

 

However, only one provider can have the lowest costs, and focusing on a small market sector 

is often not a viable option for a bigger company. This leaves differentiation as the often 

chosen route. As mentioned, meaningful and lasting differentiation is difficult to achieve. It 

is often done by creating a brand identity that promotes a subliminal message, like trust and 

reliability or by providing higher or different levels of service than the competition or a 

combination of both. (Parker 2012, pp.19-20) Additive manufacturing can be used to provide 

a higher level of service through for example decreased downtimes. Additionally AM could 

also be used to promote a brand identity of technical competence and innovative solutions. 

 

Traditionally, technical maintenance has been considered an in-house activity and only in 

the last 15 years or so has outsourcing become a common practice. There are three 

fundamental factors that make firms choose outsourcing maintenance: cost reduction 

through more experience and better efficiency; more skills through qualified people and 

specific instruments; higher service level bound by achieving agreed upon Key Performance 

Indicators (KPIs). (Macchi et al. 2011, pp.171) 

2.2 Technical maintenance 

Maintenance is a “combination of all technical, administrative and managerial actions during 

the life cycle of an item intended to retain it in, or restore it to, a state in which it can perform 

the required function.” (PSK 6201 2011) In other words, the goal of maintenance is to keep 

the equipment working and producing the desired outcome despite natural wear, damage and 

aging. Additionally, a part of providing technical maintenance service can be improving the 

process or the equipment with for example more durable parts.  

 

The importance of maintenance is evident when you consider a total breakdown of a part of 

a production line: the whole production stops until the broken part has been repaired or 
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replaced. Furthermore, the delivery time of a replacement part might be long, extending the 

downtime. The part breaking might also cause harm to other parts in the system increasing 

the repair costs. It is vital to have the right parts available at the right time or at least be able 

to manufacture them, if they are not available. 

 

There are different maintenance types and strategies intended to be used to plan and manage 

maintenance operations. The main divide is between planned and breakdown maintenance 

(Figure 1). In breakdown maintenance, also known as “run-to-failure”, repairs are done after 

the part breaks. Planned maintenance tries to predict breakdowns and act before they occur. 

(PSK 6201 2011 & Mobley 2004, pp.2) 

 

 

Figure 1 Maintenance types as described in PSK standard 6201 (2011) 

 

Breakdown maintenance is simple and straightforward, but it is also the most expensive 

method of maintenance management. The major expenses of this type of management are 

the following (Mobley, 2004 pp.2): 

 

 High spare parts inventory cost 

 High overtime labor costs 

 High machine downtime 

 Low production availability 

 

As there are no attempts to predict or plan the need for repair, the spare part inventory has 

to be extensive or part delivery from the vendor has to be immediate. Both of these options 

increase the repair costs significantly. Compared to scheduled maintenance, the cost of run-

to-failure maintenance is on average three times higher. (Mobley 2004, pp.2-3) 

 

Preventive maintenance is based either on the observed condition of the equipment or a 

predetermined interval like calendar time or utilized hours. The bathtub curve (Figure 2) 

illustrates the statistical life of a machine. The number of failures encountered is high during 
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the break in period of the machine due to installation problems and it then sets at a relatively 

low level for an extended period of time. After this normal machine life period, the 

probability of failure increases again due to wearing out. (Mobley 2004, pp.3-4) 

 

 

Figure 2 Maintenance bathtub curve (Mobley 2004, pp.3) 

 

Predetermined or scheduled maintenance is based on the mean time to failure indicated on 

the bathtub curve. The maintenance is commonly set to be done so that no more than 1-2 % 

of machines will experience failure during the interval. This is problematic as the operating 

mode and conditions can vary from plant to plant and affect the operating life of a machine. 

Additionally, a small number of unforeseen failures can still occur. The normal result of 

using statistics to schedule maintenance is either unnecessary repair or failure. Unnecessary 

repairs consume excessive amounts of spare parts, thus increasing the costs related to 

maintenance. (Mobley 2004, pp.3-4 & Randall 2011, pp.2) 

 

Predictive or condition based maintenance is, as the name suggests, based on the observed 

condition of the equipment. Instead of relying on average-life statistics, predictive 

maintenance uses different monitoring tools to obtain actual operating condition of critical 

plant systems. Then based on this data, maintenance activities are scheduled before actual 

failure. How the condition will be monitored depends on the application and machines 

present, for example vibration monitoring works well for rotating machinery and thermal 

imaging for electrical switchgears. In addition to timing repairs, condition monitoring can 

be used to improve product quality, productivity and profitability of manufacturing and 

production plants. (Mobley 2004, pp.4-6) 

 

The relations between technical maintenance and additive manufacturing are discussed in-

depth in chapter 4. 
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3 Additive manufacturing 

3.1 General theory 

In additive manufacturing parts are created from the bottom up adding layers of material on 

top each other. There are different AM technologies that create the layers in different ways. 

This process differs fundamentally from traditional manufacturing, like machining where 

material is removed from a bigger block to create shapes. Traditional manufacturing is 

sometimes also called subtractive manufacturing in this context. 

 

The AM creation process is based on a 3D CAD model of the product that is converted to 

an AM machine compatible format and then printed. There are eight key steps in the AM 

process as described by Gibson et al. (2015): 

 

 Conceptualization and CAD 

 Conversion to STL/AMF 

 Transfer and manipulation of STL/AMF file on AM machine 

 Machine setup 

 Build 

 Part removal and cleanup 

 Post-processing of part 

 Application 

 

The first step is designing the product and creating the CAD model. This includes all product 

development and design phases and depending on the product can be a long process. The 

first step could also be reverse engineering products for example with a 3D scanner. It is 

important to know the possibilities of different manufacturing methods at this point to 

maximally utilize them. (Gibson et al. 2015 pp.44) 

 

Almost all additive manufacturing technology uses STL file format and the name is derived 

from the first commercial AM technology: STereoLithography. STL is a simple way of 

describing the model in terms of geometry alone. It approximates the surfaces with triangular 

facets and removes all construction data, modeling history etc.. The conversion process is 

automatic in most CAD systems. AMF file format is now the ASTM/ISO standard format. 

It extends STL to include dimensions, color, material and other useful features. Many CAD 

companies and AM vendors have announced that they will support AMF in their next 

generation software. (Gibson et al. 2015 pp.45-46) 

 

Next step is to transfer the file to the AM machine and manipulating it to achieve the optimal 

results. The first task is to verify the part is correct. Usually the AM system software has a 

visualization tool that can be used to view the part. At this point the user may wish to 

reposition the part on the build platform or change the orientation to accommodate the shape 

of the part better. Nesting of multiple parts can also be done. (Gibson et al. 2015 pp.47) 

 

The machine setup parameters will depend on the machine and the application. These 

parameters are important to the quality of the part and the overall end result. They include 

for example the build material and layer thickness. An important consideration is also the 
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need for supporting structures for overhanging shapes. The software can usually fill these 

automatically according to set parameters. (Gibson et al. 2015 pp.47-48) 

 

After the part has been designed and the setup done, it can be made using the AM machine. 

This is done entirely automatically. The process involves height control, material deposition 

and layer formation and continues until the part is ready or there is no material remaining. 

(Gibson et al. 2015 pp.48) 

 

All of the additive manufacturing processes require at least separating the part from the build 

platform or removing excess build material from around the part. Supporting structures need 

to also be removed. (Gibson et al. 2015 pp.48-49) 

 

The above mentioned clean up applies to all AM manufactured parts. Some parts also require 

more thorough post-processing depending on the application and its requirements. This post-

processing could be for example abrasive finishing or applying coatings. (Gibson et al. 2015 

pp.49) 

 

After processing the part is ready for use. It is important to note that while parts could be 

made from the same materials as with traditional manufacturing methods, their material 

properties might be different and they might not behave according to standard material 

specifications. (Gibson et al. 2015 pp.49) 

 

This generic process can be applied to all commercial AM technologies. Different 

technologies require more attention to certain steps compared to others (Gibson et al. 2015 

pp.50). The different AM technologies and their features are described in more detail below. 

3.2 Technologies 

The American Society for Testing and Materials divides additive manufacturing processes 

into seven categories. The main difference between these is the way the layers are 

manufactured. This affects the available materials, properties of the part and build speed. 

The categories are: 

 

 Vat Photopolymerization 

 Powder Bed Fusion 

 Material Extrusion 

 Material Jetting  

 Binder Jetting  

 Sheet Lamination 

 Directed Energy Deposition 

 

The technologies and their specifications are described next and also presented in a chart in 

Appendix 1. 

 

In Vat Photopolymerization (also known as Stereolithography, SL) a liquid photopolymer 

resin is cured with radiation. Most commercial machines utilize photopolymers that react to 

the ultraviolet (UV) range of wavelengths, but some systems utilize visible light curable 

materials as well. When radiated the liquid material becomes solid. (Gibson et al. 2015, 

pp.63)  
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A photopolymerization machine can be seen in Figure 3. In this manufacturing process the 

build platform moves down the height of one build layer and the sweeper spreads the resin 

evenly on top of the previous layer. The UV laser then cures the wanted areas. This sequence 

is repeated until the part is finished. (Gibson et al. 2015 pp.82) The process can also be 

turned upside-down, so that the manufactured part is attached to the build platform and rises 

from the photopolymer. The light source is positioned below the resin. This approach 

requires only a shallow vat for the liquid and is not limited by the depth of the container.  

 

Figure 3 Photopolymerization machine (Custompart.net 2016c) 

 

Part accuracy and surface finish are the main advantages of vat photopolymerization over 

other AM technologies. These in combination with moderate mechanical properties make 

photopolymerization a viable option for form, fit and functional prototypes. (Gibson et al. 

2015, pp.101) 

 

Powder Bed Fusion (PBF) methods use a thermal source for inducing fusion between powder 

particles. The powder fusion is limited to the wanted area to create the necessary layer. Then 

the powder bed lowers and a new layer of powder is rolled or spread otherwise on top of the 

previous layer (Figure 4). (Gibson et al. 2015, pp.107-108) 
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Figure 4 Selective laser sintering machine (Custompart.net 2016b) 

 

There are different PBF processes, like Selective Laser Sintering (SLS), Electron Beam 

Melting (EBM) and Selective Laser Melting (SLM), that share the same basic principles. 

They utilize different heat sources (laser or electron beam) or powder spreading mechanisms 

(roller or blade) and vary in available materials and requirements. PBF processes can in 

principle use all materials that can be melted and re-solidified and there is a wide range of 

available materials including polymers, metals, ceramics and composites. These processes 

can be used for manufacturing end-use products as the material properties are comparable to 

many traditionally manufactured parts. (Gibson et al. 2015, pp.131-143) 

 

Material extrusion, also known as Fused Deposition Modeling (FDM) or Fused Filament 

Fabrication (FFF), is the most common process in 3D printers (Wohler 2013, pp.55). In this 

process material is liquefied and extruded through a nozzle on to the build platform or on 

top of the previous layer (Figure 5). In most machines the material is either in a pellet or 

powder form or fed in a continuous filament form. (Gibson et al. 2015, pp. 147-148) 
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Figure 5 Fused deposition modeling machine (Custompart.net 2016a) 

 

The most widely used extrusion technology is Fused Deposition Modeling that is produced 

and developed by Stratasys. There are more FDM machines than any other AM machine 

type in the world. (Gibson et al. 2015, pp. 161) FDM machines can produce parts out of 

different plastics and the most popular material is ABSplus, an updated version of original 

ABS. FDM process produces parts with good material properties and is relatively 

inexpensive. The main drawbacks are slow build speed and accuracy that derive from the 

usage of extrusion nozzle. The nozzle has inertia which limits movement speeds compared 

to for example laser based systems. The nozzle radius sets final quality and accuracy of the 

part and its surfaces. (Gibson et al. 2015, pp.163-165) 

 

Material jetting is similar to two dimensional printing in that the build material is jetted in 

droplets onto the build platform. On the platform the material is hardened either by using 

UV light or it is allowed to cool down and harden. Depositing the material as drops limits 

the available materials. Commonly used materials are polymers and waxes, because of their 

viscous nature and ability to form drops. However research has shown that there is also 

potential in metals and ceramics. Material jetting is highly accurate and allows using 

multiple materials and colors under one process. (Gibson et al. 2015 pp.175-177) 

 

A binder jetting machine will distribute a layer of powder onto a build platform in the same 

way a powder bed fusion machine does. A liquid bonding agent is selectively applied on to 

this layer of powder creating a layer of the part. The platform then lowers and a new layer 

of powder is distributed and the process is repeated until the part is completed. Because of 
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the powder bed and the way the part lies in the not bonded powder, binder jetting does not 

require support structures. This also allows for filling the whole build volume with parts. 

