	
	
	



Aluminium Additive Manufacturing 
[bookmark: _Toc103684085]Use of Additive Manufacturing during Test and Development of fully functional aluminium aircraft components and the reduction in carbon footprint. 
MSc Industry 4.0 and Advanced Manufacturing

Dissertation Research Proposal






Nic Goddard
26th April 2022
Email: 2117167@student.uwtsd.ac.uk






Professional Development and Research ACFA7004 
Assignment 1 Research Proposal  
Supervisor: Jaymie Phillips
MADE Industry 4 Wales (I4W)






[bookmark: _Toc103684086]Contents

Dissertation Research Proposal	1
Use of Additive Manufacturing during Test and Development of fully functional aluminium aircraft components and the reduction in carbon footprint.	1
Contents	2
Thesis Purpose	3
Introduction	4
Modern Air Travel and 21st Century Aircraft Manufacturing	5
The Airline	6
The Manufacturer	6
Environment	7
OBJECTIVES	8
What I Plan to Accomplish	8
Why I want to do it.	9
Waste	10
Greener Manufacturing	10
How am I going to do it?	11
Conclusion	12
Comment from Seats GB CEO	12
“SAFRAN Transformation”	12
Development	13
Opportunities	13
Additive Manufacturing	13
Works Cited	15
Acronyms	16








[bookmark: _Toc103684087]Thesis Purpose
The aircraft industry is committed to reducing not only its own carbon footprint, but also the contributing supply chain to industry overall, in the bid for a drive to zero greenhouse gases emissions and environmental impact. Aluminium grades such as, AA7075-T6, AA2024-T3 and AA6082-T6 are a commonly used in industry standard, with proven tensile strength and suitability required for use as structural parts. The ability to produce these by Additive Manufacturing during test and development is significant to the reduction of environmental impact.
The evidence gathered and reported in this research will provide valuable data not just for component parts, but also greener manufacturing and carbon footprint reductions.  
[bookmark: _Toc94706156][bookmark: _Toc103684088]Introduction
Where We Are
As we know conventional manufacturing is still greatly in use today and has been for approximately 250 years.  John ‘Mad Iron’ Wilson invented the first precision boring machine during the First Industrial Revolution that could bore cast iron cylinders, such as canon barrels and piston cylinders used in steam engines (Norman, 2022).  Industry 4.0 is gaining momentum globally, this requires new competences from modern industrial specialist, who have knowledge and capability to deploy, new methods, information and communication of modern technologies (Springer, 2019).
The automation of machines began during the early 1800’s with cams.  Thomas Blanchard built coping lathes and by the late 1800’s Christopher Miner Spencer developed the turret lathe into a screw-cutting machine.  By the early 1900’s cam automated machines were commonplace. The mid 1900’s saw the advent of the first NC controlled machines by modifying machines with motors that moved controls to follow points fed into the system on punched tape.  The application of hydraulics to cam-based machines resulted in tracing machines that used a stylus to trace a template, which resulted in the Keller machine by Pratt & Whitney that could copy several feet across.  Industry has continued along this evolution pathway and by the end of the 1950’s, beginning of the 1960’s we saw the introduction of APT programming language now an International Standard created by Douglas T. Ross (Lee, 2021), which has led us to where are today CNC (computer numerical control) and DNC (Direct Numerical Control).
