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Summary  

 
With our practical experience during our internship, we have found that at this moment 

the costs for the delivery of spare parts are too high and the delivery time is too long. 

The final objective is to research the possibility to make spare parts by using a 3D-printer 

in the engine room on board of seagoing vessels. To ensure that the final objective of 

this project will be achieved the main question is: How can maintenance in the engine 

room be made more effective and efficient by using 3D-printing on board of seagoing 

vessels? The project’s scope concerns dealing with the following aspects: 

- 3D-printing and scanning   

- Advantages and disadvantages 

- Materials  

- Software 

- Quality    

- Machinery parts  

To answer the different sub-questions desk research and field research with literature 

study and theories is used. The research methods that are used are qualitative and 

quantitative research. A lot of the literature was found on attending the fair ‘RapidPro’ in 

Veldhoven. At RapipPro were done interviews with 3D-printer companies. During this 

project an experiment was done. An re-printed impeller is assembled into a pump.  

 

3D-printing is a process in which an object, of almost any desired shape, is created by 

means of adding a desired material layer by layer in a three-dimensional way. This 

means that the process is the opposite of material removing such as cutting and drilling. 

It is possible with different process techniques such as oversized and support techniques 

and different methods. There are two processes called; plastic and metal process. The 

process starts with a virtual shape from a digital model made with a computer program 

such as AutoCAD 3D, or by 3D-scanner. The digital model is a 3D readable file named an 

STL-file. 3D-scanning is collecting shape data and colour of an object with an analysing 

device. At this moment 3D-printing and scanning are used in different ways, but they are 

still in the initial phase. On the basis of findings from multiple companies is 3D-printing 

and scanning not yet developed enough and efficient enough to be used as alternative 

means like on board of seagoing vessels. They predict that it will take at least another 10 

years before it is affordable and developed far enough. There are a lot of printers on the 

present market. They all have their own characteristics and advantages and 

disadvantages. Each printer is suitable for certain materials to print an object. Based on 

this research there is chosen for two types of 3D-printers; one for metals and an another 

one for plastics. The DMLS and UAM  are the best for fabricating metal machinery parts. 

For plastic 3D-printing is chosen for a powder 3D-printer: the FDM 3D-printer. This 

printer is chosen because of the wide variety of materials and the binder jetting for high 

resolutions. This report has shown that placing a 3D-printer on board is still not suitable. 

To make 3D-printing possible on board a number of factors need to be adjusted. These 

factors are as follows: space, costs, materials and knowledge of the new technology. 

 

To make 3D-printing on board attractive the purchase price of a 3D printer should be 

reduced initially. The price for a 3D-printer will certainly reduce in the upcoming years 

and it is therefore attractive to purchase a 3D-printer in a couple of years.  

The size of a 3D-printer should be significantly reduced. At this moment the printer takes 

up too much space. Space is limited on board of seagoing vessels so it is difficult to place 

a 3D-printer on board. There are major developments underway to make 3D-printers 

smaller. The printers are currently too big. In a number of years, as the technologies 

have improved, the 3D-printers are made smaller and better to place on board of 

seagoing vessels. The material requirements for certain items cannot be achieved with a 

3D-printer. For many engine room spare parts the right allegation must be selected. It is 

practical impossible to have all the right raw materials on board for all kind of engine 

room spare parts.  
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Introduction 

 

Problem description:  

The shipping industry has been in a deep crisis worldwide for the last decades. More and 

more companies go bankrupt nowadays, private investors see their investments fall in 

“Ship Ltd.” companies, and banks take their losses and offer ships at the auction sale. Of 

the larger companies in the marine and coastal shipping, only one went bankrupt in 

2009, however four went bankrupt in 2010. Associated with the current economic crisis, 

companies are continually working on getting more efficient and effective sails (Tineke 

Hoekstra, 2011). At this moment companies are trying to use 3D-printers as an 

opportunity to work in the cost-effective parts logistic. 3D-printers have been already 

used for many years on shore. At present the 3D-printers are in development so far that 

they can be used for infinite purposes. For example full colour miniature face models, 

jewellery and in the care industry for prosthesis (Wikipedia, 2014). With our practical 

experience during our internship, we have found that at this moment the ordering of 

spare parts on board of seagoing vessels is expensive and the delivery time for spare 

parts are way too long. As an example we take the “MV TransAndromeda” there was an 

important spare part on board that was broken. The spare part was not available at the 

moment and had to be ordered from shore. The vessel was delayed by waiting for the 

spare part in the harbour for longer than expected. In general, as these problems 

present themselves frequently, the “Ship Ltd.” companies try to reduce the delivery time 

of spare parts as well as the costs associated with it. 

 

Problem definition: 

With our practical experience during our internship, we have found that at this moment 

the ordering of spare parts on board of seagoing vessels is expensive and the delivery 

time for spare parts are way too long. The supply of spare parts on board of seagoing 

vessels in the engine room is expensive and complicated, because the ship has many 

different ports of call. The costs for the delivery of spare parts are too high and the 

delivery time is too long.  

                 

Final objective: 

The final objective is to research the possibility to make spare parts by using a 3D-printer 

in the engine room on board of seagoing vessels. 

 
Main question: 

To ensure that the final objective of this project will be achieved the main question is: 

How can maintenance in the engine room be made more effective and efficient by using 

3D-printing on board of seagoing vessels? 

 

To answer the main question the following sub-questions are being asked: 

1. What is 3D-printing and scanning? 

2. What are the developments of 3D-printing? 

3. Which materials can be used for 3D-printing? 

4. Which machinery parts are suitable to be made with a 3D-printer? 

5. How will 3D-printers be applied effectively and efficiently in the engine room 

on board of seagoing vessels?  

6. What are the advantages and disadvantages of 3D-printing on board of 

seagoing vessels?  
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The research method that is used in this project is a project-based research method.  

Each sub question has his own research method, see the table down below.  

 

Subquestion  

 

Research phase Research method 

1. What is 3D-printing and scanning? Desk research: 

Literature study 

Theories 

 

Qualitative 

2. What are the developments of 3D-printing? Desk research: 

Literature study 

Theories 

 

Qualitative 

3. Which materials can be used for 3D-

printing? 

 

Desk research: 

Literature study 

 

Field research: 

Interviews  

Visit to event 

 

Qualitative  

4. Which machinery parts are suitable to be 

made with a 3D-printer? 

 

Desk research:  

Theories 

 

Field research: 

Interviews  

Experiments 

Visit to event 

Qualitative  

5. How will 3D-printers be applied effectively 

and efficiently in the engine room on board 

of seagoing vessels?  

Field research: 

Interviews  

 

Qualitative   

 

6. What are the advantages and 

disadvantages of 3D-printing on board of 

seagoing vessels? 

Desk research:  

Literature study 

 

Field research: 

Interviews 

Visit to event 

Experiments 

Qualitative 

 

 

Quantitative  

 

 

The project’s scope concerns dealing with the following aspects: 

- 3D printing and scanning   

- Advantages and disadvantages 

- Materials that can be used    

- Software 

- Quality of the printed part    

- Machinery parts are suitable to be made 

 

Aspects which we will not deal with during this project are as follows: 

o Environment 

o Production of a 3D-printer 
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1. 3D printing and scanning 

 

This chapter answers the sub-question: What is 3D-printing and scanning? To answer 

this sub-question, desk research with literature study and theories is used. The research 

method that is used is qualitative research. A lot of the literature was found on attending 

the fair ‘RapidPro’ in Veldhoven. 

 

This chapter starts with information about what 3D-printing means. After that the plastic 

process and the metal process of 3D-printing will be described. Different process 

techniques are explained and last part shows some different printing methods. The 

application of these different methods will be described in chapter 3. 

As second topic, information about what 3D-scanning is, examples what it is  already 

used for and what it can be used for in the engine room.  
 

1.1  3D-printing 
3D printing is a process in which an object, of almost any desired shape, is created by 

means of adding a desired material layer by layer in a three-dimensional way. This 

means that the process is the opposite of material removing such as cutting and drilling.  

The process starts with a virtual shape from a digital model made with a computer 

program such as AutoCAD 3D, or by 3D-scanner. The digital model is a 3D readable file 

named an STL-file. (Wikipedia, 2014) 

3D-printing is possible with different kinds of materials. The possible materials will be 

described further on in the report. The printing of two major processes will be described. 