(Gibson et al. 2015 pp.205-206) 

 

Binder jetting is a fast and inexpensive technology and works with many different materials 

including polymers, metals and ceramics. The parts made with this technology have limited 

mechanical properties unless they are further processed. Infiltration and sintering are typical 

finishing processes. (Gibson et al. 2015 pp.205-207) 

 

In sheet lamination, sheets of material are bound together using adhesive, ultrasonic welding, 

thermal bonding or clamping. After a sheet has been attached to the previous layer, the 

desired shape is cut into it, either mechanically or with a laser. Alternatively the sheet can 

be cut into shape first and then bound to the previous layer. One sheet represents one layer 

of the part and determines the layer height. Post-processing requires extracting the part from 

the surrounding sheet material. (Gibson et al. 2015 pp.219) 

 

The last additive manufacturing category described here is Directed Energy Deposition 

(DED). A typical DED machine moves the nozzle in 3 directions. However the deposition 

nozzle can be mounted on a multi axis arm. This makes repairing and maintaining existing 

structures possible as the material can be deposited from different angles. The nozzle 

deposits the material in powder or wire form and it is melted upon deposition with a laser or 

electron beam (Figure 6). (Gibson et al. 2015 pp.245-248) 

 

 

Figure 6 Two examples of Directed Energy Deposition powder nozzle configurations 

(Gibson et al. 2015 pp.252) 

 

The DED process can be used with polymers and ceramics, but is typically used with metals. 

(Gibson et al. 2015 pp.245) The process can be used to make high quality, functional parts 
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or repair similar products. The DED processes can produce fully-dense parts with highly 

controllable microstructural features. The main limitation of DED processes are poor 

resolution and surface finish, although speed can be sacrificed for higher accuracy and a 

better surface quality. This might be detrimental as the build times can already be very long. 

(Gibson et al. 2015, pp. 266-267) 

3.3 Materials 

There are many materials available for additive manufacturing. The most important 

materials for industrial applications are of course plastics and metals. In addition to these, 

available materials include for example waxes, ceramics, biochemical materials and 

different composites. Advances in available materials and material properties are an 

important factor in the development of AM technologies and their practical usefulness. 

Another important drivers for the development of AM have been third party material 

manufacturers and development of better post-processing techniques. (Campbell et al. 2012) 

 

Understanding the intended application and its material requirements is important when 

choosing AM materials and suitable processes and machines. Availability of a material does 

not yet guarantee that the performance is similar to traditionally made part of the same 

material. Testing the AM part in a similar environment to the intended use is a good way to 

ensure actual usefulness. (3DSystems 2014, pp. 13) 

 

There are flexible and rigid 3D printed plastic materials available. The material properties 

can be made different even within the same part when using certain machines and printing 

composites. Plastics vary also in their temperature resistance. The functional properties of 

the plastic material might not be apparent from published specifications as the properties can 

vary significantly outside given ranges. A good example of this is the commonly reported 

Heat Distortion Temperature (HDT). Some materials deteriorate quickly after this 

temperature is exceeded and some might degrade gradually over a longer temperature range, 

thus expanding the usefulness of the material. (3DSystems 2014) 

 

Some of the main plastics used in additive manufacturing are acrylonitrile butadiene styrene 

(ABS), polylactic acid (PLA), polyvinyl alcohol (PVA) and polycarbonate (PC). ABS is the 

most popular type of polymer and can be found in for example Lego bricks and small 

appliances like hair dryers. Advantages of ABS are good impact resistance, rigidity, strength 

properties and surface finishing. Disadvantages of ABS are low continuous service 

temperature, low dielectric strength and not being resistant to some solvents like ester. 

(Campo 2006 pp. 6-8) 

 

PLA is a biodegradable thermoplastic derived from renewable resources like corn starch or 

sugarcanes. PLA offers relatively high strength and is lightweight, but can be brittle and has 

a low HDT. One way to improve the mechanical properties of PLA is to add fibers or filler 

materials. Traditionally made PLA parts are used in biomedical and packaging applications. 

Reinforced composite material is used for example in automotive industry. (Sharma & 

Mundhoo 2011, pp.111-114) 

 

PVA is used as a support material in additive manufacturing, because it is dissolvable in 

water. As PVA absorbs water, the environment has to be controlled for humidity for better 
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results. Higher humidity makes the material softer and tough instead of hard and brittle. 

(Goodship & Jacobs 2009, pp. 9) 

 

Polycarbonate requires high-temperature nozzle when extruded, which can be problematic 

in 3D printers. PC has many advantages including high impact strength, wear resistance, 

good dimensional stability and it is processable by all thermoplastic methods. PC is limited 

by relatively soft surface, only fair solvent resistance and poor stress cracking resistance. 

Typical applications for polycarbonate are for example sports helmets and vehicle tail and 

head lights. (Campo 2006, pp.29-30) 

 

Metal systems use in almost all cases powder materials as input (Gibson et al. 2015 pp.35). 

In theory, any metal that can be welded in room temperature can also be 3D printed. There 

are still only a limited number of commercially available alloys in AM processes (Virhe. 

Viitteen lähdettä ei löytynyt.). (Frazier 2014, pp.1920) 

 

Table 1 Some commercially used alloys in AM processing (Frazier 2014) 

Titanium Aluminum Tool steels Super alloys Stainless 
steel 

Refractory 

Ti-6Al-4V Al-Si-Mg H13 IN625 316 & 316L MoRe 
ELI Ti 6061 Cermets IN718 420 Ta-W 
CP Ti   Stellite 347 CoCr 
γ-TiAl    PH 17-4 Alumina 

 

During fabrication, metallic AM parts repeatedly go through melting, solidification, heat 

extraction and sometimes also solid state phase transformations. This adds complexities to 

the analysis of microstructural evolution and properties when comparing to traditional 

processes. Still, the static mechanical properties of AM metallic materials are, in general, 

comparable to those of traditionally manufactured parts. Processing defects like micro-

porosity, limit the fatigue properties of AM produced alloys. These fatigue properties can be 

improved and brought close to wrought alloys by different post-processing actions like 

machining and hot isostatic pressing (HIP). (Frazier 2014, pp. 1926) 

 

A recent master’s thesis (Koskinen 2016) gives a good look in to the properties of powder 

bed fusion for metal. In this thesis, an axle and a casing were manufactured from steel and 

aluminum respectively and subjected to multiple tests. These are very basic machine parts 

and thus work well as examples. For the axle, the surface hardness was not enough for the 

application even after heat treatment. It is mentioned that with nitration the surface hardness 

could be increased well above the required limit. For the AM aluminum casing, the hardness 

exceeded the hardness requirement for die cast parts specified in SFS-EN 1706 standard. 

 

For aluminum, the elastic modulus was noticeably less than what the manufacturer had 

specified (26,54 GPa vs. 64 GPa) and what a die cast part would have (75 GPa). According 

to the supplier this was due to the anisotropic nature of AM parts and differences in different 

build directions. Also, possible errors during building process and measurement are 

mentioned. The yield and tensile strengths of AM aluminum were noticeably higher (84% 

and 69% higher, respectively) than that of a cast part. 

 



19 

 

The accuracy of PBF manufacturing was not good enough for the axle or the casing and both 

required additional machining on technical surfaces.  

3.4 Post-processing 

Post-processing includes all activities done to the item after the additive manufacturing 

process. Typically, post-processing is needed to achieve properties that the AM process 

cannot achieve alone or to compensate for unwanted consequences of the AM process. These 

include (Gibson et al. 2015, pp.329): 

 

 Removing support material 

 Improving surface texture 

 Improving accuracy 

 Improving aesthetics 

 Preparing for use as a pattern 

 Enhancing properties with non-thermal techniques 

 Enhancing properties with thermal techniques 

 

When considering post-processing options, it is good to remember that when several steps 

are needed after 3D printing, the main advantages of AM (design freedom, short lead times, 

on-demand manufacturing from 3D CAD models) are partially lost. (Wohler 2013) 

 

Removing support material is the most common post-processing type. Supports are needed 

when the design has over-hanging features that would fall or distort otherwise. Support 

material can be broadly divided into two categories: naturally occurring and synthetic. 

Naturally occurring supports are a by-product of the build process, for instance loose powder 

surrounding a part in powder bed fusion. Brushes and compressed air can be used to remove 

the loose by-product and occasionally wood-working and dental tools are required to remove 

powder that is sintered on the surface. (Gibson et al. 2015, pp. 329-330) 

 

Synthetic, rigid supports are required in processes without natural support. These synthetic 

supports can be made from the build material or a different material entirely. Supports made 

from the build material are also commonly referred to as breakaway supports, because 

polymer supports are easy to remove manually. Metal supports are often too strong to be 

removed by hand thus requiring metal cutting tools. Supports can sometimes be made from 

secondary materials that are easier to remove. For example, polymer materials that dissolve 

in a water-based solvent can be used. Supports often leave marks on the surface they are 

attached to, resulting in weakened surface finish.  (Gibson et al. 2015, pp.331-334) 

 

3D printed parts have common surface-texture features that may need to be modified for 

performance or aesthetic reasons. These common features include: stair-steps (Figure 7), 

powder adhesion, fill patterns from extrusion or beam based systems and marks from support 

removal. The method utilized to improve these features depends on the desired outcome. 

Options vary from bead blasting to painting to sanding and polishing. (Gibson et al. 2015, 

pp.334) Surface texture can also affect the mechanical properties of the part as a fracture can 

begin from a crack or pore in the surface. 
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Figure 7 Stair stepping with different layer thicknesses (3DVerkstan 2016) 

 

The achievable accuracy of additive manufacturing varies. Some processes are capable of 

submicron tolerances, while others have accuracies around 1 mm. The errors in accuracy 

come from a number of sources: positioning and indexing limitations of machine 

architecture, lack of closed-loop process monitoring and/or fundamental issues of volumetric 

rate of material addition (for example melt pool size). Material characteristics, like shrinkage 

and residual stress induced distortion also play a role in the accuracy of AM. Moreover, in 

many cases, accuracy is dependent on skills of the operator. (Gibson et al. 2015, pp.334-

335) 

 

Accuracy can be improved in many ways. Pre-processing the STL model includes scaling to 

compensate for shrinkage and positioning the part within the build chamber. The position 

and the orientation of the part within the build chamber will affect accuracy, surface finish 

and build time. After the AM process the part can often be machined to achieve the wanted 

dimensions. (Gibson et al. 2015, pp.335-336)  

 

Non-thermal property enhancement techniques often make use of the porous structure of 

AM parts. In many cases, the porosity can be infiltrated by a higher strength material like 

cyanoacrylate (Super Glue). Other options include increasing the properties of the material 

using nano-composite reinforcements and curing photopolymer materials. Thermal 

processing is mainly heat treatments of metal parts and it is used to form the desired 

microstructures and/or relieve residual stresses. (Gibson et al. 2015, pp.345-347) 

 

Aesthetic improvements are often done for artistic reasons or to parts used for marketing 

purposes. They often relate to improving the surface texture with the techniques mentioned 

above. Using AM parts as patterns for casting processes is discussed in depth in chapter 4.2. 

