Application of Additive Manufacturing technology to SRM Engineering Ltd

A study into the possible application of additive manufacturing (AM) to SRM Engineering ltd for prototyping, reverse engineering and custom product development for Classic bike parts 1950 -1985. The first part of the report will consider the options of the types of commercial AM systems available and then match these with the requirements of the company for current and future projects to highlight the challenges, costs and benefits.
Additive Manufacturing
Additive manufacturing (AM) is a general term covering 3d printing, prototyping and more recently direct digital manufacturing. Developed in various forms in the 1980s (Jimenez et al, 2019) (Cuninco, 2019, pp 9-11) the principles for the processes  were laid out in Patents for the process of additive construction in different forms, the expiration of these patents leading to mass commercialisation of 3d printing.(Schoffler ,2016)
Traditional methods of automated manufacture include machining (CNC) and Casting/ moulding processes. The machining process would be a subtractive process were material the removed material would be considered as waste. The casting/ molding process would feature a mold in to which material is introduced to form the shape, whilst the waste is at a minimum, the cost of producing the molds is high. The principle for Additive manufacturing is to convert digital data (such as a CAD model) and transform this into a series of distinct layers onto which material is deposited one layer upon another in  a “bottom up” process to create the final object. (Gibson et al, 2015a)
This process is aimed at complementing traditional manufacturing processes by offering advantages in the areas such as rapid prototyping, one off /small volume production, complex shapes and use of expensive materials such as titanium or composite materials. (ATTARAN M, 2017)
ADDITIVE MANUFACTURING PROCESS
From (Gibson, Rosen, Stucker, 2015a, pp 44-46) the basic generic process for additive manufacture can be simplified into 8 general steps.
· 3D CAD software used to create a new model or scanning an original object (reverse engineering)

· The 3d model is sliced to create the layers for the build up process, typically creating a .STL file.

· The additive manufacturing machine is loaded with .STL file and software within the machine to optimise the object data for printing.

· Machine settings can be optimised  depending upon the process type and material used to achieve best printing result 

· Build – the creation of the object on the machine through the layering process

· Removal clean up the finished print may contain additional items concerned with the actual machine requirement such as model supports. 

· Depending upon the process type and material some post processing would be needed in the form of surface preparation on plastics or heat treatment and machining with 3d printed metal parts.

· Application - when finished the part can be used bearing in mind that the additive process will have produce different properties in the object – such as stress failure or tensile failure as the layering process will create an anisotropic situation (different properties in different directions ) failures a long the layers.





The main additive manufacture process types are summarised in TABLE 1, 
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(TABLE 1   taken from Hart, 2017, MIT 008x Video)
The possible uses for 3 d printing within SRM Engineering to consider would be 
· Manufacture 3d parts 
· Rapid prototyping and product development
· Jigs and machining fixtures
From Table 1 the types of 3d printing that we would be suitable systems to initially look at would be
SLS / SLM 		Metal printing powder bed fusion
FFF / FDM 		Material extrusion of plastics
SLA			Vat polymerisation of plastics
3D metal printing
Metal printed parts using SLS/SLM  could be considered especially in respect to the process being suited to low volume manufacture, however to make it worth while it would have to compete with the traditional manufacturing methods on a cost per part basis.
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(TABLE 2   taken from Hart, 2017, MIT 008x Video)
Table 2 illustrates how possible advantages in cost are optimised for 3d printing for more complex or custom parts where variations in the basic design are required. The modification of the 3d model and 3d printing (provided it was approximately the same) would not effect the costs, but as example, the manufacture of new injection / casting molds would incur great cost.
3d prototyping in plastic
Prototyping with 3d printing provides many advantages in that it allows for design freedom, no traditional tooling or skilled machinists. Design alterations can be applied to create a new model and in plastic form the 3d printed object can be produced with a saving in cost, materials and skilled machinist time. In a SME, with limited resources are limited and so creating prototypes in plastic will relieve the pressure on CNC machine time and skilled machinist labour hours. (Jimenez et al, 2019) (Gibson, Rosen, Stucker, 2015b, pp 8-9)
3d Printing plastic fixtures.
Jigs and machining fixtures could be produced as discussed by (Leong, 2018) especially useful in holding delicate or parts with a polished surface finish. Examples such as soft jaws. The use of plastic parts would be useful for creating quick quality control inspection such as ‘go no-go’ gauges particularly in complex exterior shapes. These being created from the reverse of the original CAD model.

WHICH SYSTEM would be best for SRM ENGINEERING?
Not only the affordability of 3d metal SLS/SLM printers at this time would make ‘in house’ metal printing not a viable proposition and post printing additional process resources such as heat treatment and surface machining would need to be sourced. Expertise in metallurgy for 3D parts would be needed especially for issues concerning the strength of a 3D printed part. 
However, this technology may be considered in respect of 3d metal printed parts provided by a “service provider” to our CAD model. Companies offer 3d printing services in many materials and a simple on line quotation service helps when comparing the viability. Particular of value would to be able to have made expensive one off parts or repair parts that are no longer available or too expensive for traditional methods.

