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[bookmark: _Toc41056026]2. Abstract

This report investigates the introduction of AM (Additive Manufacturing) as a process to the commercial aerospace seating industry, with specific focus on fastening features. The organisation SSGB (Safran Seats Great Britain) do not currently use AM as a standard process, it is a newly introduced process that has been developed in terms of certification alone, it has not been used on any product for flight to date by the organisation. The report looks at the cost associated with manufacturing using AM, and when it becomes a financially viable alternative to traditional manufacturing methods. The scope of this project is to develop a fastening feature using AM, therefore the design development of the feature has been documented with several different design iterations in order to develop a robust product feature that may be used widely throughout the organisation.

Difficulties in the completion of this report occurred with the outbreak of COVID-19, therefore the development, and more specifically the testing stage of the project was put on hold, and this became a more investigatory report in terms of AM generally. The report finds that AM is a viable alternative to traditional manufacturing methods, and highlights where the organisation may benefit from such a process.











[bookmark: _Toc41056027]3. Background & Contextualization

The aerospace company SSGB (Safran Seats Great Britain) is a market leader in the design and manufacture of business class, first class and super first class commercial aircraft seating and suites. The company headquarters is based in Cwmbrân near Newport and is spread across 6 separate factories and three sites, other branches of the organisation include Camberley in Surrey and Brackley in Northamptonshire. The Camberley site is the hub for the companies very profitable aftermarket sector, with the facility being a prime location for easy access to major airports such as Heathrow and Gatwick. The Brackley is a small site consisting of the technical office of design, stress and certification. The Cwmbrân site has the largest engineering office of the organisation, consisting of approximately 260 engineers who work within design, certification and stress. The site also consist of a manufacturing unit, who manufacture from raw material into individual piece parts and lower level assemblies. The Manufacturing unit departments consist of a large machine shop, sheet metal, thermoforming (vacuum forming) of polymers, composites, trim and soft furnishing, painting and anodising departments. The site also has a FAL (Final Assembly Line) that assembles the final product, this is inspected by both internal and source Boeing/Airbus inspectors prior to dispatch.

The review is limited to the use of the material ULTEM 9085, the reason for this is that in a highly regulated industry, it is incredibly difficult and costly to test and certify new materials. ULTEM 9085 was in the process of being approved at the beginning of this report and therefore all other materials were disregarded for this reason. The process of AM will be FFF (Fused Filament Fabrication), which is the act of printing structures using thermoplastic filament that are heated to melting point and then extruded layer by layer. It is intrinsically the same process as FDM (Fused Deposition Modelling), although FDM is a Stratasys registered trade name for this process and is only applicable to Stratasys documents (Imperiale, 2019), therefore for the purpose of this report the official process shall be known as FFF. The process must be aligned with Airbus Standards@ SSYS 300000-0001 rev C ‘Stratasys Aerospace Filament Specification’. Through research and testing, a control document has been produced by the organisation that manufacturers/suppliers must follow, this document is known as ‘EPS 3124 – Control of ALM Parts Manufacture – FFF Ultem 9085 CG’ (Imperiale, 2019). This document covers all aspects of manufacture to ensure that the process is certifiable to aerospace standard, and any new process will require extensive investigation and certification that could take many years. Therefore, the [image: ]scope of this project will be limited to the manufacture of polymer AM components using the process FFF and using the material ULTEM 9085 CG only.[bookmark: _Toc41043970]Figure 1 - Printing Parameters (Imperiale, 2019)


As the diagram shows, there are defined parameters which cover the ‘contour width’ (bead width), ‘air gaps’ (gaps between beads) and even the angle of print. This is incredibly important as it defines the structural integrity of the product, and deviation from this may result in significant consequences such as catastrophic failure of components resulting in injury. The document specifies that the ‘contour width’ must be 0.508mm (.02”), and it is not permissible to have ‘air gaps’ between the ‘raster’ and the ‘contour’ (denoted above by ‘2’), these are both mandatory requirements (Imperiale, 2019). The product is printed in layers known as ‘slices’, the ‘slice’ height must be 0.254mm – 0.33mm in the Z-direction, this is also a mandatory requirement (Imperiale, 2019).



[bookmark: _Toc41056028]4. Aims & Objectives

Fasteners are often problematic, SSGB use a large number of polymer components and it is often the case that fasteners are bonded on to the products using adhesives. The inherent issues with using adhesives is that debonding occasionally occurs unless there are jigs and fixtures to hold the product throughout the curing cycle, in addition to this some products are highly aesthetic, and adhesives occasionally damage the surface. In order to eliminate the need for bonding and scrapping a high number of components, the desired future state is one where a component is manufactured in a single piece, with a simple push or snap fit feature within it. The financial benefit of removing adhesives where possible will be measurable through the NCR (Non Conformity Report) system, thereby providing an official benchmark of cost associated with the given product.

A typical candidate for this type of feature may be the PCU (Passenger Control Unit) electrical compartment for the UAL (United Airlines) Polaris business class project. The part is located next to the cocktail table which sits beside the passenger:
[image: ]











[bookmark: _Toc41043971]Figure 2 - United Airlines BUsines Class Seat (SSGB, 2017)



Viewed from the rear:
[image: ]




[bookmark: _Toc41043972]Figure 3 – CATIA V5 CAD Model of PCU Cover (SSGB, 2019)


[image: ]There are 3 fastening points for screws to fit currently:







[bookmark: _Toc41043973]Figure 4 – CATIA V5 CAD Model of UAL PCU Housing with Brackets (SSGB, 2019)


[image: ]Considering the current design, the concerning features here consist of the main body (in purple) which is a composite monolithic component, attached to it by bonding with adhesive are 3 small sheet metal bracket assemblies. Each bracket has a floating anchor nut as a receptacle for the final screw:







[bookmark: _Toc41043974]Figure 5 - Anchor Nuts (Clarendon, 2015)


If the closeout panel (in green) was to contain its own snap fit locking feature, we can omit the need for anchor nuts or bushes and possibly the brackets, remove the 3 screws and therefore cut down on cost, mass/weight, production time and final assembly time. Another consideration is in service maintenance, there is a required time limit for all maintenance work when the product is fitted to the aircraft, and therefore items need to be easily removable with little effort. Screws are not too time consuming, granted, but they are not always easily accessibly as in this instance when they are up close to the aircraft sidewall, a simple release mechanism would be much preferable.

[image: ]Another possible case study would be that of the bezel in the same area:














[bookmark: _Toc41043975]Figure 6 – Image & CATIA V5 CAD Model of UAL A/C Outlet (SSGB, 2019)



Viewing this product from the rear, it is evident that there are many components making up this small assembly, with two captive crews (see holes from image on left) that are used as an attachment method. Furthermore, the assembly consists of a small top hat shaped sheet metal bracket (see image on right) that hold in place an electrical component, it may be possible for this entire component to be one AM polymer component with a snap fit fastening feature.
[bookmark: _Toc41056029]5. Timing Plan

[image: ]Timing is crucial in achieving a successful outcome, the timing plan was created from right to left, beginning with the end date and working backwards to establish what must be achieved and when.[bookmark: _Toc41043976]Figure 7 - Schedule Timeline (Kilbane, 2019)


The timing plan was approximately two weeks behind schedule by the 10th of February, the first iteration of the design was meant to be reviewed and modified in preparation for the next print, however this plan was still recoverable within the timeframe. The major impact to the schedule was the COVID-19 becoming a global pandemic, it began to effect the project when working from home began on the 5th of March, this prevented the ability to easily order parts and then brought a complete stop to the testing all together.
6. Literature review

A review has been conducted in order to support the development of fastening features created using AM, with the intended use being the commercial aerospace seating industry. Cost comparison between current processes and AM is an important factor to consider (Gebhardt & Hotter, 2016) (Yang, et al., 2017), also is the mechanical properties of the printed end product compared with traditional methodology (Srinivasan & Sudarshan, 2016). Design tools should be used in order to design and develop a good product with regards to functionality and it should be intuitive. A large number of reviews highlight the fact that AM enables the design of components with almost unlimited levels of complexity (Diegel, et al., 2019), including features such as undercuts, twisted contours, variable wall thicknesses (Killi, 2017), blind holes and even hollow sections (Atzeni & Salmi, 2012).

An important factor in the manufacturing of aerospace components is the prevention of  corrosion (Benavides, 2009), it is essential to anodise all aluminium components which is not a cheap nor is it a clean process, one must also consider dissimilar metals to prevent galvanic corrosion (Vachtsevanos, et al., 2020), the benefit of using polymer materials is that corrosion is not a concern (Froyes & Boyer, 2019). Another benefit of AM that is incredibly attractive to the aerospace industry is that it is possible to achieve a very high strength to weight ratio, these parts will benefit both static and dynamic testing conditions (Atzeni & Salmi, 2012). 

There are many forms of AM, there is also a wealth of supporting literature surrounding the fundamentals of the processes (Loughborough University, 2019) (Gebhardt, 2011) (Killi, 2017) (Guo & Leu, 2013) (Gibson, et al., 2015) (Brandt, 2017). The quality of print is important and research has been conducted to understand how to control quality in order to create a good product (Kumhar & Mulay, 2016) (Kuo & Su, 2013) (Chua, et al., 2017). To further aid with the design of the product, it is important to understand what makes for a good snap fit fastening feature (Bonenberger, 2016), and what design for manufacturing tools should be used to do so (Goodship, et al., 2016) (Diegel, et al., 2019) (Pssoa & Trabasso, 2017).

Due to demand in recent years, the AM market has grown both steadily and significantly, seeing an average increase in sales of machines at a constant rate of between 20.3% and 20.7% annually (Srinivatsan & Sudarshan, 2016). In a study conducted in 2019 into the business trends of AM, it was predicted that AM “will be 50% cheaper and up to 400% faster in the next five years” (Kumar, et al., 2019). Furthermore, the aerospace sector currently accounts for approximately 50% of additive manufactured components worldwide (Kumar, et al., 2019), therefore it is very important that the organisation remains competitive and continue to develop new technologies.