3.5 Process selection 

The problem of identifying suitable materials and AM machines is very complex. To help in 

decision making, the many approaches of decision theory can be utilized. These include 

different mathematical models and knowledge based approaches. For each 3D printing 

application at least the following points have to be considered: 

 

 The suitability of available materials 

 Fabrication cost and time 

 Surface finish and accuracy requirements 

 Part and feature sizes 



21 

 

 Mechanical properties 

 Resistance to chemicals 

 Other application specific requirements 

 

An example of selection process is illustrated in the flowchart below (Figure 8). This 

particular flowchart was used by AMSelect software which seems to no longer be available. 

 

 

 

Figure 8 AM process selection flowchart adapted from Additive manufacturing technologies 

(Gibson et al. 2015) 

 

Having up-to-date information on available materials and machines is vital as the properties 

and amount of these develop continuously. Other challenges of process selection are the 

complex relationships among machine attributes and variation in requirements when 

building a wide range of parts. Different AM systems offer different levels of modifiability 

and options. It is important to understand the requirements of the company’s products to 

evaluate the costs versus the benefits when choosing new AM machines. Contacting 

manufacturers and distributors, as well as existing users, can provide valuable information 

of the abilities of certain machines. (Gibson et al. 2015, pp.306-316) 

 

In chapters 3.2 and 3.3 the different technologies, materials and some potential applications 

are discussed. Appendix 1 can also be used to help in process selection. 
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4 AM in technical maintenance business 

4.1 Supply chain 

Supply chain in manufacturing is often depicted as a linear flow of product from raw material 

through storages and manufacturing plants to the end product. (Parker 2012 pp. 194-195) 

 

In technical maintenance, the availability of spare parts at the right time and at the point of 

demand is very important. The ability to provide spare parts at low costs and with high 

fulfillment rates is a major challenge. Conventionally, to reach high reliability and 

fulfillment rates, firms have had to invest a lot into their spare part supply chain operations. 

This often means holding large inventories close to the demand locations, which leads to 

high warehousing and inventory obsolescence costs and capital costs related to slow-moving 

parts. While enterprise resource planning (ERP) and other ICT-enabled technologies have 

addressed some of these problems, additive manufacturing can provide new answers.  

(Khajavi et al. 2013) 

 

The characteristics of an excellent supply chain can be grouped into three categories: high 

quality customer response, efficiently converting inputs into outputs and improving asset 

utilization. These also apply to spare parts supply chain, where management tries to reduce 

operating costs while keeping customers’ satisfaction at an acceptable level. One of the main 

challenges in spare part supply is unpredictability of the demand. To keep the plant 

downtime costs low, the uncertainty can be lowered by keeping more parts in inventory and 

in more locations. This can potentially lead to significant inventory and warehouse costs. 

(Khajavi et al. 2013) 

 

As AM technology develops it can revolutionize manufacturing operations and supply 

chains. There are many benefits and drawbacks to weigh when considering AM over 

conventional manufacturing. For supply chains the main benefit comes in the form of 

simplicity (Figure 9). Simplicity leads to shorter lead times and lower inventories. (Khajavi 

et al. 2013) 
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Figure 9 AM supply chain compared to a traditional supply chain (Puukko 2016) 

 

In practice, the design phase in Figure 9 includes creating a CAD model and planning 

manufacturing processes. Chapter 3.1 has more extensive information on the steps it takes 

to prepare and design parts for 3D printing as well as the steps it takes to finish the part. 

After printing and finishing the part all that is left is to transport it to its final destination at 

the factory or plant it is used at.   

 

Production supply chain configurations, like centralized or distributed production, have 

potential to increase the competitiveness of the company. Distributed production of spare 

parts decentralizes manufacturing to regional or national locations close to major markets 

and AM technologies can lend themselves well to this. Studies have suggested various 

benefits for decentralizing production (Khajavi et al. 2013): 

 

 Greater responsiveness and flexibility 

 Improved decision making based on more accurate information of local conditions 

 Improved efficiency 

 Higher supply chain reliability 

 Lower shipping costs 

 Lower inventory related costs 

 

The most important disadvantages of distributed production are related to the difficulty of 

effective management and information flow between distributed production sites. The 

benefits and drawbacks are affected by the industry and operation settings, thus every case 

has to be considered separately. (Khajavi et al. 2013)  

 

As additive manufacturing can change the supply chain drastically, it can also change the 

costs related to it. Bhasin and Bodla (2014) use six fundamental categories to compare 

current supply chain costs and supply chain costs with AM: 

  

 Purchase or manufacturing cost 

 Ordering cost 
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 Transportation cost 

 Inventory holding cost 

 Pipeline inventory cost 

 Stockout cost 

 

In best case scenario, costs in all of these categories can be lowered with AM. Manufacturing 

cost depends strongly on the design of the part and the amount of parts that is needed (see 

chapter 4.6). 

 

Ordering costs include for example the cost of order forms, telephone calls and typing order 

forms. Shorter, more straight-forward supply chain could reduce these costs. If the supply 

chain can be arranged as in Figure 9, the transportation costs can be significantly lowered. 

 

Inventory holding cost includes all the costs related to storing parts. One of the main selling 

points for AM is a promise of lower levels of inventory through manufacturing on demand 

and storing only computer models of the parts. This would reduce the warehousing costs 

which make up a big part of spare part expenses. Not having to store spare parts also means 

that no parts go to waste either due to not needing them or storage conditions leading to 

defects. It is important to note that 3D printed parts are relatively small so many parts need 

to be switched to AM to achieve significant savings in warehouse space. 

 

Pipeline inventory includes items that are in transit between levels of the distribution system 

and a shorter lead time and less transportation stages would lead to savings. Stockouts 

happen when the inventory cannot meet the demand and at worst they can lead to losing 

customers and a bad reputation. 

4.2 Rapid tooling 

Rapid tooling refers to creating production tools with additive manufacturing. The tools can 

be molds or impressions and patterns used to create molds. While Direct Digital 

Manufacturing (DDM) is often desirable, there are still a number of reasons to use AM to 

create tooling (Gibson et al. 2015, pp.437-438): 

 

 The larger the number of parts produced, the more cost-effective it may be to create 

a tool. This requires knowing how many parts can be made with said tool.  

 The required material might not be available as an AM material. 

 Using AM to create prototype tools to understand the tooling process. 

 Using AM might be faster than conventional methods. This is especially important 

when the lead times are short. 

 

Tooling is often divided into two types: “short-run” and “long-run” tooling. In short-run 

tooling the objective is to create the tool quickly and it often involves manual steps in the 

process. The tool is designed to last anything from creating one or two parts to 100 or more. 

Long-run tooling is intended for mass production purposes. The use of AM based tooling 

can be very beneficial, because of the short reaction times and simplified creation process. 

Even if the tool does not last very long, it can be used while another tool is made with 

conventional methods. (Gibson et al. 2015, pp.438) 
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4.2.1 Injection molding 

The general principle of injection molding (IM) is simple: the molten material is forced into 

a mold and once the material has solidified the mold splits open and the part is ejected. 

Despite the simple nature of the process, optimization and maximization of the output from 

IM can be very complex. Some issues that require attention when designing molds are for 

example draft angles, parting surface and cooling rate in different parts of the mold. (Gibson 

et al. 2015, pp.439-440) 

 

In injection molding machines there is a standard plate set where the mold sets are inserted 

(Figure 10). These inserts are where the part takes shape and where AM can be used most 

effectively. Inserts can be made from either metal or polymer, with polymer being less 

durable, but faster and cheaper to make. (Gibson et al. 2015, pp.440) 

 

 

Figure 10 3D printed mold inserts (the green parts) (TeDesco 2014) 

 

One benefit to the use of AM in injection mold tooling is the ability to create conforming 

cooling channels. Cooling the still molten part allows it to solidify faster and normally 

coolant is run through the IM inserts. Larger, more voluminous segments of the part cool 

slower than smaller sections, which can create warpage due to thermally induced stress. 

Designing the cooling channels so that there is a greater flow of coolant near the larger 

sections can enable faster and more regular cooling. (Gibson et al. 2015, pp.442) 

4.2.2 Investment and sand casting 

Often 3D printed parts are used as patterns for investment casting, sand casting or other 

pattern recreation processes. This is often the least expensive way to produce metal parts 

with AM. The accuracy and surface finish of the pattern will directly influence the final part 

and its quality, thus it is important to ensure the pattern has the desired properties. In 
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addition, the shrinkage of a cast part will have to be compensated in the pattern. Sand molds 

can also be printed directly with suitable machines. (Gibson et al. 2015, pp. 342) 

 

In investment casting, metal parts can be made from nonmetal patterns (Figure 11). First a 

pattern of the part is made from wax or plastic. The pattern is then dipped into ceramic slurry, 

which is allowed to dry on the pattern. The pattern is coated multiple times to create a 

stronger shell that can withstand the casting process. Before casting, the pattern is removed 

from the ceramic shell by burning out the material. Once the shell is empty, the molten metal 

can be poured in and left to cool. Breaking the ceramic shell will reveal the parts. The pattern 

should originally include the necessary channels for casting and the parts need to be cut from 

the runner. In addition, post-processing might be necessary. (Gibson et al. 2015, pp.444) 

 

 

Figure 11 Investment casting process (Custompart.net 2016d) 

 

Investment castings advantage to direct digital manufacturing is the wide range of materials 

available as the materials available to AM machines are still limited. Furthermore this way 

nonmetal AM technology can be used to create metal parts. Different materials that can be 

used to make investment casting patterns (for example ABS, PC and waxes) are available 

from a wide range of AM machines. These machines are often less expensive than AM 

machines that print metal. (Gibson et al. 2015, pp.444) 

 

Sand casting is similar to investment casting, but the mold is made into sand instead of 

ceramic slurry (Figure 12). The sand is mixed with binder and compressed around the 

pattern. The pattern is built as one or more portions of the part to be cast, split along the 
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parting line. It is not lost in the process and will be removed from the mold before casting. 

(Gibson et al. 2015, pp.343-344) 

 

 

Figure 12 Sand casting process (Ruicancasting 2016) 

 

As mentioned earlier, the quality of the final part depends on the quality of the pattern. 

However, the methods have different properties as well. Sand casting is the preferred method 

for larger sizes and quantities. (Voxeljet, 2016) It is less accurate than other casting methods 

and the finished items tend to have a rougher surface finish. Investment casting is often more 

accurate than other casting methods and the high-quality, smooth finishes require minimal 

machining. Investment casting is more expensive than sand casting and lead times may be 

longer. (Sinotech 2016) 

 

A few manufacturers offer 3D printers that can directly print sand molds. These machines 

utilize binder jetting technology with the powder material being the sand. This process offers 

similar advantages as printing final parts: flexibility, fast design cycles and complex shapes. 

(Voxeljet 2016) 

4.3 Reverse engineering 

Additive manufacturing requires a CAD model of the part being created. When providing 

technical maintenance as a service, the machinery and spare parts are originally made by 

different companies that might not be able or willing to provide the required models. In 

addition the original machines might have been installed decades ago and the documentation 

might not exist anymore. 
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Reverse engineering techniques enable creating CAD models of new or existing products by 

capturing surface data with 3D imaging equipment and software. The data is collected 

usually by scanning or touch-probe technology. Scanning technology has improved a lot in 

the recent years and as a result even a phone and its camera can be used as a scanning device 

instead of an expensive laser-scanning or stereoscopic camera system. (Gibson et al. 2015, 

pp.14-15) 

 

3D scanning can create the STL model required for 3D printing automatically. However, in 

most cases there will be some anomalies on the surfaces of the model that are not really there 

or are not wanted there and need to be fixed manually. This manual process is relatively 

simple and the surfaces can even be fixed with a semi-automatic tool. Fixing the model 

manually requires some knowledge on the wanted measurements as some assumptions have 

to be made about the correct shapes and distances.  

