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1 ABSTRACT 

In this report Selective Laser Sintering and Multi-Jet Fusion have been compared and contrasted 

with the feasibility of manufacturing a helicopter floor.  It was found that the multijet fusion was a 

far better process for manufacturing the floor if the assumed volume in mind. Multi-jet was then 

compared to the current process of CNC milling.  While the design of the helicopter floor was 

designed with the manufacturing capabilities in mind, if the floor was designed with additive 

manufacturing in mind then the multi-jet fusion could out perform any machining process.
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3 GLOSSARY OF ACRONYMS 

  

AM – Additive Manufacturing 

SLS – Selective Laser Sintering 

MJF – Multi-jet Fusion 

PBF – Powder Bed Fusion 

CNC – Computer Numerical Control 

 



William May-White 
P101973 

5 
 

4 INTRODUCTION  

The report will compare and contrast two different types of non-traditional and one traditional 

machining techniques with regards to manufacturing a helicopter flooring panel. Comparisons of 

machining capabilities, material properties, cost, manufacturing feasibility, environmental impact, and 

health and safety. A The two non-traditional techniques in question are Multi-jet Fusion (MJF) and 

Selective Laser Sintering (SLS) which are both a form of additive manufacturing (AM). Both techniques 

will be compared to CNC Milling and a conclusion will be drawn on the best process to manufacture a 

helicopter floor. 



William May-White 
P101973 

6 
 

5 ADDITIVE MANUFACTURING 

Additive manufacturing (AM), also known as 3D printing has been around commercially since the mid-

1980’s (Bourell, 2016). The AM that was first available was a stereolithographic (STL) machine which 

used ultraviolet (UV) to solidify a light-sensitive polymer (Wholers & Gornet, 2014). Since then there 

has been an exponential growth in AM. Firstly, the adoption of an AM into industry was through the 

form of rapid prototyping (Attaran, 2017). It reduced the lead time of bringing design to physical form 

greatly; General Motors have been using rapid prototyping for over twenty years (Fish, 2011), and 

now are on the verge of using AM components in the manufacturing process and add alternative-fuel 

vehicles to it range (Reuters, 2018). At this moment in time AM is now becoming an intricate part of 

the design and manufacturing process. While AM may not replace traditional manufacturing 

techniques but instead it will open the horizon of which products can be designed and produced 

(Thompson, et al., 2016). Currently the form of objects is driven by the designer’s intent but limited 

by the manufacturing technology; with advancements in AM this is about to change.  

5.1 ADDITIVE MANUFACTURING TECHNOLOGIES 
There are many types of AM technologies that are available which can be seen in Appendix A. 

Currently powder bed fusion (PBF) was one of the first commercially adopted form of additive 

manufacturing on a large scale (Gibson, et al., 2014) . The four main types of PBF are Multi-jet 

fusion (MJF), Selective laser sintering (SLS), Direct metal laser sintering, and Electron beam 

melting (EBM) (3D Hubs, 2019). The SLS technology dates to 1992 where it was developed in the 

University of Texas at Austin (The University of Texas at Austin, 2012) and now is widely regarded 

as one of the most popular forms of AM. These techniques are different methods of fusing a 

material commonly in powder form into a solid form. Each technique varies in several ways and 

have different output qualities (Kruth, et al., 2005). All the process shares the same fundamental 

characteristics:  
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• A single or multiple thermal source this will induce the fusion of the powder particles 

• Powder particle delivery system where an even layer of powder can be applied 

• A control of the fusion of the powder to each layer 

• Component build platform 

(Gibson, et al., 2014)  

6 SELECTIVE LASER SINTERING  

Selective laser sintering (SLS) is the most commonly used industrial form of AM. This is due to several 

factors firstly, the availability of materials; EOS offer seventeen different alloys and fourteen plastics 

for their own SLS machines (EOS, 2019). Secondly, the dimensional accuracy that can be achieved by 

SLS is dependent on the laser width and layer thickness (Seepersad, et al., 2012). Typically, 

dimensional accuracy is ± 0.3mm with a minimum wall thickness of 0.7mm and minimum feature 

dimension of 0.3mm (Brandt, 2017). A SLS machine tends to have far better accuracy and resolution 

in X and Y axis rather than the Z axis, this is due to the Z axis being determined by the layer thickness 

(Gibson, et al., 2014). 

