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Tämän tutkimuksen tarkoituksena oli selvittää, miten konepajan toimintaa voidaan kehittää 

3D-metallitulostimen avulla. Tutkimustyö tehtiin olemassa olevaan konepajaan, jonka 

metallintyöstökoneet ja tilat ovat eri vuosikymmeniltä. Erilaisia 3D-metallitulostimia ja 

niiden ominaisuuksia sekä käytettävissä olevia tulostusmateriaaleja verrattiin 

kirjallisuustutkimuksena. Kirjallisuustutkimuksen pohjalta ja Millog Oy Lievestuoreen 

henkilöstön haastattelujen perusteella tämä työ keskittyi jauhepeti- ja suorakerrostus-

prosesseihin.  

 

Konepajan tilojen sekä käytössä olevien koneiden pohjalta selvitettiin mihin 3D-

metallitulostin voidaan sijoittaa. Tulostimen paikan valintaan vaikuttavat muun muassa 

konepajan tilaratkaisut ja eri koneiden käyttöasteet. Tämän työn pohjalta selvitettiin 

optimaaliset sijainnit tulostimelle ja mitä metallintyöstökoneita tarvitaan tulostettujen 

kappaleiden työstöön. 

 

Jauhepetitulostaminen soveltuu uusien kappaleiden valmistukseen ja DED-tulostaminen 

soveltuu myös rikkoutuneiden ja kuluneiden osien korjaamiseen. Millog Oy:lle tulevien 

huollettavien laitteiden perusteella DED-tulostin soveltuu paremmin heidän toimintaansa, 

koska tiettyjen laitteiden varaosia ei enää valmisteta. DED-tulostimella voitaisiin korjata 

vaurioituneita osia ja pinnoittaa kuluneita osia. DED-hybriditulostimella pinnoittaminen ja 

koneistaminen voidaan toteuttaa yhdellä kertaa, jolloin korjattu osa saadaan nopeasti 

kiinnitettyä laitteeseen ja laite takaisin käyttöön. 

 

Tutkimus tuottaa yritykselle perusteet 3D-tulostimen hankintaan ja helpottaa tulostimen 

hankinnan prosessia. Tutkimustyö lisää yrityksen tietoisuutta ja antaa vastauksia 3D-

tulostamisen ympäriltä.   
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This research aimed to find how the operation of the workshop can be developed using a 3D 

metal printer. The research was conducted in an existing machine workshop with 

metalworking machines and facilities from different decades. Different 3D metal printers 

and their properties and available printing materials were compared as literature research. 

Based on literature research and interviews with Millog Co. Lievestuore's staff, this work 

focused on powder bed fusion and direct energy deposit processes. 

 

Based on the workshop's premises and the machines in use, it was defined where the 3D 

metal printer can be placed. The printer location depends, for example, on the workshop's 

space solutions and utilization rates of different machines. Based on this thesis, optimal 

locations for the printer were determined and defined what metalworking machines are 

needed to work on printed pieces. 

 

Powder Bed Fusion printing is suitable for manufacturing new pieces, and DED printing is 

also ideal for repairing broken and worn parts. Based on the serviceable equipment coming 

to Millog Oy, the DED printer is more suitable for their operations, as spare parts for specific 

devices are no longer manufactured. For example, with the DED hybrid printer, coating and 

machining can be carried out in one go so that the repaired part can be quickly attached to 

the device and the device is put back into operation. 

 

The research work provides the company with the basis for purchasing a 3D printer and 

facilitates purchasing of a printer. The research work raises the company's awareness and 

provides answers around 3D printing.   
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1 INTRODUCTION 

 

 

There are many ways to design workshops, and there are lots of guides, softwares, and ways 

of thinking like LEAN and 6S. The LEAN's main idea is to create maximum customer value 

with minimum waste (Lean Enterprise Insitute 2021). There is little literature or information 

about integrating the 3D metal printer into an existing workshop. The Millog company is a 

Finnish company specialized in lifecycle services, maintenance, repair, and operations. The 

facilities of the Millog are from the previous owner, the Finnish Defence Forces and the 

Millog had to upgrade facilities to their needs.  

 

1.1 Research problem 

The research problem is the lack of a roadmap and guidelines for integrating the AM metal 

printer into the existing workshop. It is challenging to get started and find information for 

acquisition. The big challenge is to match into the workshop existing machines and additive 

manufacture (AM) printers.  

 

1.2 Aim of research and research questions 

This thesis aims to define possibilities for 3D metal printer usage for the existing workshop. 

The 3D metal printer is a modern way to create new components and spare parts. In the 

development of workshops, 3D metal printing has emerged as one of the significant options. 

The main target is to create the layout for the workshop with a 3D metal printer and plan 

steps to get started. 

 

This thesis studies two types of 3D printers and printer types delimitate to powder bed fusion 

(PBF) and Direct energy deposition (DED) printers. 3D printer features, materials, costs, 

and usage are compared and defined which printer is suitable for the Millog Lievestuore 

workshop. The range of equipment to be maintained is quite broad, and spare parts are quite 

heavy and oversized or tiny and lightweight. The amount of spare parts brings challenges to 

printer selection. The 3D metal printer must be able to print a variety of materials and even 

large pieces as large as 1 ton.  
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Cost-effectiveness and payback time are irrelevant if the procurement is considered solely 

in terms of military security of supply. However, the company operates primarily under 

normal conditions, so payback time and cost-effectiveness are essential. In terms of 

corporate maintenance responsibility, the benefits of 3D printing would be significant. Some 

equipment under maintenance responsibility has obsolete spare parts and unique items. The 

benefits of the 3D metal printer will rise, especially in times of crisis. In crisis there will be 

a lack of spare parts, and the supply chain may not work as expected.  

 

This thesis research sought information concerning 3D metal printers, workshops, and the 

costs. The literature part examined and compared the 3D metal printers available in the 

market and printer features. Studying different workshop layouts and their potential to 

integrate a 3D metal printer into a workshop is essential for workshop designing. The theory 

is the basis for the possibility of integrating the printer into the company workshop. One 

perspective was the system engineer's personal qualities and skills and how the engineer can 

effectively manage the 3D metal printer and workshop equipment. The 3D metal printer 

acquisition cost and total costs can be used in order to estimate the total investments. To 

understand the whole process is essential to understand the future trends and how the 

workshops might evolve. 

 

The most important output of the thesis is a roadmap for the Millog, which would allow the 

company to start purchasing an additive manufacturing printer. Following the roadmap steps 

the company can reach cost-efficient results, and a company doesn't have to start from basics 

in the future. 

