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2.0 - Introduction. 

The following report is devised into two parts, or tasks, part one/task one is centred around  Design for Additive Manufacturing and the utilisation of the tools, and software associated. There is also detail into a design created using the software proposed for integration at Tata Steel Port Talbot, aided through the use of images and potential cost savings. 
Part/Task two, the high volume production of a portable wind turbine and the potential for redesign of the device, as well as the potential for further integration of the product. Delves into the study surrounding the potential for production of products and focuses on the concept design appraisal, manufacturing process proposal an the design an development work undertaken. 


















3.0 - Main Findings – 

3.1 - Task 1 – DfAM Case Study.

3.1.1 - Design for Additive Manufacture (DfAM) Principles – 

Design for additive manufacturing (DfAM) is an ‘umbrella term’ for the numerous approaches and design for additive manufacturing. It is the ability that enables us to produce designs specifically for 3D printing. Additive manufacturing enables you to design parts and products that are lighter, high performing, and potentially cheaper than traditionally manufactured products. Additive manufactured products are also abled to be mass-customized to fit the end users physiology, and preference for performance. In short it is the term used to describe the wide variety of design/engineering/manufacturing activities from the design of the lattice structures to support, part orientation to topology optimization, and part consolidation to process parameter development. 
There are numerous examples in which the design can be produced through additive manufacturing techniques – 
Material Jetting – A precise, efficient, print head that sits above a platform and material is deposited onto the surface in the form of droplets, hundreds of these micro-droplets are positioned with charged deflection plates – these provide an increased level of control and accuracy. Once positioned these droplets then solidify creating a layer, this is repeated over and over building up the layers. Droplets can be distributed continuously, or individually using the ‘Drop-on-demand’ (DOD) method, material jetting can be carried out using a wide variety of materials, including polymers and waxes (Engineering, 2021).
Powder Bed Fusion – An additive manufacturing process that uses a layer of powder applied to a platform, from that an electron beam, or a laser then fuses the powder before a second layer is applied with a roller or blade, this is then repeated to build the layers and create the product. Within this additive manufacturing technique are slight variations, including – 
· Selective Laser Melting (LSM) 
· Selective Laser Sintering (SLS) 
· Electron Beam Melting (EBM)
· Direct Metal Laser Sintering (DMLS)
Despite the differences behind these varying techniques, all powder  bed fusion manufacturing occur within the same environment. Metals and polymer powders can be used, which again make up the overall structure and create a completed product (Engineering, 2021).
3.1.2 - Chosen Additive manufacturing process – Powder bed fusion: Selective laser melting (SLM).

Selective laser melting (SLM) is the chosen additive manufacturing approach for this given product, it falls under the powder bed fusion category of additive manufacturing. As the chosen material for the product is stainless stell. As previously said with the powder bed fusion technology selective laser melting uses a high powered laser that selectively melts metal powder into a part layer at a time. Fig 1.0 shows the functional components of the use of SLM printers, a 3D model is converted into a format that is compatible with the SLM printer, the design is then ‘sliced’ into layers using the slicing software, where each individual section of the model represents the layers that are intended to be printed by the SLM machine. When the design is loaded and ready to go the printer will be loaded with the required powder stock of metal, an inert gas, typically argon is pumped into the sealed chamber to protect the metal from oxidation in the presence of the laser beam. The printing process begins and along the X-Y axis scanning the mirror precisely to build the profile. After the layer is complete, it requires sufficient cooling before the next can be built atop, this is where the device will move and start along the Z axis, this is then repeated over and over again until the final part is built. 
The advantages of using the Selective laser melting system – 
· SLM is able to create fully metal, high performance parts that are very accurate and detailed. 
· The range of materials in SLM is large, this encompasses the high strength and speciality of metals. 
· It can reduce the required number of parts by printing the whole assembly and has the ability to create highly complex geometries. 
· SLM can speed up the manufacturing process, reducing the number of delays while also reducing material wastage and usage, especially when its compared to traditional manufacturing methods.
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Fig 1.0 – Diagram of the Selective laser melting process.
3.1.3 - Chosen Design Idea – 