 

Plastic process 

The desired object is made up of layers and is formed by melting plastics with heated 

nozzles. The melted plastic gets laid down on a heated plate. When the first layer is 

done, the heated plate will move a bit down. Now the nozzle will lay the second layer 

down on the first layer. Because the plate is heated, the object will stay hot and each 

layer sticks to the other. This process repeats itself over and over again, just as long 

until the entire object is formed.  

The formed object now only needs to be removed from the plate. 

 

Metal process 

The desired object is made up of layers and is formed by melting it with a laser, similar 

to electric welding. All layers of powder will melt together during the process.  

The 3D-printer reads the produced STL file and starts laying the first layer of powder. 

The laser only melts the powder that forms the object. A new layer of powder is placed 

over the first layer. The laser will also melt the powder of this layer which forms the 

object. This process repeats itself over and over again, just as long until the entire object 

is formed.  

The formed object is hidden under the unmelted powder. The remaining powder is 

removed with a vacuum cleaner. 

 

1.1.1  Different process techniques 
Oversized technique 

The resolution of current 3D-printers is generally sufficient. However, with some objects, 

the oversized technique is used. The object is printed slightly too big and later it gets 

updated to the correct shape through milling. This is done in order to obtain, for 

example, to improve a better surface roughness of the printed object.  
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Support technique 

There are certain techniques by which various materials can be printed at the same time, 

and thereby also in different colours. This technique is often used for objects with 

overhanging pieces. A supportive layer will be made with the other material, which can 

be removed at the end of the process. For example, a material which is soluble or a 

material that does not adhere to the material of the desired object. 

 

1.1.2 Different methods 
In addition to the various process techniques, there are also several methods. These 

methods can be used for plastic and metal as well, and those kind of methods will be 

explained in chapter 3, however it is important to mention them in order to have an idea. 

 

The explained method that melt the plastic layer by layer is: 

- Fused deposition modelling (FDM) 

 

The explained methods that melt the material powder are for example: 

- Selective laser melting (SLM) 

- Direct metal laser sintering (DML) 

- Selective laser sintering (SLS) 

 

Other methods use liquid materials using various advanced technologies such as : 

- Stereo lithography (SLA) 

 

Furthermore, there is a method in which thin layers are getting cut in shape and joined 

together. An example is : 

- Laminated Object Manufacturing (LOM) 

 

Each method has its own advantages and disadvantages. Therefore a company will 

choose which method it will use for the object. 

According to the results of the interview, the most important considerations when 

choosing a method are: 

- Duration of print: 

This means the time between start and end of the printing process. Reason of 

consideration is, limited time of delivery. 

- Investment costs: 

This means the price of the printer itself. Reason of consideration is to determine 

if it is cost effective to buy a 3D-printer or purchase a new stock part from a 

factory.  

- Operational costs: 

This means the price of all the needed materials and electric power to feed the 

printer. Reason of consideration is to determine if the price of a stock part from a 

factory is even cheaper as printing an object with a 3D-printer. 

- Material: 

This means the specifications of the material used for printing the object. Reason 

of consideration is to determine what the required specifications needs to be. 

- Colour options: 

This means what the possible amount of colours the printer can print at the same 

time. Reason of consideration is to determine if the printer can print the required 

colours.  
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1.1.3 Advantages and disadvantages  
Like all other devices, the 3D-printer also has its advantages and disadvantages. In this 

paragraph the advantages and disadvantages of the 3D-printer will be described. To 

provide a correct answer for this sub-question, the desk research method and literature 

study were used. (Vermeend, 2013) (Bloemendal, P. 2014) 

 

Advantages  

 Accessibility  

One of the major advantages is that in the past, the knowledge & technology was 

accessible just for engineers & designers, today 3D-printing techniques and printers are 

available to anyone. 

 

 Printing at Home 

Today anyone can buy 3D-printer or 3D designs in affordable price and enjoy large 

accessibility to many different kinds of materials. The advantage of printing at home is a 

key factor in the future 3D printing trends. 

 

 Reducing Costs 

3D printing helps to track errors in early stages. 3D designs are available online and it’s 

easy to print the final best matching product.  

 

 Environment friendly  

Companies using 3D printing techniques tend to use environment friendly new materials 

causing less damage compared to the other industries. Moreover it is known that there’s 

less waste of material by using 3D printed products and techniques.  

 

Disadvantages 

 3D Black Market 

One of the natural disadvantages & side effects of the growing 3D printing industry will 

be black market of spare parts, generic versions or fake brands and entire niches that 

will be boosted with copied items and crafts that will harm product quality, pricing, 

authenticity and demand. 

 

 Copyright Violation 

Of 3D printed designs, 3-D prototypes, patents and brands. Since the 3D printing market 

is in its relatively early days there are no clear policies and supervision. Clear 

disadvantage is that the 3-D printing markets is still breached and expose, easy to buy 

3D printer designs and print them at home violating copyrights and brand name 

products. 

  

 Printing Weapons and Firearms 

One of the main disadvantages is printing of dangerous craft is easier with 3D printing 

technology. Spreading “license free” weapons such as guns, knives, clubs and magazines 

is only matter of time. Any 3D printer that can print metal or solid polymers can serve 

criminals in manufacturing their own weapon arsenal. 

 

 Fraud & Scam 

3D printing can be used to scan and duplicate credit cards, IDs, car keys and other 

private crafts. 

 

1.2 3D-scanning 
Geopoints is a company that was present on RapidPro in Veldhoven. They gave us 

information and explanation about the 3D-scanning process and examples what 3D-

scanners are used for at this moment.  

A 3D scanner is a device that analyses an object. It collects shape data, and colours. The 

collected data can be converted into a STL-file that can be read by 3D-printers. 
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However, at this moment, shiny, reflective or transparent objects cannot be scanned by 

3D-scanners. (Wikipedia, 2014) 

 

At this time, 3D-scanners are used for the following purposes:  

- Video and game industry  

- Industrial design  

- Orthotics  

- Prosthetics  

 

According to information from Geopoints, 3D-scanners can be used for the following 

purposes in the engine room:  

- Quality control/inspection  

- Reverse engineering 

- Prototyping  

 

To answer the sub-question, the conclusion is that 3D-printing is a process in which an 

object, of almost any desired shape, is created by means of the addition of a desired 

material layer by layer in a three-dimensional way. It is possible with different process 

techniques such as oversized and support techniques and different methods. 

 

3D-scanning is collecting shape data and colour of an object with an analysing device. 
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2. Developments  

 

In this chapter the second sub-question will be answered: What are the developments of 

3D-printing? To answer this sub-question a literature study is used with a qualitative 

research method.  

This chapter starts with information about what 3D-printing is applied to at this moment. 

Resolution is the second topic of this chapter. 

 

3D-printers have been used for many years on shore now. At this moment, the 3D-

printers are in development so far that they can be used for infinite purposes. For 

example, full colour miniature face models, jewellery and in the care industry for 

prosthesis.  

 

2.1 Application  
According to various 3D-printing companies that were present in Veldhoven at RapidPro, 

at this moment 3D-printing and scanning are used in different ways, but they are still in 

the initial phase. 3D-printing and scanning is not yet developed enough and efficient 

enough to be used on board. These companies predict that it will take at least another 10 

years before it is affordable and developed far enough. 

 

Purposes in which it is already applied at this time: 

- Video and game industry (case of controllers) 

- Industrial design (machinery parts) 

- Orthotics (teeth) 

- Prosthetics (nose, arms, legs) 

- medical science (organic parts)  

- architecture (buildings) 

- fashion and design (jewellery, clothing) 

- Artists (sculptures)  

- Prototyping (models)  

 

There are companies that focus on printing STL-files only. These companies are owned 

by 3D-printers which can be used by clients that have to print only one object. The 

advantage is that these companies will have a lot of clients, and the clients do not have 

to buy a 3D-printer themselves to print that only object. Companies just have to deliver 

a STL-file of the desired object.  

 

3D-printers for plastic parts are already being used in the industry. For example Siemens 

AG. Furthermore, artists and jewellery designers like Ted Noten and Peggy Bannenberg 

already use 3D printers.  

 

3D-metal printers have not been applied yet, because it is not sufficiently developed yet 

and still has many limitations like size, resolution and mechanical properties limitations. 

Some points what 3D-printers need to be developed further are, working temperatures, 

resolution and size in which parts can be printed.  

 

2.2 Resolution 
This way of production makes it possible to create almost every shape, which is the 

biggest advantage of 3D-printing.  