 

Three main questions were defined for this study: 

 

Which 3D metal printer is the most suitable for Millog's workshop? Powder Bed Fusion or 

Direct Energy Deposit? 

What are the benefits of adding AM metal printer to Millog's existing workshop? 

What are the steps when adding AM metal printer to an existing workshop? 
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1.3 Research methods and framing 

The research methods of this thesis consist of theoretical and empirical research. The 

research report is based on IMRAD- report template. The study carried out by researching 

an existing workshop and looking for alternatives with practical examples. Additive 

Manufacturing metal printers delimitated in PBF and DED printers. The theoretical 

information is on a literature review that creates a base for the whole study. Some of the 

information is retrieved by interviewing workshop employees.  

 

1.4 Introduction to Millog company 

Millog company is specialized in lifecycle services, maintenance, repair, and operations 

(MRO). The operations of Millog are based on long-term partnerships. The main 

competence of Millog is the comprehensive maintenance of technical equipment and 

systems (Millog Oy 2018). Finnish Defence Forces strategic partner makes cost-efficient 

MRO and optimum spare part readiness. The Millog maintenance Finnish army and Navy 

equipment, vehicles, weapon systems, and Air Force control systems (Patria n.d.). The 

Finnish Defense Forces have had different equipment for several decades, creating 

challenges for Millog’s maintenance because the availability of spare parts for Soviet-era 

equipment is poor, and some spare parts are now obsolete (Puolustusvoimat 2021). 

 

For the Millog, 3D printing increases the possibilities to produce spare parts in various ways 

and increases operational capability. From the future perspective, adding a 3D printer to the 

workshop will enable the management of even larger entities and offer the company versatile 

services. In an interview, Ilari Valtonen from Millog developed the term workshop plus, i.e., 

an AM printer integrated. 

 

This master's thesis is part of the company preparation for future and future projects. The 

company maintains equipment, and some of the spare parts are obsolescence. Additive 

manufacturing is one possible way to manufacture spare parts. This thesis explores the 

possibility of integrating a 3D metal printer into the workshop in Lievestuore. (Millog Oy 

2018) 
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The workshop in Lievestuore was founded in the 1940s for the depot in the area belonging 

to the Finnish Defense Forces. The workshop evolved over decades, and a variety of 

buildings were built in the area during the following decades. It creates challenges to 

integrate something new into the old workshop. One of the main tasks of this thesis was to 

define the need for existing machines. Based on the review, the areas for the AM printer are 

specified. (Kantanen 2021) 
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2 INFRASTRUCTURE OF THE 3D PRINTING 

 

 

As shown in Figure 1, the number of searched articles on 3D printing is predominant, and 

very few articles on the topic of 3D metal printing articles were founded. 3D metal printing 

growth has been moderate and one of the primary reasons can be considered high acquisition 

cost. The development of 3D metal printing production can lower total costs and make 3D 

metal printing more productive.  

 

AM printing can be more common when printers and usage become cheaper. The AM 

industry needs to answer challenges such as life cycle costs, material costs, and lead time to 

achieve the goal. Life cycle cost is affected by conception and definition, design and 

development, production, installation, usage, maintenance, and disposal. To make 3D metal 

printing more efficient, there is a demand to develop software that can optimize topology 

better and faster with less work. (C. Lindemann 2013) 

 

 

Figure 1. Search results from LUT PRIMO 23.3.2021(LUT PRIMO 2021). 

 

Figure 2 shows the strong development of additive manufacturing publications from 2011 

to 2020. The number of publications related to 3D printing is compared with the number of 

publications on 3D metal printing. As seen in the figure 2, the development of 3D metal 
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printing publications is small, but the trend is growing. Removing the barriers from 3D metal 

printing can metal printing development reach the same trend as 3D printing. Figure 3 shows 

1. the same development 2, 3D printing market forecast up to 2024. 3D metal printing 

development is more moderate than 3D printing in general. 

 

 

Figure 2. Results by years from LUT PRIMO 

 

 

Figure 3. 3D printing market by region (MarketsandMarkets 2019). 
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There are few norms and standards in the industry to guide the branch of 3D metal printing, 

and standardization is an ongoing process. There are several standards for additive 

manufacturing as seen in table 1. The list below is the leading standards related to the thesis 

work. ( SFS Online 2021) 

 

Table 1. Additive Manufacturing primary standards ( SFS Online 2021). 

AM printing standards  

SFS-EN ISO / ASTM 52900:2017  Vital for concepts and terms that guide 

the industry towards common 

practices. 

SFS-EN ISO / ASTM 52904:2020  Guides to, e.g., PBF material 

identification, personnel requirements, 

qualification, and software. 

SFS-EN ISO / ASTM 52907:2019  Gives methods to characterize metal 

powders. 

SFS-EN ISO / ASTM 52910:2019  Describes how to use additive 

manufacturing in product design and 

what the requirements are. 

SFS-EN ISO / ASTM 52911-1:2019  Laser-based powder bed fusion of 

metals. 

SFS-EN ISO / ASTM 52941:2020  System performance and reliability for 

aerospace application (AM). 

SFS-EN ISO / ASTM 52950:2021  General principles of Additive 

manufacturing. 

SFS-EN ISO / ASTM 52942:2020  Qualification principles in aerospace 

applications (AM). 

 

There are seven main categories of additive material printers. Additive manufacturing 

standard SFS-EN ISO/ASTM 52900:en 2017 has listed printing types by a printing process. 

The table 2 shows the printing processes listed by the popularity of articles searched in LUT 

Primo. History of the 3D printing started in the 1980s, and the first metal printing patent was 

filed in 1995. The powder bed fusion process evolved in the year 1999 to 2016. In 2016, 

Hewlett-Packard (HP) entered the market, and PBF printing became more common. The 

direct energy deposit process evolved in the year 1998 to 2014. In aircraft and space 

applications, direct energy deposition and especially plasma arc welding process using 

titanium wire for manufacturing. (AMPOWER GmbH & Co 2021) 
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Table 2. Printing processes, manufacturers, and price. 