Backstory behind the design – At Tata Steel Port Talbot’s blast furnaces the use of refractory products is extensive in order for operations to create the smallest quantity of iron possible. Giving the reader the benefit of the doubt, refractories are ceramic materials that are designed to withstand high levels of heat. They are more heat resistant than metals and are used to line hot surfaces found within many different industrial processes. In addition to their resistance to thermal stress and other physical phenomena induced through heat, refractories are also able to withstand physical wear and corrosion that is caused by attack of chemical agents. Generally speaking refractories fall into two broad categories, shaped, so preformed shapes i.e. bricks and monolithic, which are unformed aggregate compositions, these are mixed on site, with water, and poured into the desired area. The difference being here that the preformed, shaped refractories come onto site already dried and ‘fired’ for use. Monolithic don’t, as the material arrives just as a aggregate the mixing must happen onsite, it goes without saying that the correlation between 1000+ degree C iron and water doesn’t work in a favourable manner (Institute, 2023). So the drying process is critical for the safety, and the longstanding life cycle of the refractory product (Bases, 2010). When the material is cast the cement product within fuse and naturally heat, this ‘cures’ the product, this unfortunately isn’t enough. There must be a controlled heat up to remove all water from within the refractory, not just the standing/visible water but also the … within the matrix of the refractory component. 
The dry out period is a controlled period of time, it is done through the use of a gas ‘rig/pig’ and flare baggings. The rig is attached via a bagging to the natural gas main line, from there the gas is transported into the rig and is fed our through various baggings into the areas that require flaring. This is where we suffer issues, as the immediate area the flare baggings run along is so hot the baggings burn up and break leaving them null and void for use, while also pumping natural gas over the surrounding area. 
The idea behind this product is to feed the bagging through the horizontal pipe keeping the majority of the bagging off the floor, especially in those hotter areas. The baggings are used so frequently and the lead time is up to 8 weeks, there have been instances where they are required but due to these issues there hasn’t been any were are/available for use. Not only is the lead time up to 8 weeks but as they are specially created, and are resistant to heat at a certain level they come at a premium, £750 per bagging. Each rig has capacity of 8, including the main supply, in the most recent refractory planned maintenance 6 baggings were ruined and no longer viable for use, that’s a total of £4,500. That is just one example, if there were to be issues seen similar to this over a yearly period of planned refractory maintenance, at the same rate – 
7 (Average number of planned refractory maintenance throughout the year) x 6 (Baggings)  = 42
42 x 4 = 168 baggings.
168 x 750 (Price per bagging) = £126,000 per year.
A truly massive number, and potential for savings all through the potential integration of a simple product into the process.
In short the idea behind the creation, potential integration of the product is as an attachable device that holds critical gas flaring equipment up off the ground to protect it from burning it. See below in Fig 2.0 the product via a CAD drawing on Fusion 360. 
[image: ]
Fig 2.0 - CAD drawing of the flare bagging holder.
3.1.4 - Finite Element Analysis. 

Finite element analysis (FEA) is a simulation of any given physical phenomenon using a numerical technique through finite element method (FEM). The use of finite element analysis is used to reduce the number of physical prototypes and experiments needed and will instead optimize the components in the design phase to better develop products faster and in return saving on expenses. Using the mathematics integrated within the software to comprehensively understand and quantify any of the physical phenomena such as structural or fluid behaviour, thermal transport, wave propagation, the growth of biological cells, etc (SimScale, 2018). The software shows whether a product will break, wear out or work the way it was designed to, it’s an analysis of the development process, and is used to predict what’s going to happen when the product is in use (Autodesk, 2019). Below in Fig 3.0 is the results following an finite element analysis of the proposed product via Fusion 360.

[image: ]
Fig 3.0 - Finite Element Analysis of the flare holder.






3.1.5 – Generative design Tools/Techniques.

Generative design is a computer/AI driven software process where design solutions are automatically created through the users-pre-defined needs and constraints. The information that the designer enter into the software, along with the variables aid the generative design software, material, manufacturing method, etc, the way it works can be broken down below – 
· The physical constraints – the physical constraints of the design space, these include every interface of the new parts in a larger assembly (I.e. mounting holes) and spaces where the new part cannot occupy. It can often be used to redesign parts to occupy smaller spaces. 
· All forces and loads that are involved, this is including the regions that need to be reinforced or simplified to withstand the stresses of movement when in operation. 
· The criteria, the final goal, the objective that the algorithms must strive to achieve whilst minimizing the parts mass, cost and defining the safety factors of the project (This can be seen in Fig 3.0 where the safety factor within the finite element analysis).
· The chosen manufacturing process – this is where the unconstrained freedom of 3D printing really shines.  
The software doesn’t replace the designer, nor the engineer, its purpose is to accelerate the design investigation and potential part optimization. The AI can create results that would be difficult, if not impossible for a human to create in any reasonable time. Through generative design other algorithms and optimizations are possible like shape and topology , these are thigs that have long been dealt as one of the basic engineering issues. The ideology of trying to create a sufficiently strong product/parts with the least amount of material as possible. The product is seen below in Fig 4.0 through the use of generative design – 


[image: ]
Fig 4.0 – The chosen product seen through a generative design format.