Properties of 3D-printing, the resolution which is nothing else than the layer thickness, 

expressed in dots per inch(DPI). Typical film thickness is 250 DPI. There are printers that 

can print up to 1600 DPI. 

The time required for the printing process ranges between a few hours and days. This 

depends on the size and shape of the object. Obviously there are different types of 

printers with all other specifications. This also affects the duration of the printing and the 

quality of the object.  
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However, 3D-printing is not as fast and cheap as injection moulding yet. 

 

To answer the sub-question, the conclusion is that at this moment 3D-printing and 

scanning are used in different ways, but they are still in the initial phase. 3D-printing and 

scanning is not yet developed enough and efficient enough to be used on board of 

seagoing vessels. Resolution is nothing else than the layer thickness, expressed in dots 

per inch(DPI). 
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3. Printer methods and materials  

 

The following sub-question will be answered in this chapter: Which materials can be used 

for 3D-printing? To know what kind of machinery parts can be made by an 3D-printer, 

first need to find out what kind of materials are possible to use for printing. To find out 

what materials can be used for printing, there need to research what kind of printers 

there are on the present market. In this sub question there will be an explanation about 

what kind of printers there are and these will be highlighted.  

 

In this chapter ‘’cross section’’ will be mentioned. This is a layer of the 3D-model. When 

the 3D-model is send to the program to be printed, the program will cut the 3D-model in 

horizontal layers. The thickness of the layers depends on the 3D-printer itself on how 

thick a printing layer can be, for some printers it is to adjust the thickness of a layer. 

 

Basic principal of a 3D-printer; the nozzle, laser etc. are mounted on an arm that moves 

in the X an Z axle. The plate where the printing part is laid on will move in the y axle. 

This plate will then move down vertically every time a layer is finished. 

 

3.1 Fused Deposition Modelling (FDM) 
FDM is a 3D-printer has more than one printing nozzle. 

One nozzle will be used for the main material. The 

second can be used for colouring and/or support for the 

printing part. The material and support material comes 

through separate nozzles (in figure 3.1 the important 

components of the printer are shown). The temperature 

ranges between the 170 and the 240 degrees depending 

the kind of material is used and its melting point. The 

nozzles have resistive heaters that melt the plastic as it 

lows through the tip and forms the layers. The extruded 

plastic then hardens immediately as it bonds to the layer 

below it. Repeating this process builds up the object one 

layer at a time. The quality of prints using this technology depends largely on layer 

height; the thinner the cross sections, the less it gets, and the smoother the printed 

parts are. The cross section’s resolution, typically ranges between 75 microns and 300 

microns. FDM 3D-printers are less expensive than professional printers and is common in 

desktop 3D-printers. (Thre3d, 2013) 

 

The FDM process uses material for two different purposes, building the object and 

supporting overhangs in order to avoid extruding material into thin air. Keep in mind 

that, while FDM is a very flexible printing process. The FDM has the problem with printing 

it will sharp angles and overhangs. Choosing an efficient orientation for the model on the 

printing bed can make a big difference.  

 

If the object was printed using support material or raft (in figure 3.2 the raft is 

removed from the object), after the printing process is completed, they are 

snapped off or dissolved in solvent, leaving behind the finished object. Post-

processing steps can greatly improve the surface quality of even objects 

printed at low resolutions. Sanding is a common way to reduce or remove the 

visible distinct layers of the model. However, sanding prints can be a time 

consuming process, and it is sometimes impossible to reach every surface on 

complex shapes. Sanding might not be effective for certain materials. Another 

option that works well for select plastics such as ABS is an acetone vapour 

bath. The vapour creates a cloud when heated and smooth the surface of the 

object, removing evidence of the distinct layers. Acetone baths leave the part with a 

glossy shine, similar to glazed ceramics. (Stratasys, 2014) 

 

Figure 3 1 

Figure 3.2 
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FDM printers are fed by filament, usually rolled on a spool, and are mainly thermoplastics 

or thermoplastic/organic-material blends. Materials that can be used by the FDM are;  

- Thermoplastics (e.g. PLA, ABS HDPE) this can be material for plastic parts and o-ring 

and other flexible parts 

- Eutectic metals 

- Edible materials (food) 

- Rubber (Sugru) 

- Modelling clay  

- Plasticine 

- RTV silicone 

- Porcelain (this can be used for electrical installation for isolation) 

- Metal clay  

 

Before using the 3D-printer must be checked if the material meets the requirements. 

 

Advantages of FDM: 

- The parts can be fabric in colours 

- Resolution between the 75 and 300 microns 

- Many different materials  

 

Disadvantages of FDM: 

- Size limitation 

- Metal object printed by this way need a heat treatment what can give thermal 

stress  

- Parts need to be machined and/or treated with a coating  

 

3.2  Binder Jetting 
Binder Jetting works by spraying liquid 

binder onto a bed of powder, solidifying it. 

After each layer is finished the printed part 

is lowered and a roller deposits additional 

powder to form the next layer of the object. 

Repeating this process builds up the part 

one layer at a time.  

 

Printing supports are rarely required with 

this type of 3D-printing as each horizontal 

slice is supported by the excessive powder 

material below (in figure 3.3 the important 

components of the printer are shown). 

Objects created with the Binder Jetting 

process may not have the high quality 

mechanical properties of other additive manufacturing techniques because of the 

materials used and the lower level of adherence between particulates. It is possible to 

make complex mechanisms in one printing, for example a plastic gearbox that can spin 

its gears. It is also possible to print colour with the binder jetting. 

 

After initially removing the powder from the finished part, any excessive materials is 

blown off using pressurized air. The leftover material can then be reused. Post processing 

can then be used to infuse the object with additional material which mitigates 

disadvantages of poor mechanical properties. Techniques to infiltrate the object’s porous 

cavities include infusing metal into the object which is then fired in a kiln or soaking it in 

a solution that solidifies inside. (thre3d, 2013) 

The different combinations available for pairing powder material with binder agents 

allows for a wide range of material properties. The composites used in Binder Jetting 

exhibit characteristics ranging from rigid to elastic and smooth to porous. Metals can be 

printed with this process, but while Binder Jetting cannot produce fully dense metal 

Figure 3.3 

http://en.wikipedia.org/wiki/Thermoplastics
http://en.wikipedia.org/wiki/Polylactic_acid
http://en.wikipedia.org/wiki/Acrylonitrile_butadiene_styrene
http://en.wikipedia.org/wiki/HDPE
http://en.wikipedia.org/wiki/Eutectic
http://en.wikipedia.org/wiki/Rubber
http://en.wikipedia.org/wiki/Sugru
http://en.wikipedia.org/wiki/Modelling_clay
http://en.wikipedia.org/wiki/Plasticine
http://en.wikipedia.org/wiki/RTV_silicone
http://en.wikipedia.org/wiki/Porcelain
http://en.wikipedia.org/wiki/Metal_clay
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parts, the process is often used to create the structure for intricate metallic objects that 

are later fired to absorb metal into their porous structures. (Kaplan, 2013) 

 

Advantages of Binder Jetting: 

- Making complex mechanisms, like a working wrench or gearbox 

- wide range of material properties (from rigid to elastic and smooth to porous) 

- and able to print different material properties in one print 

 

Disadvantages of Binder Jetting: 

- lag of high quality mechanical properties  

- cannot produce fully dense metal 

 

3.3 Material Jetting  
Material Jetting the print head moves around 

the print area jetting liquid photopolymer 

(light-reactive plastics). UV lights 

surrounding the print head pass over the 

material after it is jetted onto the build area 

and cures it, solidifying it in place (in figure 

3.4 the important components of the printer 

are shown). Repeating this process builds up 

the object one layer at a time. Printers 

utilizing this process are often able to print 

using multiple materials in a single session. 

The materials can be selectively positioned 

within the model and even be combined during 

the process to effectively multiply the material types available during one print a model 

can be configured to be printed with a soft and flexible handle on a hard and rigid 

functioning tool with moving parts, all printed in one piece.  High resolution (down to 16 

micron layer heights which are barely noticeable to the touch) and ability to match the 

look, feel and function of the desired finished product.  

 

Material Jetting 3D-printers are relatively large machines, often allowing for multiple 

objects to be printed in each run, resulting in a high productivity output, or capacity for 

large prints. The capacity to print using mixed materials eliminates the need to design 

and print each separate part in their respective materials and then assemble after 

printing, reducing production time.  