Printing Process (search 

results LUT Primo) 

Printer Manufacturer Estimated purchase price  

Material extrusion (169999) MarkForged, and Desktop 

Metal 

~60000- 100000$ 

Direct Energy Deposition 

(45499) 

BeAM, Trumpf, Optomec, 

FormAlloy, Relativity, 

InssTek, and DMG MORI 

>250000$ 

Sheet Lamination (15019) Mcor technologies >15000$ 

Material Jetting (11270) Stratasys, 3d Systems >100000$ 

Powder Bed Fusion (9129) Eos, Aerosint, Xerox, HP, 

ExOne, Trumpf, SLM, 3D 

Systems, Renishaw 

~55000-800000$ 

Binder Jetting (1947) HP, Digital Metal,ExOne, 

Voxeljet, and 3D Systems 

~30000-450000$ 

VAT Photopolymerization 

(751) 

Anycubic, 3D Systems ~400-250000$ 

 

AM printing has developed new markets, and companies have emerged to meet the needs of 

AM printing. Figure 4 shows a variety of manufacturers dealing with additive 

manufacturing. (AMFG 2020) 
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Figure 4. Additive Manufacturing companies in 2019 (AMFG 2020). 

 

2.1 3D metal printers safety requirements and damage prevention 

National Institute for Occupational Safety and Health has published 3D printing with metal 

powders health and safety poster that can be used to identify and prevent risks. Figure 5 

illustrates aspects that need to take care of for 3D metal printing. Identifying risks can reduce 

hazards and prevent serious accidents. (NIOSH 2020) 

 

The poster shows steps for better safety and health. The poster has five areas such as 

characterization of potential hazards, work activities, engineer controls, administrative 

controls, and personal protective equipment. Studying those five categories can notice 

actions and things that need consideration before a company buys a 3D metal printer. The 

proper protective equipment, instructions, and training can avoid the risks of metal powders 

through breathing and skin contact. Printers are usually isolated, and construction prevents 

exposure to metal powders. The arrangements of the space and the design of ventilation 

make the area safer. The usage of metal powders should consider the risks of static 

electricity, fire, and explosion, which different metal powders have different. This risk can 

reduce by knowing the metals used and their properties. High-power lasers also pose a health 

risk, but lasers are usually well protected, and printer structures protect personnel. (NIOSH, 

2020) 
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Figure 5. Question & Answer poster (NIOSH 2020). 

 

From the point of view of work safety, the risks are significant in the process of spreading 

the metal powder on the surface of the workpiece, as it might spread also throughout the 

facilities. This is the most critical phase in the initial preparations for printing and the post-

treatment of the printed workpiece. Protective equipment must be removed when entering 

and leaving the room, and metal powder must not spread towards other premises. It is 

suitable for a company to mark the premises according to safety instructions, so outsiders do 

not accidentally enter a high exposure space. The company must also draw up clear 

guidelines on actions if personnel gets exposed to substances and gases used in the area. 

Cleaning equipment shall be provided in or near the room to clean and operate after exposure 

immediately. 

 

Datasheets are the basis for safety requirements, and manufacturers offer knowledge and 

guidance for their products. The Millog Lievestuore workshop already has good knowledge 
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about safety requirements. Considering the safety required for additive manufacturing, the 

company has a good base for starting AM printing. 

 

AM printers structures provide reasonable protection for users, but the company needs to 

prevent damages actively. Daily inspections for printer and skilled users can prevent 

damages and injuries. Figure 6 shows industry injuries from 2005 to 2015, and as seen in the 

figure, injuries are descending. Machine usage (yellow line) in 2015 caused mostly minor 

damage than other reasons. Parts handling (orange line) in 2015 caused significant damage 

for workers. Every injury is the reason that companies must actively prevent damages. 

(Työturvallisuuskeskus n.d.) 

 

 

Figure 6. Industrial accidents at work (Työturvallisuuskeskus n.d.). 

 

Reactive and non-reactive alloys, especially in powder form, are at risk of explosion or 

rapidly spreading fire. This risk can be reduced by shielding gas, isolated working areas, and 

powder handling equipment. The system engineer and workshop workers need to know what 

material is used for printing, material features, and safety requirements. (Nair 2019) 
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The metal powder also has physiological risks. Personnel might be exposed to metal powder 

handling and processing the printed parts. Figure 7 shows personnel safety equipment that 

prevents powder from entering the respiratory and skin. Working areas need to be restricted 

and prevent unauthorized personnel access to hazard areas. Some printers have a closed 

system that prevents personnel access to hazard areas, and printing is safer. 

 

 

Figure 7. Personal safety equipment (Nair 2019). 

 

2.2  Powder bed fusion printers 

Powder bed fusion is one method of additive manufacturing. As shown in figure 8, the PBF 

is a process in which thermal energy selectively fuses regions of a powder bed. PBF includes 

selective laser melting and selective electric beam melting technologies. (ASTM 

international 2015) 
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Figure 8. Powder Bed Fusion process (Prima Additive n.d.). 

 

Selective laser melting printer is one of the leading printing solutions that top printer 

manufacturers developed almost three decades. Eos is one major company that developed 

printers for the mainstream customers. Eos has a wide range of solutions for every company. 

Other manufacturers are shown in table 2, but for comparing printers by printing area size 

and printers space requirements, the focus is on Eos printers. The space and special features 

required by printers vary from manufacturer to manufacturer, and printers are constantly 

evolving. 

 

In table 3 is shown a list of Eos company´s metal printers and different options to offer the 

customers. The table makes it easy to compare printers of the same size category from other 

manufacturers. With the help of this table, a company can sketch planning for their needs 

and take the first step towards additive manufacturing.    
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Table 3. Eos printers information and features (EOS GmbH 2021). 

Printer Printing 

area 

WxLxH 

Laser 

type 

Inert 

gas 

Power 

supply/ 

consumption 

Recommended 

space needed 

weight 

Eos M 100 R100mm 200W 

Yb-fiber 

2,5l/m

in 

200-240V 

1,7 kW 

1m x 3m x 2,5m 580 kg 

Eos Formiga 

P110 Velocis 

200mm x 

250mm x 

330mm 

CO₂ 30W Unde-

fined 

16A 

3kW- 5kW 

minimum 3,2m 

x 3,5m x 3,0m 

600 kg 

Eos M 290 250mm x 

250mm x 

325mm 

Yb-fiber 

laser 

400W 

20 

m³/h 

32A 400V 

2,4kW- 

8,5kW 

4,8m x 1,3m x 

2,19m 

1250 kg 

Eos M 300-4 300mm x 

300mm x 

400mm 

Yb- fiber 

laser 

4x400W 

15 

m³/h 

3x 80A 

26kW- 36kW 

4,02m x 5,38m x 

2,34m  

6600 kg 

Eos M 400 400mm x 

400mm x 

400mm 

Yb- fiber 

laser 

1000W 

15 

m³/h 

50A 

16,22kW- 

50.2kW 

6,5m x 6m x 

2,34m 

4635 kg 

Eos M 400-4 400mm x 

400mm x 

400mm 

Yb- fiber 

laser 

4x400W 

15 

m³/h 

3x50A 

22kW- 45kW 

6,5m x 6m x 

2355m 

4835kg 

 

Eos M 100 printer was designed for production in small batches and is suitable especially 

for medical applications. The printer is very compact and fits in a small space, as seen in 

figure 9. The printer´s features and printing materials are usually limited in a printer this 

size. Additional options like a wet separator shown in figure 21 and a blasting cabinet in 

figure 22 near the printer. (EOS GmbH 2021)   
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Figure 9. Eos M 100 AM printer (EOS GmbH 2021). 