3.1.6 - Failure Modes & Effects Analysis (FMEA). 

Failure modes and effects analysis (FMEA) is a systematic, proactive method for evaluating the process to identify where and how a product may failed and to the assess the impact of different failures in order for the designer to identify parts of the process that are in need of the most change (Institute of healthcare improvement, 2017). See below the FMEA associated with risks and the product – 



	Process Step/Input
	Potential Failure Mode
	Potential Failure Effects
	SEVERITY  (1 - 10)
	Potential Causes
	OCCURRENCE  (1 - 10)
	Current Controls
	DETECTION  (1 - 10)
	RPN
	Action Recommended
	Resp.
	SEVERITY  (1 - 10)
	OCCURRENCE  (1 - 10)
	DETECTION  (1 - 10)
	RPN

	What is the process step, change or feature under investigation?
	In what ways could the step, change or feature go wrong?
	What is the impact on the customer if this failure is not prevented or corrected?
	
	What causes the step, change or feature to go wrong? (how could it occur?)
	
	What controls exist that either prevent or detect the failure?
	
	
	What are the recommended actions for reducing the occurrence of the cause or improving detection?
	Who is responsible for making sure the actions are completed?
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Deformation from heat
	Warpinng, derformation
	Product unusable
	4
	Device too low/close to heat
	6
	Visual Inspection
	4
	96
	Preflight checks, ensure product/device far enough from heat
	Refractory team
	4
	6
	4
	96
	

	Damage from external forces (Machines)
	Total destruction
	Unsafe, unstable product
	10
	Unsuitable position, negligence
	4
	Process confirmation
	8
	320
	Pre flight checks, SOMP ensuring area is clear
	Refractory team
	10
	4
	8
	320
	

	Too much force exerted on the tube 
	Mishapen, potential for snapping
	Product unusable
	8
	Negligence 
	5
	Process confirmation
	4
	160
	 
	 
	8
	5
	4
	160
	

	Incorrect storage
	Corrode, weaken the product 
	Slowly weaken the product 
	3
	Negligence 
	8
	Process confirmation
	8
	192
	 
	 
	3
	8
	8
	192
	















4.0 - Task 2 – High Volume Production – Portable Wind Turbine.

4.1 - Concept design appraisal. 

4.1.1 - The Purpose 

A portable ‘wind turbine’ or ‘fan’ is simply put a device that isn’t permanently affixed to a base object. They are available today in many different shapes and sizes, from small battery powered, to large box fans to ventilate a whole room. Looking for the end user/customer’s needs – for a portable fan we would want a silent, low energy consuming, wireless storage, and intelligent device, at a cost that is also feasible. 
There are many things that must be considered when undertaking design concepts so you’ve got a product that is proven, prototyped and tested ready for the products end user. There are many different nuances that must be made aware of during the initial design phase.
Aesthetics – 

The aesthetics of a product is probably the main, most obvious part of the entire design process, its ultimately the first thing prospective customers will notice. Before individuals even look at the specifications of a particular product, the way it feels, or even the way it performs its task, they notice exactly how it looks. This is very often the deciding factor when purchases are made. 
Staying up to date with what is going on within the sector/industry, what are other companies producing, how are the perceived, these can all be understood through a strategic management technique known as the ‘SWOT’ analysis, this is a tool that allows organisations/businesses to truly understand the competition (Mind Tools, 2022). Companies must also understand what customers want, this can influence the way in which the product can look. If the company has any other successful products understand why they were successful, and then build on top of this success (Major, 2017). 



Ergonomics – 

Function first – it’s easy and quick for customers to forget about how nice and beautiful a product may be if its irritating and painful to use, the product must be as comfortable and intuitive to use as possible. It is better to have a comfortable, easy to use product but slightly less better looking than one that is amazing in looks but is completely horrible to use (Major, 2017). 
Materials – 

Material or materials used to create a product are one of the most obvious considerations needed, the specific analysis of the products use, expected life and environment is necessary to ensure the longevity and survival of the product. The material choice of every part from the shell, nuts, bolts – Hardware that isn’t up to the specification can cause detrimental effects further down the line, ultimately leading to the failure of the product (Major, 2017). 
Manufacture and Modularity – 