 

The support is gel-like material, when the print is finished, the gel-like support material 

is easily removed by dissolving with water, usually accelerated by using a pressurized 

sprayer. The finished product is ready shortly after removing it from the machine, unlike 

other rapid prototyping processes, which can require lengthy post processing treatments. 

 

The material that Material Jetting uses  are photopolymers, which can be combined 

together in some printers to create new materials with distinct properties, ranging from 

rigid to rubber-like and opaque to transparent. The wanted properties for the part are 

achieved when standard photopolymer liquid resins are combined in specific 

concentrations during the Material Jetting process to make new material. (thre3d, 2013) 

 

Advantages of Material Jetting: 

- able to print using multiple materials in a single session  

- Resolution of 16 microns  

- wide range of material properties (from rigid to elastic and smooth to porous) 

- and able to print different material properties in one print 

- high productivity output 

- large printing capacity  

Figure 3.4 
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- when printed part is finished it can be directly used and doesn’t need any 

machinery and/or treatment of any kind 

 

Disadvantages of Material Jetting: 

- only photopolymer products can be made 

 

3.4 Direct Metal Laser Sintering  
Direct Metal Laser Sintering (DMLS) printing 

process work at such a high temperature that 

it produces parts that are practically free from 

residual stress and distortion at a micro level. 

Because of this the need for heat treatment 

post-processing. However, due to high is not 

necessary. Only one down side of this process 

is when the part cools down that there can 

occur thermal stress or warping as it cools. 

DMLS can get a resolution of 20 microns. 

 

DMLS works currently with the following alloys:  

- are stainless steel 

- aluminium 

- cobalt chrome 

- maraging steel 

- Inconel 

- titanium 

DMLS can also be used for any other metal alloys but this is not yet tested and approved 

by the printer companies. (thre3d, 2014) 

 

The DMLS printing chamber is filled with inert gas (either argon or nitrogen) and a 

powder bed of metal powder (in figure 3.5 the important components of the printer are 

shown). The inert gas is to reduce the damaging effects of oxidation. Like any other 3D-

printer when a layer is finished, the powder bed moves down and an automated roller 

adds a new layer of material which is sintered to form the next section of the model. 

Repeating this process builds up the part one layer at a time. When the printer is 

completed the printing chamber en part plus the build material are left to cool inside. 

 

The powder bed is for building material of the part and support, when a complex part is 

being printed then the printer has the possibility to make a support structure that easily 

can be removed after completing the printing also the metal powder can easily be 

removed. The remaining powder can be reused. (DeHart, 2033) 

 

Advantages of DMLS: 

- parts that are practically free from residual stress, distortion at a micro level. 

- resolution of 20 microns 

- reduce to the damaging effects of oxidation while fabricating 

 

Disadvantages of DMLS:  

- thermal stress or warping as it cools 

 
 
 

 
 

 
 

Figure 3.5 
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3.5 Electron Beam Melting  
When you start an Electron Beam Melting (EBM) 3D-

printer the first thing that must be done is to fill a 

chamber/cartridge with metal powder, after this is 

done the printing can begin. When a layer is finished, 

the powder bed moves down, and an automated 

roller adds a new layer of material which is melted to 

form the next section of the model (in figure 3.6 the 

important components of the printer are shown). 

Repeating this process builds up the object one layer 

at a time.  

 

The powder bed is held at an elevated temperature 

so the metal powder is at an optimal temperature for 

melting. EBM is applied for printing parts that need 

to be resistance against high temperatures and/or high 

strength. The printed parts have a dense and strong 

characteristics that match the fully dense target parts. EBM is a metal additive, this 

means that it works layer by layer. When the part is completed, the model and excess 

material inside are left to cool. The leftover material is then recovered and recycled, 

leaving the final model behind. EBM has a working chamber that works with a vacuum 

work chamber. (thre3d, 2013) 

 

The reason for using a vacuum work chamber while printing is because: 

- It reduces the damaging effects of oxidation  

- Fully melts the metal powder 

- instead of a laser in a chamber of inert gas the EBM can use an electron beam.  

- The process is 95 percent efficient in its use of energy, which is 5 to 10 times 

greater that laser technology  

- The vacuum supports processing of reactive metal alloys like titanium 

 

The metals that can be used are titanium, cobalt, chrome and much more. Because the 

parts don’t have to be casted, than melted down and poured in to the cast. This means 

that the part will be stronger and the printing time will be reduced. 

 

The EBM has a big advantage that is that the electromagnetic 

coils control the electron beam and help provide the fast and 

accurate beam control that allows several melt pools to be 

simultaneously maintained. By using this technique several 

parts can be printed at the same time, this means that the 

printing speed can be increased. This 3D-printers delivers very 

high scanning speeds-up to 1,000 m/sec.- and fast build 

rates-up to 60 cm³/hour. (Joe Hiemenz, 2007) 

 

Advantages of EBM: 

- parts that needs to be resistant against high temperatures and/or high strength 

- The printed parts have a dense and strong characteristics that match the fully 

dense target parts 

- a vacuum work chamber 

- and fast build rates—up to 60 cm³/hour 

 

Disadvantages of EBM: 

- there are unknown disadvantages of the EBM printer 

 
 
 

Figure 3.7  

Figure 3.6 

http://www.industrialcontroldesignline.com/encyclopedia/defineterm.jhtml?term=laser&x=&y=
http://www.industrialcontroldesignline.com/encyclopedia/defineterm.jhtml?term=processing&x=&y=
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3.6 Electron Beam Direct Manufacturing 
Electron Beam Direct Manufacturing (EBDM) is 

a printing machine that uses metal wire as 

feedstock to form an object within a vacuum 

chamber. The EBDM work with wire that is 

leads into a molten pool created by an 

electron beam, similar like MIG/MAG welding. 

The deposition mechanism create a melt pool 

and leads the wire, then the wire will be 

guided by a computer to move a non-

stationary build platform that also is movable (in 

figure 3.8 the important components of the printer 

are shown). The deposition mechanism deposits the material just where it is needed to 

form a layer of the object. Repeating this process builds up the object one layer at a 

time. Finally, after the object is built, post processing usually requires machining to 

remove excess material. EBDM can create the biggest 3D-printings then other 3D-

techniques, this gives a big advantage also the printer is faster than other printers. The 

disadvantages are that the printed part needs to be machined, grinding to finish the part. 

Also the printed parts cannot be accurate in the small scale and the parts have a very 

coarse surface that requires extensive machining after printing is completed. (thre3d, 

2013) 

 

Materials include  

- titanium 

- tantalum 

- stainless steel 

- Inconel 

- aluminium alloys  

- nickel-based alloys 

- titanium aluminised 

- metal matrix composites (including titanium matrix composites) 

 

Advantages of EBDM: 

- a vacuum work chamber 

- big objects  

 

Disadvantages of EBDM: 

- printed part needs to be machined 

- accurate in the small scale  

- parts have a very coarse surface 

 

3.7 Laser Power Forming 
Laser Powder Forming (LPF) can be used to repair or 

add volume to pre-existing metal parts, as well as 

manufacture new parts these properties of LPF are 

big advantages. LPF works as follows: a laser is used 

to melt the surface of the target area creating a melt 

pool while a stream of powdered metal is delivered 

onto the melt pool what forms the building material 

(in figure 3.9 the important components of the 

printer are shown). The atmosphere is tightly 

controlled for LPF, allowing for high-quality, fully-

dense builds. The LPF printer is has not only the z, x and y 

axle the platform can rotate 360 degrease and list.  

 

Figure 3.8 

Figure 3.9 
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LPF can make almost any metal part if it is in powder form. When a part is finished or 

repaired it needs to be machined or treated. 

  

Laser Cladding Technology is a technique that is used for repairing worn materials like a 

shaft. This can be a very big advantage and cost saving if it can be used on like a shaft. 

This doesn’t mean the whole shaft needs to be replaced or removed (thre3d, 2013) 

 

Advantages of LPF: 

- large building area 

- repairing parts 

- possible to use similar technologies to repair worn parts 

 

Disadvantages of LP: 

- printed part needs to be machined and/or treated 

 

3.8 Ultrasonic Additive Manufacturing 
Ultrasonic Additive Manufacturing (UAM) 

is a 3D-printer that doesn’t weld (melt 

the metal) but uses ultrasonic sound. This 

technique lets the metals weave together 

instead of melting it together (in figure 

3.10 the important components of the 

printer are shown).  This gives a big 

advantage, to give objects a steal 

structure and a layer of titanium or other 

metals. This can be used for pipelines on 

board.  