Taking in the application considerations from (Marin, 2018) For SRM Engineering Ltd, the 3d printing of plastic prototypes and custom design parts could be achieved using either the Stereo lithography SLA or the Filament Deposit M FDM systems.
The suitability of either process for producing the prototypes would depend upon several factors.
Achieving a useable Accuracy
The accuracy of the standard FFF/FDM desktop would be in the region of 100 – 400 microns for the ’hobby’ machines (Creality CR10S) moving to 20 microns for a more industrial machine (Ultimaker 3). The overall accuracy is dependent on many factors (Formlabs, 2020) some of which are the mechanical properties of the machine, the size and shape of object, material, print time and the print settings on the machine software.(Tomic et al, 2017)  (szykiedans et al,2016) (Radu , 2019)  The advances in development of these machines allows for “upgrading” the accuracy, even with parts made on the machine itself.(Minetoia, Galati, 2018)
The SLA 3d printer would have an inherent greater accuracy and tolerances due to the use of the laser to pinpoint the fuse point of the resin.
Materials available to print
The containing developments in materials for FFF/FDM and SLA open further opportunities for extending the possible applications.
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STRATASYS FBM material list (Overmach, 2020)

Similar resin formulations are available for SLA systems however due to the SLA system using a tank of photosensitive resin, only one material can be printed at one time. The FFF/FDM system can allow for a change of filament part through the build or use multiple extrusion heads. (Duran, 2015)
Build volumes and print times 
 Build /print times from FFF/FDM and SLA machines will be determined by the size and quality of print required (APM designs, 2020a)                
Printer reliability and ease of use
The FFF/FDM machines would be remain untouched between prints whilst the SLA would need the resin in the tank removed and carefully stored.
Introduction plan
Since CAD 3D modelling software (Solidworks 2011) is already available within SRM Engineering the choice would be the method used to print the model.
(1)To use a service provider to do the actual printing
Service provider printing would pass the expertise to a third party. A typical part would be costed - the drawback would be the delay for the delivery of the part would create delays in the development process. The only constraints regarding the size and quality would be those of the machines available to the service provide and for SRM the printed item cost. There would be no capital expenditure on a machine, running costs or additional staff training. However the more models created the accumulated costs be higher. The drawback would be the delay for the delivery of the part would create delays in the development process.
(2) Invest in own machine for “in House’ capability
An introduction plan for SRM would be the detailed look at the build size and quality requirements. 
Stage 1 introduction of a basic unit
Purchase of a basic 3d printer to act as “training” and assessment unit to gain experience in using the slicer software and investigate the printing setting functions. Allow to investigate the suitability of material types with respect to achieving the required accuracy and the post processing techniques. 
The cost of a machine in this class would be £300 - £500 with typical material costs of £20 -£40 per kg PLA / £20-£30 for ABS / £30 for PETG, (Farnell, 2020)

Stage 2 industrial 3d FF/FDM
If better prints are required we move to printers with accuracy of less than 30 microns to achieve q part within the tolerances of the model. Finer detail
We would be looking at either an industrial FFF/FDM or SLA depending on the material selection and accuracy achievable. 
Typical FFF/FDM 3d Pinter for this class would be £2500 - £5000 with slightly higher material costs for better plastics. Of particular interest is the use of dual extrusion machine with water soluble PVA used as support material. (Duran et al 2015). SLA machines for this class would be similar capital investment.

The conclusion is basically that the 3d metal printing SLS/SLM is still the preserve of expensive machines and material costs with at the moment limited materials and heat treatment and machining post process operations.
The quality reproduction of SLA parts is high but also are the running costs and being a more complicated process and more involved set up and post clean up not as convenient.
The FDM printing can be entered in at many levels so the starting with a fairly cheap machine to introduce the technology then move to more industrial machine once you have a clear view of the advantages and drawbacks.
The particular benefit would be taking the CAD model directly to a physical model and developing the porotype from there without having to produce models in metal using the CNC and skilled machinist or be able to produce a model for something we have no capabilities to produce ourselves (an example would be gearbox gears)
The introduction of the 3d technology would also facilitate more input and ideas from other employees and enhance a more innovative culture within the company.
[bookmark: _GoBack]The technological advances in this field are rapid so the familiarisation with the basic processes will help for the application of future additive manufacturing within the Company.
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ABSPLUS

(acrylonitrile butadiene styrene)
Opaque standard plastic in 9
colours

ABSI

(acrylonitrile butadiene styrene -
translucent)

Translucent standard plastic in 3
colors

ABS M30

(acrilonitrile butadiene stirene)
Opaque standard plastic in 6
colors

ABS-M301

(acrylonitrile butadiene styrene - 10
10993 USP Class VI biocompatible))
Biocompatible, sterilizable
engineering plastic

ABS-ESD7

(acrylonitrile butadiene styrene -
static dissipative)
Static-dissipative with target
surface resistance of 107 ohms

ASA

(acrylonitrile styrene acrylate}
UV resistant, durable standard plastic

FDM NYLON 6
(polyamide6)
Tough, ductile engineering plastic

FDM NyLON 12

(polyamide12)

Tough, impact-resistant engineering
plastic

PC

(Polycarbonate)
Strong engineering plastic in white

PC-ABS

(polycarbonate - acrylonitrile butadiene
styrene)

Plastica tecnica a impatto elevato di
colore nero

PC-ISO

(polycarbonate - 1SO 10993 USP Class
Vi biocompatible)

Stronger, biocompatible,
sterilizable engineering plastic

PPSF

(polyphénylsulfone)

Sterilizable, strong high-performance
plastic

ULTEM 9085
(polyetherimide}

FST-rated high-performance
plastic

ULTEM 1010

(polyetherimide)

Strongest, most heat-resistant FDM
material

ST-130 NYON 12CF

(sacrificial Tooling} (Polyamide filled with carbon fiber}
Designed specifically for hollow Nylonr reinforced with carbon fiber,
composite parts. light and strong

PLA ANTERO 800NA

(Polylactic Acid) (PEKK-based FOM® thermoplastic)

PLA is a renewable plastic material
offered as a low-cost material
option for fast-draft part iterations

High heat resistance, chemical
resistance, low outgassing and
dimensional stability, particularly in
large parts