We now consider CNC, two, three, four and five axis machines, as standard versatile pieces of equipment, that are used to machine a wide variety of materials into component parts, tooling and many other things.  Like many other manufacturing types of equipment, these have evolved over the years and are now the backbone of current conventional machining methods. Things like automatic optimised tool cutting paths, turbo milling and smart thinking are now quite standard as part of adaptive manufacturing and have been incorporated and embedded as part of the integral machines control.  Now in many cases are fully integrated flexible manufacturing systems (robotics), with additional wide application of use such as, paint spraying, metal forming and component transfer, all come into this category.  Manufacturers have had the ability to connect remotely, via network connections and previously modems via computer for quite some time.  Now with modern technology, this is achievable through mobile phones and tablets.  Originally, both these methods were developed and used in the servicing side that has been used for remote fault diagnosis.  Industry 4.0 and technological integration of IIoT (Industrial Internet of Things) and AI are now, in many cases, able to interface and interact directly via the use of smartphones with these machines. It not only enhances the servicing aspect, but it also provides the ability for design change to a manufactured component implementation but, means it can be done spontaneously (Schwab, 2016).
[bookmark: _Toc103684089]Modern Air Travel and 21st Century Aircraft Manufacturing
[bookmark: _Int_z82EeaVs][bookmark: _Int_2UybQO5r]Since its first introduction in 1976 with the advent of Concorde a collaborative project between France and Britain, due to its expense and noise it was un-economical for commercial use.  The limitation of space afforded seats no bigger that today’s economy seats.  In 2002, Lufthansa started an all-business class flight from Dusseldorf to New York; due to its popularity, other flight routes added.  By the end of 2005 Eos airlines from London to New York, shortly followed by US MAXjet, then by 2007 UK based Silver jet and French airline L’Avion began providing services (Talbot, 2007).  Commercial aircraft usage, budget passengers and premium aircraft travel has continued to grow extensively and become more popular particularly in the business sectors.
Safran Seats Great Britain designs, develops and manufactures bespoke seats for aircraft manufacturers and the airlines directly.  It is considered one of the world leaders in the supply of high-quality aircraft seats and has already made use of some of the innovated technology around with IFES (In Flight Entertainment Systems) and IoT (Internet of Things) allowing passenger to integrate their own mobile devices.  The most prestigious being the first-class suite for Etihad’s Airbus A380, with outstanding innovation, technological integration, being unique. The first of its’ kind enabling a couple to fly together in a private luxury suite where seats could be arranged to form a double bed.
Safran SGB, wants to be the best in this field. Inclusion in the aircraft manufacturer’s catalogue as a ‘preferred supplier’ is extremely important.  It provides ‘increased offer ability within the marketplace,’ as it proves to airline customers that included suppliers have an exceptional reputation, thereby increasing the potential of market share of sales to the airline customer.  Safran Seats currently has approximately 20% of the existing market, therefore there is opportunity for the business to grow its’ market share.
Next to the initial cost of the aircraft itself, fuel cost is one of the major considerations that is always in the mind-set of all involved.  Savings in weight reduction will have a significant bearing on the supplier chosen and an impact on the amount of operational costs and environmental issues.