 

The UAM 3D-printer works by rolling the 

thin layer over the metal plate. The layer is being pushed on top of the printing part and 

after the roller the ultrasonic frequencies waves follow. The vibration reaches a frequency 

of approximately 20,000 Hertz. After every layer a milling drill will remove the parts that 

aren’t needed and blows the excessive materials away and returns to printing the layers.  

The printing head uses strips of metal to make layers. Each layer can be as thin as a 25 

microns, depending on the metal. After the part if finished it can be directly used. 

 

The UAM uses metallic materials, including nickel, titanium, copper, molybdenum, 

tantalum, silver, stainless steel and a variety of aluminium alloys. UAM also lends itself to 

creating “smart structures” where additional components become part of the finished 

object. In example embed electronics into a sealed internal cavity during the printing 

process. (thre3d, 2013) 

 

Advantages of UAM: 

- bind multiple metals in one part 

- resolution of 25 microns 

- mechanical properties comparable to objects made using traditional machining 

techniques starting from a solid block of material 

- smart structures 

 

Disadvantages of UAM: 

- very slow building rate 

 

 

 

 

 

 

Figure 3.10 
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3.9 Selective Heat Sintering 
Selective Heat Sintering systems (SHS), 

works by using a thermal print head to 

apply heat to layers of powdered 

thermoplastic. When a layer is finished, 

the powder bed moves down, and a roller 

adds a new layer of material which is 

sintered repeating this every layer the part 

is being created (in figure 3.11 the 

important components of the printer are 

shown). 

 

The printer uses the basic principal of a 

3D-printer. The bed is made of powder. 

The powder is the building material for the part and gives the part a support for building. 

SHS is a plastics additive manufacturing technique similar to SLS. (thre3d, 2013) 

The SHS uses thermoplastics as build material. This thermoplastics is in powder form and 

has the same properties as nylon.  

 

Advantages of SHS: 

- very fast printing speed 

 

Disadvantages of SHS: 

- its prints only small parts  

- prints only in white 

-  

3.10 Selective Laser Sintering 

Selective Laser Sintering (SLS) uses 

lasers to sinter powdered material, 

binding it together to create a solid part. 

SLS refers to sintering both 

thermoplastic and metal powders. The 

printer uses the basic principal of a 3D-

printer (in figure 3.12 the important 

components of the printer are shown). 

The bed is made of powder what is the 

building material for the part and gives 

the part a support for building. The roller 

add a new layer when the previous layer 

is finished. The laser makes the parts 

solid which will turn into the printed part. 

(thre3d, 2013) 

 

Materials that can be made into a part by the SLS are the following polystyrene, metals 

including steel, titanium, alloy mixtures; composites and green sand. Polymers such as 

nylon (neat, glass-filled, or combined with other fillers such as carbon fibre).  

 

Advantages of SLS: 

- it prints metals and plastics 

 

Disadvantages of SLS: 

- the part needs to made on a base plate 

- metal products need to be heated to get the wanted quality/property of the part  

- limited to small size  

- The parts can also be subject to some thermal stress or warping as it cools 

 

Figure 3.11 

Figure 3.12 
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3.11 Laminated Object Manufacturing 
Laminated Object Manufacturing (LOM) is a 

3D-printer that is being used in the industries 

for concept modelling and prototyping. The 

LOM printer works as follow: the printer will 

use a sheet layer, this sheet is being cut up 

in to the wanted form for that cross section 

(see figure 3.13). When the sheet is cut by a 

knife or laser it is glued together by adhesive 

glue. After the layer is finished cut up and 

glued a new sheet is precisely layered on top 

of the existing model, bonded together with 

the adhesive, heat and pressure are applied, 

usually using a compressive plate. This ensures a tight fit between layers. After the part 

is finished printing the part can then be machined and treated for painting and/or 

coating. 

 

The materials that can be used in the LOM are metals, plastics and copy paper. The 

problem with metal when you want to make it a massive hole piece (efunda, 2010) 

 

Advantages of LOM: 

- the cost for the printer are relative cheap in consider with other printers 

- the building materials are cheap 

- easy to manufacture and fast to be made 

 

Disadvantages of LOM: 

- it isn’t accurate and precise compared with other 3D-printers 

- removing of the excessive material is hard to do, depending on the construction of 

the printing part 

- the printed parts cannot be used for replacement in working and moving parts, 

the reason here for is that it isn’t massive in off. 

 

3.12 Stereo lithography 
Stereo lithography (SLA) is a 3D-printer 

that uses liquid materials. When the 3D-

model is printed the SLA printer scans 

the chamber, after the scan is completed 

the printing starts. The liquid material is 

being solidify and add to the layer below. 

The solidifying is done by a laser(in 

figure 3.14 the important components of 

the printer are shown). Photopolymer is 

a light reactive plastic. This means it can 

solidify by a beam of UV light, in the 

form of a laser.  

 

SLA use two models of 3D-printing. The first model is lifting the object out of the resin to 

create space for uncured resin at the bottom of the tank to form the next layer. The 

second model is to print the part by pulling it down into the tank with the newest layer 

being cured on the top of the photopolymer bath. When this model is applied there must 

always be vertical supports from the parts that are hanging or are above other parts to 

connect them to the building platform. SLA reaches a layer thicknesses of 30 microns. 

(photopolymer, 2007) 

 

Figure 3.13 

Figure 3.14 
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With this way of printing there is a support structure needed, otherwise it will collapse 

like a soufflé. When the part is finished with printing, it needs to be cleaned from 

excessive materials and support structure. When this is done the part will undertake a 

bath with an special solution for extra cleaning.  After the bath the part needs to be 

hardened, which can be expedited with a short time under UV lamps. 

 

SLA printers use photopolymer, with a wide variety of material properties such as water 

resistance, flexibility, durability, stiffness, high clarity, thermal resistance and high 

impact resistance. The photopolymers have been designed to mimic ABS, polypropylene, 

and wax. However, prints using photopolymer can become brittle with increased 

exposure to light over time. They may begin to show small cracks and become more 

susceptible to breaking. With this process, only one material can be used at a time  

because the object is built out of a vat containing a singular photopolymer solution. 

(manufacturing.materialise, 2013) 

 

Advantages of SLA: 

- resolution of 30 microns 

- wide variety of properties 

 

Disadvantages of SLA: 

- become brittle with increased exposure to light over time 

- only one material at the time can be used 

 

3.13 Digital Light Processing 

Digital Light Processing (DLP) is a 3D-printer 

that uses a projector to solidify the 

photopolymer. The DLP projector, projects a 

light pattern of each cross-sectional through 

an imaging lens and onto the photopolymer 

resin (in figure 3.15 the important 

components of the printer are shown). The 

projected light causes the resin to harden and 

form the corresponding layer which fuses it to 

the adjacent layer of the model. DLP can have 

relatively faster build speeds that the SLA. 

This is because a single layer is created in one 

digital image, as opposed to SLA’s laser 

process which must scan the vat with a single point. DLP has two printing styles same as 

SLA.  

 

When the printer is finished with printing, it needs to be cleaned from excessive materials 

and support structure. When this is done the part will undertake a bath with an special 

solution for extra cleaning. After the bath the part needs to be hardened, which can be 

expedited with a short time under UV lamps same like SLA. (thre3d, 2013) 

 

DLP printers uses photopolymer, same like SLA. The DLP has the same material 

advantages and disadvantages. 

  

Advantages of DLP: 

- resolution of 30 microns 

- wide variety of properties 

- faster that the SLA 

 

Disadvantages of DLP: 

- after exposure to sunlight, the material become brittle  

- only one material at the time can be used 

- size limitation 

Figure 3.15 
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3.14 Printers summary  
After finding out what kind of 3D-printers there are, a table was made summing all the 

printers with what kind of materials they can print. This table is displayed down below. 