 

Eos Formiga P 110 Velocis AM, here shown in figure 10, is a printer for high-performance 

additive manufacturing. It is user-friendly, and suitable for printing small to medium-sized 

components, has low total costs, requiring only material and electricity source. This AM 

printer needs low maintenance and requires few accessories like a blasting cabinet and 

essential tools to finishing parts. (EOS GmbH 2021) 
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Figure 10. EOS P110 metal printer is a compact size printer (EOS GmbH 2021). 

 

Eos M290 metal printer offers a wide range of printing materials. This mid-size printer is 

accurate for printing. 400-watt fiber laser is powerful, and it makes excellent detail 

resolution. This printer has many applications and it is durable for professional use (EOS 

GmbH 2021). Figure 11 shows Eos M290 metal printer basic version, and as seen in the 

figure, it is compact for workshops. 
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Figure 11. Eos M 290 Metal printer (EOS GmbH 2021). 

 

Eos M300-4 printer provides different types of automation and productivity for every 

company. Eos M300-4 metal printer makes a quality for next level. The printer has one to 

four lasers, and each laser can individually cover the entire printing area. The printer is 

effective for large productions needing a production batch. (EOS GmbH 2021) 

 

As seen in figure 12, Eos M300-4 is a large station and needs a large workspace around the 

printer. There are multiple additional accessories for part handling and adding the powder. 
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Figure 12. Eos M300-4 printing station is for larger printings (EOS GmbH 2021). 

 

Eos M400 metal printer, which is designed for industrial production. Printer printing quality 

and productivity are high, and the printing area is suitable for large parts. In figure 13 is seen 

a basic version of the printer, which is efficient and capable of higher production volumes. 

(EOS GmbH, 2021) 

 

 

Figure 13. Eos M400 metal printer for industrial production (EOS GmbH 2021). 
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2.3 Direct Energy Deposit Printers 

Direct Energy Deposit (DED) printer has two options in terms of printing technique, by wire 

or powder based. The laser beam melts metal and deposits the metal layer in the printing 

area. DED printers can also do cladding and repairing parts. Used materials are cheaper than 

powder bed fusion metals. DED printers can print larger parts with high quality but the low 

resolution. Figure 14 shows the printing nozzle and how the laser melts metal for cladding. 

(AMFG 2018) 

 

Figure 14. DED printer nozzle (BeAM-Machines 2021). 

 

Direct Energy Deposit printer manufacturers like BeAM has a suitable variety of printers in 

the market, and this thesis focused on this particular manufacturer and its DED printers. 

Other DED printer manufacturers are shown in table 2, and 3D printers can be found for 

every company's needs. BeAM started to build DED solutions in 2012. For industrial use, 
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the first printer was developed and delivered in 2016. Today the company has three different 

DED printer types for the industry. More information about printers is given in table 4. 

 

Table 4. BeAm DED printers and features (BeAm.com 2021). 

Printer Printing 

area 

WxLxH 

Laser 

type 

Inert 

gas 

Power 

supply/ 

consumption 

Recommende

d space 

needed 

weight 

BeAM 

Modulo 250 

400mm x 

250mm x 

300mm 

500W 

fiber  

laser 

Argon 

up to 

20L/

min 

400V / 60Hz 2,5m x 2,27m 3800 kg 

BeAM 

Modulo 400 

650mm x 

400mm x 

400mm 

500W to 

2kW 

fiber 

laser 

Argon 

up to 

20L/

min 

400V / 60Hz Max floor load 

2000 kg/m² 

6600 kg 

BeAM Magic 

800 

1200mm 

x 800mm 

x 800mm 

500W to 

2kW 

fiber 

laser 

Argon 

up to 

20L/

min 

Undefined Peripherical 

Width 4500 

mm 

12-16 

tons 

 

BeAM Modulo 250 printer, as presented in figure 15, can print small-sized parts, and it is 

also suitable for material research activities. The printer is equipped with high-performance 

and precise deposition nozzles. The printer uses a coaxial cone powder projection 

technology. This small-sized printer offers new applications like material shifting between 

two materials, coating parts, and mixing different material layers. (BeAM-Machines 2021) 
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Figure 15. BeAM Modulo 250 DED printer (BeAM-Machines 2021). 

 

BeAM Modulo 400 printer shown in picture 16 is suitable for industrial DED production. 

The printer is equipped with two nozzles of different sizes and power. Changing the nozzle 

takes only a few seconds without interrupting production. This printer is also working with 

reactive powders. Few DED printers on the market can produce reactive powders like 

titanium and aluminum, and BeAM Modulo 400 is capable. (BeAM-Machines 2021) 
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Figure 16. BeAM Modulo 400 printer (BeAM-Machines, 2021). 

 

BeAM Magic 800 features 5-axis movement, and with inert gas, it can print reactive metals 

like titanium. The printer is a fully closed system, and it is suitable for repairing, cladding, 

and small part productions. In figure 17 is presented BeAM Magic 800 printing system that 

is suitable for versatile use. Magic 800 printer acquisition prices start from 250,000$. The 

printer has high performance at a reasonable price. (Aniwaa 2021) 
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Figure 17. BeAM Magic 800 printer (BeAM-Machines 2021). 

 

In figure 18 is shown repairing and cladding with a DED printer. These features make the 

DED printer useful to workshops that are specialized for repairing.  



31 

 

 

 

Figure 18. Repairing and cladding broken parts (BeAM-Machines 2021). 

 

2.4 Hybrid Direct Energy Deposit Printers 

Lasertec 65 3D is a hybrid printer that prints 3D parts and then completes parts with CNC 

machines. With this printer, parts surfaces, holes, etc., can be finished with proper tolerances 

and surface quality. In figure 19 is shown how the hybrid DED printer differs from other 

DED printers in favor of innovative thinking and working method (DMG Mori 2021). Figure 

20 shows DED hybrid printer features and possibilities in creating new or repairing old parts. 