7. Work Carried Out
[bookmark: _Toc41056030]7.1. Product Design Specification
The PDS (Product Design Specification) provides a detailed specification of the snap fit fastening feature. The PDS provides engineering data required to supply a robust design adequate to certify for all aircraft types and to adhere to the requirement of EASA (European Aviation Safety Agency) and the FAA (Federal Aviation Authority). Due to the industry being highly regulated, in the event that a conflict exists between the requirements of the PDS and section 21 of the FAA documentation ‘CERTIFICATION PROCEDURES FOR PRODUCTS AND ARTICLES’, the FAA documentation shall take precedent.  It is worth noting that the PDS is produced at the beginning of the product design process, however the document shall be maintained to reflect the most recently agreed requirements. The PDS should cover as many specific requirements as is practicably possible, consideration must be given to the following:

Weight
The product is to be as light as practicably possible.

Cost
The cost for the product is dependent upon the part it may be used within, although the product itself may be of little cost although an analysis should be done on a case by case basis to compare with alternative manufacturing methods and standard fasteners. This cost must account for any associated, amortised tooling costs.

Abuse Load Capability
The product must withstand the following abuse loads:
Retention test – 30 lbf (133.5N)
Closing force – 30 lbf (133.5N)
Tangential abuse load – 30lbf (133.5N)



Life Length
The life of the product shall be capable of achieving 10,000 cycles. This has been calculated based on a standard six years use, two flights per day, used twice per flight, (6 × 365 × 2 × = 8,760). A safety factor of ~10% has been applied, the reason for the ~10% safety factor is that the product must reach it’s desired life in service otherwise the company will be paying to replace the part, however it is not in the interest of the company to deliver products that will last ‘forever’ as the aftermarket sector is a very profitable section for the organisation.

There shall be a cyclic/fatigue test of the product. Upon completion of the test, the product will retain full functionality and maintain an acceptable aesthetic quality. The Product must complete a number of test cycles as specified in the test plan. The test will consist of:
· Push the lid to engage the feature
· Depress release mechanism
· Open lid
· Repeat for 10,000 cycles.
· Verification of the functionality of the latch mechanism shall be performed at regular intervals.

Usability Test
The product will undergo usability testing using 10 “Naïve Subjects” as users. The physical attributes (size, strength) of these users should range from the 5th to 95th percentile, as far as is practicably possible. The users will be asked to perform a simple open and close task, covering the desired application of the product features. The users will not be led in these tasks. Tests will be observed and recorded. 
The tests will assess:
· The presence of any physical discomfort in the performance of the defined operations.
· The level of intuitiveness of the feature of the product, consisting of the latching and de-latching of the product.
All 10 trial users must be able to perform all tasks without major discomfort and identify the features of the product without requiring prompting.
Ergonomics & Usability
Ergonomics is an important factor, the product must be comfortable to use:
· A reasonable minimal force shall be required to use the product as intended.
· The product shall be free from any features that may cause discomfort to the user.
· The product shall cause minimal discomfort as practicably possible to the user during operation.

Certification
Mechanical certification requirements:
· The product is non-TSO therefore shall be treated as furniture and will be applicable to 9G static testing conditions within any given furniture.
· Moving parts that are accessible to fingers shall be free of pinching, shearing and crushing motion that may be hazardous.
· All potential finger traps must be eliminated from the design in accordance with D6-36230 paragraph 03.35 Injury Prevention, reference doc: 14 CFR 25.601; MOC 06-01431; ARP5526.
· All sharp edges are to be removed where practicably possible.

Manufacture & Assembly
Consideration shall be taken to the manufacture and assembly process of the product:
· Poke yoke practices should be employed throughout product.
· Appropriate on-line QA (Quality Assurance) measures shall be taken to ensure that any mistakes are picked up prior to the product being passed to the next station.
· Part manufacturing processes will be selected on the basis of producing parts that satisfy structural and certification requirements, at the best piece part price (including any amortised tooling cost).

Environmental
Product life cycle should be extended as much as possible through standard environmental design principles, i.e. design for refurbishment of mechanical components, design for replacement of aesthetic components either to replace tarnished parts.
[bookmark: _Toc41056031]7.2. Design Iteration 1: Baseline
[bookmark: _Toc41056032]7.2.1. Iteration 1: Baseline – Detail

[image: ]The selected feature should be of a no-permanent nature, this enable the feature to be latched and de-latched several as required, the reason for choosing this style of feature over a permanent one is that it provides a good opportunity to fatigue test the feature and the material. A permanent fastening feature may be developed in the future, but when it is fastened it will be difficult to test further unless it is subjected to vibration testing to simulate the general conditions in an inflight scenario. Simplicity of use shall be another consideration when developing the feature, it should be intuitive enough to use with minimal effort. The feature should be operated without the need for special tooling, therefore a captive configuration that require a tool to operate will be disregarded at this stage but may be developed for future use. When in the closed position, it is important that the feature cannot be opened unintentionally or by a force applied by an object contained within the assembly. Having determined this, the feature shall be similar in nature to this TV remote battery cover:[bookmark: _Toc41043977]Figure 8 - Television Remote Control Battery Cover (Kilbane, 2019)



To have one fastening feature alone will almost certainly be insufficient, this is because the opposite end of the component will not be secure, however this does not suggest that the opposite end must have the same feature, a simple tab configuration may be used to locate the part and secure it in place.
[image: ]











[bookmark: _Toc41043978]Figure 9 - Simple Fastening Feature (Bonenberger, 2016)


[image: ]This feature enables a configuration similar to this:










[bookmark: _Toc41043979]Figure 10 - Lug & Pin Fastening Feature (Bonenberger, 2016)



In addition to using a locating feature to stop the part from becoming detached, consideration should be made to support the underside of the lid, this will prevent the lid from being pushed in too far and ultimately reduce the risk of damage to the main locking feature through excessive force being applied to engage. A feature in the form of ledge or shelf can be used to achieve this, it is simplistic in nature and should not pose any significant issues through development.

Option 1 has a lip situated halfway down the neck of the clip, it sits locks against the inner face of the housing.
[image: ]










[bookmark: _Hlk40515729]









[bookmark: _Toc41043980]Figure 11 – SolidWorks CAD Model of Option 1 Fastening Feature (Kilbane, 2019)


[image: ]Option two does not have a lip to lock, instead it uses the shoulders of the neck, ash shown in the image below.























[bookmark: _Toc41043981]Figure 12 – SolidWorks CAD Model of Option 2 Fastening Feature (Kilbane, 2019)


The product was printed at a cost of £165.42, this was for one housing, and two lids, one for each option 1 and 2.


[bookmark: _Toc41056033]7.2.2. Iteration 1: Baseline – Test Method

[image: ]The test method for this stage of the product development is to simply visually inspect and to feel how the product operates, it should be apparent if the product is not suitable for use. Both features were inspected in order to determine which works best, this is so that one feature may be carried forward for further development. ‘TYPE 1’ being the furthest in the image below, and ‘TYPE 2’ being in the foreground.[bookmark: _Toc41043982]Figure 13 - Print Samples of Design Itteration 1 'Baseline'. (Kilbane, 2020)



The product is relatively rough to touch, especially when the finger a run against the print direction, which is to be expected. The direction of print however does appear to be advantageous to the closing of the feature, this is because there will be little resistance as the feature should easily slide into the locking position. If the print direction were to be at 90° to the current print direction, it is expected that during closing the feature will result in resistance and possibly a poor perception of quality, which would not be acceptable as quality is a fundamental requirement in all products as a company standard.
[image: ]The first locking method to be inspected was the ‘TYPE 1’ feature, the product ‘snaps’ into place with what may be considered to be moderate effort. It is expected that less force should be used on such a feature, although it is not expected however to cause any significant difficulty in closing.[bookmark: _Toc41043983]Figure 14 - Print Samples of Option 1 Being Deployed (Kilbane, 2020)

The lid sits slightly proud of the surrounding upper surface of the receptacle, it should be possible to improve this however by simply modifying the position of the locking edge, thereby providing a better fit. There is little movement between the two parts, however it is not loose and therefore will not cause any rattle. It is important to note that although there is some movement, the external sharp corners of the lid are almost in contact with the inner corners of the receptacle as the inner corners of the receptacle have slight radii due to the printing process, it is possibly risky to reduce the gap further for this reason alone. To separate the parts it is more difficult, excessive resistance is felt when attempting to de-latch the feature, this is considered to be due to two contributory factors: 1. The thickness of the feature makes it stiff; 2. The angle of the feature is too wide and should be made as such that the distance required to travel to lock is reduced. This resistance is made worse due to there being a small amount of material for the fingertip to sit in order to press against the feature. Generally, ‘TYPE 1’ feature requires significant alteration in order to progress.

[image: ]Upon analysis of ‘TYPE 2’ fastening feature, it again snaps into place easily, although this is easier to do than the ‘TYPE 1’ feature. The ease at which this closes does provide a better feel with regards to quality, and therefore is better in this area.[bookmark: _Toc41043984]Figure 15 - Print Samples of Option 2 Being Deployed (Kilbane, 2020)


The lid sits flush to the receptacle, the locking feature appears to be in tension which means the part is not lose therefore is unlikely to rattle as there is very little movement between the parts. The de-latching of this part is incredibly easy, especially when compared with the ‘TYPE 1’ fastening feature, making this a very good candidate to progress for further development.