Fuel emissions is now a major consideration that is part of the mind-sets of all involved in aircraft production.  Savings in weight reduction result in reduced fuel usage, which will have a significant bearing on the environment issue.
Without going into mathematical calculations, an aircraft such as a Boeing A330 on average burns around 5.7 tons of fuel per hour (Saurabh, 2019).  The payload determines the fuel usage.  There are two basic factors to take into consideration in calculating the fuel requirements.  One is the number of passengers on board and the luggage carried or commercially the cargo, both of which are variables.  The other is calculated from the makeup of the aircrafts configuration, structure, engines, hydraulic controls, technical flight system equipment, cabins and seats, which are fixed attributes that can be used in the calculation.
It is not difficult to acknowledge that if lighter manufactured components for aircraft build configuration are used, then, the lighter weights of these components provide fuel reductions, lessening the environmental impact making for greener air travel by reducing greenhouse gases emissions.
[bookmark: _Toc103684090]The Airline
[bookmark: _Hlk88365357]From the customer point of view in this instance being the airline, their expectations of the supplier are Quality, Cost, Reliability and On Time Delivery in Full.  Additionally, as opposed to commercial use, for passenger travel there is expectations of; Bespoke Unique features, Design, Style, Technology Integration, Passenger Experience and Satisfaction, are further key requirements.
[bookmark: _Toc103684091]The Manufacturer
From the manufacturers point, meeting the airline expectation is a pre-requisite along with manufacturing, Cost, Quality, Delivery, Throughput, Net Profit, ROI and cash flow (Goldratt, 2012).  
[bookmark: _Hlk94337286]The expectation of the airline can range from cargo to budget or luxury air travel.  Quality, Comfort, Cost, Ease of Use, Device Integration, the use of personal devices are the main key considerations. Demonstrated innovative technology can accelerate New Product Development (NPD) and New Product Introduction (NPI) advantage gains in pre-production and production process, by reducing lead times. Provide evidence that reduced NPD, NPI and production costs by reducing, logistic movement, raw material usage for components, jigs, fixtures, machine tooling and waste.
It is fair to say, that all the methods of manufacturing previously developed, are still extremely common and used in manufacturing environments worldwide today.  Albeit, that they have undergone modernisation, improved the safety of workers, reduction of inventory, improved productivity, streamlined work piece flow, with controlled pull systems or push systems.
[bookmark: _Toc103684092]Environment
Greenhouse Gases Emissions have for quite some time and more so now are a major factor that needs to be borne in mind, but previously overlooked or worse not even considered as to the impacts on our world and its sustainability where we live, work, play and raise our children.
It makes slight difference as to what mode of transport we look at.  Aviation transportation is one of many, admittedly it is by far one of the largest contributors to emissions.  In the mix of transportation collectively there exists, Shipping, Haulage, Trains, Ferries, and Personal Transport as examples.  Likewise, all of these additional forms of transport for moving goods or people all contribute to emissions globally, from using various forms of fuels irrespective of its nature, be it Fossil, Bio or indeed Electricity.  Some would argue that the new arrival of electric transport does not produce emissions (which is not new at all, the likes of milk floats and the Sinclair car have been previously used) trams, trains both over and underground have been with us for a lengthy period of time and are still used today.  However, the energy required to propel electrical vehicles still must be produced. 
There is one single attribute in common to all these modes of transport and that is fuel to weight usage.  The greater the weight the greater the fuel usage.  Therefore, where there is the potential to reduce weight, it should be explored exhaustively, as the outcome of weight reduction is a proportionate reduction in fuel usage.  Weight saving collectively applied to any form of transport will provide lesser fuel requirements, this will inevitably contribute positively to reduction in emission of greenhouse gases which plays its part in the world’s collective objective to clean up our environment.
Each process from design to manufacture, that leads to this point of flight contributes to the generation of waste and has an individual contributory impact on the environment, particularly metals and plastics, in this instance the focus is waste reduction or eco-friendly means material recovery or end refining of target materials for re-use to produce other materials.   
[bookmark: _Toc94706162][bookmark: _Toc103684093][bookmark: _Hlk94427768]OBJECTIVES
The research will aim to identify the viability as to whether component parts can be produced that yield the same tensile strength properties equal to the grades of aluminium currently use in the aircraft industry. The rationale behind this, is that irrespective of the evidential outcome there is still a co-existing viability for usage in the manufacture of all non-structural aluminium components. 
The overall benefits that are potentially achievable in the near future through utilisation are, greener production, significantly lighter component parts for products.  Through using AM, reduction of the carbon footprint of businesses is achievable through means of, reduced waste, inventory, raw materials, energy, transportation and greenhouse gases.  As previously stated, the weight saving gains alone of AM will contribute not only for the aircraft industry but many other forms of transportation.  Weight reduction of components results in less fuel requirements (irrespective of type) which directly reduces carbon footprints of all.
At present the technology exists, yet this will not be a solution for every component required.  Nevertheless, as technological advancements are made through continuous improvement, there will come a time when this will be viable for all components produced.  
[bookmark: _Int_L35O6Fc7]Aviation is one of the major industries that has a significant impact on our environment due to the volume of fuel usage and the subsequent emissions.  Every single component that currently manufactured to provide this facility adds to the payload of an aircraft.  The more components along with the density of those components, the greater the payload of an aircraft irrespective as to whether or not it is carrying passengers.  Likewise, as the payload increases so does the amount of fuel required to fly the aircraft and the net results are greater emissions of greenhouse gases.
[bookmark: _Toc103684094][bookmark: _Hlk100991151]What I Plan to Accomplish
To highlight the benefits of new technology.  To provide data that will encourage businesses to invest in cutting- edge manufacturing techniques and confirm how implementing such technology as Additive Manufacturing can remove many of the current wastes.  To demonstrate that innovative technology can accelerate New Product Development (NPD) and New Product Introduction (NPI) advantage gains in pre-production and production process, by reducing lead times. Provide evidence that waste, energy and carbon footprints can be reduced during New Product Development, New Product Introduction along with production costs by reductions through, logistic movement, raw material usage in components, jigs, fixtures and machine tooling.  