 

DMG Mori has developed a different type of 3D metal printer, and the company will be a 

significant contender in the AM industry in the near future (Morgen, n.d). Hybrid DED 

printer is a new exciting trend in AM industry through its integration with conventional 

manufacturing technologies. (AMFG 2018) 
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Figure 19. Lasertec 65 DED hybrid printer (DMG Mori 2021). 

 

 

Figure 20. Combination of additive and milling machining process (DMG Mori 2021). 
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2.5 Optional accessories for better metal printing 

There are many ways to improve the printing process and quality for 3D metal printers, like 

adding accessories and products available to enhance metal properties or otherwise post-

process workpieces. Shot peening equipment and finishing furnace can be used to modify 

the properties of metals. In figure 21 is shown the wet separator for printed parts´ post-

processing. The principle of the wet separator is based on binding the metal powder in water, 

while the raw material cannot be reused. The primary purpose of the wet separator is to clean 

out metal from printing equipment and its area. The wet separator prevents the powder from 

spreading into the room and increases occupational safety. 

 

 

Figure 21. Wet separator (Ruwac USA 2018). 

 

A blasting cabinet is suitable for cleaning out the printed part. The powder remains in the 

cavities and crevices in complex pieces, making blasting an effective way to remove excess 
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powder. Figure 22 it is shown a typical blasting cabinet, and the Normfinish 3D DI 

depowdering system is suitable for large parts (Normfinish n.d.). 

 

 

Figure 22. Blasting cabinet for printed parts (Normfinish n.d.) 

 

The unpacking and sieving station, as in figure 23, is designed for removing excess material 

from the components. The assembly presented in figure 23 is suitable for Formiga P1 and 

P3 series. (EOS GmbH, 2021) 
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Figure 23. Unpacking and sieving station (EOS GmbH 2021). 

 

2.6 Handheld scanner 

The handheld scanner is able to speed up the modeling of existing pieces, one example of 

such a scanner is presented in figure 24. GO!Scan park handheld scanner from Canada. The 

prices for high-quality handheld scanners start at $7,500, and the cost of an image scanner 

is about $38,000. This GO!Scan scanner uses structured light technology, and the maximum 

resolution is 0.2mm. The benefits of the scanner are particularly pronounced in the modeling 

of spare parts for equipment under the Millog's maintenance responsibility. From the point 

of view of scanning parts, it makes no sense to model each component and entity but to focus 

on modeling and manufacturing parts that are no longer in production. Other cases when the 

scanner suits best are when the spare parts cannot be manufactured anymore by other 

methods, or the production would require manufacturing only invidual workpieces. 

(Aniwaa, 2021) 
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Figure 24. A handheld scanner helps part scanning (Aniwaa 2021). 

 

3D printer for plastics is also an excellent way to check parts before metal printing. Figure 

25 is a large-scale printer that can ensure suitability for metal prints before printing a metal 

spare part. Such a larger class printer could also be utilized to manufacture various plastic 

parts for other purposes in the company where plastic parts can be used. The prices for the 

printer in the picture start at $ 7,000, and there are several different options available from 

other manufacturers as well. In table 5 it can be noticed the properties, dimensions, and 

prices of Modix 3D printers. 
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Figure 25. Large scale 3D-printer to prototyping and plastic printing (Modix 2020). 

 

Table 5. Modix 3D printers properties and prices (Modix 2020). 

 
 

2.7 Comparing PBF and DED printers 

 

When comparing printers, it is vital to identify what the company's financial intentions and 

aims from the printer. Costs often determine what kind of printer the company chooses. 

However, when selecting a printer, the company should take into consideration the whole 

concept of 3D-metal printing.  The printer should be suitable for manufacturing and repairing 

the company's products, and the company should concentrate on the printer´s performance, 
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like the printer´s essential features. The printer must be easy to use, and printing should be 

highly automated. Component optimization and modeling should be fast, in which case the 

software should be user-friendly.  

 

The cost of purchasing printers is still relatively high, so it is primordial for the company to 

make the printer work efficiently. Remote access increases printer efficiency, but that will 

require the need for data security. PBF printers cost from $ 55,000 to $ 800,000. For 

example, the Eos M100 costs about $ 350,000. DED printers cost about $ 500,000. A hybrid 

DED printer is estimated to cost about $ 1 million. (Jiga 2021) 

 

2.7.1 Printing time 

Printing time is a good indicator for comparing different printing equipment. Table 6 shows 

the printing speeds of Eos and BeAM printers. Based on printing speeds, it can be concluded 

that printing on PBF printers are usually slower than DED on printers. However, the printing 

quality of PBF printers is better and usually requires little post-processing. The printing time 

for 1kg print depends on the printer´s printing speeds and object shape and forms. Object 

shape is seen in figure 27, and estimations were made with printers datasheets and Prusa 

Slicer software. The printable object is 952.04 grams stainless steel, and the volume is 119 

cubic centimeters. 
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Figure 26. Test object for printing. 
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Table 6. Printer printing speed estimations. 

Printer Printing speed Estimated time for object 

printing 

Eos M 100 up to 7.0 m/s (scanning 

speed) 

2- 3 hours 

Eos Formiga P110 Velocis Build rate of 1.2 l/h with a 

packing density of 5% 

2- 3 hours 

Eos M 290 up to 7.0 m/s (scanning 

speed) 

2- 3 hours 

Eos M 300-4 up to 7.0 m/s (scanning 

speed) 

2- 3 hours 

Eos M 400 Stainless steel 53.2 cm³/h 2- 2.5 hours 

Eos M 400-4 Stainless steel 53.2 cm³/h 

and 120.96 cm³/h 

1-2.5 hours 

BeAM Modulo 250 12- 20 cm³/h 6- 10 hours 

BeAM Modulo 400 90- 130 cm³/h 1-1.3 hours 

BeAM Magic 800 90- 130 cm³/h 1-1.3 hours 

Lasertec 65 DED hybrid 1 kg/h 1 hour 

 

2.7.2 Printing quality 

PBF printers have a high printing quality. PBF printers print products of high accuracy and 

detail, such as dental implants and jewelry. DED printers´ strengths are speed, good 

capability of printing workpieces of large dimensions, and repairing printing. It must be 

considered that the right printer for the company's own business needs and look for a cost-

effective solution in terms of printing quality. Excessive accuracy can increase costs, and, 

on the other hand, it can be more expensive to correct the excessive inaccuracy. 