[bookmark: _Toc41056034]7.2.3. Iteration 1: Baseline – Results

Having determined the requirement through general operation, the results are now tabulated in order to provide a fair understanding of the difference between the two type of fastening features. Using the following scoring criteria: 0 = Does not meet standard; 1 = Meets standard
	
	TYPE 1
	TYPE 2

	Appearance
	1
	1

	Latching Force
	1
	1

	Latching Feel
	1
	1

	De-latching Force
	0
	1

	De-latching Feel
	0
	1

	Total Score
	3
	5












It is important that all areas must meet the required standard, as failure to do so will render the product not fit for service, therefore any areas that do not meet this requirement must be revisited and the design modified accordingly.











[bookmark: _Toc41056035]7.3. Design Phase 2: Product Selection Test Variants
[bookmark: _Toc41056036]7.3.1. Iteration 2: Product Selection Test Variants – Detail

[image: ]The housing has been redesigned to include cut outs, this is to enable full view of the front clip and the rear two locating ones. The reason for this is so that a better analysis may be made into how the mating areas interact, an if there is anything else that may be done in order to further improve the design.[bookmark: _Toc41043985]Figure 16 - SolidWorks CAD Model of  Design Iteration 2 Assembly (Kilbane, 2020)


The other modification made at this stage is to the fastening feature itself, consideration has been made to the following two factors:

1. Optimisation of the fastening clip – Various different depths of the clip feature have been determined, the reason for this is that it is beneficial to make it as small as is practicably possible, thereby enabling a wider variety of applications, especially when space constraints are present.

[image: ]The view identifies the specific dimension of the clip feature that has been trialled.[bookmark: _Toc41043986]Figure 17 - SolidWorks CAD Model of Neck Optimisation (Kilbane, 2020)


2. Print direction – The print direction is expected to have an influence on four significant factors of the clip:
(i) Durability – The ability for the feature to withstand fatigue for a greater lifespan.
(ii) Strength – The ability to withstand a greater abuse load, likely brought on by misuse through applying excessive force.
(iii) Friction – The print direction may provide friction during operation, making the transition from latched to de-latched somewhat difficult.
(iv) Stiffness – The print direction is expected to have an influence on the force required to depress the clip, thereby making it more/less comfortable for the user to operate.









[image: ]Two significant print directions have been determined, flat on X – Z plane of the axis(printing using Y as height), and flat on X – Y plane of the axis (using Z as height).[bookmark: _Toc41043987]Figure 18 – CATIA V5 Drawing of Print Relative to Part Orientation (Kilbane, 2020)

 

	Part Number
	Description
	Clip depth (x)
	Print direction

	SK40195-103
	PLUNGER TYPE 1
	12.00mm
	X – Z

	SK40195-105
	PLUNGER TYPE 2
	9.50mm
	X – Z

	SK40195-107
	PLUNGER TYPE 3
	7.00mm
	X – Z

	SK40195-109
	PLUNGER TYPE 4
	12.00mm
	X – Y

	SK40195-111
	PLUNGER TYPE 5
	9.50mm
	X – Y

	SK40195-113
	PLUNGER TYPE 6
	7.00mm
	X – Y


Using this information, 6 different variants have been determined for printing, consisting of 3 different depths of clips, each depth consisting of the 2 print direction:






[bookmark: _Toc41056037]7.3.2. Iteration 2: Product Selection Test Variants – Test Method

The study will consist of using a sample group of 50 people, with the intent of covering a range of people from 95th percentile male at one end of the scale, to a 5th percentile female at the other. The reason for the wide-spread in size of test subjects is to determine the operability in terms of functionality and comfort for the user, it is believed that the size of fingers will have an impact on ease of operation. Each test shall consist of the test subject being asked to carry out the following instructions:

1. The product will be handed to the test subject in the de-latched form with both components fully separated.
2. The test subject will be asked to assembly the component.
3. Record point 1 – Rate the activity of step 2 using the following criteria: (a) Easy; (b) Difficulty; (c) assistance required.
4. The test subject will be asked to de-latch the product.
5. Record point 2 – Rate the activity of step 4 using the following criteria: (a) Easy; (b) Difficulty; (c) assistance required.
6. The test subject will be asked to rate the comfort of operation on a scale of 1 to 10.
7. Record point 3 – Record the test subject’s answer to of step 6.
8. The test subject will be asked the rate the ease of use on a scale of 1 to 10.
9. Record point 4 – Record the test subject’s answer to of step 8.
10. Repeat steps 1 to 9 with, with the exception of steps 3 and 5 which are to be omitted.

The reason for omitting steps 3 & 5 it that these record points are only applicable for the first time the test subject is presented with the assembly, it purely measures the intuitiveness of the product, if many people require assistance to operate it is a sign that the product is not intuitive enough for everyone to use without much thought.





[image: ] [bookmark: _Toc41043988]Figure 19 - Test Servey Sheet (Kilbane, 2020)


[bookmark: _Toc41056038]7.3.3. Iteration 2: Product Selection Test Variants – Results

(NOTE ON COVID-19)
On Thursday the 5th of March 2020, the company took a decision and instructed all employees who could work from home to do so, therefore due to the restrictions it was not possible to visit the site to conduct the testing of the products. The products were ordered by the supplier a week prior to this occurrence, they remain in the work’s stores or goods in within the company awaiting collection, but since the lockdown ~90% of staff have been sent home to work or furloughed, meaning it is not possible to collect at this current period in time. The test results are not available for analysis, 


The expectation is that the data would show there to be a positive correlation between the ‘Ease of Use’/’Comfort’ and the size of the feature (previously identified as ‘x’). The smaller the tab, the less material there is to flex when depressed, meaning the greater the force required to operate. Although this is the expectation, the main reason for this trial is to determine how small and discrete the feature can possibly be and still be operable at a comfortable level by the end user. The smaller the feature, there should be a reduction in the risk of restrictions on its use due to space, e.g. if the feature was going into a shallow object it needs to be as small as possible so that it does not bottom out on the mating component. The undetermined factor is how uncomfortable or difficult the use of the feature may be before it is rendered unacceptable, however a strong indication is that if anybody cannot operate the feature at all, this would therefore be a certain failure.






[bookmark: _Toc41056039]7.4. Design Iteration 3: High Cycle Variant
[bookmark: _Toc41056040]7.4.1. Iteration 3: High Cycle Variant – Detail

Upon completion of the human trial, it would be the case that a particular variant or two would be carried forward for high cyclic or fatigue testing, these variants must contain the two different print directions to prove the strength relating to print direction. 


[bookmark: _Toc41056041]7.4.2. Iteration 3: High Cycle Variant – Test Method

Testing consists of setting the product up on a test rig, where a ram would press the lid down to latch to feature, then a ram at 90° to the first would depress the fastening feature thereby disengaging it from its locked position. Finally, a ram at 180° to the first would be activated from beneath the lid to open it, the process would then repeat for a total of 10,000 cycles. The technician would record the state of the feature at regular intervals to ensure one that it is still indeed operable, and two that it is without damage or wear. 


[bookmark: _Toc41056042]7.4.3. Iteration 3: High Cycle Variant – Results

The results of the test will place this product into one of two categories:

1. If the product endures the full 10,000 cycles, it may be considered for regular use i.e. every flight. An example of this is that some first class suites contain a passively chilled unit to keep drinks cool throughout the flight, these units may contain a frozen liquid pack or sometimes dry ice. The container of which could benefit from such a feature, as could the drip tray beneath the drinks.

2. If the product does not meet the full 10,000 cycles it may be considered for occasional use. An example of occasional use is that of electrical covers or access panels, that require removal if an electrical item requires maintenance.

It is the intent of this feature to be used occasionally, therefore it is not essential for it to meet the 10,000 cycles test criteria, however it would be beneficial for it to do so in order to widen the possible future applications of the feature. It is currently unknown how the feature would perform in cyclic/fatigue testing, although it is expected that regardless of whether it reaches the full 10,000 cycles, a significant difference between the test variants depending on the print direction would be expected.























[bookmark: _Toc41056043]8. Results

The testing method has consisted of several different elements:

Preliminary design
As is the case with all new products, it starts with an idea or a vision of what the product needs to achieve, from this baseline it is possible to build on those requirements. In this case, the product design specification was created, and the product was designed around this requirement. It is often a case of trial and error, however by completing research first into these sort of features, it has aided in creating a relatively good product at the first iteration, which is not always the case of course.

Product selection variants
To build on the preliminary design, this phase was centred around the usability of the feature by conducting a test with 25 individuals of a varying size, from small to large. The diversity in the size of those who were to be tested would give a good indication of how different people found the operability of the feature, to select all males of average height would be bias, therefore this testing method would have returned interesting results across a spectrum of test subjects.

High cycle test variant 
Having created a workable product and having it tested by people, the next stage is to see if it can withstand the criteria of being in service, therefore a cyclic/fatigue test is the obvious next step. The results of which would determine if the product is indeed fit for purpose. As the results are unavailable, assuming all went well, the product could be used for regular use. If the product did not meet the criteria, it could be used for occasional use, but that does completely depend upon how it actually fared in the test. If the product lasted for several hundred cycles then it would be sufficient for this criterial, however if it failed after only a few cycles, such as 10, then it would be necessary at this stage to revisit the design understand what could be improved.

Considering a catastrophic failure occurred, the route for analysis would be laid out thus:

Failure at stage 2: Person or usability test
The data displays that the testing of the feature fails to deliver satisfactory results:

1. A low level of comfort is reported.
(i) The finger tab surface may be increased, this would give greater surface to be in contact with the user’s finger so that all force is not concentrated in such a small area.
(ii) The width of the feature may mean that the force required to operate is greater than what is deemed acceptable or comfortable, therefore by decreasing the width of the feature would reduce the force required to operate, hence less discomfort.
(iii) The material thickness of the feature may be reduced if necessary, the thickness will again directly impact the force required to operate the feature.