 

If more modifications are needed on the model, the scanned image can be used to create a 

solid CAD model that is easy to modify. This also means that only a part of the item has to 

be scanned, if it can be mirrored or patterned. A solid model is really useful, if a part of the 

item is broken, worn out or requires machining. This process uses cross sections from the 

original model to create the new model and takes anything from 15 minutes to several hours 

to do.  

 

As with all measuring equipment, the environment has an impact on the accuracy of the 

measurement. The equipment is usually calibrated at a certain temperature and humidity. 

The accuracy of a certain professional 3D scanner is around 0,001 mm in a controlled 

environment. The measurements can be done at factories and plants, but this lowers the 

accuracy of the equipment into the range of 0,01…0,1 mm. The time it takes to perform the 

measurements varies from 10 minutes to a day depending on the setup times and preparations 

necessary. 

 

Almost any part can be scanned. However, there are some characteristics that provide 

problems for the scanning process. Transparent parts cannot be scanned. This applies also to 

plastics that are only transparent against light. Other problematic surfaces are shiny, metallic 

black colored ones and shiny parts with tight corners. These reflect light in a way that creates 

errors in the captured image. Applying a coat of appropriate powder can be used to minimize 

the reflections. (Lundell 2016) 

4.4 Re-designing and improving products 

To get the most out of additive manufacturing, parts and assemblies can be re-designed and 

improved. Experience in running the production machinery provides knowledge on the weak 

points of the design and additive manufacturing allows manufacturing these parts in a new, 

improved manner. This could be for example reinforcing known breaking points, or creating 

a lighter yet more (or as) durable part. These improvements can increase production 

numbers, decrease down time or reduce the costs related to acquiring the parts. In Figure 13, 

there is a heat exchanger that cannot be made with traditional manufacturing methods. It 

represents a different approach to designing and manufacturing a part.  

 



29 

 

 

Figure 13 A 3D printed heat exchanger concept (3T RPD 2014) 

 

The compartmentalized pipe shown below (Figure 14) is an easily approachable example of 

redesigning an assembly to include less parts. The original assembly had 16 parts that were 

reduced to just one pipe. The new design is less work intensive and can be made in a single 

print.  

 

 

Figure 14 A traditional pipe assembly and a new 3D printed version (Ariadi 2013) 

 

As mentioned, improving a part can be changing a small detail or it can be changing the 

entire design of the component. An often used motto for 3D printing is “complexity for free” 

(Figure 15). The idea is that creating more complex shapes does not increase manufacturing 

costs or time significantly unlike in traditional manufacturing where complexity adds steps 

to the process and requires advanced, often more expensive machinery. 
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Figure 15 Complexity for free (Roland Berger 2013) 

 

Adopting additive manufacturing into a company’s “tool box” and getting the most out of 

the new technology requires changing the way mechanical engineers think and increasing 

knowledge. Designers need to have an understanding of AM’s possibilities and limitations. 

This is a gradual change that will happen as 3D printing technologies become more common. 

4.5 Build and delivery time 

Build and delivery times are important considerations in spare part manufacturing. For this 

thesis build time is the time it takes to manufacture a part from CAD-model to finished 

product. Delivery time includes build time and additional waiting, setup and transportation 

times. 

 

When comparing out-sourcing of traditional and additive manufacturing, the current lack of 

AM service providers has to be considered. The selection of providers, available machines 

and their capacity is limited at the moment and if there is a queue at the most suitable shop, 

waiting might be the only option. Machining shops are more common and choosing the 

fastest delivery is a real option. Many plants and factories also have some machines (lathe, 

drill, milling machine etc.) of their own, which allows for manufacturing on their own terms 

i.e. manufacturing the most important parts first. 

 

3D printing service providers do not usually have delivery time promises shown on their 

websites. AMFinland is an exception to this as they give an approximation of three to seven 

work days for delivery of a part (AMFinland 2016). Some companies also promise next day 
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delivery in best cases. 3D printing a part can take a few hours and go up to a few days. Many 

parts can often be printed simultaneously inside a single build. Finishing may take a few 

days if the requirement is for high quality. (Gibson et al. 2015) 

 

The time it takes to design parts is similar in AM and traditional methods. Implementing 

changes in the part’s design is quicker in AM as only the CAD model needs to be changed. 

This speeds up the iterative design process. Traditional methods require setup, machining 

calculations and in some cases new programming. The most difficult to change are injection 

molds. However, creating mass production molds for spare parts is rarely necessary for 

maintenance service providers. These could also be made using AM (see chapter 4.2.1). 

 

CNC machining can generally remove material much faster than AM machines can add 

similar volume of material. However, AM does not require setups, repositioning or 

relocation during manufacturing, which increase the time it takes to complete parts with 

traditional methods. This also means that the operator can work elsewhere after initiating the 

printing process. Moreover, increasing the complexity of AM parts does not increase the 

amount of steps to completion or even the time to finish. (Gibson et al. 2015) 

 

Koskinen (2016) demonstrates in his thesis that the processing time is longer in AM than in 

machining by a wide margin. For an axle, the conventional manufacturing takes around an 

hour while the AM process lasts 11 to 14 hours. For a casing, the times are a bit longer at 2 

hours for machining and 14 to 18 hours for AM. However, his comparison of delivery times 

from order to delivery gives a slight advantage to AM in this specific case. The delivery 

times for AM parts ranges from 9 to 15 days while the delivery time for conventional parts 

is either 14 or 28 days depending on the amount ordered. 

 

As shown in this chapter, comparing design, build and delivery times is not always a straight 

forward task. The process has to be considered from initiation to finished product. 

 

One additional thing to consider is that a successful condition based maintenance plan makes 

build and delivery time comparisons almost irrelevant in technical maintenance. In other 

words, knowing when the parts are needed allows for ordering and manufacturing right on 

time without hurry. 

4.6 Costs 

Choosing between traditional and additive manufacturing often becomes a question of 

money. In technical maintenance, savings could be achieved in a number of ways at least in 

theory as cases are often unique. For example savings could come from faster and more 

flexible delivery, small volume, design freedom and improved processes. 

 

Smaller production volume often supports choosing AM. There are no set up costs and every 

part can be customized adding flexibility to production. Two good examples of the effect of 

production volume are presented next. First a comparison of manufacturing iPhone cases 

with 3D printing and injection molding (Table 2). The costs for both manufacturing methods 

include the same design cost. For a small quantity, in this case less than about 700 parts, 3D 

printing is more economical. The difference comes mainly from the injection mold’s cost. 

The economies of scale in injection molding exceed the initial advantage of 3D printing and 

make manufacturing large quantities more economical with this method. The cost of raw 
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material is much higher in 3D printing than IM as we will see later. (Bhasin & Bodla 2014, 

pp.42-44) 

 

Table 2 Cost per unit comparison between 3D printing and traditional manufacturing 

(Modified from Bhasin & Bodla 2014) 

Quantity Cost per unit Difference, % 

3D Printing Injection Molding 

10 $313,15 $1150,75 -267 

100 $43,15 $115,75 -168 

250 $25,15 $46,75 -86 

500 $19,15 $23,75 -24 

750 $17,15 $16,08 6 

1000 $16,15 $12,25 24 

2000 $14,65 $6,50 56 

4000 $13,90 $3,63 74 

6000 $13,65 $2,67 80 

8000 $13,53 $2,19 84 
 

In the above example, 3D printing’s advantages could be further increased if a few different 

phone cases were needed in low volume. With 3D printing only the CAD model has to be 

modified, for example scaled for different sizes. These different models could be 

manufactured side-by-side even within the same build. Injection molding, in addition to 

these design changes, would require a new mold/s which in this case is the most expensive 

single part. 

 

Another example is a case where the manufacturing of an air vent had been discontinued and 

there was a need for a few spare parts (Table 3). The original supplier would have agreed to 

a minimum purchase of 250 units and delivery time would have been between four and five 

months. With 3D printing the delivery time was less than a week and parts could be ordered 

as needed instead of stocking excess units. While the cost per unit is more expensive for 3D 

printing, it offers more flexibility, minimal to no warehousing cost and no need to order 

excess spare parts. (3Dprintwestern 2016) 

 

Table 3 Just-In-Time digital manufacturing and warehousing of LRT vents (3Dprintwestern 

2016) 

 Traditional Manufacturing 3D Printing 

Engineer Design 5 hours 5 hours 

Initial Cost $60000-$70000 <$1000 

Minimum Order 250 units 1 unit 

Lead time 4-5 months <1 week 

Warehousing Costs Stocking an excess of 240 units Order as needed 
 

Koskinen, in his Master’s thesis (2016), compared the costs of machining and 3D printing 

of an aluminum casing and a steel axle. This comparison takes into account the machining 

required to finish the AM parts. For one casing, AM was 77 % more expensive than 

machining and for 10 and 100 casings, 452 % and 658 % more expensive respectively. For 



33 

 

the steel axle, the numbers are similar at 139 % more expensive for one, 496 % for 10 and 

835 % for 100. This comparison shows that AM is still significantly more expensive for 

metal parts than traditional manufacturing. However, it does not take into account the cost 

of storage that could be saved or the saving due to possibly faster delivery and less downtime. 

 

The manufacturers of original machines or assemblies might not provide small parts as 

spares. Instead they offer entire new machines. With additive manufacturing it is possible to 

manufacture these small components to replace the old, broken ones. An example of this 

could be a small sprocket that breaks inside a conveyor belt assembly. If the original 

manufacturer cannot or will not provide this small part, the user is left with buying an 

expensive replacement assembly. 3D printing these simple parts of assemblies is a straight-

forward process and could increase the life of a product significantly.   

 

Costs related to new technologies may change in a short time due to wider adoption. This 

also affects 3D printing and related technologies. The following material prices are from 

2013 edition of the Wohler’s report and while they are subject to change, they can be used 

in estimates. 

 

Most thermoplastics and photopolymers for AM fall within the $175-$250 per kilogram 

range. Thermoplastics for injection molding are typically priced at about $2-$3 per kilogram. 

This makes AM plastics 58-125 times more expensive than IM plastics.  

 

Higher end AM machines from Stratasys use their own materials that cost from about $250 

per kilogram for ABS and PC varieties to $500+ per kilogram for Ultem 9085 and 

polyphenylsulfone. By contrast, desktop and personal 3D printers use ABS and PLA 

filaments that cost $15-$50 per kilogram and are available from many sources. Polyamide 

powders used in laser sintering cost $85-$100 per kilogram. 

 

Like AM polymers, AM metal powders are expensive compared to materials used in 

conventional processes. Tool steel, stainless steel and aluminum alloy powders are the least 

expensive ranging from about $78 to $120 per kilogram. Cobalt-chrome alloy powder ranges 

widely from about $120 per kg to $545 per kg for certified dental grade powder. Nickel 

based alloys cost between $210 and $275 per kg. Pure titanium and titanium based alloys 

range from $340 to $880 per kg.  