To highlight the benefits of Metal Additive 3D printing, with the potential to recover investment costs through removal of in-efficiencies and waste.  Provide a stronger foot hold in its business sector by being more competitive on price. Increase profitability through returns by investing.

To identify the best mesh cell structures to use between thin walls to produce components that provide maximum weight reduction, without compromise of the tensile strength properties and either prove or disprove that aluminium 3D metal printing can meet the standards for aircraft structural parts.
[bookmark: _Toc94706165][bookmark: _Toc103684095][bookmark: _Hlk94340200]Why I want to do it.
The impact on the environment being considered and worked on in collaboration between airlines, aircraft manufactures and all the sub-sectors that support and supply component parts and products for use in air travel.  Examples such as, larger aircraft designs that carry more passengers or cargo.  Here there has been great emphasis on better and more efficient aerodynamics, coupled with aircraft engine designs and fuel developments for greater fuel-efficient engines, reduced emissions, more sustainable fuels, stronger, lighter composite structure materials such as carbon fibre and metal alloys.  Overall, the considerations are far more expansive and not limited to the aircraft industry for the reduction of greenhouse gases (Schwab, 2016).  
Greenhouse Gases Emissions.  In 2018, the World Economic Forum released a report that indicated that 50% of aviation emissions’ result directly by the travel of 1% of the worlds’ population.  New research shows that a 2.5% annual decline in flights could significantly limit aviation warming effect as part of the milestones to reach net zero emissions by 2050 (Brand, 2021). 
From an aircraft seat manufacturing perspective.  There is a vast range of technology currently available in the marketplace that would be beneficial and could be utilised, to better the manufacturing processes from customer concept design, through to design for manufacture.  However, specifically an area that has enormous potential are development and industrialisation of new product introduction.
Increase the competitiveness and the potential growth future for SAFAN Seats GB who is a major employer within Torfaen and provides employment throughout the South Wales valleys and surrounding areas.  Provide opportunities for new employment.  Greater job security for current employees. Allow potential expansion. Provide more Eco-friendly production.
[bookmark: _Toc94706169][bookmark: _Toc103684096]Waste
[bookmark: _Int_xrBot7YZ]Looking at existing status and methods.  New product introduction always comes at an inflated cost and many of the current processes' inevitability produce significant waste.  Over manufacturing of components made from costly materials, aircraft grade aluminium alloys for machined parts whereby up to 85% of the material used is waste.  In many cases, these components require design and manufacture of jigs and fixtures to conduct sequential operations of machined components. These again are high-grade aluminium alloy plates.  Frequently because of the necessity to redesign components, all the above become redundant and must be redesigned and manufactured to reproduce the modified part.  This process sometimes needs repeating several times.  Materials and labour costs are high and in many cases results in added excessive costs because of expediting processes and materials, due to specialist material requirements, delivery costs and overtime working.  Delays can have associated costs from penalties as per contractually agreement, in all of this the company’s reputation is at stake, along with the survival of the business and the humanistic element of people's jobs and lively hoods (Schwab, 2016).
[bookmark: _Toc94706170][bookmark: _Toc103684097]Greener Manufacturing
The impact on the environment being considered and worked on in collaboration between airlines, aircraft manufacturers and all the sub-sectors that support and supply component parts and products for use in air travel.  Examples such as, larger aircraft designs that carry more passengers or cargo.  Here there has been great emphasis on better and more efficient aerodynamics, coupled with aircraft engine designs and fuel developments for greater fuel-efficient engines, reduced emissions, more sustainable fuels, stronger, lighter composite structure materials such as carbon fibre and metal alloys.  Overall, the considerations are far more expansive and not limited to the aircraft industry for the reduction of greenhouse gases (Schwab, 2016).  
From an aircraft seat manufacturing perspective.  There is a vast range of technology currently available in the marketplace that would be beneficial and could be utilised, to better the manufacturing processes from customer concept design, through to design for manufacture.  However, specifically an area that has enormous potential are development and industrialisation of new product introduction through means of Additive Manufacturing.  