2. Ease of use is unsatisfactory.
(i) Possibly the available space to fit the fingertip is not large enough to operate easily. This may be overcome by simply increasing the cut out surrounding the area that the finger is place.
(ii) If the grip height of the tab is insufficient, it may be possible to increase the height, providing the user with greater grip or surface area to place the finger.

3. Intuitiveness is such that the user cannot work out how to use properly.
(i) This is difficult to gauge without observing the test being conducted, but it may be possible that the feature may require an arrow, or some form of feature being imbedded into surface of the lid to indicate clearly where to press.
(ii) Making the feature more prominent such as making the feature larger or raising the tab above the surface locally to the tab in order to make operation requirement more obvious.


[bookmark: _Toc41056044]9. Cost Analysis
[bookmark: _Toc41056045]9.1. Identifying the cost factors
There are several factors that determine if AM is a viable alternative to traditional manufacturing methods for a given product, one of the most determinative factors being that of cost. When comparing the cost of a traditionally manufactured product to that of AM, there are many factors to consider, these may be categorized as RC (recurring cost) and NRC (no-recurring cost). The RC is the cost associated with every unit that is manufactured, whereas the NRC is a single cost that is not linked to the number of units being produced:

RC
(i) Cycle time per unit – The capacity of a given area or machine will be scheduled for manufacture, therefore the longer each unit takes to manufacture the greater the cost to that given department.

(ii) Labor – Similar to the cycle time, however if the process was to become automated the operator may run several parts at once, An example of this would be if a machine is printing o machining a component for a given period of time, the operator may be free to set up and begin the cycle on another machine.

(iii) Material – The cost of material will be dependent upon the cost of the raw material, plus the cost of any waste material used to create the product.

(iv) Print direction – The print direction can have a direct impact on the production time, therefore the greater the cycle time the greater the cost of machining or printing.

(v) Print quality – The finer the print the greater the cycle time, this is because the thickness of each print layer determines the number of layers required to complete the product, because the thinner the layer the more layers are required to 
(vi) complete the product.
NRC

(i) Tooling – Some processes require tooling to produce a component, tooling may consist of expensive mold tools or generally basic manufacturing aids such as jigs and fixtures.

(ii) NC cost – The process of taking a CAD model through to manufacturing has a cost in the form of conversion of the given model, modification so that it may be read by the programming software and finally it requires programming.

[image: ]In addition to RC & NRC there is another consideration that should be made, that is the rate of quality. Scrap is a common biproduct of any process, it is difficult to avoid it completely due to there being so many contributory factors, and the scrap or defect rate will undoubtedly increase the cost of manufacturing a batch of products. The measurement for this is often known as DPM (Defects Per Million), this is an overall figure of a given department that is measured by obtaining data in the form of OEE (Overall Equipment Efficiency) and NCRs (Non Conformity Reports). Having identified the factors that contribute to the cost, it is possible to create a simple series of formulas to provide an accurate cost outcome:
AM has the benefit of not requiring time consuming setups such as jigs and holding fixtures (Srinivasan & Sudarshan, 2016), the time for production planning will be reduced due to the number of operations (Gibson, et al., 2015) (Mascitelli, 2014), and a significant reduction in the likelihood of human error as the process is automated (Yang, et al., 2017). The reduction in the number of components within an assembly is a big benefit, the fewer the number of components means less assembly is required (Mascitelli, 2014).[bookmark: _Toc41043989]Figure 20 - Formulas For Calculating Cost (Kilbane, 2020)


[image: ]The initial investment cost of AM is high compared with conventional machines. Considering individual components, there is a relatively low cost to set up in AM, and this cost comprises of the time taken to produce a component plus the material cost. All additional cost is effectively flat lined, it does not increase neither does it decrease, regardless of the quantity being produced, and therefore it may be regarded as a constant cost. In contrast to this, the cost of producing a component using conventional methods such as machining will initially be very high, this is due to the cost of programming and the cost of work piece holding equipment like jigs and fixtures, but over time the cost is overcome by how cheap each part is to manufacture (Mascitelli, 2014) (Srinivatsan & Sudarshan, 2016). There are many studies on the cost of AM compared with traditional manufacturing methods, here is how the cost of a television remote control compares with injection moulding:[bookmark: _Toc41043990]Figure 21 - Cost of AM Against Injection Moulding of a TV Remote (Hedstrom, 2015)

The cost cross over point is ~500 units, meaning AM will be beneficial up to this point, then injection moulding would be more cost effective for greater quantities (Hedstrom, 2015). 

[image: ]An article on Sculpteo also studied car handles and calculated the cost of injection moulding against AM:
[bookmark: _Toc41043991]Figure 22 - Cost of AM Against Injection Moulding of a Car Handle (Nadin, 2016)


In this analysis, the quantity at which AM is cheaper than injection moulding is ~400 units (Nadin, 2016), therefore the data shows a good match to what is required within the organisation. The complexity of a component has a significant impact on the cost of manufacturing, AM is good at printing complex components, here is an example of a simple box that consists of different features. The general dimensions for the boxes are H = 50mm; W = 50mm; L = 50mm, with four varying degrees of complexity that include: simple; outer flange; inner flange; two holes. The most complex of these components to complete using traditional methods is that of a box with an internal flange, this is because it is difficult to create this feature as one single component, it will usually require secondary operation which leads to time and therefore cost.



[bookmark: _Toc41043992]Figure 23 - Cost of AM Against Injection Moulding for Part Complexity (Nadin, 2016)

[image: ]The chart displays that there is indeed a correlation between complexity of component and the cost associated with such a feature, the most expensive being that of a box with an internal flange, this is evident as it requires 1,082 units to be manufactured using conventional methods to match that of AM (Nadin, 2016). Again, these numbers lend themselves well to adding weight to the case that AM is a viable process for the organisation who create low number items due to the nature of the business in producing bespoke products. To better explain the complexity of a product in relation to cost, Busachi et al have done extensive work [image: ]in setting the parameters of cost estimation and have illustrated this clearly in a study into the best way of estimating cost of AM components (Busachi, et al., 2017).
[bookmark: _Toc41043993]Figure 24 - Cost of Complexity Using Different Manufacturing Methods (Busachi, 2017)


We see that the more complex the component, the greater the cost to produce using traditional methods, whereas the AM cost does not fluctuate regardless of the component’s complexity (Busachi, et al., 2017) (Hedstrom, 2015). In another study, it is recognized that not only number of units and complexity are the factors in determining if AM is a viable process compared with traditional manufacturing methods, volume of the 3D printed object is also a factor (Admin (PROTO21), 2019).



[image: ]The initial cost of AM is the greatest cost, being that of the machine itself, machines can cost in the region of $6,000 (~£5,000) to $750,000 (~£615,000), this depends largely on the size of the product that can be printed and the quality of the print. Considering that cost breakdown of the entire process shows that the machine itself is the main factor, accounting for approximately ¾ of the overall cost (Busachi, et al., 2017).[bookmark: _Toc41043994]Figure 25 - Cost Breakdown for AM  (Busachi, 2017)


Material accounts for 12% generally, and post processing accounts for 7% (Busachi, et al., 2017), post processing is expected to include the improvement of surface finish through linishing or other similar methods. If the organisation were to adopt this process of more widely, as is expected in the coming years, it is best to investigate further into purchasing a machine capable of producing the parts directly without the need for a third party supplier. The benefit of owning a machine would be that an idea can become a model, which can be transferred from screen to the finished product within an incredibly short time frame of just a few hours (Kumar, et al., 2019) (Gibson, et al., 2015).


[bookmark: _Toc41056046]9.2. Cost Studies
[bookmark: _Toc41056047]9.2.1. Cost study 1: Air ducting ‘Acoustic Box’

[image: ]The ‘Acoustic Box’ is currently manufactured from a composite material, consisting of a Nomex honeycomb core and four plies (layers) of a fiberglass material, made by placing two plies either side of the core to create the material surface. The part has moulded castellations along the edges that form tongue and grove joints, this is a common edge condition used when bonding composite assemblies. Composite mould tools are generally very expensive as they are often made of a carbon fibre material, another concern is that if an engineering change impacts the geometry of the composite part, the mould tool is often scrap as it cannot be modified, resulting in expensive new tooling costs. One benefit of AM is that it would not be affected in this scenario as it does not require expensive tooling cost. The Process of manufacturing the acoustic box is as such:

1. Issue material from stores.
2. Cut the material to size.
3. Lay-up material in mould tool.
4. Add resin.
5. Place jig into autoclave oven to cure.
6. Remove moulding from tool.
7. Clean and deburr edges.
[bookmark: _Toc41043995]Figure 26 – CATA V5 CAD Model of 'Accoustic Box' CAD Model (SSGB, 2019)


The component is not complete at this stage, it requires assembly in a bonding jig where it is left to cure. But prior to the bonding operation, sound damping in the form of a soft foam must be applied to the inner surface of the component, the reason for this is to eliminate unwanted sound generated by the hollow ducting. First class suites may cost in the region of £300,000, therefore it is essential to eliminate all unwanted noises and perceived poor quality areas that may be a concern. Using the AM snap fit fastener feature would eliminate the need for bonding as a secondary operation, this would reduce manufacturing time and it would reduce the number of non-conformities arising from the bonding process.
Being a first class product, the volumes are relatively low consisting of 2 ‘Acoustic Boxes’ per suite, 6 suites per Airbus A350 shipset (aircraft), required for 14 shipsets, totaling 168 units throughout the duration of the project. The project is currently building its 12th shipset, meaning 144 units have been produced to date. The scrap rate for this product is incredibly high, with a total of 37 defects recorded to date, resulting in rework for 11 requiring rework and 26 being scrapped completely, making the defects rate an astronomical 25.7% (0.257), which is incredibly high by any standards. the total cost of this equals £8,459 to date. It is highly recommended that a route cause analysis activity be carried out on this product to understand the cause of the failure, however it is outside the scope of this project to do so. 