A SLS printer consists of a powder feed system, build platform, 𝐶𝑂2 laser, galvanometers, and heaters. 

The build powder will be heated between the crystallisation temperature and melting point of the 

material throughout the build process. The laser will 

melt the powder required and keep the rest of the 

powder in thermal equilibrium until the part is 

complete then the bed will cool uniformly to stop any 

deformation and residual stress (Bourell, et al., 2017). 

A layer of powder will be spread across the build bed. 

The 𝐶𝑂2 laser will then fuse the cross-sectional design 

on the powder. Once the layer has been completed Figure 1 - Schematic of selective lase sintering 
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another layer will be spread onto the build bed and the process is repeated until completed. After the 

build process the part will need to be cooled this can take several hours.  

While every SLS machine is different and all have a variation of different features, in this report the 

EOS systems will be considered due to them being considered industry leaders in AM systems. 

6.1 MACHINE CAPABILITIES 
• Accuracy: ± 0.3mm 

• Build Size: 750 x 550 x 550mm 

• Layer Thickness: 100-120 microns 

• Minimum Wall Thickness: 0.7mm 

• Minimum Details 0.3mm 

(EOS, 2019) 

6.2 MATERIALS & PROPERTIES 
SLS have a variety of different materials that can be used, EOS offer a range of twenty plastics and 

thirteen metals. This cover a wide range of different properties from polyamide 12 with reinforced 

carbon-fibre with excellent strength to weight ratio, to PEBA 2301 which has high elasticity and 

strength (EOS, 2019) Appendix B.  

The material which will be used to compare the SLS technology will be CarbonMide. It has extreme 

strength and stiffness and has a very high strength to density ratio. This would make an ideal material 

for replacing metal floor panel in a helicopter.   

The properties of CarbonMide is different in all axis, this is due to the layering of the SLS printer. 

Appendix B gives the details of such tensile modulus and tensile strength, this means with careful 

design the floor could have a tensile strength of 72 MPa (EOS, 2019). Carbonmide has a density of 

1040 𝑘𝑔 𝑚3⁄  the strength to density ration is 69,230:1. 

The surface finish from SLS machine if not a touch critical part is acceptable, but if a smooth finish is 

required then post processing is needed  
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6.3 MANUFACTURING FEASIBILITY 
When considering the feasibility of mass manufacturing a product using SLS, the volume of the product 

must be determined before manufacturing technologies are explored. To determine the volume 

Airbus the largest helicopter manufacturer can be used as the example, in 2018 Airbus sold 356 

helicopters (Airbus, 2018).  Therefore, if a floor for each of those helicopters need to be produced 

then it can be assumed that the volume needed is low. Therefore, based on that assumption SLS 

manufacturing solution can be considered. 

SLS has several factors that should be considered in the design and manufacturing phases to achieve 

maximum output and quality. The main factor is the build size; this can limit the size of the product or 

how many products can be printed at once. If the product is small, then multiple parts can be stacked 

to better utilise the build capacity (Thompson, et al., 2016). The different properties at different axis 

will also be a contributing factor to the stacking process.   

Print time is a factor to be considered, while the time of the printing process could be low, an equal 

time is needed for the cooling process and for post processing. Due to the powder bed being heated 

just below melting point the time of the cooling process is substantial.  

The SLS bed is more than capable to print the helicopter floor as a single piece. While this would make 

the process far easier, to better utilise the bed capacity the floor should be broken down into pieces 

to fill the bed capacity. This will reduce the waste of material thus reducing cost. 

6.4 ENVIRONMENTAL IMPACT 
The environmental impact of SLS is very similar to other PBF processes. The excess powder which is 

not used in the build process usually needs be disposed of. While some plastics are recyclable others 

are not so, which means will have a big effect on the environment (Faludi, et al., 2015).   