 

3D-printer type Materials that can be used 

FDM 

Thermoplastics (e.g. PLA, ABS), HDPE, eutectic metals, edible 

materials, Rubber (Sugru), Modelling clay, Plasticine, RTV 

silicone, Porcelain, Metal clay (including Precious Metal Clay) 

Advantages  

 colours 

 Resolution 75/300 microns 

 Different materials  

 

Disadvantages 

 Size limitation 

 heat treatment  

 thermal stress  

 machined and/or treated with 

a coating  

Binder Jetting 

Almost everything that can come in powder form 

Advantages  

 complex mechanisms 

 wide range of material 

properties  

 able to print different 

material properties in one 

print 

Disadvantages  

 lag of mechanical properties  

 no fully dense metal 

 

Material Jetting 

photopolymers 

Advantages  

 multiple materials in a single 

print 

 Resolution 16 microns  

 wide range of material 

properties and able to print 

different material properties 

in one print 

 high productivity output 

 large printing capacity  

 directly used 

 no machinery and/or 

treatment of any kind 

Disadvantages  

 only photopolymer   

DMLS 

Almost any metal alloy 

Advantages of DMLS 

 free from residual stress, 

distortion at a micro level. 

 resolution 20 microns 

 reduce of oxidation while 

fabricating 

Disadvantages of DMLS  

 thermal stress or warping  

EBM 

Titanium alloys 

Advantages  

 high temperatures and/or 

high strength 

 dense and strong that match 

fully dense parts 

 vacuum work chamber 

 fast build rates 

Disadvantages  

 there are no known 

disadvantages of the EBM 

EBDM Titanium, cobalt, chrome and almost any other metal alloy 

http://en.wikipedia.org/wiki/Thermoplastics
http://en.wikipedia.org/wiki/Polylactic_acid
http://en.wikipedia.org/wiki/Acrylonitrile_butadiene_styrene
http://en.wikipedia.org/wiki/HDPE
http://en.wikipedia.org/wiki/Eutectic
http://en.wikipedia.org/wiki/Rubber
http://en.wikipedia.org/wiki/Sugru
http://en.wikipedia.org/wiki/Modelling_clay
http://en.wikipedia.org/wiki/Plasticine
http://en.wikipedia.org/wiki/RTV_silicone
http://en.wikipedia.org/wiki/RTV_silicone
http://en.wikipedia.org/wiki/Porcelain
http://en.wikipedia.org/wiki/Metal_clay
http://en.wikipedia.org/wiki/Precious_Metal_Clay
http://en.wikipedia.org/wiki/Metal_alloy
http://en.wikipedia.org/wiki/Titanium_alloy
http://en.wikipedia.org/wiki/Metal_alloy
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The 3D technology is still developing, every day there will be new developments. One of 

the latest are CARBON printing and printing with wax (when it is burned with a laser it 

will turn into amber). After that it will covering the object with a metal coat and this 

combined with a structured design is very strong. 

 

The general advantages of 3D-printing: 

- Make a part lighter by leaving material out of a part 

- Make a part stronger by leaving open spaces and print inside this space a structure  

- Possibility to make more than one part at the same time 

- Quicker than moulding a part 

Advantages  

 a vacuum work chamber 

big objects  

 

 

Disadvantages  

 printed part needs to be 

machined 

 not accurate  

 coarse surface 

LPF 

Almost any metal alloy 
Advantages 

 large building area 

 repairing parts 

Disadvantages 

 printed part needs to be 

machined and/or treated 

UAM 

Almost any metal alloy 
Advantages  

 multiple metals in one part 

 resolution 25 microns 

 smart structures 

Disadvantages  

 very slow building rate 

 

SHS 

Thermoplastic powder 

Advantages  

 very fast printing speed 

 

Disadvantages  

 only small parts  

 only in white 

SLS 

Thermoplastics, metal powders, ceramic powders 

Advantages  

 metals and plastics 

 

Disadvantages  

 base plate 

 metal products need to be 

heated  

 Limited to small size 

 thermal stress or warping  

 LOM 

Paper, metal foil, plastic film 

Advantages  

 the cost are cheap  

 building materials are cheap 

 easy to manufacture and fast 

to be made 

Disadvantages  

 not accurate and precise  

 excessive material  

 no mechanical properties  

SLA 

photopolymer 

Advantages  

 resolution 30 microns 

 wide variety of properties 

 

Disadvantages  

 exposure to light become 

brittle  

 one material at the time  

DLP 

photopolymer 

Advantages 

 resolution 30 microns 

 wide variety of properties 

 faster that the SLA 

 

Disadvantages  

 exposure to light become 

brittle  

 one material at the time  

 size limitation 

http://en.wikipedia.org/wiki/Metal_alloy
http://en.wikipedia.org/wiki/Metal_alloy
http://en.wikipedia.org/wiki/Thermoplastic
http://en.wikipedia.org/wiki/Sintering#Sintering_of_metallic_powders
http://en.wikipedia.org/wiki/Sintering#Ceramic_sintering
http://en.wikipedia.org/wiki/Metal_foil
http://en.wikipedia.org/wiki/Plastic_film
http://en.wikipedia.org/wiki/Photopolymer
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- Easy to adjust the model 

- Possible to make something that has several parts into one part, like cooling chambers 

for diesel engines. 

The general disadvantages of 3D-printing: 

- The printer needs to be stable 

- High power usage 

- Some printing materials have an expiring date 

- For some parts you need different kinds of printers  for example you want to make 

plastic and metal you need already two kinds of printers 

- Most of the time the part needs to be machined, like smoothing the surface, giving a 

special treatment, painting etc. 

 

The conclusion of which materials can be used for 3D-printing is shown in the summary 

table. To use a 3D-printer on board of seagoing vessels first needs to know the 

mechanical and material properties of the to be printed part. When the mechanical and 

material properties are known, the next step is to choose a printer which can print the 

part that has the same mechanical and material properties.  

 

Recommendation for the 3D-printer on board of seagoing vessels: 

Based on the criteria set out above, is chosen for two types of 3D-printers; one for 

metals and an another one for plastics. In this recommendation is chosen quality over 

time and money. The DMLS and UAM  are the best for fabricating metal machinery parts. 

For plastic 3D-printing is chosen for a powder 3D-printer: the FDM 3D-printer. This 

printer is chosen because of the wide variety of materials and the binder jetting for high 

resolutions. 
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4. Machinery parts  

 

In this chapter the fourth sub-question will be answered: Which machinery parts are 

suitable to be made with a 3D-printer? Field research is used for this sub-question. The 

project group has done experiments with 3D-printers at the event in Veldhoven and 

spoke with different kind of experts. 3D-printers can be applied in different kind of ways 

on board of seagoing vessels. To test whether the 3D-printing is going to work and how it 

is used on board of seagoing vessels a test is done. This trial consist a 3D-print of an 

engine room part.  

 

The group ordered a centrifugal drill pump from the internet (figure 4.1). The centrifugal 

drill pump is mostly used in gardens for the transfer of moisture or for pumping in hard 

to reach places, like aquariums. From this pump the impeller is removed (figure 4.2).  
 
 
 
 
 

 
 
 
 
 
 
 

 

 
 
 
figure 4.1       figure 4.2 

 

On 29th September 2014 the test is done at Stadslab Rotterdam. The process started 

with a virtual shape from a digital model, made with a computer program. This digital 

model is a 3D readable file named an STL-file. An acquaintance of Vincent van Driel 

made this file with a program on the computer and send it back to us.  

 

First you load from a USB stick the STL-file to the 3D-printer. The printer that is used is 

called the UP Plus2. The characteristics of the 3D-printer are shown in appendix number 

2  (UP Dusa, 2014). Meanwhile the 3D-printer processes the data, the printer also warms 

the nozzle and the plate up. It takes 15 minutes to warm up the 3D-printer. Once the 

printer has warmed up, the software asks to adjust the settings like the density of the 

print and its base/support material. After this the printing can begin.  

For the printed object, the material Acrylonitrile Butadiene Styrene (ABS) is used. The 

characteristics of ABS are as follows:  

- Density: 1,03-1,07 g/cm³  

- Mechanical properties: Stiff, tough, even at low temperatures 

- Relatively high hardness with good scratch resistance  

- High impact and notched impact strength  

- Thermal properties: good heat resistance, applicable from -45ºC to +85 ° C,      

sometimes even up to +100 °C. 

 

The printing of the object took 1 hour and 10 minutes. In chapter 3.1 (FDM) the working 

method is described.  
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After the object was printed, only the supporting material had to be removed. The shaft 

was finished. Filing was not necessary in this case.  

The printed impeller was assembled into the pump. With this new impeller some tests 

were done to see if the pump still satisfies the previous pump characteristics. 