 

2.7.3 Materials 

With the printing methods presented above, PFB and DED it is possible to print several 

metal materials. The DED printer can be used to manufacture mixtures of different metals 

more easily. A kilogram of metal powder typically costs 100-120€ and special quality metal 

powder would cost 250-500€, and one print can cost between 1500-3500€. 
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2.7.4 Post-processing 

The chosen printing method especially affects the post-processing costs. Table 7 provides 

estimates of what the different post-processing methods may cost. Choosing the right printer 

for the company´s business needs can affect the overall costs. Estimates are valid for six to 

twelve parts on the building plate. (Jiga 2021) 

 

Table 7. Post-processing techniques costings (Jiga 2021). 

Post-Processing Technique Cost Estimates 

Stress Relief 500-600 $ 

Heat Treatment 500-2000 $ 

Support Removal 100-200 $ 

Surface Treatment 200-500 $ 

CNC Machining 500-2000 $ 
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3 WORKSHOP DESIGN AND POSSIBILITIES 

 

 

There have been activities in the area of Lievestuore since the 1940s. Initially, there were a 

military depot and several maintenance facilities in the area. In the 1960s, the workshop 

started to maintenance artillery cannons by machining. At the end of the 1980s, Numerical 

Control (NC) machines were introduced in the workshop. The machines in use currently 

were acquired mainly during the 90s and 2000s. The latest devices were acquired in 2014 

and 2017. (Kantanen 2021) 

 

3.1 Workshop machines and software 

In figure 28 below is presented the Quaser MV214 vertical four-axis machining center. 

Quaser MV214 is used to machine the following materials in table 8 Quaser MV214 was 

acquired in 2017 and is the latest acquisition of the workshop. Quaser is one of the most used 

machines in the workshop. Quaser was purchased to replace the oldest machines. (Koskinen 

Juha 2021) 
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Figure 27. Quaser MV214 machining center (Koskinen Juha 2021) 

 

Figure 29 shows another commonly used workshop's used machine at the workshop, the 

Mazak Integrex l100-ST. Mazak is a five-axis multitasking CNC machine, and it can be used 

for many types of the production process. Mazak's can machine materials that can be found 

in table 8. Mazak and Quaser machines mainly produce spare parts for customers and tools 

like lens beds for lens grinding. (Kantanen 2021) 
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Figure 28. Mazak Integrex l100-ST advanced multitasking machine (Koskinen Juha 2021). 

 

Workshops older machines are still in use because of the needs created by certain military 

equipment which is required upon them. However, the use of these machines is minimal, so 

the AM printer is highly likely to replace the old equipment and machines still in use. In 

table 8 is listed the primary workshop machines. The workshop also has other devices needed 

for material processing, such as lathes, drilling machines, sheet metal machines, and a 

welding shop. The use of the machines and the space they need must be considered critically 

to achieve a cost-effective outcome if the 3D metal printer was integrated into a workshop. 

(Kantanen 2021) 
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Table 8. Materials processed by the Lievestuore workshop (Koskinen Juha 2021). 

Machine Materials 

Quaser 

MV214 

Steel (S355, 

S235, 

42CrMo, 

Stainless 

steel 

Aluminum 

6082, 7075 

etc. 

Brass and 

bronze 

All polymers 

Mazak 

Integrex 

I100-ST 

Steel (S355, 

S235, 

42CrMo, 

Stainless 

steel 

Aluminum 

6082, 7075 

etc. 

Brass and 

bronze 

All polymers 

Deckel 

Maho 

vertical 4 

axis NC 

machine 

Used steel, 

aluminum, 

etc. 

typically. 

2 pieces tool 

magazine 

  

Okuma 

LB15 NC-

lathe 

Used steel, 

aluminum, 

etc. 

typically. 

average 

cutting time 

chip 

conveyor 

 

 

Millog Facility in Lievestuore uses Mastercam software. Toolpaths are made for every 

Numerical control (CN) machine for Mastercam software. The software generates G-code 

that is also used for 3D printers. The software provides CAD and CAM functionality to 

efficiently drive CNC machines optimized productivity (Mastercam 2021).  

 

3.2 Workshop layout and machine locations 

The workshop´s area is about 250 m², and the welding shop has an area of 260 m². The 

facilities have been used effectively, and yet there are potential places for the AM printer. 

The workshop is surrounded by extensive maintenance facilities where maintenance and 

service work are performed. Figure 30 presents a layout picture of the facilities and machines 
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of the workshop. Within the simplified layout, the location of the 3D metal printer could be 

sketched. 

 

 

Figure 29. Lievestuore workshop layout 
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4 INTEGRATING AM PRINTER INTO WORKSHOP 

 

 

Adapting a printer that suits the company's needs to existing spaces can be challenging. At 

first, the workshop was mapped, and the possibilities of the premises were explored for use. 

It is essential to find suitable space for the printer, and it is positive if there is already 

equipment to lift a heavy pieces around it. The printer needs its own power supply, so the 

preparations must be made to achieve proper electricity facilities. The ventilation and 

lighting of the space shall be sufficient for working and related to this matter, it could be 

considered to build a separate space for a printer with its own ventilation. A separate printing 

space also is benefiting because the metal powder does not spread outside the area, and 

hazards can be kept in a closed environment. 

Figure 31 shows the space required by printers and their working areas. Accessories 

purchased for printers also need space, and subject must be examined on a device-by-device. 

 

 

Figure 30. Printers´ space requirements (EOS GmbH 2021).  
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4.1 Installing the printer in a workshop 

The layout of the Lievestuore machine workshop significantly limits the placement of the 

printer. The machines and building space solutions are not optimal, but it was possible to 

map areas suitable for the printer by researching machine utilization rates and age. Some 

machines in the machining shop could be removed, but the space is ideal for smaller metal 

printers. The welding shop has a plate cutter and a press brake at a low utilization level. By 

removing the machines mentioned above, a 3D metal printer could be installed in the freed 

space, as seen in figure 32. A printer can be installed in the area, and the welding shop 

equipment and tools can be reorganized to use the space better. There is enough space for 

possible accessories for the metal printer. 

 

 

Figure 31. One possible area for a 3D metal printer in the welding shop. 

 

4.2 Optional areas for printer and part scanning 

For smaller printers, there are some areas in the Lievestuore facility. In figure 33 is marked 

blue areas for small or medium-sized printers and orange areas for parts scanning. Part 
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scanning area I is suitable for smaller parts, and area II is better for bigger parts or even 

vehicle scanning. Optional areas are ideal for small-scale production, or when printing was 

occasional. These areas can also be used for a bigger-scale plastic printer for prototyping. 