One big effect that the SLS process has on the environment is the fumes and dust what is given off 

throughout the process, these must be extracted and correctly filtered. High levels of particles can be 

hazardous to humans as well as the environment (Bours, et al., 2017). 
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6.5 HEALTH & SAFETY 
The health and safety aspect of SLS is very important, as expected when a powder is sintered it 

releases toxic smoke, fumes and dust into the air which are hazardous. These fumes will need to be 

extracted and filtered before they are let into the atmosphere. (Jinghai, et al., 2016) 

With SLS and other PBF process the dust by-product from the process is highly combustible and should 

be carefully extracted and disposed.  Extraction would also be needed in the post processing where 

large amount of dust and particles will be released with machining (HSE, 2019). 

6.6 COST 
A SLS machine has a very high start-up cost, in industrial SLS manufacturing machine such as the EOS 

P 500 would cost in excess of 350,000 GBP (EOS, 2019). With the need for infrastructure as well the 

price will rise considerably. To make this process cost effective the SLS machine will need to be 

printing continuously to gain a return on investment. Based upon the assumptions that were made 

earlier regarding volume then to just print the helicopter floor would not be a cost-effective method.  

To make this method viable many other parts need to be printed so allow the printer to work 

continuously. Instead of build stacking just helicopter flooring, several parts could be printed in the 

same build which would all be used on the same helicopter. These parts could be from exterior parts 

to cockpit parts however all possess the same properties as the floor, which may not be required but 

none the less would make the build more efficient. 

A further cost of SLS is the waste powder that remains after the build. Once the powder has reached 

its maximum use time of sixty hours, then it will have to be disposed of otherwise it will lose its 

integrity and will not perform as expected (RP Platform, 2017). This is a seen to be PBF biggest 

downfall, while AM only uses the required material there is still a large amount of waste if not 

managed correctly.   

A Case study carried out by 3D hubs which had quotes from six different 3D print services in the US, 

for one-off part and a batch of 30. They compared SLS against MJF the case study can be seen in 
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Appendix D. The average parts cost of one part was 46.45 USD and per unit of thirty was 25.85 USD. 

While both the prices were very competitive the lead time for such parts was seven days. 

7 MULTI-JET FUSION  

The HP Multi-Jet Fusion (MJF) is another PBF process, in many respects it is very similar to SLS printing 

but instead of the use of a laser as the heat source, the MJF uses a fusing agent which promotes the 

absorption of infra-red light (HP, 2019).  Very similar to a paper printer, the MJF printer scans across 

the bed of powder and deposits the fusing agent where required. Once that process is complete the 

infra-red lights passes over the bed setting the layer, this will be repeated until the parts are complete. 

The dimensional accuracy is ± 0.2mm, a layer thickness of 0.6mm and a minimum detail of 0.25mm. 

The MJF has a layer thickness of 70-100 microns which allows for more details and increased strength 

due to better fusion of the layers (Goodridge & Ziegelmeier, 2017). 

Just as SLS the powder is heated just below melting point until the build is complete, the difference 

between MJF and SLS is that the powder in the MJF is forced cooled thus decreasing the build time 

and gives far better control over the final properties of the material. Due to the decreased cooling 

time, HP claim that the MJF is 10 times faster than selective SLS and FDM machines (HP, 2019) printing 

the same parts.  

7.1 MACHINING CAPABILITIES 
• Accuracy: ± 0.2mm 

• Build Size: 380 x 285 x 380mm 

• Layer Thickness: 70-100 microns  

• Minimum Wall Thickness: 0.6mm 

• Minimum Details 0.25mm 

(HP, 2019) 
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7.2 MATERIAL PROPERTIES 
The biggest constraint of MJF is the very limited amount of materials that are currently available, 

currently HP offer three plastics which are PA12, PA12 GB and PA11. While more materials are 

planned, currently it is very limited (HP, 2019).  

The material which will be used to compare the MJF printer is PA12 plastic, it is strong, has good 

chemical resistance and has good elongation at break. In Appendix C, the PA12 datasheet boasts 

tensile strength of 48MPa in any axil direction (HP, 2019), while it may not be the strongest material 

the technology of MJF allows it to have it in all direction. This allows the part to be stacked in the 

printed in the most efficient way (Sillani, et al., 2019).  MJF also allows for different material properties 

in the same part, this is achieved by changing the concentration or the fusing agent in each voxel of 

the part. Properties that could be controlled are: 

• Dimensional accuracy and detail  

• Surface roughness, texture, and friction coefficient  

• Tensile Strength, elasticity, hardness, and other material properties 

• Electrical and thermal conductivity 

•  Opacity or translucency in plastics 

•  Colour: embedded and at the surface 

(HP, 2019) 

While HP claim to have consistent surface finish of all parts at all positions in the XY plane of the MJF. 