 

Lots of variance in parts and their requirements do not necessarily support investing in a 3D 

printer in technical maintenance business. Unless there is a specific application/s where the 

advantages can be weighed and there is enough volume, investing in a machine should not 

be the first option. Nevertheless, a cursory glance at the machine prices show that 

professional grade 3D printers start at around 20000 € for plastic and 150000 € for metal 

printers. The upper limit for printers is around 1,7 million euros. The more expensive 

machines offer bigger build areas and higher quality for finished parts. (FIRPA 2016)  

 

In addition to material and machine costs, it is important to consider the costs incurred over 

the lifetime of the part, like tooling, service and retirement costs. For traditional 

manufacturing methods tooling costs could include for example injection molds, stamping 

dies or machining fixtures. Service costs are related to repairing and replacing a part. Tooling 

causes the big initial investments seen in the iPhone and air vent examples above. These 

tools might also be needed later for servicing the product. Because of this, the tools have to 
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either be stored in a warehouse and refurbished if necessary or manufactured anew when the 

need arises. With additive manufacturing the manufacturer does not have to store any tools 

that might not even be needed and that can deteriorate. The elimination of hard tooling is a 

significant benefit of AM technologies, both at the time of manufacture and over the part’s 

lifetime. (Gibson et al. 2015 pp.393-394) 

 

Retirement costs happen when a part is taken out of service and disposed of. How different 

materials can be disposed and recycled depends on the local legislation. AM metals are very 

recyclable regardless of the used manufacturing method. For plastics the situation is a bit 

more complicated. Nylon blends can be recycled, but are not as easily recycled as other 

thermoplastics like ABS. Thermoset polymers, such as photopolymers in jetting processes 

cannot be recycled. (Gibson et al. 2015 pp.394) 

 

In the future, material prices are expected to go down and build rates to go up. For metal 

printing these expected changes are depicted in Figure 16. 

 

 

Figure 16 Forecast for metal AM costs (Roland Berger 2013) 

 

Material prices will be lowered due to competition between more producers. Build rates will 

increase as the technologies and machines develop. Machine prices will increase as they 

develop with more lasers, process optimization and increased process stability. More reliable 

processes will reduce the need for monitoring and troubleshooting leading to lower labor 

costs. (Roland Berger 2013) 
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4.7 Testing and material qualification 

New parts and designs often require some testing and/or qualification before they are 

introduced. This also applies to old designs made with new manufacturing methods and in 

this case 3D printing. For traditional manufacturing methods, statistics and simulation are a 

reliable way of qualification as the characteristics of the materials and effects of the methods 

are well-known. However, there is not enough data to support statistically-based approach 

to additive manufacturing.  

 

Additive manufacturing is known for variability in processes and processing parameters 

within each process and as a result, statistically-based approach might not even be practical 

in a large scale. All the different AM technologies and available materials would need their 

own testing and qualification. Moreover, many commercial machine manufacturers obscure 

some of the process control parameters reducing available data. (Seifi et al. 2016) 

 

Traditional testing approach of performance testing in or close to the intended operating 

environment works well for AM too. However, massive testing before implementation is 

only really suitable for serial production and represents a high barrier for customized, repair 

and low volume components. (Seifi et al. 2016) Technical maintenance requires mostly these 

low volume parts and thus the current state of material qualification for AM really hinders 

its implementation in this business. An important advancement will be the development of 

pre-process, in-process and post-process data collection used to demonstrate part suitability 

and quality. 

 

Once parts are fully processed, the last step in most operations is final inspection. 

Measurements techniques can range from measurement with calipers to more accurate 

methods like coordinate measurement and laser scanning. These methods should be chosen 

based on the quality requirements as they have varying degrees of complexity and associated 

time and cost. Non-destructive testing (NDT) is also commonly used, but it is not optimized 

for AM yet (Seifi et al. 2016). Because AM metal processes are so new, specifications for 

testing have not been written yet. (Wohler 2013, pp.221-222) 

 

Many inspection technology manufacturers have begun developing and testing different 

techniques that are tuned to or are designed specifically for additive technologies. Statistical 

process control tools are also being used to move AM toward production environment. 

(Wohler 2013, pp.221-222) 

 

In chapter 7.3 some current research projects relating to material qualification are presented. 

This is an important topic not only from technical maintenance perspective, but also for the 

wider adoption of additive manufacturing. 

4.8 Environmental considerations 

Environmental considerations are important in today’s world. In manufacturing industry 

these include the consumption of raw material and energy and the recyclability of the waste. 

Additive manufacturing can provide environmental benefits when compared to traditional 

manufacturing. 
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The real environmental benefits of AM manifest in manufacturing end-use parts, specifically 

those designed to be produced using AM. Deliberately designing parts for AM allows 

structures that maximize strength while reducing the material content and weight, thus using 

less material overall. (Wohler 2013, pp.185) 

 

Machining from solid feedstock has inefficiencies that can result in very poor buy-to-fly 

ratios and AM methods consolidate only the material necessary for the part reducing the 

wasted material compared to machining. Nevertheless, each AM process has inefficiencies 

that create some wasted material. The waste comes from for example support material, 

entrapped material within voids and the need for fresh powder. A small amount of materials 

cannot be reused, because of potential contamination during processing. (Wohler 2013, 

pp.185) 

 

AM processes consume significant amount of electrical energy per unit mass of material 

processed. For instance, powder bed fusion of 1 kg of titanium can consume up to 100 times 

more energy than is needed to machine or investment cast a similar amount the material. 

Furthermore, powder bed fusion and extrusion of plastic consume 10 to 50 times the 

electrical energy used in injection molding. This comparison is not entirely fair as it excludes 

the tooling required in the molding process or the different preparations in investment 

casting. It is also important to note that often 3D printed parts require additional post 

processing. (Wohler 2013, pp.186) 

 

From another perspective, with AM the life of a machine could potentially be increased. As 

mentioned in an example in chapter 4.6, changing a small component in an assembly instead 

of the whole machine can increase the lifetime of the old machine. This reduces waste and 

material and energy needs. This is also true for designing better, more durable parts that last 

longer. Through this, AM can have a positive effect on environment in some cases even 

though the energy needs of the process exceed those of traditional methods.  



37 

 

5 Requirements for parts at Caverion 

Caverion provides technical maintenance for facilities that represent many different 

industries. These include for example pulp and paper, manufacturing, food and beverage, 

mining and energy industries among others. All of these present a unique set of requirements 

for the machinery and parts needed. As a part of this thesis I carried out a small survey to 

map some of these requirements. 

 

The parts that are needed range from small plastic screws to full assemblies and heavy 

machinery parts made of steel. As the range of industries and different parts is so vast, the 

requirements also vary significantly. At first look, the expanding selection of materials for 

3D printing serves these basic purposes well. However, additive manufacturing affects the 

properties of the material and complicates the selection. Many of the survey replies specified 

high temperatures, high pressures, chemicals and corrosive mediums as the working 

environments. These are demanding operating conditions that require firm knowledge on 

how the material will respond. At the moment, the uncertain material properties and lack of 

material qualification seem to be the biggest barrier to the adoption of AM. Without 

extensive testing switching from traditional manufacturing to AM is a risk, especially in 

critical processes. Moreover, the required materials need to be available from service 

providers and at relatively close proximity. 

 

In Caverion’s case, being a service provider further limits the possibility of testing parts as 

there are no own products, test laboratories or product development and the parts should be 

ready for installation when the need arises. Some plants have access to different quality 

inspection tools including hardness and strength measuring devices and non-destructive 

testing methods. These can help in verifying new parts. However, it would be important to 

test parts in their specified operating environment and with all the dynamic effects acting on 

the part. 

 

Pulp mills have a rating system for machinery that is based on how critical its failure would 

be to the mill. This divides the machinery into four classes: 

 

 Class 1: failure stops the mill immediately, ca. 25% of machinery 

 Class 2: failure will eventually stop the mill, i.e. can be repaired during operation, 

ca. 50% of machinery 

 Class 3: failure will not stop the mill and equipment can be run to failure, ca. 20% of 

machinery 

 Unclassified, ca. 5% of machinery. 

 

This or a similar classification could be used to identify uses and suitable parts for additive 

manufacturing. At first these parts would most likely be in the third class and as the 

knowledge and trust in AM increases, gradually in the second and first classes. 

 

Another classification option would be to consider implementing AM in spare part 

manufacturing as the product’s life advances. In other words, using AM more and more the 

older the product becomes. An item’s lifecycle can be divided roughly into 3 sliding phases: 

active, limited and obsolete. Active phase lasts as long as the product is being manufactured, 

marketed or sold. In limited phase, the product is not sold anymore, but it is still supported 

through spare parts etc. Once the part is obsolete the availability of spare parts cannot be 
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guaranteed anymore. This is where additive manufacturing could become very useful. 

During active phase the production volumes and need for parts remains high and thus 3D 

printing might not be the optimal solution. However, once the product moves further into 

limited and obsolete phases, AM becomes a better option. In these phases the amount of 

parts needed lowers and storing required spare parts becomes more expensive. With AM 

parts can be produced on-demand and without storage costs. 

 

While the goal is to design and manufacture a strong and durable AM part, it is also important 

to consider whose responsibility the new part and the possible problems it might create are. 

Changing the production method of a part requires at least the approval of the customer and 

consulting the company lawyers on liability issues should be done before anything is 

finalized. 

 

Sometimes difficulty is also increased by different laws, regulations and standards that 

define the materials and methods available for certain applications. Especially power plants 

and food manufacturers have very strict regulations on what documents and approvals are 

required. Getting manufacturing methods and new materials approved for these demanding 

applications requires extensive testing and analysis. The approval is also most likely required 

separately for every machine. Thus seeking approval for machines and/or materials from 

correct authorities is most naturally done by machine manufacturers or part manufacturers 

who already have a machine that they consider suitable. Schools, other research entities and 

collaboration with other companies can provide valuable help in this regard. 
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6 Selecting and manufacturing a test part 

6.1 Selection and purpose 

As described in the previous chapter, finding a suitable application for 3D printing can be 

difficult. The plan for this thesis was to 3D print at least one part as a test to evaluate the 

practical aspects of additive manufacturing. The survey mentioned earlier and visits to 

customer’s factories were used to find options. The test subject was chosen as it was very 

suitable for additive manufacturing and there was a need for it (compared to something that 

can be made, but there is no clear advantage). In addition, time is limited for this project and 

this part does not require lengthy dynamic performance testing or certifications. 

 

The part chosen for manufacturing was a test jig for a 150 mm wafer carrier (Figure 17). 

These wafer carriers are made from PFA and are used to transport wafers in the factory. A 

critical point in the manufacturing process is when the loaded carriers are submerged into a 

cleaning solution. This process is automated and if the wafers are not seated correctly they 

will break. A faulty loading usually breaks multiple wafers and sometimes even the whole 

batch breaks. This prevents the use of the work station until a cleanup is done. The purpose 

of the jig is to ensure that the carrier is not contorted and thus wafers should load correctly. 

Ensuring the carriers are within tolerances reduces wasted products, decreases necessary 

maintenance work and thus increases the profitability of the process. 

 

 

Figure 17 150 mm wafer carrier (MHzElectronics 2016) 
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According to one of the customer’s engineers, a break costs something between 500 and 

10000 euros (and more when accounting for maintenance work) and happens four to eight 

times a year. The wafers individually cost between 20 and 1000 euros depending on how 

complex they are. A carrier can take 25 wafers and the cleaning process has either one or 

two carriers at once. Servicing the work station takes between an hour and 48 hours 

depending on the severity of the break/collision. Service tasks range from adjustment to 

changing parts. The work station is not a bottle neck and servicing it does not affect 

production significantly. Nevertheless, it is easy to see that preventing the wafers from 

breaking would be valuable to the company.  