The tooling cost for this unit consisted of a £14,805 mould tool and a £820 bonding fixture, totaling £15,625 for tooling alone. Here is an overview of the cost factors associated with this product:
 = 6.25h,  = £40/h,  = £48.50,  = £15,625,  = £130,  = £8,459,  = 37,  = 0.257,  = 144.

Formula 1 – Individual Unit Cost



Formula 2 – Total Product Cost Formula
 
 

Formula 3 – Defects cost



Formula 4 – Total Product Cost Formula



The cost for printing this component has been quoted at £347.75, plus the cost of adding the foam at £38.50, totaling £386.25 to produce, making an average saving of £80.42 per unit. If this part had been created using snap fit fasteners from the beginning, the total manufacturing cost would be £55,620, compared with the projection of £67,200 if the current method is to continue at the same scrap rate until the end of the project. The total achievable saving therefore would be £11,580. Due to the stage that this particular product is at in terms of project completion (with only two shipsets remaining), it would not be a worthwhile exercise in swapping currently to AM, although it does highlight the potential benefit of such a process over traditional manufacturing methods if AM was selected at the beginning. In summary, it is too late to change the design and make a significant impact on cost improvement at this stage, however, similar products to this are used elsewhere, therefore this is a consideration for future such products.


[bookmark: _Toc41056048]9.2.2. Cost study 2: PCU Assy. (passenger control unit assembly)

The passenger control unit assembly is a module that houses several electrical items, consisting of IFE (In Flight Entertainment) items such as the monitor & suite controller, A/C power outlet & USB port/charger. The assembly’s main body is made of a composite material, this is known as a monolithic composite structure as it has no core, it consists of 8 plies of fiberglass skin material, each layer being .010” thk (0.254mm) making this section only ~2mm thick in total. In addition to the composite material, attachment points are present in the form of aluminium sheet metal brackets, these are used to locate and fix the electrical units in place. The brackets are not simply parts, they are smaller assemblies within the main assembly, consisting of fastening features such as floating anchor nuts and screws. Due to being located in full sight of the passenger, the entire assembly is highly aesthetic, meaning it would not usually be possible to manufacture this using an AM process due to the general surface quality, however the entire visible surface is covered in Schneller, which is a synthetic material that has a soft touch leather textured surface, therefore it will cover the poor surface quality of the AM process.

Considering the rear of the unit, it has a cover that is fastened in three places using screws. The reason it is not bonded in place is that access is required to carry out any maintenance on the electrical items within. The requirement is that any electrical item may be replaced within a 15 minute time frame, this is a standard requirement as it enables maintenance to be carried out in between [image: ]flights. The cover is the green item that is outlined in orange:






[bookmark: _Toc41043996]Figure 27 - CATIA V5 CAD Model of UAL PCU Cover (SSGB, 2019)


[image: ]The image below has the cover removed to show the attachment points, these are in the form of sheet metal brackets and are outlined below in orange:








[bookmark: _Toc41043997]Figure 28 - CATIA V5 CAD Model of UAL PCU Housing with Brackets (SSGB, 2019)

Each bracket consists of punched/cut and folded sheet metal, then a floating anchor nut is attached to it by two pop rivets. The obvious option to cut down on cost for these brackets would be to simply tap the hole, but due to weight constraints nearly all metalwork is aluminium, making this item soft to simply tap the holes. In addition to the reasons against tapping the holes, the brackets are only 1.2mm thick, meaning it is not best practice to simply tap these holes due to the pitch of the thread. Another implication of using these brackets is that they mut be attached to the structure, the attachment method is bonding, which is not ideal due to fact that the hole centres must align with the holes in the cover, this required an assembly fixture to ensure the brackets are positioned correctly.

[image: ]This is one of the brackets to be assembled, consisting of one cut and folded sheet metal body, with one floating anchor nut attached to it be two pop rivets. The total cost being £9.30.
[bookmark: _Toc41043998]Figure 29 - CATIA V5 CAD Model of Large Fixing Brackets (SSGB, 2019)



[image: ]Here is another of the brackets to be assembled, like the previous but smaller in size. The cost of this bracket is £8.99. The total cost of the first bracket and two of the second bracket is £27.28. This cost is for the brackets themselves and not for attaching them to the larger assembly.[bookmark: _Toc41043999]Figure 30 - CATIA V5 CAD Model of Small Fixing Brackets (SSGB, 2019)


The proposal is to remove the three brackets completely and replace them with a cover that contains the snap fit fastening feature:
[image: ]






[bookmark: _Toc41044000]Figure 31 - CATIA V5 CAD Model of Redesigned PCU Housing Cover (Kilbane, 2019)


Three proposed attachment points remain, one at the upper edge will be the snap fit fastening feature, the two at the bottom will be the simple locating lugs. The intent is that the bottom edge can locate with the lugs and the top edge will simply snap into place, allowing easy removal for maintenance whilst in service and aiding the 15 minute maintenance requirement as this makes the system significantly quicker than removing 3 screws. 

Being a business class product, the volumes are high in comparison with a first class project, this is due to an aircraft generally consisting of significantly greater business class seats than first class. Each suite consists of 1 ‘PCU assy.’ per suite, 54 suites per Boeing B777-300 shipset, required for 26 shipsets, totaling 1,404 units throughout the duration of the project. This project completed in November 2019 and the assembly had 163 recorded defects in total, of which 106 were recorded as assembly positional errors, 39 were damage and 18 were miscellaneous including lower level part defect and shortages. As an overview of this number, 121 were rework where 42 were scrapped completely. Making the rate of defects per hundred to be 11.6% (0.116), which is incredibly high. It is worth noting that this figure is incredibly high and by no means an acceptable figure, however these examples have been selected due to their significantly above average defect rate. The cost of each assembly is £471.25, meaning the cost in scrap was £19,792.50, the cost of rework to the assemblies that could be salvaged equalled £8,833, making a total defect cost of £28,625.50.[bookmark: _Toc41044001]Figure 32 - Breakdown of NCR Cost for PCU Assembly (Kilbane, 2020)

Upon analysing the data, there is a high number of defects at the beginning of the project, this is understandable as it is the first time the product is manufactured and will discover unforeseen issues. There is a significant rise in the number of defects during Q2 of 2018, this may be due to the increase in the number of units being produced, or there may be another underlying factor such as a new operator who is lacking skill or training, it was not possible to obtain this data and therefore cannot be investigated further at this stage.  
 = 4.5h,  = £40/h,  = £63,  = £9,385,  = £110,  = £28,625.50,  = 163,  = 0.116,  = 1,404.

Formula 1 – Individual Unit Cost



Formula 2 – Total Product Cost Formula
 
 

Formula 3 – Defects cost



Formula 4 – Total Product Cost Formula



The cost for printing this component has been quoted at £196.95, the additional cost to produce would be to add the synthetic leather at a cost of £26, totaling £222.95 to produce, making an average saving of £47.18 per unit. If this part had been created using snap fit fasteners from the beginning, the total manufacturing cost would be £313,022, compared with the total actual cost of £379,263, making a saving of £66,241. As stated previously, this project has now completed, however yet again it is evident that using AM is an obvious choice for future projects. It is worth noting that the original order was for a new fleet of Boeing B777-300 aircraft, there were orders also for a Boeing B787-10 (qty. 14) & Boeing B767-200 (qty. 16), however the B787-10 has been placed on hold pending the current economic crisis where the B767-200 has been cancelled completely. The B767-200 was a retrofit project, meaning the aircrafts are already in flight with UAL and were intended for upgrade/refurnishing, however this is no longer a priority for the airline and need to make cuts as does the entire industry.


























[bookmark: _Toc41056049]10. Conclusion

The development of this snap fit fastening feature remains to be continued, however what has been done thus far has set a solid basis to develop further. It has been determined that the feature does indeed work, it simply requires optimisation for best use and requires fatigue testing. The original print provides a good indication of how the feature feels, however without testing on a larger sample group it is difficult to determine outright if it is indeed satisfactory for the majority of users to operate. The project has highlighted the greater cost benefit of AM as an alternative method to traditional manufacturing methods, it may reduce the number of components required to make a product and therefor will reduce the need for assembly. What has become apparent with assembly in general is that it is often problematic, costly defects may occur due to human error during manual operations, AM will undoubtedly reduce this risk. 

Although the large limitation to AM currently is that only ULTEM 9085 is qualified for use, and this may only be used in non-structural applications, meaning there are significant limitation to its use. The other limitation is that of the AM process itself, where only FFF may be used, and the supplier must be certified under SSGB documentation EPS-3124. In the aerospace industry it is incredibly important to meet the regulations, determining what is a critical load path is important as this AM process currently cannot be used for this application. Understandably, there are only a finite number of suppliers to choose from, making it difficult to negotiate on cost. If SSGB were to purchase their own AM machine capable of making the required standard, this would allow for greater prototyping speed and for cost reduction. The fact that the bespoke seating sector of the aerospace industry generally requires low volumes, this is a positive factor to promote the use of AM as a process, it will cut down on tooling cost. Unfortunately, due to COVID-19, all capital expenditure has been suspended until further notice, and it is not viable to invest in newer technology in the current climate where the greater need for it. However, it will continue to be developed for future use when the time is right to do so.


[bookmark: _Toc41056050]11. Recommendations & Further Work

There remains a great deal of work in order to fully implement the snap fit fastening feature as originally intended, it remains to be tested and introduced as a standard within the organisation. AM is emerging as the future of manufacturing, it is important to embrace the change and develop further. 