However, researched carried out suggested that the surfaces of parts closet to the centre of the bed 

have a far rougher surface finish when compared to other positions on the bed (Sillani, et al, 2019). 

This would be a great quality concern with the intergity of the material possible being comprimised. If 

the surface finish of the product has high impotance post processing can be carried out. The post 

processing will give better surface finish and can be from traditional machining techniques such as 
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milling, turbing and grinding. One consideration that should be taken into account is that MJF parts 

have a dark grey colour due to it absorbing IR light better (HP, 2019). 

7.3 MANUFACTURING FEASIBILITY 
As previously stated the volume of the helicopter floor can be assumed to be 356 units per year. Taking 

that into consideration the MJF would be an ideal process for the manufacturing of the part. The 

biggest constraint that hinders MJF is the bed size with dimensions of 380 x 285 x 380mm (HP, 2019).  

Due to there being such a small bed size parts such as the helicopter floor need be redesigned to 

accommodate the build size. This could work in the favour regarding the strength and dimensional 

accuracy. A flaw of all PBF is warping of flat parts over large dimensions (Beitz, et al, 2019) the MJF 

counter this flaw by having the force cooling system, by reducing the cooling time by 50% and printing 

long dimension parrellel to the XY plane (HP, 2019). 

HP claim that the MJF can print a full bed of parts 10 times faster than an equivalent SLS machine this 

can be seen in Appendix E. This can also be confirmed with the 3D hubs case study which states that 

MJF had a lead time of 4 days compared to SLS 7 days (3Dhubs, 2019).  

7.4 ENVIRONMENTAL IMPACT 
HP tried to make the MJF as environmentally friendly by refining the process (HP, 2019). The excess 

powder is 80% reusable at the post processing station, where the powder is cleaned and filtered back 

into the filling station. At the post process station all the dust from the cleaning process is also filtered 

and fed back into the filling station. However, HP currently only offer PA12 and PA11, while both are 

reusable in the process, they have a big effect on the environment due to PA12 being derived from 

mainly petroleum sources (Carraher, 2017). PA11 while still needs natural resourced to be made, the 

resources are bio-based and renewable (Filippone, et al., 2010). 
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7.5 HEALTH & SAFETY 
The MJF greatly reduces the risk to health and safety compared to other PBF machines. Due to the IR 

light generating far less energy that SLS and other such PBF technologies. The extraction of the post 

processing is still necessary to ensure that all the fumes and dust is correctly disposed of. MJF allows 

for the collected powder and dust to be recycled back into the process to be used again (Jinghai, et 

al., 2016). 

8 COST 

As most PBF the start-up cost is very high a typical HP MJF cost 350,000 GBP (HP, 2019), but where 

other PBF machines need infrastructure such as extraction a MJF only needs an industrial power 

source, this is due to the filtration and extraction being built into the machine. This will greatly 

reduce the cost and space required. 

To make the MJF a cost-effective process the bed would need to be filled as much as possible, 

however unlike some PBF the build capacity does not need to completely full to build parts, if single 

or very small volume of small parts are required the bed can be filled to the required dimensions 

(HP, 2019). Having the ability to change the properties of each part in the build bed is a massive 

advantage compared to other PBF process. This would give the MJF far superior versatility compared 

to other PBF processes.  

HP claim the ability to recycle up to 80% of the powder that is not used in the build of parts, which 

can then be fed back into the fill station for future prints (HP, 2019). This would substantially reduce 

the running cost of the process and reduce the cost of disposal of the powder. 