 

The most problematic areas of the wafer carriers are the “legs” and the gripping surfaces at 

the top edges (on left and right in Figure 17). Because these problematic portions that need 

to be measured are at different sides of the carrier, the jig has to be relatively large. In 

addition to long outer dimensions, the inside of the jig has to be empty. With conventional 

methods the options to manufacture such a jig would be either to machine it out of a block, 

wasting a lot of material or joining together pieces of material. The second alternative does 

not waste material as much, but accurately joining together pieces of material is difficult and 

might require finishing to achieve required accuracy. The AM part on the other hand is 

assumed to be ready for use after printing. The jig will also be used daily and has to be robust 

enough for this. When it eventually breaks or wears too much, a new one can be made with 

minimal effort compared to conventional methods. 

6.2 Design 

The first version (Figure 18) was designed to include the most important measurements and 

features and while it was designed to be printed, it was not optimized for printing in any 

specific way.  The basis for the jigs measurements is a dimensional drawing of the wafer 

carrier. The drawing specifies the jigs most important tolerances and measurements. 
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Figure 18 First design of the jig is seen on the left. The jigs intended use with a rough model 

of a wafer carrier is on the right 

 

To assess the carrier legs, there are marked spots at the bottom of the jig. For the other leg, 

there is a slot that holds the jig in place and on the other side, the correct measurements are 

marked with cuts. The front level is also marked on the bottom to reveal, if the carrier is 

twisted around the Z-axis. If the carrier’s upper edges slide into their slots, they are within 

tolerances. The holes on the sides of the slots provide a view of the edges for evaluating their 

quality e.g. if the carrier touches the slots sides or if the edge is curved within tolerances. 

The holes are diamond-shaped so that supporting material is not required when the jig is 

printed on its side. 

 

The design was improved with the help of the 3D printing service provider that also printed 

the final part. The improved design (Figure 19) takes advantage of the possibilities of 

additive manufacturing. The outside of the walls and the bottom have a patterned ribbing 

that reduces material consumption while maintaining required stiffness. The wall thickness 

is 3 mm. A bar has been added between the upper front edges to ensure the correct 

measurements of these features. The holes at the top have been enlarged and reshaped to 

improve visibility. Finally, holes are put on the bottom so that the jig can be fixed to a certain 

place. Fixing the jig prevents unnecessary moving and displacement. 
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Figure 19 Improved design seen from two directions 

 

This new design’s volume is approximately 514 cm3 which represents a reduction of around 

48 % from the original 986 cm3. This is a significant saving in material considering that the 

properties of the jig are close to equal or improved. 

6.3 Manufacturing 

The part was manufactured with two different printers. The first printer used was an 

Ultimaker 2 extrusion printer aimed at consumers and the second was a professional grade 

powder bed fusion printer. Using printers from different ends of the spectrum regarding 

expected quality gives an idea of the differences between their price points.  

6.3.1 Material extrusion 

Extruding was tested with Ultimaker 2 printer (Figure 20). It supports both PLA and ABS 

materials and is advertised as an easy to use consumer 3D printer. Its build volume is 225 x 

230 x 205 mm and layer resolution is up to 20 microns. The swappable nozzle allows 

changing the extruded material’s diameter and thus the quality of the end product. Ultimaker 

printers work with a free slicing software called Cura, which prepares the CAD model for 

3D printing and works as a user interface for changing most of the available settings.  
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Figure 20 Ultimaker 2 (Ultimaker 2016) 

 

Ultimaker printers have a lot of different settings and options that affect the quality of the 

end product. These include layer height, shell thickness, fill density, print speed and support 

type among others. Having a lot of options can be considered an advantage or a hindrance. 

Optimizing settings for different shapes, materials and environments can improve the end 

results. On the other hand, the user has to have expertise or time to find and troubleshoot the 

most suitable settings. 

 

The initial testing of Ultimaker 2 printer was done with a reduced model of the original 

design (Figure 21), because Cura-software’s build-time-estimate was around 40 hours for 

the entire model. A smaller portion could be used to assess the quality and iterate optimal 

settings. In addition, if there would be problems, potential time and material waste could be 

minimized. The original design was used, because the improved design has overhangs that 

are not suitable for this extrusion printer.  
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Figure 21 Preview of the reduced test part in Cura 

 

The model was reduced to 1/4th of the original and holes were added to the walls. Cura 

estimated a more manageable 10 hour build time for this. The model was oriented so that 

the back wall was on the build plate facing down. This way there were no overhanging 

features. 

 

The material used was PLA and according to Cura this model uses 9,27 meters or 73 grams 

of material. A 750 gram filament roll costs approximately 32 euros from a supplier 

(Ultimaker PLA & 3D-tulostus, Ultimaker PLA 2016). From this we can immediately see 

that material for this reduced model costs around 3 euros and iterate further that material 

costs of a full model would be in the range of 10 to 20 euros depending on the model’s 

configuration. 

 

The basic settings that were used were: 0,1 mm layer height, 50 mm/s print speed, 0,7 mm 

shell thickness and fill density of 20 %. The machine’s nozzle size was 0,7 mm. A brim was 

used to improve the first layer’s adhesion to the build plate. 

 

Two attempts were made with the Ultimaker. The first one (Figure 22) failed, because the 

filament got tangled causing under extrusion and while the second attempt did not finish 

perfectly either, it could be used to assess the quality.  
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Figure 22 First try with Ultimaker 2 where the filament got tangled leading to under 

extrusion 

 

The point where the under extrusion starts can be seen clearly in Figure 22. Under extrusion 

happens when the printer cannot supply the amount of plastic required and it causes missing 

layers, very thin layers or layers with holes in them (Figure 23). The test print started missing 

layers and eventually the extruded material did not attach to the previous layer at all. This 

lead to the printer extruding a bird’s nest of material on top of the build plate (not seen in 

pictures). 
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Figure 23 Example of under extrusion from an Ultimaker 2 troubleshooting guide 

(3DVerkstan 2016a) 

 

The first attempt also had thin walls of material blocking the big hole on the part’s side. 

These were not visible in the Cura preview and were caused by the printer extruding material 

during the nozzle’s movement phase. The exact reason for this is unclear. There were trails 

of material on the insides of the holes that really hinder the overall quality (Figure 24). This 

stringing happens when the nozzle drips plastic during travel over open space.  

 

 

Figure 24 Stringing of material 

 

In an attempt to fix the observed issues, another test part was printed (Figure 25). The thin 

beam broke and fell because of either an impact from the nozzle, the machine’s vibration or 

a combination of both. To combat the stringing, retraction setting was enabled. When 

retraction is enabled the material is drawn inwards before a travel move. This helps prevent 

any unwanted dripping. In Figure 25 we can see that this did not entirely stop stringing. 

However, the strings are thinner and easier to remove. Support structures were completely 

disabled for the second try even though the model does not include any supports. Unwanted 
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material was not printed during travel moves on this second attempt, so either the two setting 

changes fixed the problem or there was a software error on the first try. 

 

Figure 25 Second attempt with Ultimaker 2 

 

Overall the quality of these prints is not enough for this application. The walls are not strong 

enough and flex when pressed. The stringing on important surfaces would require filing or 

sanding that would affect the important measurements. The second part also had noticeable 

warping on bottom corners, which can affect accuracy. These problems could be overcome 

by optimizing the machine’s settings. However, the build time would still be very long and 
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some of the fixes like increasing the wall thickness would add to the time as well. Moreover, 

increasing the printing speed lowers the already questionable quality. The observed quality 

and weak options to fix the issues lead to the conclusion that this printer is not suitable for 

this application. 

 

For a company to reach the potential of these open-source printers, they would need 

experienced users that know how to optimize the settings for every application. In 

comparison, 3D printers that have proprietary settings allow for less changes, but could be 

used by anyone to produce high quality parts. 

6.3.2 Powder bed fusion 

Powder bed fusion was tested as another option for manufacturing the jig. A service provider 

was used for this process and the printer in question was Formiga P100 by EOS (Figure 26). 

Build volume for this printer is 200 x 230 x 330 mm and build rate is up to 20 mm height 

per hour. Layer thickness can be chosen from three options: 0,06; 0,1 or 0,12 mm. For this 

part layer thickness is 0,1 mm. 

 

Figure 26 EOS Formiga P100 laser sintering machine (Loughborough University 2016) 
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Material options and availability are an important factor when choosing a service provider. 

For this application the material had to be strong and stiff with good surface quality and 

detail resolution. The chosen material was a polyamide, PA2200 that has all of these qualities 

and could be sourced from a 3D printing service provider in Finland. (Material Data Center 

2016) 

 

The final part (Figure 27) was printed upside-down on the printing area to ensure the quality 

and straightness of the jig’s bottom. The jig was printed with 70 other parts nested together 

in the build area. This makes it difficult to evaluate the build time for this specific part. 

According to the service provider the build time for all of these was approximately 20 hours 

and in that time 2 jigs could be manufactured. Compared to Ultimaker 2 this seems to be 

about 4 times faster with a much higher quality. 

 

 

Figure 27 The final jig 3D printed with Formiga P100 SLS printer. A full wafer carrier being 

inspected on the right 

 

When ordering this part the delivery time was exceeded multiple times by the service 

provider. This was due to their work load and misjudging the time on many design projects. 

As mentioned earlier in chapter 4.5, the limited resources of some printing shops can cause 

delays and longer delivery times. However, the actual time it took to improve and print this 

design remained unchanged from the provider’s first estimates. The price did not change 

either during this process. 

6.3.3 Quality assurance 

Quality assurance and/or testing is vital for all new parts. As mentioned earlier, there are no 

significant dynamic stresses affecting this jig, so the most important aspect is how well the 

part’s measurements correspond to the CAD model. To find this out, the jig’s top 

measurements were taken (Figure 28). Only the completed jig was measured as the other 

method was deemed not suitable for other reasons. 

 

http://www.3dformtech.fi/lataukset/PA2200.pdf
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Figure 28 Front view of the jig. Arrows indicate the measured distances 

 

The measurements were done with a height measuring device (Tesa Micro-Hite) and also 

calipers. The height gauge was the primary option for measuring, but the jig’s uneven shape 

made setting up really difficult and caused error in the measurements. Calipers were used as 

a verifying measure. Two measurements were taken from eight measuring points each 

moving from the back towards the front. The average of the measurements from the same 

point were compared to the designed distance. The results and comparisons can be seen in 

tables Table 4 and Table 5. 

 

In Table 4 the measurements of the shorter, inner distance are shown and in Table 5 the 

measurements of the longer, outer distance (see also Figure 28). The difference between the 

designed and measured distances show that the 3D printed part widens at the middle. The 

differences are within 0,8 mm of the designed distances and closer to them at the jig’s back 

and front. The error could have been caused by printing the jig upside-down to ensure the 

bottom plate is straight and the build plate affecting these top distances instead. Other cause 

could be shrinking and distortion of the material during solidifying and cooling of the part. 

 

Table 4 Measurements and comparison of the jig's inner distance 

Measuring 

point 

Measurements       

1. 2. Average Designed Difference, mm 

1. 129,9 129,9 129,9 130 -0,1 

2. 130,1 130,1 130,1 130 0,1 

3. 130,3 130,3 130,3 130 0,3 

4. 130,5 130,5 130,5 130 0,5 

5. 130,7 130,5 130,6 130 0,6 

6. 130,4 130,4 130,4 130 0,4 

7. 130,1 130,1 130,1 130 0,1 

8. 129,9 129,8 129,8 130 -0,2 
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One measurement from measuring point 6 was discarded after checking with the calipers 

(Table 5). With calipers the outer distance did not go above 179,6 mm at any point and at 

point 6 the difference between two separate measurements was more than 0,2 mm. This was 

clearly an anomaly. 