Figure 31 shows printer working areas, and by fitting printers for the figure 30 workshop, it 

can be seen that is there enough free space for a printer.  

 

 

Figure 32. Possible printer and scanning areas 

 

4.2.1 What machines do you need to be near 3D metal? 

In addition to the 3D metal printer, the necessary metalworking machines and the equipment 

needed for post-processing the printed workpiece should be close to the printer. The 

company has a comprehensive range of metalworking machines that can be used to finish 

the printed part. Utilizing the 3D metal printer supplies and accessories introduced earlier 

can streamline operations. Table 7 shows the primary machines in the workshop that can be 

used to machine the printed part. Mazak and Quaser are best suited for this, but their 

utilization rate is already relatively high.  
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In addition to the Hybrid DED printer, the device itself can machine the printed part. When 

choosing a printer, the company has to consider the existing machines and tools and their 

suitability for work on the printed piece. The purchasing organization should consult the 

printer manufacturers for information on what accessories to bring to the printer. 

 

4.3 System engineering and management 

Mechanical engineering creates a good foundation for a system engineer. Mechanical 

engineering allows the engineer to understand material properties, different manufacturing 

methods, cost-effectiveness, and understands 3D metal printing. System engineers must be 

proficient in 3D modeling and understand the benefits of part optimization.  

 

From the beginning, management has the power to extend the use of printers to the entire 

organization. Leadership enhances benefits achieving and improves printer´s usage. 

Together with a system engineer and designer, management will help the company achieve 

the benefits of printing. Management must be viewed critically, and it must strive for 

continuous improvement and observe management throughout production. Good 

management achieves the best quality and efficiency.  

 

3D printing must be considered at every company level and should always be an option when 

a company plans maintenance for equipment. In this way, the printer can be used more 

efficiently, and it could be found the proper methods for efficient operation. Management 

must learn to exploit the potential of 3D printing. The system engineer must point out the 

printer's limits and, above all, what can be done with the printer. 

 

4.4 3D metal printer and workshop investments and costs 

The total cost of 3D metal printing is affected by many factors, such as the suitability of the 

workshop, the printer to be selected, the materials to be printed, and the printing volume. 

The investment costs are significantly affected by whether the existing facilities are suitable 

for printing and whether the necessary electrical connections, ventilation, etc., can be found. 

Lievestuore workshop has everything needed, so the cost of the facilities remains low. If the 

printer would be installed in the location shown in figure 32, the existing facilities will 

provide everything the printer needs, and costs will be low. 
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4.4.1 Workshop costings 

The machines which have a low level of utilization need to be removed from the workshop, 

and reorganization of the space incurs costs. The electric plugs for the 3D printer can be 

found on the wall already.  Extending the ventilation duct in the vicinity of the machine will 

lower the ventilation costs. The costs can be partially covered by the sale of the equipment 

to be removed. 

 

4.4.2 Storage costs 

The 3D printing storage costs do not significantly impact the Lievestuore workshop, as spare 

parts are currently manufactured and purchased in storage. Printing material can be 

preserved in a smaller space than traditional machining materials. Although printing does 

not directly bring savings in storage costs, printing can meet the needs for unexpected 

individual spare parts. 

 

4.4.3 Safety costs 

Safety costs in the Lievestuore workshop will remain moderate because the workshop and 

production facilities currently use the same protective equipment. Based on the printing 

process and the printing materials used, the printer manufacturers will instruct the correct 

protective equipment. It isn't easy to quantify the cost because different printers and space 

requirements are so various. Safety costs can range from 5,000 euros to hundreds of 

thousands of euros, depending on the space the printer is requiring. 
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5 RESULTS AND DISCUSSION 

 

 

3D metal printing is growing, and different printers are coming on the market, responding 

to the demand of the workshops. Hybrid devices are coming alongside traditional printers to 

print and process the printed part at the same time. It is easiest for the company to acquire 

the printer and integrate it into a new space. Integrating printers in the existing workshop is 

more challenging. Figure 34 is a simplified roadmap to how to integrate a printer into an 

existing workshop. In the roadmap, the process is divided into five steps. In each step is 

specified, which process is worth paying to attention. The thesis responds in more detail to 

each step and assists when considering purchasing a printer. It is worth considering funding 

for each step because the total costs of future procurement are specified along the way. 

 

 

Figure 33. Roadmap to workshop plus. 

 

When choosing a printer, the company must define what are the aims in present and in the 

near future. Millog would do well to acquire a DED printer based on the comparison, as it 

could be widely used to assist the company with maintenance and spare parts manufacturing. 

PBF is also suitable for use by the company, especially if the dimensional accuracy and 

finishing of the parts to be manufactured are emphasized. The company can use DED 
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printers to manufacture new spare parts and repair broken ones. One notable feature of DED 

printers is cladding, which increases the performance of the workshop. DED hybrid printer 

is the best solution for printing and processing the printed part. A hybrid printer is suitable 

for Millog's needs, and it is useful for used parts´ repairing. 

 

The cost of purchasing printers is high, and the manufacturing costs of the pieces produced 

are moderately high. For the components to be manufactured, cost-effective manufacturing 

methods must be identified, and the parts to be printed must be precisely chosen. The 

manufacturing of certain products has ended, and manufacturing in other ways is also 

expensive. The availability of spare parts for equipment manufactured during the Soviet era 

has ceased, and the manufacture of spare parts may also need the improvement of the spare 

part. The DED printer can be used to coat worn parts and repair damaged parts.  

 

Some of the current machines in Lievestuore have a low utilization rate. The Millog 

examined the printer's location based on the utilization rate of the existing machines and 

space solutions. The best place for the printer was found in welding rooms, where the use of 

a plate cutter and press brake was low. Rearranging space and removing the plate cutter and 

press brake will free enough space for a large printer. There is also a place for smaller printers 

in the workshop, but this also requires removing low-utilization machines. Lievestuore 

machine workshop is well suited for installing a 3D metal printer, and the facilities have the 

necessary electrical connections needed for 3D metal printer and post-treatment equipment 

for the printed parts. 