The case study that 3D hubs conducted showed that the MJF came in cheaper at 46.28 USD to the 

SLS process 46.45 USD for one-off part but when it came to the 30-part build MJF 28.75 USD 

compared to 25.85 USD (3Dhubs, 2019). HP claim that the MJF is 50% cheaper compared to a similar 

value SLS machine printing 1.4 full build chambers (Appendix E). But as seen in a real-world case this 
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may not be true. While we no definitive true price due to the mark-up that the companies will be 

making on the product. Also, to be considered is that the companies may want to wait to fill the 

build capacity in the SLS machine to ensure its cost-effectiveness, while the MJF can reduce build 

capacity thus reducing cost and time. 

Where the MJF excelled was the lead time, while there is no quantitative value of the price of fast 

production it is clear that while the price is slightly higher, it is almost 50% quicker thus produce 

more double the parts in half the time. HP claim that in a 38-hour print time of gears a SLS machine 

will print 1000 gears compared to the MJF printing 12,600 (HP, 2019). 

9 ADDITIVE MANUFACTURING COMPARISON  

  To compare the two different AM process, quantitative values of each comparative of MJF and SLS is 

given. In Table 1 Process Comparison Matrix the determinates rating will be multiplied by the 

importance to give each process a score.   

Key: Green 50+, Orange 30 – 49 and Red 0-29 

Determinate    
Importance  

 MJF 
rating   MJF  

 SLS 
rating   SLS  

Machining Capabilities 7 8 56 6 42 

Material Properties  10 6 60 8 80 

Feasibility 8 6 48 7 56 

Environmental Impact 4 7 28 4 16 

Health & Safety 6 7 42 6 36 

Cost 10 5 50 4 40 

Total   284  270 
Table 1 Process Comparison Matrix 

MJF outscored SLS in 4 out of 6 determinates based upon the outcome the MJF will be the AM 

process that will be compared to CNC milling to make the helicopter floor. 
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10 CNC MILLING 

CNC milling is classed as traditional method of machining.  It is one of the most common methods of 

machining, and it used in a variety of industry’s such as automotive, aerospace and electrical. Due to 

CNC milling machines being around since the 1970’s (Boble, 1986) there is wide variety of machines 

available. The rule of thumb is the larger the size and more accurate the machine is the more it costs.  

10.1 MACHINE CAPABILITIES 
• Accuracy: ± 0.10mm 

• Minimum Feature: Ø 0.5mm 

• Layer Thickness: 70-100 microns  

• Hole: Ø 0.5mm 

• Internal Edges: R 0.25mm 

10.2 MATERIAL PROPERTIES 
CNC machining offer a wide range of materials that can be machined such as: Aluminium, Steel, 

Brass and Copper (Overby, 2010), as well as a range of plastics. In this comparison the helicopter 

floor was currently made from Aluminium, taking that into consideration the assumption that the 

floor is 6061-T6 which is a common used Aluminium in aerospace (Sanders, 2001). 

Aluminium 6061 is a high strength, heat treatable alloy. It has good corrosion resistance and can be 

welded; however welding points will have lower strength (Aalco, 2019). The 6061 is T6 tempered so 

gain better hardness and age the material; this makes 6061 ideal for the machining process. The 

alloy will be machined at a lower hardness, which will reduce the strain on in the machining process. 

Tooling life will be increased, and less coolant can be used. (Li, et al., 2017) 

10.3 MANUFACTURING FEASIBILITY  
As assumed earlier the volume is 356 units per year. To get the maximum efficiency out of a CNC 

machine high volume is required, this is due to the amount of set up time that is required and the 

change of tooling (Smid, 2010). 356 units is far to low to make the CNC milling a cost-effective option 

if the CNC machines sole operation is the helicopter floor. While other operations could be used as 
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well as the helicopter floor to justify the cost of a CNC, however the time to set up would be rather 

high and would have a lot of down time. 

A CNC milling machine as well as all subtractive process are unable to make hollow/voids or 

complicated internal geometry in a single part. With the tool being powered by a spindle there are 

some accessibility complications with some geometries. This can be overcome by manufacturing 

smaller components and assembling them, but this does come at increased cost.  

10.4 ENVIRONMENTAL IMPACT 
The CNC machine has many consumables that if not disposed of correctly would have a massive 

effect on the environment. The consumables that would need to be disposed of are: Coolant, 

hydraulic fluid, air and oil filters and, oil.  While some of these consumables can be recycled, most 

will be disposed of due to the cost of the recycling (Faludi, et al., 2015).  