 

Table 5 Measurements and comparison of the jig's outer distance 

Measuring 

point 

Measurements       

1. 2. Average Designed Difference, mm 

1. 179,1 179,1 179,1 178,8 0,3 

2. 179,2 179,3 179,2 178,8 0,4 

3. 179,6 179,5 179,5 178,8 0,7 

4. 179,6 179,5 179,6 178,8 0,8 

5. 179,6 179,6 179,6 178,8 0,8 

6. 179,8 179,6 179,6 178,8 0,8 

7. 179,4 179,5 179,5 178,8 0,7 

8. 179,1 179,1 179,1 178,8 0,3 

 

The effects of the jig’s widening at the middle remain to be seen. The design is based on the 

wafer carrier’s dimensional drawing. However, differing from these distances and tolerances 

a little does not necessarily mean that the carrier is unusable. The jig is being tested currently 

and will be used according to instructions of engineers at the factory. First impressions at 

the factory were positive and the part has potential to be very useful. 
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7 Future and implementation plans 

7.1 Planned actions 

In this chapter, the possibilities of 3D printing and available options for Caverion and 

technical maintenance service providers in general are discussed. These observations are 

based on the previous chapters and especially chapters 4, 5 and 6. 

 

The first thing for Caverion is to monitor the use of the jig and get feedback on its 

performance and practicality. This experience can be used in future projects and as a base 

for expanding 3D printing knowledge in the company. 

 

After initial testing some future improvements to the jig were already discussed with the 

customer company’s engineers. The jig’s top beam could be modified so that carrier filled 

with notched wafers can be tested (compare Figure 27 and Figure 29). Another possible 

improvement would be to strengthen the jig’s walls. The initial feeling is that these are a bit 

too fragile for daily use in production environment. However, the jig’s longevity remains to 

be seen. Last improvement at this time would be adding holes to the walls that would let the 

user see carrier’s legs from all angles. These improvements can be implemented if the current 

one breaks or wears down. 

 

 

Figure 29 Notched wafers in a carrier (H-Square 2016) 

 

During the jig’s design phase the possibility of manufacturing other sizes was discussed. 

These would include jigs for 100 and 125 mm wafer carriers. The current model can be 

scaled and easily modified to suit these smaller carriers. The above mentioned improvements 

could be applied to these smaller jigs straight away. 

 

Outside of improving the jig, the next logical step is finding other applications for additive 

manufacturing. This should start with increasing AM knowledge in-house. Beneficial 

process knowledge can be found from all levels of the company and pin-pointing 

advantageous applications is difficult for a small group of people. Basic knowledge of AM’s 

possibilities at all levels and especially in the actual plants could make its adoption a 

relatively organic process. This thesis can be used in spreading knowledge (Appendix 2). 

Also, internal press releases and similar communication channels can be useful in this task. 
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Simultaneously, communication between service provider and customer’s workforce, like 

supervisors and process engineers, would offer valuable help and insight in to where 3D 

printing could be used. This can also be classified as increasing knowledge and through this 

easing the adoption of AM. Thinking about the future, knowledge and experience on the 

customer’s side could lead to the plant’s next evolution being designed directly for 3D 

printing. A demonstrated interest from technical maintenance companies and their customers 

can also affect the interest of the equipment manufacturers leading to wider adoption of AM. 

 

The uncertain properties of AM parts is one of the biggest barriers to its adoption especially 

in this maintenance business. As discussed in chapter 5, the first parts to be replaced by 3D 

printed ones could be parts that do not stop production if they fail. This way the unknown 

properties of printed parts do not cause extensive damage to production if they break. An 

option would be to agree with the customer on specific parts or processes that could be 

improved and taking a calculated risk on manufacturing them with new methods. 

 

In chapter 2 the main competitive strategies for service providers are mentioned. These were: 

being the cheapest operator; focusing on a small section of the market and achieving 

differentiated position as perceived by customers. After successful projects using 3D 

printing this can be used as a marketing point helping the company to differentiate itself 

from the competition.  

7.2 Investments and sourcing 

One of this thesis’ goals was to find out if technical maintenance providers should invest in 

their own 3D printers or if they should outsource printed parts. Based on the one test print 

and other factors like machine price, outsourcing should be the first option in the immediate 

future.  

 

From the test print we saw that the cheapest printers are not suitable for this sort of use. The 

more expensive laser sintering machine was more suitable for this application and could be 

used to manufacture at least some parts. However, these machines cost around 170000 € 

(price from 2008) and thus would require a lot of volume to justify the investment. Between 

these two price points, prices of professional grade printers seem to start at around 30000 € 

and quickly rise to double and triple the amount. Prices are from Finnish Rapid Prototyping 

Association’s archive that can be found on their web page. 

 

The relatively high machine prices mean that there needs to be a lot of volume to justify the 

cost. This combined with the difficulty of finding directly or otherwise easily implementable 

parts make sourcing the best option. Moreover, the variety of applications in technical 

maintenance would also demand multiple machines for different materials and varying 

requirements. 

 

Buying 3D printed parts provides experience and knowledge to use in choosing a suitable 

machine. Gathering information from individual applications and parts slowly allows for the 

company to figure out its requirements for the machine and also gives time for the 

technology to develop. Once there are multiple proven applications, the company can 

perform more thorough investment costing calculations and comparisons. 
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7.3 On-going research to follow 

In this chapter a limited list of current research is presented. This is done to give the reader 

an idea of where to look for if the current 3D printing technology does not provide solutions 

to present problems. A few specific advances in additive manufacturing technology could 

make it a lot more useful in technical maintenance business. Mainly the advancements in 

pre-, in- and post-process quality control and of course advancements in the end part quality. 

This chapter focuses mostly on metal AM. 

 

Firstly it is important to follow and search for research and testing going on in a similar field 

to your need and occasionally also following tech pioneers and trendsetters. For example 

there are multiple studies and investigations going on related to nuclear power plant 

applications. These are by nature very regulated areas and require high quality from parts. 

Another similarly demanding application is using 3D printed part in space rockets and 

vessels. NASA is considering additive manufacturing of rocket engine components (Seifi et 

al. 2016). Studies and releases from European and American regulatory bodies related to 

appropriate fields and 3D printing should be monitored to see if printing has been approved 

for use in these applications. 

 

As mentioned in chapter 4.7, material qualification is one of the biggest obstacles to the 

adoption of 3D printing. Many universities, companies and research centers are working on 

solving problems related to this from different angles. In situ process monitoring and control 

is one of the key evolving areas that could impact qualification and certification of parts. 

The idea is to detect process defects at early stages and thus provide means for process 

optimization. Various machine manufacturers, like EOS, SLM Solutions and Arcam have 

begun to deploy process monitoring options for their equipment. In research community 

Carnegie Mellon University (CMU) is pursuing feedback control approaches, Penn State and 

Stratonics are working on thermal imaging methods and University of Texas is working with 

Arcam on thermal control of the printing process. (Seifi et al. 2016) 

 

Determining the properties of the metal powder used in AM and the properties of the 

solidified metal part are a necessary condition to producing parts with known properties. A 

number of projects sponsored by America Makes (an accelerator for AM) are addressing the 

use and reuse of metal powders as well as the characteristics of the powder flow. A large 

collaboration of universities (CMU, North Carolina State University) and industry and 

government operators is seeking to broaden the range of usable metal powders. (Seifi et al. 

2016) 

 

Qualification of mechanical performance requires a wide range of mechanical 

testing/characterization. Measurement science for the AM industry to determine material 

properties in a standardized way has gathered a lot of interest over the last 3 years (2016). 

Excluding a few standards related to AM terminology and data file formats, there are no 

consensus-based standards in this area. Recently machine manufacturers and key standards 

developing organizations including ASTM, SAE and ASME among others, gathered to 

discuss and facilitate collaborative efforts to begin joint standard development and to 

minimize overlapping activities. This is very important as one of the biggest challenges in 

AM’s adoption is the proprietary nature of machine setup parameters and not sharing 

information. (Seifi et al. 2016) 
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The research topics presented in this chapter are limited. However, many organizations are 

mentioned and the chapter should give the reader an idea on what to search for and where. 

In addition, Wohlers Associates releases an annual 3D printing and AM state of the industry 

report which presents the current machine developments and manufacturers as well as sales 

numbers, future predictions and current research overview.  
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8 Summary and conclusions 

The purpose of this thesis was to find out how additive manufacturing can be used in 

technical maintenance business and to create a starting point for adopting AM in Caverion’s 

business. To study this, the current state of AM technology and how it relates to technical 

maintenance was surveyed. In addition, a plastic jig was manufactured using 3D printing. 

This jig could help to reduce down time of a process and also gives the company more 

information on the practical side of AM.  

 

Additive manufacturing technology’s current state was surveyed from textbooks, articles 

and studies. Machine manufacturers’ and service providers’ web pages were also utilized. 

At the moment 3D printing can be used to manufacture end parts and spare parts that directly 

replace old parts. This applies to both plastic and metal parts with the main technologies 

being material extrusion for plastics and laser sintering for both materials. Plastics that can 

be used include ABS and its variants, polycarbonate, different polyamides and PLA. In 

theory, all metals that can be welded in room temperature can be used in 3D printing. 

However, the actual selection is still limited. The most common metals include titanium and 

different tool and stainless steels. 

 

The AM knowledge was combined with the requirements and characteristics of technical 

maintenance and especially from the view point of a service provider. Technical 

maintenance’s special characteristics include: the importance of supply chain and delivery 

time; difficulty of acquiring CAD models; lack of testing facilities and possibilities. In 

technical maintenance, the availability of spare parts at the right time and at a low price is of 

the utmost importance. AM can produce parts on demand with a simple supply chain 

provided that some preparations are done. The required CAD model should be available 

when the part is needed. If the CAD model cannot be acquired, it can be either created with 

reverse engineering methods or designed with CAD software. 

 

Additive manufacturing allows for re-designing and improving existing designs and parts. 

In technical maintenance, this could reduce costs, increase production or decrease downtime 

of a process. Awareness of problems caused by limitations of current manufacturing methods 

could help in finding new solutions and designs. For example, a known breaking point of a 

fixing arm can be made stronger through design. As AM technology becomes more 

widespread, designers will start to see new ways of creating parts for existing requirements. 

To get the most out of 3D printing, the designers need to think outside of the traditional box.  

 

3D printing can be used to extend a product’s life by manufacturing smaller parts of 

assemblies or by helping to produce regular spare parts for obsolete products. Sometimes 

original manufacturers refuse to supply spare parts for their assemblies and instead offer new 

replacement assemblies. Producing these spare parts is possible and could be relatively 

simple with AM. Also older machines will lose their support from the part manufacturer as 

storing spare parts and tools required to make them becomes too expensive. Storing CAD 

models for 3D printing is very cost effective and parts could be printed on-demand. 

  

3D printed parts do not have the same properties as similar parts made with traditional 

methods would have. This makes testing and quality assurance important for all printed 

parts. Design can be optimized and tested for printing when mass producing parts, but 

technical maintenance service providers often do not have access to testing facilities and the 
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nature of the business does not support extensive testing for new parts. A solution to this 

could be manufacturing parts that are not critical to the production i.e. parts that do not cause 

down time if they fail and taking calculated risks with the approval of the customer. This 

way AM parts can be observed in operating environment without huge risks and through this 

it can be adopted into more demanding applications. Another solution would be to use 3D 

printing to produce molding patterns. Creating investment and sand molds from 3D printed 

patterns and casting the final parts from metal combines the flexibility and low costs of 

plastic AM with the known properties of cast parts. 

 

Requirements for parts at Caverion vary a lot as the customer companies include for example 

paper mills, food manufacturing and power plants. A wide variety of parts means that there 

are bound to be suitable applications for AM. However, it also means that locating these is 

difficult. Finding suitable applications should be done from the sites and factories instead of 

a centralized group looking for applications. The approach should be more like “This is a 

problem we can use AM in” instead of “Where could we use 3D printing?” This requires 

spreading AM knowledge throughout the company. This thesis includes helpful charts and 

information that can be used in this task. 