To take this one step further, a consideration should be made in to purchasing a machine capable of printing parts, this will eliminate the need for an external supplier, it would cut lead times dramatically and would ultimately reduce cost further. The initial cost will be that of the machinery itself, but as the demand for this process increases it will become more cost effective. In order to increase the use of this process it is important to promote it as a standard, the company needs to be aware of it and to design future products with this process in mind. As is with any new process, the uncertainty or the unknown surrounding how it works is always an obstacle, therefore it is important that this process is developed and tested to create a robust clear guideline for use.

The environmental impact of using AM as a process must be considered, with the ever growing focus and concern over the use of polymer materials continuing to pollute our environment, it is important to consider this as a long term manufacturing method. However, the current use of polymer material within the organisation is used primarily for aesthetic components, AM is not a contender for these components directly at this point in time due to the poor surface quality of the process, it therefore will likely take over the use of metalwork and brackets, therefore have a worse effect on the environment. A wider view of this is that weight is a very big factor in the aerospace industry, if the number of components are reduced, the mass is reduced and therefore less fuel is used, thereby cutting down on pollution due to the burning of fuel in the atmosphere. In addition to the environmental benefit of cutting down on weight, all airlines set a target weight per suite/seat, there are often cost penalties for producing overweight and cost incentives for producing underweight products, therefore there is a financial benefit to the organisation also. The organisation often finds it difficult to reduce the mass of the final product, because of the focus on this issue currently due to recent weight infringement issues, it is something the company is keen to find solutions for, the organisation have even employed ‘weights engineers’ to aid with the control of the product’s final mass.
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NCR Record - PCU Assy.
(2016 - 2019)

Assembly error - Out of tolrance	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	8	5	0	3	1	0	21	4	1	0	0	7	4	Assembly error - Positional	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	6	3	0	4	1	0	14	2	2	0	0	6	2	Assembly error - Orientation	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	2	0	0	0	0	0	9	0	1	0	0	0	0	Damage - Adhesive stain	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	3	2	0	1	0	0	13	1	0	0	0	1	0	Damage - Dent/scratch	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	2	0	0	4	2	0	3	1	0	0	0	0	2	Damage - Functional	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	1	0	0	1	0	0	0	0	1	0	0	1	0	Part shortage	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	0	0	0	3	0	0	0	1	0	0	0	0	0	Wrong hand item	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	0	0	0	2	0	0	0	5	0	0	0	0	0	Wrong kitting	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	1	0	0	0	0	0	0	0	0	0	0	0	0	Lower level part incomplete	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	2	0	0	0	0	0	0	3	0	0	0	0	0	Lower level part damaged	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4	0	0	0	0	0	0	0	0	1	0	0	0	0	
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S SAFRAN

Product Design Specification

Introduction

Tris PDS (Product Design Speciication) provides a detailed specification of the snap fit fastening
feature. The PDS provides engineering data required 1o supply 3 obust desigh adequate to certfy all
aircraft types and to adhere to the requirement of EASA (European Aviation Safety Agency) and the
FAR (Federal Aviation Authoriy)

I the event that 2 conflict exists between the requirements of the PDS and section 21 of the FAA
‘Gocumentation ‘CERTIFICATION PROCEDURES FOR PRODUCTS AND ARTICLES, then the FAA
‘Gocumentation shall take precedent. This document will be maintained o reflect the mos recently
agreed requirements.

Note on terminology: The snap fit fastening feature will b referred to as “The Product’, a indicated
‘on the images belov.
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Product Design Speciication

L0- Weight

e product i to b s light 25 practicably possibe.

20-Cost

The cost for the product is dependent upon the part it may be used within, although the product
itseif may be of ittle cost altnough an analysis should be done on 3 case by case bas's to compare
with aitemative manufacturing methods and standard fasteners. Tris cost must account for any
associated, amortised tooling costs.

3.0- Abuse Load Test
Design Verifcation Plan Test 0: T8D
Tere are two abuse load tests required on this feature:

+ Retentiontest- 30167
+ Tangential abuse load - 30 bf

The product will be subjected to a single 30 I load outward when the produc i in a losed position
and held for at least 3 seconds.

On completion of tis abuse tst he product il reain full functionalfy. The productwil slso be
ssessed for sesthtic wear. The product must rean a level of visual qualty (aignment to
Surrounding parts, eformarion e nine ih an acceptabie -serviceprocuct

Internal requirement is that @ minina allowable deflection is viewed as to ensure feature does not
fiex and become loose.

40-LifeTest:
Design Verifcation Plan Test 0: T8D

e in-service lfe for the product must be 6 years use, 2 lights per day, used twice per fight. This
equates to approximately 10,000 ful function cycles. (6 x 365 x 2 2 =8,760).

On the completion of the Ife tes, the product will retain full functionality and maintain an
acceptable level of aesthetic qualty.
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Product Design Speciication

T Product must complete 3 number o test cycies s specifid n the SSG8 cyclictest pian.
i tst ycle will consist of

+ Pushtolidto engage feature

+ Depressreease mecharism

+ Opentia

+ Veriyfuncionalty of thelatch mecharism.

+ Repeatfor 10,00 yces.

Al stated cycles must be complete with no failures n any parts

5.0- Usability Test

e product vill undergo usabiltytesting using 10 “Naive Subjects” as users. The physical attibutes
(size, strength) o these users snould range from the 5 10 95" percentil, as far 3 s practicably
possible.

T users will be asked to perform a simple open and close task, covering the desired application of
the product features. The users will ot b led n these tasks. Tests will be observed and recorde

e tests will assess:
+ The presence of any physcal discomfort in the performance of the defined operations.

+ The levelof inuitiveness of the feature of the product, consisting of th latching and de-
Iatching o the product

AI10 il users must be able to perform al tasks without major ciscormfort and idenify the.
features of the product ithout requiring prompting.

Design Verifcation Plan Test 0: T8D
The product must achieve arelabity rate of 99% within the defined warranty period (2 years].

The product must achieve a relabity rate of 80% across the specifiedlfe ycle o the product (6
years)

Compilediy;  Shaun Kibane
Date: 79 December 2019 DocumentNo:  TBC
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Product Design Speciication

Note: any failure of the product that requires any form of actio from a maintenance engineer
(either to replace or repair] consttutes a product ailure. The actual cost o a specific ailure s
irrelevant

2.0- Maintenance
Maintenance test. Time test o prove maintenance tosks are within time constroints.

Al maintenance tasks must be achievable without the need to damage associated parts i the.
process (for example, removing the product for maintenance of surrounding part).

Al maintenance tasks must be able to be completed within 15 minutes.

Materials and finishes must be resistant to chemical degradation from “reasonable” ceaning agents.

8.0 Ergonomic & Usabilty Factors
Functionalfy test: Reasonable minimal force shallbe required to use the product as ntended.
The product shallbe fre from any features that may cause discomfort to the user.

e product shall cause minimal discomfort as practicably possble to the user during operation.

9.0 General Performance Requirements
Product 0 be assessed for cimensional compliance at product and assembly level.

Compliance with GDO2/01 tolerance document must be adhered to.

10.0- Centification

* Mechanical certfcation requirements:
The product s non-TSO therefore shallbe treated as furnture and willbe applicable to 9G satic
testing conditons within any given furncure.

Al potential finger raps must be eliminate from the design in accordance with DE-36230
paragraph 03.35 Ijury Prevention, reference doc: 14 CFR 25.601; MOC 06-01431; ARPSS26.
Moving parts that are accessible o fingers shal b free of pinching, shearing and crushing motion
that may be hazardous. Al sharp edges are to be removed.

Compilediy;  Shaun Kibane
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o A Page No: 5
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Product Design Speciication

+ Flammabily certfication requirements:
The materia utiised in the design of the product must meet the requirements of 14CFR 25 853(a) &
‘Appendix F, Part | (Amendment 25-83) and CS 25.853(2) & Appendix F, Part | (60 second vertical
burn compliant), and where possibie the Smoke toxiclty requirements of ABDOOSL for passenger
materials must be adnered t.

10,0 Manufacture & Assembly
Al measures wil e taken to eliminate making the product that requires handed variants.
Poke yoke practices should be employed throughout product

‘Appropriate on-ine QA (Quality Assurance) measures shall be taken o ensure that any mistakes are
picked up prir to the product being passed to the net station.

Part manufacturing processes will be elected on the basis of producing parts that satisy structural
an certfcation requirements, at the best piece part pice (inclucing any amortised tooling cost)

Installation product nto the furiture nust befess than 5 minutes.

12.0- Environmental

Productife cycl should be extended as much as possible through standard environmental design
principles, L. design for refurbishment of mechanical components, design for replacement of
aesthetic components ither to replace tarished part or update company colours, tc.

Compilediy;  Shaun Kibane
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15.0- Compliance matrix

Section | Product ‘Commens: Wieans of compliance (MOC) | Accepted
Compliance ™
Noncomplince,partal | 1=Test
Vinge (arta r | Complanc2or s mstbe
il ot 2= letstionsmasston/anayss o
a—
3= spectonjasesment o va COR
meckan
4= sign review and sgprval by
approve ofspecicaton
5= st g cot o, messured weght
.
5= Conforms b ésign eer
sppicae raving)
o
20
0
@0
50
50
70
&0
50
00
o
0
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14, Possible other sectors
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16 AM Processes.
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2. Documentation

2.1.PDS (Product Design Specification)

22 Material qualification

23.Testrequirements

3. Application

3.1 Which existing products are candidates for this

32.Conduct 3 cost analysis on existing products

13:3.Conduct a quality analysis on existing products.