 

The expertise of the Millog personnel is at a reasonable level, and it is worth paying attention 

to increase personnel´s skills in terms of 3D metal printing. Lievestuore already has expertise 

in modeling and machine programming. Digitalization can utilize all of the Millog's 

personnel's expertise, which will significantly increase the use of the AM printer. Building 

a network and connecting a printer to the company's secure network should be viewed with 

ICT experts. Through different locations, the printer´s utilization rate can increase, and 

experts can effectively use the printer. Cloud services improve operations and functions, 

especially between other sites. With cloud services, data is available to everyone, and the 

transfer of 3D models is fast and secure. Millog workshops can utilize data in the cloud, for 

example, to print their models or simulate 3D models. Printer manufacturers have their cloud 
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services, and manufacturers have developed different digital services for their customers. 

Utilizing and developing these services can save time and money. 

 

The Millog has paid great attention to occupational safety, and staff actively improve 

working methods. When purchasing a printer, the company must consider the safe use of 

the printer and the associated risks. Lievestuore workshop has good premises in integrating 

printing safety methods and instructions into existing safety procedures. Some of the 

protective equipment and processes are already in use, making it easy for staff to adopt the 

safe use of the printer.  

 

In this case, the benefits of the printer are not based on amortizing the purchase price of the 

device or on profit, but these can also be achieved. The most significant benefit is achieved 

by a printer that can print spare parts for devices whose spare parts have been discontinued, 

and the service life of the equipment could be continued with new spare parts. The benefits 

of the printer are particularly pronounced by printers that can also repair damaged parts 

and components. Parts cladding and machining would increase printer utilization and thus 

allow for long-term amortization of the device's purchase price. 

 

Compared to printers, the hybrid DED printer became the most suitable printer for Millog 

due to its features and versatility. In terms of cost, the printer is a more expensive option 

than others, but the printer can be used in a more versatile way for Millog’s needs, as a 

comparison of printers shows. The workshop plus concept would improve Millog's 

productivity and better enable the development of Lievestuore's production in the future. 
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6 CONCLUSIONS 

 

 

This thesis aimed to find the most suitable printer for Millog's workshop, the benefits of 

adding an AM printer to a workshop and define the steps for procurement. In general, the 

size of the spare parts which are on company's responsibility is large, posing a slight 

challenge regarding the printer's printing area. During the master's thesis, one printing 

process emerged strongly, which is ideal for the company. In the early stages of the work, 

different printing processes were influenced by PBF, the best option, but as the research 

progressed, the DED process rose past its potential. At the end of the work, the DED hybrid 

process was convincing in matters of printing new parts, repairing old or coating others. In 

addition, the device could be used to finish surfaces by machining. At this point, the hybrid 

printer rose past the other processes because from the point of view of the company's 

operation, such a device would be the best solution for covering the needs of the company.  

 

Integrating the printer into the Lievestuore workshop initially proved to be a slight challenge. 

With the help of literature research, it was possible to define the space required by the printer. 

Based on the printing area of printers, printers were divided into three groups S, M, and L in 

order to specify the appropriate location for printers of different sizes. S and M defined the 

size for printers that fit into the existing facilities of Lievestuore´s machine shop. The L size 

was reserved printes which could not be fit in without removing certain devices from the 

workshop. Within the Lievestuore´s workshop there were some machines which had a low 

level of usability in the workshop, and based on the interviews, a proper place was found for 

the L size printer from the welding workshop. A large printing station could be installed in 

place of low-use equipment from the welding workshop the suitable area for the printer, as 

pointed earlier in figure 32. 

 

The results of the master's thesis and the collected material can be used to start designing 3D 

printing for each workshop. With good design and contact with printer 

manufacturers in good time, the processes and methods appropriate to the company can be 

defined. By following roadmap steps and answering questions, the company is moving 

towards the purchase of a printer. The most important aspects have been considered in each 
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step that enables the company to solve these points in its workshop. The purchase of a printer 

must be carefully planned, and the specific characteristics must be taken into account in the 

design. The total cost of printers is high, in which case the company must consider financing 

at every step, as shown earlier in figure 34. When purchasing a printer, the team of the 

purchasing organization should check the pros and cons and the company's future needs. 

 

The Workshop Plus concept is an exciting entity that points out the functions of the 

Lievestuore workshop, the skills of the staff, and its suitability as an AM printer location. 

When comparing the benefits of different printers, it was also good to remember what 

benefits the AM printer gives to the Millog and directly to the Finnish Defense Forces 

through the Millog. 
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7 FURTHER STUDIES 

 

 

The thesis emerged a few potential topics for future studies. Things that make it easier to 

design a workshop, such as 3D models from printers, should be looked at. Compiling 3D 

metal printing and different machine workshop standards into one collection would enable 

the development of a workshop, and the information would be found in one place. 

Developing digitalization in workshops would enable production development. Exploring 

the benefits of the new 4D printing technology and utilizing it in the future can open up new 

opportunities compared to 3D printing. 

 

7.1 Future aspects and workshop layout 

From a future aspect, integrating the printer into existing workshops is challenging due to 

the differences in the workshops. The thesis provides the basis for starting, designing, and 

implementing the design of the workshop plus. The solutions presented at in this thesis may 

not be suitable for all workshops in their nowadays´ condition and order. To facilitate 

integration, printers and the required working space should create 3D models, which could 

be used in standard design programs. Manufacturers usually have information about printer 

dimensions and space needed, but this may not be enough from the designer's and user's 

point of view. With the 3D software is easy to fit the printer into different locations and view 

the solution together with the users. 

 

7.2 Networking of Millog's workshops 

Millog has offices all over Finland, and networking is important whenever expertise is 

utilized. From a 3D printing perspective, networking would significantly increase the 

printer´s usability and make the personnel's know-how available to everyone. Networking 

needs proper connectivity and adequate current supply, having reliable UPS stations, 

Uninterrupted Power Supply in order to ensure the electricity flow all over the time of 

operations, also in time of crisis. Cooperation with the Finnish Defense Forces and other 

authorities creates its challenges because certain procedures fall under different security 

classifications. Some data can only be used in a closed network environment so that the 

printer cannot be connected to such a network due to security. Further ICT research should 

be performed in order to study connecting the 3D metal printer to a closed network and 
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enable digitalization safely would enable companies to use the printer between different 

actors safely. 

 

7.3 4D printing possibilities 

4D printing is based on 3D printing, where the printed object can change shape, for example, 

by using heat. As a follow-up study, this would enable the company to develop its products 

using 4D technology. For example, the study could find products whose surface is dented or 

pressed, and then heat can be used to restore the surface to its original form (Future Bridge 

2020). In table 9 is seen that how different industries are researching 4D technology. 

 

Table 9. 4D printing research (Future Bridge 2020). 
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