 

A test jig was 3D printed as a part of this thesis. It is used to approve wafer carriers for 

production use. The wafer carriers become contorted in daily use and can cause breaking 

wafers and unnecessary down time. A carrier can be inserted in to the jig and if there is 

contact between them the carrier is assumed to be unusable. A preliminary jig was designed 

first and the design was improved with the help of a 3D printing service provider. The final 

design used 48 % less material than the original and had similar or sufficient properties. The 

plan was to 3D print the jig with two different machines utilizing different technologies and 

that are from different prize points. However, the first, less expensive machine, Ultimaker 

2, was dismissed due to poor quality and it was deemed unsuitable for this application. The 

other printer, EOS Formiga P100, could be used to produce this part. 

 

The same 3D printing service provider that helped with the design manufactured the final 

part. This part does not require dynamic testing and quality was assured with measuring two 

different features from different points. Measuring showed some bending on the top part of 

the jig. This could be due to these surfaces being on the build plate of the printer and the 

effects of heating and cooling distorting the shapes. The jig is currently being tested and 

evaluated in use. 

 

Ordering a part gave the company practical experience in how the 3D printing market works. 

The order process was simple and the design service was very beneficial. However, delivery 

time was pushed back multiple times due to the provider’s workload. At the moment the 

limited printing capacity and relatively small amount of service providers affects delivery 

time and availability of parts. This will likely change as AM adoption widens. 

 

Future plans for Caverion include improving the jig and expanding its use as well as 

spreading AM knowledge in the company. The jig had a few small details that could be 

improved upon and there was also interest for different sizes. To find new applications for 

AM, awareness of its possibilities should be raised within the company and its customers. 

At the moment investing in a 3D printer is not necessary or advisable. This thesis includes a 

limited list of on-going AM research which can be used to see what the most pressing issues 

are and to follow when they are resolved to some degree. 
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In conclusion, using additive manufacturing in technical maintenance has some inherent 

problems that can be solved or worked around. AM will not replace traditional 

manufacturing methods, but it will be a tool that can be used beside these to improve service 

level or parts and processes. Through increasing AM awareness and knowledge within the 

company new applications can be found and these will lead to better understanding of the 

technology and its possibilities. 
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 Appendix 1 (1/2)      

Appendix 1. Additive manufacturing technologies 

 

 

Three Dimensional Printing (3DP) 1,5-2 0,8 340 x 240 x 200 C (19) RP

Excellent for demonstration models with color 

printing.

Voxeljet (Sand Casting) 1 0,8-1 4000 x 2000 x 1000 S (20) RT Typical use for manufacturing casting molds.

Binding and sintering processes 1 0,8-1 762 x 393 x 393 M (13, 14, 15, 16, 17, 18) RM

A process in which a powder bed is binded 

layer by layer and then sintered in an oven for 

end use applications

Direct Energy 

Deposition Laser-Engineered Net Shaping (LENS) 1 0,5 900 x 1500 x 900 M (13, 14, 15, 16, 17, 18) RT, RM

Production of tooling, hybrid manufacturing, 

reverse engineering and repair, medical and 

aeronautical applications

Material Extrusion Fused Deposition Modeling (FDM) 1 0,3 400 x 355 x 400 P (1, 2, 3, 4, 5, 6) RP, RM

Ideal for conceptual models, engineering 

models and functional testing prototypes

Polyjet 1 0,2-0,3 500 x 400 x 200 P (7, 8, 9, 10, 11, 12) RP

Multimaterial printing possibilities (Connex 

series machines)

Multijet Modeling (MJM) 0,7 0,2 150 x 150 x 150 P (7, 8, 9, 10, 11, 12) RP

Models with color printing, hard plastic or cast-

friendly wax parts. Applications ranging from 

concept models to RM

Selective Laser Sintering (SLS) 0,7-1 0,5 650 x 330 x 560 P (2) RP, RM

Ideal for durable, functional parts, capable of 

producing snap fits and living hinges

Direct Metal Laser Sintering (DMLS) 0,3 0,127 400 x 400 x 400 M (13, 14, 15, 16, 17, 18) RM

Industrial demanding applications, for 

automotive, aeronautics, engineering, medical 

and dental engineering

Selective Laser Melting (SLM) 0,3 0,18 500 x 280 x 325 M (13, 14, 15, 16, 17, 18) RM

Industrial demanding applications, for 

automotive, aeronautics, engineering, medical 

and dental engineering

Electron Beam Melting (EBM) 1 0,3 Ø350 x 380 M (16, 17, 18) RM

Industrial demanding applications, for 

orthopaedic implants and aerospace 

applications

Selective Heat Sintering (SHS) 1 N/A 200 x 157 x 140 P (2) RP

Functional samples of prototypes for tests and 

use in practice before putting the final product 

into production.

Sheet Lamination Laminated Object Manufacturing (LOM) 1 0,205 812 x 559 x 508 SM (21) RP, RT

Form/fit testing, less detailed parts and tooling 

patterns

Stereolithography (SLA) 1 0,3 2100 x 700 x 800 P (7, 8, 9, 10, 11, 12) RP, RT, RM

Demo models, accurate models and models 

with limited functionality

Digital Light Processing (DLP) 1 0,5 192 x 120 x 230 P (7, 8, 9, 10, 11, 12) RP, RT Prototyping, investment and lost wax casting

AM standardized 

process category

Commercial definition Recommended min. wall 

thickness (mm)

Recommended 

min. details (mm)

Typical max. build 

volume (mm)

Typical 

use

CommentsTypical materials

Binder Jetting

Material Jetting

Powder Bed Fusion

Vat 

Photopolymerization
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FIRPA 2016 

 

1 Rapid Prototyping (RP):

2

3

4

5

6 Rapid tooling (RT):

7

8

9

10

11

12

13

14 Rapid Manufacturing (RM):

15

16

17

18

C - Ceramics 19

S - Sand casting 20

SM - Sheet materials 21

The use of AM for direct part production to be used in end 

applications.

Thermoplastic materials

Thermoset photopolymers

High detail resin

Transparent resin

Coloured plastics

Rubber-like

AM of a design, often iterative for form, fit or functional 

testing or combination thereof

The use of AM to make tools, either directly by making 

parts that serve as the actual tools or tooling components 

such as mold inserts or indirectly by producing patterns 

that are used in a secondary proces to produce the actual 

tools.

Non-ferrous materials

P - Plastics

M - Metals

Thermoplastic blends (PC-ABS, Bio PLA, etc.)

ABS

Polyamide

PLA

PC

Ultem

Ferrous materials

PP-like

Stainless steel

Maraging steel (tool steels)

Aluminum alloys

Titanium alloys

ABS-like

CoCr alloys

Nickel alloys (Inconel)

Aluminum oxides

SiO2



 Appendix 2 (1/3)

 

 

 

   

Appendix 2. Quick reference for AM 
 

These next pages along with Appendix 1 should work as a quick guide into additive 

manufacturing. These can be used to see if a particular part could be 3D printed or at least 

if the possibility should be investigated further. Appendix 2 is set up so that there is a 

small introduction/theory part and a question that gives an indication on whether or not 

additive manufacturing could be used or should be considered. AM technologies are 

improving constantly so the parameters for using it will change over time.  

 

Materials 

As seen in Appendix 1, there are plenty of materials available for 3D printing. The most 

basic plastics (ABS, polyamide, PC) and metals (stainless and tool steels) are available 

as well as titanium, aluminum and nickel alloys. 

 

Is your part made from these or could it be made from these materials? 

 

Quality 

While there are certain materials available for additive manufacturing, their properties 

can vary from similar traditionally made parts. The static properties are similar between 

traditional and additive manufacturing, but the dynamic properties have bigger variance. 

This is caused by the different characteristics of the manufacturing process and for 

example small pours that might form during 3D printing process. Printed parts might also 

require traditional finishing methods to achieve precise measurements and good surface 

quality. 

 

This means that in a best case scenario the 3D printed part would be tested in its operating 

environment before installing it into production. However, this is rarely possible in 

technical maintenance. Other options include implementing 3D printed parts in places 

that are not critical to operation, printing parts that are not affected by significant loads, 

seeking guidance from experienced users or taking calculated risks. 

 

Are there significant dynamic loads affecting your part? 

Is your part critical to the operation i.e. will its failure stop the entire process or cause 

catastrophic damages? 

 

If you answered yes to either of these questions, 3D printing might not be suitable for 

your application at this moment. If you can run tests that verify the parts properties or 

consult someone that has used 3D printed parts in similar environments, you can proceed. 

Also worth noting here is that gaining experience from less risky applications helps to 

design parts for the more demanding ones.  

 

Build and delivery time 

Adding material with 3D printing methods is slower than removing material with 

traditional manufacturing methods. However, 3D printing often requires less supervision 

and setups like switching from one machine to another. Moreover, 3D printing does not 

require as much planning before manufacturing: a part can be created from a CAD model 

with a few clicks. 
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Delivery time can vary a lot. Because 3D printing does not require constant supervision, 

the printer can be left on for a night reducing the time from initiation to finished product. 

 

Delivery and build time comparisons need to be done for all cases separately. In best case 

scenario 3D printed parts can be done in a few hours, so time is not a limiting factor.  

 

Size 

Appendix 1 gives a range for typical build sizes of printers. For the most useful end part 

3D printing methods (i.e. material extrusion and powder bed fusion) the typical build area 

is a cube which sides measure between 300 and 500 mm. 

 

Does your part fit into a 500 x 500 x 500 mm cube? 

 

If it does, there is a good chance that it can be printed. This can vary and there are bigger 

printers than this typical maximum size, so this is not a limiting factor for an otherwise 

suitable part. 

 

Production volume and costs 

Additive manufacturing is not optimal for huge production volumes. It is much more 

suitable for smaller volumes and parts with variance between the designs. For example, 

hearing aids that are made to measure or unique, one-off parts. In the table below (Table 

6), there is a comparison between 3D printing and injection molding a phone case. It 

shows that 3D printing less than ca. 700 cases would be more cost effective than molding 

them. The initial cost of the mold is the main reason for this. 

 

Table 6 Cost of manufacturing phone cases with AM and injection molding (Bhasin & 

Bodla 2014, pp.44) 

Quantity Cost per unit Difference, % 

3D Printing Injection Molding 

10 $313,15 $1150,75 -267 

100 $43,15 $115,75 -168 

250 $25,15 $46,75 -86 

500 $19,15 $23,75 -24 

750 $17,15 $16,08 6 

1000 $16,15 $12,25 24 

2000 $14,65 $6,50 56 

4000 $13,90 $3,63 74 

6000 $13,65 $2,67 80 

8000 $13,53 $2,19 84 
 

Comparing 3D printing costs and the costs of metal working like machining often ends 

in traditional methods being less expensive. This could however change in the near future 

with advancements in technology and its adoption. It is also important to consider the cost 

of downtime if 3D printed parts can be delivered faster and the fact that CAD models do 

not require costly storage spaces.  

 

Is your part manufactured in small volumes (less than 700 for plastic parts)? 

 

If yes, 3D printing could be viable.  
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Do you have other factors influencing costs besides manufacturing cost? 

 

If yes, 3D printing should be considered. 

 

Improving designs 

A big selling point of additive manufacturing is improving the design of an existing part. 

With 3D printing many previously impossible designs are possible. Improving designs 

leads to longer lifetimes, less downtime and potentially savings in costs.  

 

Do you have ideas to improve existing parts? 

Are these new designs difficult or impossible to manufacture with traditional methods? 

 

If yes, you should consider 3D printing these new parts. 
 