(4. Development

41 Conceptual designs

42 protoryping

43, Review and test prototypes)

4.4, Refine the design

45. Manufacture.

5. Conclusion

5.1 Create a design guide for how to create a snap fit fastening feature

52 Update existing company documentation to enable use of new feature,

6. Milestones

6.1 VIVA1 (Presentation date - 20th April 2020)
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/63 Work conclusion and report (Submission date - 20th April 2020)

6.4 Poster creation (Submission date - 27th April 2020)
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Recurring Costs
T¢ = Cycle time per unit (hour)
Cy = Machining cost (£/hour)

C,, = Material cost (£/unit)

Non-Recurring Costs Defects

€, =Tooling cost (£) €, =Total cost for defects (£)
Cye =NCcost (£) D = Defects (total)
n=Number of units || DR = Defects rate (%)

Formula 1 - Individual Unit Cost

(T, X Cy) + C,, = RC per unit

Formula 2 - Total Product Cost Formula

Cy + C,
n

NRC per unit

Formula 3 - Defects cost

Formula 4 - Total Product Cost Formula

€4 % DPH = Average defect cost per unit RC+NRC + Defect cost = Total cost per unit
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Product Information

PA 2241 FR

1 General

PA 2241 FR s a flame retardant polyamide 12 for processing in laser sitering systems.
It contains a halogen-based flame retardant. Mainly due to is recyclabilty the material
s economical, enabling low-cost part production.

Typical applications
> aviation (nteior e ai ducts and air outet valves)

2 Technical data
General material properties

Colour whie

Bulk density ERE) 05 gem

(new powder)

Colour of aser-sntered pats whie

Density of lser-simered part E0S-method W0 gem
[RR——

- £05 G, Keiting

Mechanical properties
dry! cond
Tensile modulus NSO xdrectin 190071600 MPa
ydiecon 190011600 MPa
diection 190011600 MPa
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2-dirction w10 e
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Product Information

dryl cond

Tensile stran at tensilestrength. EN150527 _ x-direction %
y-diection %
2-diection 618 %

Strain at break ENISO527  xedirection w2 %
y-diection w2 %
2-direction 619 %

[ p———

- £05 G, Keiting

Short term influcence of temperature on mechanical properties
Dynamic Mechanical Thermal Analysis (DMTA):

Dynamic modulus (Speichermodu G),
oss modulus (Verlustmodul G) and
Toss factor (Verlustfaktor tans) as a function of temperature.

Influence of the wall-thickness

I G

p—eia

Temprsr €]

£05 G - Btz Opct Systoms

manm en S e ©
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Product Information

Influence of the orientation in the building room
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Thermo Gravimetric Analysis / Differential Scanning Calorimetry
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1. SCOPE

This_specification identfies the requirements for the manufacture of non-primary
structural parts and components via Fused Filament Fabrication (FFF) process for
aircrat interior applications. This EPS is intended for the use of Ultem 9085 Certified
Airbus grade [1] with a Stratasys Fortus 900mc version T16A machine.

2. DEFINITION, APPLICABILITY AND LIMITATIONS
21 DEFINITION

211 General Definition
Batch: Raw material (in pellets form) for the manufacture of sold filaments and identified by
abatch number

Lot: Lot of raw material, in the form of sold flament made from a single batch of raw
‘material and identfied by  lot number.

Equivalence plan: During an equivalence qualification, the content of the test plan and the
target values are intended to validate the conformity of the “material-machine" assembly
with respect to a reference previously characterized. The idea is to reproduce the plan
identically and to confirn that the values and the dispersions observed are identical or
similar to the reference. In an equivalence test plan, work is carried out with representative
and standardized test specimens, independent of the final shape of the part

Run: To describe the variabiliy of results an identical build platform is produced several
times. Each production is called run.

Raster: The intemal fill pattern of the part.

Support Structure: Rigid structure built with the part in areas that require adequate support
s part of the component print. Support structure needs to be broken and removed.

2.2 FFF Process parameter definitions

BASS (Breakaway Support Structure): It requires manual removal of the support
structure (consumable) from the part surface: tools are sometimes required to remove all
supports.

FFF- (Fused Filament Fabrication) The act of printing structures using thermoplastic
flament heated to melting point and extruded layer by layer.

NOTE: FDM (Fused Deposition Modeling) is the same as FFF. FDM is a Stratasys
registered trade name for this process and is only applicable to Stratasys documents.
Canister: Packaging used to house filament to aid in maintaining moisture and efiminating
contamination

Pull Force Canister test: This test makes it possible to control the quality of the canisters.
This test consists in measuring the tensile force required to remove the plastic flament from
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the canister and inject it into the extrusion mechanism of ts additive manufacturing
machines.

Build Sheet: A polyethersulfone (PES) construction sheet of the size of build chamber. Itis
used to guarantee the atiachment of parts to the construction part during manufacture.
Slice Height: Layer thickness, usually between 0.254 and 0.330mm. The layer thickness
impacts the texture of the surface and specifies the width of the rasters and contours.

Part Fill Style: Identification of fil pattern used to build a solid model. There are different
possible parameters as idenified in Annex A

2.1.3 Print Parameters related to the contours and the rasters definition

Figure 1Image showing parameters related to contours and rasters.

Multiple Contour: fill the part with an outer contour, intemal contours, and interal raster
fills

Contour Number: The count of material contours that represent a layer. Note: Additional
‘contours may produce stronger perimeter part wall

Contour To Contour Air Gap: The gap between two contours when the part fil style is set
to Multple contours.

Contour Width: The width of the contour

Part Raster Width: The toolpath width of the raster pattern used to produce solid filed
regions of the part curves.

Raster Angle: The part raster angle as measured from the X-axis on the bottom part layer.
All part support raster angles are relative to this angle.

Bypass auto seam placement: Tum on the bypass auto seam placement option to use the
‘seam locations determined by the slice boundary curves created during slicing. Leave this
option tumed offto utilize the automatic seam placement capabilty.

Minimize transition moves: By default contour toolpath, direction are conditionality reverse
to minimize system XY travel time between extruded contours. Tum off minimize transition
moves to force all contours to be extruded in the same direction, causing larger transitions
between contours.

Part X shrink factor: The shrinkage factor applied in the X direction.

Part Y shrink factor: The shrinkage factor applied in the Y direction.
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Part Z shrink factor: The shrinkage factor applied in the Z direction

The coefficients of retraction are to be defined by the part manufacturer, on a case by case
according to the size of these parts. Once the coefficient is defined for a part family, it will be
frozen and will appear in the production tracking sheet. This also implies that the
‘manufacturing position must be specified and fixed for each family of parts.

22 APPLICABILITY AND LIMITATIONS

This process specification is applicable to the manufacture of thermoplastic aircraft interior
‘non-primary structural parts using Fused Filament Fabrication process. Itis applicable when
itis invoked directly by the drawing or through another document for the purpose given in
the scope.

The materials and consumable to be processed by the reference manufacturing site under
this specification are reported in section 22.1

221 Materials ~ Build, Support and Consumables
Table 1 List of qualified materials to this specification

Code Material Source and Code-No
ABuid Aerospace Filament Specification as_| Ultem 9085 CG
defined in [2, page 4 PIN: 35523109 [9]
BT-Support | Support for Ultem 9085 PN: 355-03220
Buid Sheet (PES) Light tan Colour, | Stratasys" recommended
ci- placed in Bag and labelled [2] material
Consumables | Note: Gloves required to remove (Part number reported in the
support material CoC)

The buld sheet shall be new in the area of use at the time of part manufacture and has o
‘meet the minimum size requirement for the manufacture of the part.

Deviations to the requirements in the table above or substitutions are allowed, but only with
the written consent of Safran Seats DOA

The above is covered at drawing sign-off approval for any new designs / any
‘materials or any combinations of materials. Section 2.2.1, ilustrates currently approved
‘combinations. Future updates to materials or Gombination of materials will be made if
possible as and when requested.
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222 Fused Filament Fabrication (FFF) Machine

‘The qualified machine details are outlined in the table below:
Table 2 Qualified Machine(s) details

Machine Make and

Model Description Serial number Remarks
Stratasys Fortus Version TTGA,
900me building envelope = | See Note below | Manufactured by
Gen2 900x300x600 mm Stratasys

NOTE: The Stratasys Fortus 900mc machine serial number used for fabrication of parts
must meet the requirements of this EPS. It is the responsibity of the Production
Organisation to ensure the machine used to fabricate parts mests the requirements of this
EPS

223 FFF Manufacturing site

‘The manufacturing of FFF parts is controlled by the Production Organisation under the
armangement between the Design Organisation and the Production Organisation (DO-PO).
Any changes to the manufacturing site require notification to, and agreement of the
Production Organisation and the Design Organisation prior to being implemented.

2.2.4 FFF Parameters
The only applicable parameters for the FFF machine are further specified in Paragraph 4.3

225 Health and Safety
Safran Seats only permits the usage of consumables compliant with Health, Safety and
Environmental regulation. It s the sole responsibility of the user to ensure familarty with the
safe and proper use of any hazardous material and processes and to take any
precautionary measures to ensure the health and safety of all personnel involved

3. CONTROL

This section of the document will be issued to every operator with access to the printing
area.

34 ENVIRONMENTAL CONTROL
The FFF system is for indoor use only and the facility shall operate at the following
operation conditions:

« Operating temperature range: 15,5 t0 29 °C

« Humidity range: 20% to 80% RH non condensing

Fabrication facilty electrical and compressed air requirements should follow section 5 of
NCAMP process specification [2].

No eating, drinking, or smoking is permitted in the working area and adequate cleanliness of
the environment shall guarantee contamination free production items.
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32 STORAGE CONDITIONS CONTROL

The conditions of storage and handing of the material must be documented and
scrupulously respected by the machine user. This is a non-exhaustive list of requirements to
follow:

1

1
.
w.
V.

Materials shall be stored away from moisture and dust in sealed cartridges
Material storage:

a. Temperature between 155 and 29 °C

b_ Relative humidity between 20% and 80%

‘The unused material must be stored with the necessary precautions to avoid any

‘damage or contamination and to ensure its traceability.