The pump worked properly. When the pump axle revolutions were increased, the shaft of 

the impeller broke (see figure 4.3 and figure 4.4). The test immediately ended because 

the pump could not run anymore. The shaft of the impeller is probably degraded by a 

torsion force. Torsion force is the phenomenon that one part of an object is rotated more 

than any other part. The force between the impeller and the shaft of the drill was too 

high. Because the first test didn’t worked a second test was required. This time we tried 

to print the part vertical and with different settings, so that the layers also would have 

printed vertical. Only the printer software that has been used, didn’t had the proper 

settings to achieve the goal. Due to this test, concluded is that with the used printing 

conditions, it is not possible to use the FDM-printers on board of a seagoing vessels for 

spare parts that require mechanical properties. 
 

 

 

 

 

 

 

 

 

 

 

 
figure 4.3      figure 4.4 

 

The sub-question “Which machinery parts are suitable to be made with a 3D-printer?” is 

not possible to be answered in general yet, because of insufficient opportunities/facilities 

for this project. What can be concluded in relation to the sub-question is, that printed 

ABS parts with FDM printers is not applicable on board of seagoing vessels. To properly 

use a printed part, the first thing that needs to be known are the deficiencies of the 

printed part and its printer. It is also important that the printed part is tested in a secure 

environment and testing equipment. 

 

The recommendation of this sub-question is as follow; get more information about the 

materials how they work and test them properly with proper equipment. After that, the 

printed parts is printed it first needs to be tested wits simulation test by forces and its 

mechanical properties. When the part has been tested by forces, it needs to be installed 

in a working system as a test. At the end the printed part has to be checked if it still 

works properly.   
 



29 

 

5. Applications on board of seagoing vessels  

 

How will 3D-printers be applied effectively and efficiently in the engine room onboard 

vessels of seagoing vessels? This sub-question will be answered in this chapter. This 

chapter describes why 3D-printing is still not suitable for use on board and what should 

be done to make 3D-printing more attractive on board of seagoing vessels. 

 

This research report has shown that placing a 3D-printer on board of seagoing vessels is 

still not suitable. To make 3D-printing possible on board of seagoing vessels a number of 

factors need to be adjusted. These factors are as follows: space, costs, materials and 

knowledge of the new technology. 

In the first place there will be more space for a 3D-printer on shore compared with space 

on board of seagoing vessels. The space on board of seagoing vessels is limited because 

all possible free places have been already utilized as efficiently as possible. 

Because the acquisition price at this moment of a 3D-printer is significantly high 

compared with the actual yield of a printed product, it is better to print spare parts 

ashore.  

Field research has shown that in some circumstances it is cheaper to fly in spare parts by 

helicopter than 3D-print a spare part on board. For example a ship has engine problems 

in the port of Australia. It cannot sail and has to wait for an special engine part. If this 

engine part will be printed it will takes too long time and real experts has enabling. In the 

mean time that the ship is waiting and printing, the helicopter has already delivered the 

spare part at the ship yard. Research has shown that the lay time of the ship at the quay 

cost more money, than delivering the spare part by helicopter.  

For 3D-printing on board you need different kinds of materials, implying that these 

should be also immediately available and stored on board. In connection with the various 

ports of call of a ship these materials are not always available in every single port.  

3D printer comes with new technologies which might require new knowledge, skill and 

expertise for users on board. Users might have to be re-trained in order to be able to 

properly use the 3D-printer. On shore there are already several companies that work 

with this technology. In case to print a spare part, it’s possible to contact those kind of 

companies.  

 

To make 3D-printing on board attractive the purchase price of a 3D printer should be 

reduced initially. Ordering spare parts from shore is currently cheaper and therefore 

preferred. The price for a 3D-printer will certainly reduce in the upcoming years and it is 

therefore attractive to purchase a 3D-printer in a couple of years.  

Secondly the size of a 3D-printer should be significantly reduced. At this moment the 

printer takes up too much space. Space is limited on board so it is difficult to place a 3D-

printer on board. There are major developments underway to make 3D-printers smaller. 

The printers are currently too big. In a number of years, as the technologies have 

improved, the 3D-printers are made smaller and better to place on board of seagoing 

vessels.  

The material requirements for certain items cannot be achieved with a 3D-printer. The 

printed part is not strong enough and cannot withstand the high temperatures which 

occur in the engine room. 

For many engine room spare parts the right allegation must be selected. It is practical 

impossible to have all the right raw materials on board for all kind of engine room spare 

parts.  

 

Printing on board of seagoing vessels is not possible because of the movement, space, 

power consumption, size of the printer (it cannot fit on board due to changing the ships 

stability and space), the lag of knowledge about 3D-printing and 3D-software.  

The conclusion of this chapter is that is advised to print parts onshore. 
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6. Advantages and disadvantages on board of seagoing 

vessels  

 

3D-printing has several advantages over traditional manufacturing techniques. As 

previously mentioned a 3D-printer can make objects from many materials and produce a 

variety of products. Onboard of seagoing vessels there are other advantages and 

disadvantages of 3D-printing as compared to traditional techniques, which will be 

explained below. 

 

Advantages 

 Accessibility 

The advantage of printing onboard is the accessibility to different kinds of spare parts. 

 

 Printing onboard of seagoing vessels 

The advantage of printing onboard is the immediate availability of spare parts. In other 

words, when you need a spare part it can be printed right away. 

 

 Reducing Costs  

3D printing helps to reduce costs of spare parts that are made from plastic material, but 

provides no such advantage when it comes to other materials, in those cases it will be 

costly to produce.  

 

 Environment friendly  

Companies using 3D-printing techniques tend to use environmentally friendly new 

materials causing less damage as compared to other industries. Moreover, it is known 

that there is less waste of material when it comes to 3D printed products and techniques. 

 

Disadvantages 

 Space  

Placing an industrial 3D-printer onboard will take a lot of free space. 

 

 Materials 

The disadvantage of printing onboard is that you sometimes might need different kinds of 

materials, implying that these should be also immediately available and stored onboard. 

 

 Technologies 

3D printer comes with new technologies which might require new knowledge, skill and 

expertise for users onboard. Users might have to be re-trained in order to be able to 

properly use the 3D-printer. 

 

 Costs 

It will cost a lot to purchase an industrial 3D-printer. (Rapido, 2014) 
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Conclusion  

 

In the conclusion is short and clear answer given to the sub-questions. When the 

different sub-questions have been answered, it is possible to answer the main question. 

 

1. What is 3D-printing and scanning? 

3D-printing is a process in which an object, of almost any desired shape, is created by 

means of adding a desired material layer by layer in a three-dimensional way. This 

means that the process is the opposite of material removing such as cutting and drilling. 

It is possible with different process techniques such as oversized and support techniques 

and different methods. The process starts with a virtual shape from a digital model made 

with a computer program such as AutoCAD 3D, or by 3D-scanner. The digital model is a 

3D readable file named an STL-file. 3D-scanning is collecting shape data and colour of an 

object with an analysing device. 

 

2. What are the developments of 3D-printing? 

At this moment 3D-printing and scanning are used in different ways, but they are still in 

the initial phase. On the basis of findings from multiple companies is 3D printing and 

scanning not yet developed enough and efficient enough to be used as alternative means 

like on board of seagoing vessels. They predict that it will take at least another 10 years 

before it is affordable and developed far enough.  

 

3.Which materials can be used for 3D-printing? 

After finding out what kind of 3D-printers there are, a table was made summing all the 

printers with what kind of materials they can print. This table is displayed down below. 