[bookmark: _Toc94706166][bookmark: _Toc103684098][bookmark: _Hlk94337599]How am I going to do it? 
Through a case study of existing manufacturing methods currently in use in Safran SGB for NPD and NPI measures, technical research costs and technical comparison analysis of AM, employing qualitive and quantitative research methods and comparing results findings. 
I am fully aware that there has already been extensive research conducted within AM to develop mesh structure that provide varying degrees of durability and stress properties particularly Titanium across various industry applications including the medical sector for operations requiring bone reconstruct surgeries.
The intent is not to reinvent the wheel.  It is to make direct comparisons of mesh structures directly as is or is there a need for adaption? Would using a combination of structures work?  Determine a configuration that is best suited and can be utilised to enable Aluminium Additive Manufactured production of components, in the first instance for, Design, Test and Development, secondly for future use in higher volume production as Additive Manufacturing develops.
Additionally, to collate and provide data that demonstrates the differences of the environmental effects and carbon footprints between Conventional and AM production. 

[bookmark: _Toc103684099][bookmark: _Hlk101608265][bookmark: _Hlk92608583]Conclusion
For the past two years globally the Covid19 pandemic has had a significant impact.  As a result, businesses have staggered, stalled and sadly but expectedly, many have shut up shop.  Yet ironically, some have prospered.  The recovery for many industries will take far longer than it took Covid19 to unleash its wrath.  One of the industries heavily hit has been the air travel and all involved industries supporting and supply chains.  With respect to manufacturers, many have seen projects cancelled, abandoned, or moved out of immediate short to mid-term production plans creating reduced production requirements at best.  
[bookmark: _Toc103684100]Comment from Seats GB CEO
I put the following question to the current Seats GB CEO, Q: I believe SAFRAN could be considered as being built on multiple numbers of SMES as a collective, do you think I am right?
[bookmark: _Int_TMyiHPo6][bookmark: _Int_lGOy7Fnj]A: I am afraid I am not an expert on Advanced Manufacturing 4.0 but if your question relates to SAFRAN history, I would say that it has (over many years) been built from several different companies and cultures. This brings with it challenges but also opportunities. For e.g., my feeling is that in the Zodiac days and prior there was a real sense of entrepreneurial spirit, whilst with Safran it is a larger, more process orientated business. Whilst small and medium sized entities may be overwhelmed by 4.0 and what factories of the future may bring.   I believe that Safran has the ambition to drive towards this across its business and apply in Seats. We may be starting from a low base in Seats GB due to its evolution and honestly the investment in technologies by the former owners was not there, but the appetite is strong in Safran and much focus has been placed on digitalisation across all domains.
[bookmark: _Toc103684101]“SAFRAN Transformation”
This is an accelerated 3-year plan launched in 2021 by Safran Group, which is a worldwide collaboration of all sites.  It has the aim and objectives to align all operations globally, cross functionality, shared expertise, standardisation of working ERP, MRP, MES platforms, identifying and sharing best practices by means of a series global One Safran events to establish the current status of production process and management systems.  This is then to go through various ‘Lean’ activities, followed by ‘Digitalisation’ along with strategic actions and investment in ‘Innovative Technology’ to streamline all of its activities as part of a Safran global goal for sustainable manufacturing and its commitment to reduce its carbon footprints worldwide.  This is typically in terms of Business Innovation is a project of organisation ‘Efficiency gains verses Creativity gains’ (Trott, 2017).