Adequate storage facilties for raw materials and finished parts must be available and

must provide adequate protection against moisture, damage and contamination.

Moisture content and drying:

‘The canisters must have additional drying before being inserted in the machine:

1) Prior to use for manufacturing of parts the material must have a moisture content
of less than 0.01%, when tested according to ASTM D7191. If the moisture:
content of the material does not meet this criterion, it will be dried and re-
analysed. If the canister fails a second time, the material must be rejected and
disposed of by a user-approved authority.

2) The drying procedure of the material in the canisters is detailed below [5]

a. Ensure oven and vacuum pump have been installed and calibrated according
to oven and pump manufacturers’ specifications.
b. Set the oven temperature to 75 ° C and allow the oven readout to stabilize to
75 °C within £ 0.5 °C as displayed on the screen
. Check that all ftings and hoses are properly attached, verify the pump valve
handle is horizontal (closed to pump) and the air pressure valve is horizontal

(0pen to atmosphere) then turn the vacuum pump on.

Remove the top cap from the canisters

e. The canister must be positioned vertically in the oven unti it reaches its
optimum value

£ Close air pressure valve by tuming itto the vertical orientation. Then initiate
the oven vacuum by tuming the pump valve handle to the vertical orientation.
Wait up to 15 minutes for the vacuum pump to decrease the pressure inside
the oven to less than 100 mbar. If pressure is not achieved, check system for
leaks.

g. The material must be dried in the oven per Table 3:

Table 3 Drying time as function of starting moisture content

Notes

2448 b “pptional check
Lot |

SAFRAN SEATS GB
Kesirel Houss. Lakeside LsntaramIndustral Park. Cumbran, NP4 3HO, UK
Telephone: () 103 S350 Fax: (4] 1633 133625 Cage Code: 1954

e

o @ Sheet

=3

Tz | wwe 6or35

WP RSR T o ey e e o S Trve o s ol e e e e





image50.png
ENGINEERING PROCESS SPECIFICATION EPS No 3124

Tt ‘Special Process
Control of ALM Parts Manufacture - FFF Ultem 9085 CG Yesie.

*Optonaly, moisture content may be checked after 24 hours of drying. Ifmoisture content il
‘xceeds 0.045%, the canisters desiccant s ikely exhausted and the carister should be replaced. Il
elow 0.049%, bt above requirement (0.01%), continue crying fo up to 24 addtional hours reach
moisture reqirement (0.01%). I afte 48 hours of combined drying ime the canistr s il dbove the.
requirement (0.01%),replace canister as desiceant s likely exhausted.

33 EQUIPMENT CONTROL

34

1) The FFF machine shall be installed in accordance with all Stratasys installation
manuals and guidance.

2) Calibration and maintenance plan must be appropriate to meet the Engineering
Requirements in section 4. Stratasys documents may be used as an initial reference
B.4

3) Record of calibration and machine maintenance must be retained in QA records.

4) Prior to production of parts, ensure that the machine is in the lst of qualified
machines (Annex D).

SOFTWARE CONTROL

The software is an essential part of the process and must be defined and configuration
controlled. The specific software version used for material qualfication is controlled in Table:
4. Model preparation, pre-processing, CMB and job file creation indications should follow

@

Table 4 Stratasys software details to be controlled

Number Revision Description
Pre-Processing Software: | Contains T16 and T18A configurations for US0B5CG material
Insight Version 115 o Forlus S00me Plus in Modeler dropdown menu.

Contains T161US0B5CG configuration with T16/U3085CG
parameters and T1GAIUSDBSCG configuration with
 sofware Version: | T1BAUS085CG Model and Support High Quealiy Build Mode:
oo parameers. Model aciveWipeTime retums non-4 digit
number, Model inActiveWipeTime retums a value “0°
Contains restrctions agains: buiding mismatched tipimateral
Gmbs and p/CGMaterial machine configurations

35

Note: Tha soffwara for the Fortus 900 Plus machins are provided by Strafasys Inc.

CONTROL OF BUILD AND SUPPORT MATERIAL.

1) The material wll be stored in a controlled temperature for 24 months in its original
packaging stored at 155 to 29 °C [2].

2) Opened, partially used material/canisters shall be sealed by retracting al flament
material and retuming the stopper to prevent moisture absorption; this material can
be used solong as it can fulfil all the requirements in section 4 and Table 3.
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drip flame fime Tno drip I
Table 9 Flammability requirements for heat release - passfail criteria in accordance o the
test F7 of [20]"
coupon [\, Heat Release test F7 - [20] - | Heat Release test F7 - [20]
Orientation | /alu® average peak heat release | average total heat release
XY Mean | <65 kWim® <65 kW.min/m®
xz Mean | < 65 kWi < 65 KW.min/m*
x Mean | < 65 kWi < 65 KW.min/m*
245 Mean | < 65 kWi < 65 KW.min/m*

*Test standards, configurations and conditions are specified in Annex B.

43 PROCESS (FFF) KEY CHARACTERISTIC REQUIREMENTS

The key process parameters or characteristics wil affect the product result and its
properties. The key parameters for the modeller, the support and tool path, to be used in
Insight (as in section 3.4) are reported in Table 10, Table 11 and Table 12

Table 10 List of Modeler parameter choice their level of priority.

Parameter description Standard Parameter || oo
settings
Modeler Type Fortus 900me Mandatory.
Wiode! Viateral (Buid
e Uttem 9085 CG Mandatory.
Model Material color Tan Mandatory
Support Material Uttem support Mandatory.
Invert build material No Mandatory.
Siice Height 0250033 Mandatory.
Model Tip TieA Mandatory,
Support Tip Ti6 Mandatory.
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Table 11 List of Support parameters their level of priority

Parameter description Sandard settings | Lo¥®!
Support style Sparse Recommended
e el materal where Unchecked Free choice
Self supporting angle I Free choice
Grow support No Free choice
Supports o create Supports and base_| Free choice
Two layer of support face Tl Fres choice
Add contourto support face i Free choice
Two layer of base top Checked Fres choice
Contour base Checked Free choice
Base oversize 152 Fres choice
Base layers 5 Fres choice
Insert perforation Uncheked Fres choice
Table 12 List of Toolpath parameters and their level o priori
Parameter descri Srandard settings | Lo¥°!
Part fill Style. One contour/ Free choice.
Visible surface style Enhanced Free choice
Partinterior style Solid Mandatory.
Contour width 0508 Mandatory.
Number of contour 1 Mandatory.
Contour to contour air gap o Mandatory.
Link contour Unchecked Recommended
Part X shrink factor ot Mandatory.
O ot e st P o, 10035,
Teepnone: () 053753500 o (4 1633 351 CogeCoer U154
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o o0z 0@ 1405

VPRI RSR T o ey e e o S Trve o s ol e e e e





image53.png
ENGINEERING PROCESS SPECIFICATION EPS No 3124
Tite Special Process
Control of ALM Parts Manufacture - FFF Ultem 9085 CG oo

Standard [
Parameter settings

Part Y shrink factor 101 Mandatory
Part Z shrink factor 1.0097 Mandatory
Bypass seam placement method | Unckecked Recommended
Minimize transition moves Checked Free choice
Enhanced visible raster 04318 Mandatory
Visible raster airgap. 00254 Mandatory
‘Surface max contour 0 Mandatory
Enhanced intemal raster 06096 Free choice
Interal raster air gap 0 Free choice
Part raster width 0508 Mandatory
Raster Angle 25° Recommended
Contour to raster airgap 0 Mandatory
Raster to raster airgap 0 Mandatory
Use parallel offset part rasters | Unchecked Mandatory
Number of nterior contour NA Mandatory
Part sparse fill air gap. NiA Mandatory
Part sparse solid layer NA Mandatory
Sparse pattem cycle NA Mandatory
‘Sparse raster angle NA Mandatory
Extend bridge layer to sparse NA Free choice
Cap layer extension NA Free choice

24 OTHER REQUIREMENTS

Itis the FFF parts supplier responsibilty to define and control the machine, machine
software, other equipment, tooling, part marking, CAD/CAM interface and personnel

requirements with adequate procedures to fulfl al the engineering requirements in section
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4. These procedures shall be available for review and/or audit by the approved Production
and Engineering Organisation.

5. QUALIFICATION

51 REQUEST FOR QUALIFICATION
1. All requests for qualification (see section 5.2) should be addressed to the Strategic
Purchasing (SP) department of Safran Seats (POA). SP coordinates communication
between the supplers and Safran Seats DOA.
Il Al requests submission require the following information

Supplier's Company name and Plant location

Suppler product designation

Material type/classification to Safran Seats specification

Designated offcial representative(s) for qualfication programme

Description of faciltes, production equipments and procedures followed to

produce the material to be qualified

Il Safran Seats DOA shall verify that all the Engineering requirements can be
(potentially) met by the supplier.

IV, Prior to submiting a material for qualification to this specification the supplier shall
provide all the Material Safety Data Sheet (MSDS) for Health and Safety department
‘assessment - further information may be required following on the assessment
Commercial and other Non-Disclosure Agreements should be considered as
‘appropriate.

V. The new supplier will undergo a qualification process in accordance with the
methodology in section 5.3 Compliance to this specification may be granted
depending on results of the qualfication tests.

VI Fora list of qualified machines (under approved production organisation), refer to
Annex D,

52 QUALIFICATION TESTING

saocs

A qualification process shall be carried out when any of the following changes is applied:

1) New pellets supply with the same filament production process and same FFF
process and same machine.

2) New filament supplier/process with the same pellets and the same FFF process
‘and machine.

3) Qualification of a new machine using the same pellets and the same filament
process and supplier
With respect to the above definition the following apply:

a. Same pelets supply means same pellets formulation , chemical composition
‘and same pellets production plant
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