3D printer type Materials that can be used 

FDM 

Thermoplastics (e.g. PLA, ABS), HDPE, eutectic metals, edible 

materials, Rubber (Sugru), Modelling clay, Plasticine, RTV 

silicone, Porcelain, Metal clay (including Precious Metal Clay) 

Advantages  

 colours 

 Resolution 75/300 microns 

 Different materials  

 

Disadvantages 

 Size limitation 

 heat treatment  

 thermal stress  

 machined and/or treated with 

a coating  

Binder Jetting 

Almost everything that can come in powder form 

Advantages  

 complex mechanisms 

 wide range of material 

properties  

 able to print different 

material properties in one 

print 

Disadvantages  

 lag of mechanical properties  

 no fully dense metal 

 

Material Jetting 

photopolymers 

Advantages  

 multiple materials in a single 

print 

 Resolution 16 microns  

 wide range of material 

properties and able to print 

different material properties 

in one print 

 high productivity output 

 large printing capacity  

 directly used 

Disadvantages  

 only photopolymer   

http://en.wikipedia.org/wiki/Thermoplastics
http://en.wikipedia.org/wiki/Polylactic_acid
http://en.wikipedia.org/wiki/Acrylonitrile_butadiene_styrene
http://en.wikipedia.org/wiki/HDPE
http://en.wikipedia.org/wiki/Eutectic
http://en.wikipedia.org/wiki/Rubber
http://en.wikipedia.org/wiki/Sugru
http://en.wikipedia.org/wiki/Modelling_clay
http://en.wikipedia.org/wiki/Plasticine
http://en.wikipedia.org/wiki/RTV_silicone
http://en.wikipedia.org/wiki/RTV_silicone
http://en.wikipedia.org/wiki/Porcelain
http://en.wikipedia.org/wiki/Metal_clay
http://en.wikipedia.org/wiki/Precious_Metal_Clay
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 no machinery and/or 

treatment of any kind 

DMLS 

Almost any metal alloy 

Advantages of DMLS 

 free from residual stress, 

distortion at a micro level. 

 resolution 20 microns 

 reduce of oxidation while 

fabricating 

Disadvantages of DMLS  

 thermal stress or warping  

EBM 

Titanium alloys 

Advantages  

 high temperatures and/or 

high strength 

 dense and strong that match 

fully dense parts 

 vacuum work chamber 

 fast build rates 

Disadvantages  

 there are no known 

disadvantages of the EBM 

EBDM 

Titanium, cobalt, chrome and almost any other metal alloy 
Advantages  

 a vacuum work chamber 

big objects  

 

 

Disadvantages  

 printed part needs to be 

machined 

 not accurate  

 coarse surface 

LPF 

Almost any metal alloy 
Advantages 

 large building area 

 repairing parts 

Disadvantages 

 printed part needs to be 

machined and/or treated 

UAM 

Almost any metal alloy 
Advantages  

 multiple metals in one part 

 resolution 25 microns 

 smart structures 

Disadvantages  

 very slow building rate 

 

SHS 

Thermoplastic powder 

Advantages  

 very fast printing speed 

 

Disadvantages  

 only small parts  

 only in white 

SLS 

Thermoplastics, metal powders, ceramic powders 

Advantages  

 metals and plastics 

 

Disadvantages  

 base plate 

 metal products need to be 

heated  

 Limited to small size 

 thermal stress or warping  

 LOM 

Paper, metal foil, plastic film 

Advantages  

 the cost are cheap  

 building materials are cheap 

 easy to manufacture and fast 

to be made 

Disadvantages  

 not accurate and precise  

 excessive material  

 no mechanical properties  

SLA 

photopolymer 

Advantages  

 resolution 30 microns 

 wide variety of properties 

Disadvantages  

 exposure to light become 

brittle  

http://en.wikipedia.org/wiki/Metal_alloy
http://en.wikipedia.org/wiki/Titanium_alloy
http://en.wikipedia.org/wiki/Metal_alloy
http://en.wikipedia.org/wiki/Metal_alloy
http://en.wikipedia.org/wiki/Metal_alloy
http://en.wikipedia.org/wiki/Thermoplastic
http://en.wikipedia.org/wiki/Sintering#Sintering_of_metallic_powders
http://en.wikipedia.org/wiki/Sintering#Ceramic_sintering
http://en.wikipedia.org/wiki/Metal_foil
http://en.wikipedia.org/wiki/Plastic_film
http://en.wikipedia.org/wiki/Photopolymer
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Based on this research there is chosen for two types of 3D-printers; one for metals and 

an another one for plastics. In this recommendation is chosen quality over time and 

money. The DMLS and UAM  are the best for fabricating metal machinery parts. For 

plastic 3D-printing is chosen for a powder 3D-printer: the FDM 3D-printer. This printer is 

chosen because of the wide variety of materials and the binder jetting for high 

resolutions. 

 

4.Which machinery parts are suitable to be made with a 3D-printer? 

The conclusion of which machinery parts are suitable to be made by an 3D-printer cannot 

be answered yet. To properly use a printed part first must known the deficiencies of the 

printed part. It is also very important that the printed part is being tested in a secure 

environment and testing equipment. 

 

The recommendation is to get more information about the materials how the work and 

test them properly with proper equipment. After that the printed parts must be applied in 

an working system as a test and then check if the printed part still works properly.   

 

5. How will 3D-printers be applied effectively and efficiently in the engine room onboard 

of seagoing vessels? 

The usage of 3D-printer on board of seagoing vessels is still not possible of the following 

reasons; 

- The 3D-printer needs to be stay stable. On-board of seagoing vessels this is not 

possible because the ship is continuous rolling 

- The 3D-printer requires much power consumption  

- The engineers need to be schooled in 3D-software and how to use a 3D-printer 

- Time to print a machinery part 

- The engineers need also special material knowledge 

- The printer takes a lot of space on board of seagoing vessels and influences the 

stability of the ship. What concludes less weight of cargo that can be carried. 

 

6.What are the advantages and disadvantages of 3D-printing on board of seagoing 

vessels?  

Onboard of seagoing vessels there are advantages and disadvantages of 3D-printing. 

 

Advantages: 

 Accessibility 

 Printing onboard 

 Reducing Costs  

 Environment friendly  

 

Disadvantages: 

 Space  

 Materials 

 Technologies 

 Costs 

 

 

 

  one material at the time  

DLP 

photopolymer 

Advantages 

 resolution 30 microns 

 wide variety of properties 

 faster that the SLA 

 

Disadvantages  

 exposure to light become 

brittle  

 one material at the time  

 size limitation 
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Main question: 

How can maintenance in the engine room be made more effective and efficient by using 

3D-printing on board of seagoing vessels? 

To make 3D-printing on board attractive the purchase price of a 3D printer should be 

reduced initially. The price for a 3D-printer will certainly reduce in the upcoming years 

and it is therefore attractive to purchase a 3D-printer in a couple of years.  

The size of a 3D-printer should be significantly reduced. At this moment the printer takes 

up too much space. Space is limited on board so it is difficult to place a 3D-printer on 

board. There are major developments underway to make 3D-printers smaller. The 

printers are currently too big. In a number of years, as the technologies have improved, 

the 3D-printers are made smaller and better to place on board of seagoing vessels.  

The material requirements for certain items cannot be achieved with a 3D-printer. For 

many engine room spare parts the right allegation must be selected. It is practical 

impossible to have all the right raw materials on board for all kind of engine room spare 

parts.  
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Appendix  

Appendix 1:  Interview RapidPro  

At RapidPro 2014 we interviewed three 3D-printing companies and ask each company the 

same questions. 

The questions where the following: 

- What kind of materials use the printer to print an object? 

- Can those objects be used as machinery parts ? 

- How much does a 3D-printer cost? 

- How many space does a 3D-printer need? 

- Are there any special requirements for operation of the printer? 

ALMTEQ 

This company said they can print any metal object with a resolution of 0.15 mm (150 

micron meter). The printed parts have mechanical properties that can be used in 

machinery parts of the main engine and auxiliary systems, the printing range is still 

limited of a 0.064m3 printing space. This means you are limited to only small metal 

parts. The cost of a printing machine is about 5 million euro’s. ALMTEQ said that they will 

develop over a couple of years and will create bigger printing space, making the printer 

less expensive and smaller. The printer is very huge, the size is similar to a small main 

engine. The printer itself is very complicated to work with it. Special engineers are 

required to work whit this equipment. 

 

Seido-systems  

The company Seido systems uses the FDM and Polyjet techniques. The resolution of their 

best printer is 0.016 mm (16 micron meter). The printed parts have mechanical 

properties that can be used in machinery parts of the main engine and auxiliary systems. 

The printing range is still limited of a 0.4 m3 printing space. This means you are limited 

to only small metal parts. The cost of a printing machine is about 600.000 euro’s. This 

3D-printer does not require any special engineers. It only requires knowledge about how 

to create parts in AutoCAD or other 3D-software drawing programs. The materials of the 

Seido 3D-printers have various material properties, from flexible to elastic and solid plus. 

This printer can be used in the engine room for example an membrane for a membrane 

pump. 

 

Velleman 

The 3D-printers that Velleman has, are self-built printers. These printers have a low 

resolution and are not accurate. The resolution of their printer is 0.5 mm (500 micron 

meter). The printed parts have no mechanical properties and cannot be used in the 

engine room. The cost of a 3D-printing machine can range around 700 euro’s. This 3D-

printer does not require any special engineers. It only requires knowledge about how to 

create parts in AutoCAD or other 3D-software drawing programs.  
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Appendix 2:  Characteristics 3D-printer UP Plus2   
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