[bookmark: _Toc94706174][bookmark: _Toc103684102]Development
This has in some instances, forced businesses to re-evaluate business plans, giving considerations for smarter working practices such as home working, processes and equipment that minimise human interaction all resulting from modern technology.  Some of the potential changes are attainable at low cost, some through diversion of available capital reserves while others need to attract inwards investment or find means to raise funding through borrowing to enable the identified capital investment requires.  Cost evaluation of current methods needs thorough scrutiny, in some cases it can prove that while investment may be costly, there is the potential that in certain instances the cost saving made by updating or upgrading to modern technology can be self-funding and the payback shorter than expected.
[bookmark: _Toc94706176][bookmark: _Toc103684103]Opportunities
The problem with “Where We Are,” in terms of conventional machining is that these processes generate high volumes of waste that need to be processed.  All this waste increases carbon footprints, subsequently having a negative impact on the environment in which we live.  Nevertheless, Additive Manufacturing motives could be questioned as to the deployment of this type of manufacturing, inevitably it reduces manufacturing time and can provide a plethora of cost savings. Aside from the cost saving benefits to a business of Additive Manufacturing as opposed to Conventional means.  It additionally provides a secondary benefit globally, as it is a far better manufacturing process friendlier on the environment contributing to reductions not only of waste but, having the knock-on effect of reducing the production of greenhouse gases by negating secondary industrial processes thereby resulting in carbon footprint reductions. 
[bookmark: _Toc103684104]Additive Manufacturing
Currently it is widely used in medical profession.  It has demonstrated high versatility for use in bone reconstructive and surgical aids playing a crucial role in surgeries.  It allows for production of highly complex geometries that can incorporate cardio vascular routes allow for further exploration of uses (Tolio & Terkaj, 2019). These uses and applications define a passageway to a potential manufacturing process that can provide significant benefits to industries such as aerospace, automotive and others.  It almost eliminates waste.  Consistently it has demonstrated significantly to reduce waste.  As the name ‘Additive Manufacturing’ suggests the nature of the process is to add material in micro thin layers that adhere or fused together by various applications of heat source methods to build up the required profile of the comment part needed. There are many positives from this type of production as opposed to subtractive manufacturing.  Additionally, as mentioned ‘Computers, Software, Programmable Logic Controllers (PLCs), Artificial Intelligence.  Technical manufacturing advancements are crucial to world economic growth.  Continuous improvement embracing technology such as Artificial Intelligence (AI), Automation and Additive Manufacturing.
Technology progression will eventually lead to viable higher volume lower cost effective production.  This this type of manufacturing would be considered, Sustainable Manufacturing by means of Reduced Waste, Reduced Energy and Reduced (Marshal, Larry;, 2016).
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AI		-	Artificial Intelligence
AM		-	Additive Manufacturing
CEO		-	Chief Executive Officer
CNC		-	Computer Numerical Control
DNC		-	Direct Numerical Control
ERP		-	Enterprise Resource Planning
IoT		-	Internet of Things
IIoT		-	Industrial Internet of Things
IFES		-	In Flight Entertainments Systems
MES		-	Manufacturing Execution System
MRP		- 	Manufacturing Resource & Materials Requirement Planning
PLC		-	Programmable Logic Control
PM		-	Powdered Metals
ROI		- 	Return On Investments
SGB		-	Seats Great Britain
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