10.5 HEALTH & SAFETY 
A CNC machine has relatively low health and safety risk; due to the machine operating in an 

enclosed manor. When the machine is in operations the entry door will be an interlock, so no access 

is possible (AXYZ, 2019). The greatest safety concern would be the correct disposal of excess 

material and coolant (HSE, 2019). 

10.6 COST 
The cost of a CNC machine is very high, the cost is partial the machine as well as the infrastructure 

needed. Extraction, coolant services and material disposal are necessary for constant operations. A 

Typical CNC milling machine will cost in excess of 200,000 USD (XYZ, 2019). While the day to day 

energy consumption is said to be low according to (Li, et al., 2017). Other consumables such as 

coolant, hydraulic fluid, air and material come at a cost. While the coolant can be filtered and 

recycled the other necessary services are not. The material waste from the subtractive nature of this 

process is a cost that can not be avoided, while the material can be recycled the company will not 

recover the cost of the waste.   
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The maintenance cost of a CNC machine is very high; elements such as tooling, magazines wear and 

backlash are just some of the maintenance that is required often. While these elements can be 

costed into a maintenance plan, and preventive measure can be put in place to extend the life of 

parts and tooling (XYZ, 2019).   

11 CNC VS MJF 

To compare CNC milling vs MJF the same determinates were used, and quantitative values given to 

the rating of each multiplied by the importance. 

Key: Green 50+, Orange 30 – 49 and Red 0-29 

Determinates Importance 
MJF 
Rating 

MJF 
Score 

CNC 
Rating 

CNC 
Score 

Machining Capabilities 7 8 56 5 35 

Material Properties  10 6 60 7 70 

Feasibility 8 6 48 5 40 

Environmental Impact 4 7 28 7 28 

Health & Safety 6 7 42 9 54 

Cost 10 5 50 5 50 

Total   284  277 
Table 2 Process Comparison Matrix of MJF vs CNC 

MJF out scored CNC by 7 points overall.  

Each process has its advantages and disadvantages, and both would be adequate to manufacture 

the floor if criteria is met. If volume of the floor was hundreds of thousands of units then the CNC 

would be a better option. But at the current volume assumed the MJF is a far better option.  

If the helicopter floor was manufactured using MJF the cost savings would be substantial compared 

to a CNC milled billet. The helicopter floor when made from Aluminium had a mass of 13.9kg but 

when made from PA66 it has a mass of 5.7kg this can be seen in Appendix F. That is a weight saving 

of 8.2kg which would save substantial amount of fuel. 
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12 CONCLUSION 

While each process compared would be adequate to manufacture the helicopter floor, they would 

not be working at their full potential and not working to their strengths. The CNC machine would be 

an ideal solution if the volume was in the hundreds of thousands. While the MJF is the process 

chosen at the current volume, due to its versatility in part production and material properties, it also 

would be lowest cost overall.  

While MJF would be able to print the floor with ease however, to get the MJF working to its full 

potential the design of the floor needs to be designed with AM in mind. Features that were never 

capable with subtractive manufacturing are now possible. Complex internal lattice structures are a 

common element in today’s AM; in the past this would never be possible. With the use of CAD and 

topology simulation parts can be designed with the minimum amount of material, this cuts down 

machining time, material cost and saves weight. 

If other parts of the helicopter would be manufactured by MJF it would greatly saves cost of 

purchasing the parts from external sources, it would increase the efficiency of the MJF and give the 

ability to rapid prototype new parts.    

AM is not just a new way of manufacturing but it’s a new ideology of design and manufacturing The 

capabilities are endless but are held back of the traditional traits and methods of design. The 

designers of tomorrow will get the full potential out of AM.
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APPENDIX B.  

CarbonMide Data Sheet 
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APPENDIX C. 
HP PA 12 Data Sheet 
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APPENDIX D 
3D Hubs case study of Multijet Fusion vs SLS  
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APPENDIX E 
Proof of HP Multijet Fusion vs SLS printer  
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APPENDIX F 
PA12 Mass      Aluminium Mass 

 

Appendix  F Mass of PA12 & Aluminium Autodesk Fusion 360 model 

 

 

 

 

 

 

 