In ‘todays modern age we’re able to manufacture almost anything’ (Major, 2017). However this isn’t strictly the case, for instance CNC machining cannot tackle every shape and size. Similarly to casting processes, these need the product to be easily mouldable/removeable from a mould, things like ‘overhangs’ become very complex and difficult to create. Splitting a product up into smaller, easier to handle/create pieces is a tactic that can be employed by many manufacturers. A perfect example of this can be seen with Ford. Ford manufacture the Focus with a standard engine, but the design is modular so that they can simply enhance the parts to implement a more powerful engine for their premium ‘ST’ range of vehicles. This allows Ford to offer a wide range of vehicles without having to have a completely different set of parts for each and every vehicle models. 
Sustainability – 

In the initial stages of product design a company must ensure that the chosen materials and components are easy to find and in good supply. The inconvenience of using raw materials that are hard to come by could inevitably ruin the product, and potentially the company. 
Not only must the design phase show emphasis on the demand for raw materials but also must consider the environmental impacts the product may have further down the line, is it made from recyclable materials, is it biodegradable, these are examples of what should be considered. 
Not only are there physical product concepts and ideas that must be considered but also a backbone of knowledge to back the concept. 
Companies must complete market research, SWOT analysis is a good tool for companies to decipher the field. Is the concept something that people would want, look at fellow competitors and what they have on offer, how could this product standout, add value to the product and be more successful than anything else on offer. 

4.2 - Manufacturing Process Proposal – 

Developing an idea for a product is totally meaningless if you can’t adequately produce it, to do so there must be an understanding of the design, materials and budget. How companies have developed the production of products over time has changed over time, hand manufacturing products, and traditional processes are still used, but these are now sold with an added premium, to something that is mass produced. As technologies have advanced so have the processes that businesses produce, the use of mechanized tools to mass produce on a large scale is seen throughout most large scale businesses throughout the world today. 
There are a number of manufacturing processes in which must be considered – 
Additive Manufacturing – 

Additive manufacturing is a process that utilises data from computer aided design software, or 3D scanning that uses direct hardware to deposit material, layer upon layer, in a precise geometric shapes (Kenton, 2020). The term ‘Additive Manufacturing’ refers to the technology that enables manufacturers to grow three-dimensional objects one layer at a time. Each successive layer bonds with one another through the computer aided design software used to create it. The information generated on the software guides the printer to precisely deposit material upon the preceding layer. 
Repetitive Manufacturing – 

Companies/manufacturers who adopt the repetitive manufacturing processes are committed to producing the same product or components 24/7, 365 days a year. A distinguishing property of the repetitive manufacturing is its ability to primarily utilize assembly and/or production lines, specialising in repetitive production. 
Manufacturers use repetitive manufacturing method when they’re mass producing a product that are similar in layout and purpose. There are two different types of repetitive manufacturing – Make-to-order (MTO) and make-to-stock (MTS). MTO is a system of manufacturing in which products are manufactured based on a customers orders. This type of manufacturing is based on an individual customers needs. MTO systems allow for a high level degree of flexibility since it follows a production order. 
MTS manufacturing however is used to produce products with a high level of demand at a predictable sales pattern. In MTS, production is based on a forecast demand and is structured to meet this expected demand, at a designated timely manner. Businesses that create/sell products with a high level of demand and with predictable sales use MTS, it allows for the use of specialized equipment and automation to allow for manufacture to flow, allowing the ability for high speed and very efficient production of a product (Knowledge Center, 2023). 
4.2.1 - Chosen Manufacturing process – 

The chosen manufacturing process to create this product should be a repetitive manufacturing process, a make-to-stock system. The cost effectiveness, by minimizing the production costs and waste, continuously improving the whole production process. The same raw materials and components allow for the procurement side of the operation to scale the market, resulting in the lowering of overall costs (Knowledge Center, 2023). 
Performance visibility, is an advantage because it allows for real-time monitoring and control of the entire production process. It allows for the process to be closely monitored and track key performance indicators (KPIs) this enables companies to make data-driven decisions to optimize and improve the process (Knowledge Center, 2023)
Flexibility, this enables manufacturers to adapt to an ever changing market/customer needs. The efficiency in which can quickly introduce new products or modify existing ones, they can also adjust the way in which production lines base changes to meet demand to continuously improve the effectiveness of the production process through the data and analysis (Knowledge Center, 2023). 
As stated with flexibility the collection of data and the analysis that follows enables the optimisation of production and in turn the reduction of costs, this will drive continuous improvement techniques. If companies can achieve continuous improvements through the process line identifying and eliminating sources of any variability and potential defects by continuously driving to implement corrective and preventative actions that drive improvements to the overall process (Knowledge Center, 2023).. 

4.3 - Design and Development Work. 

4.3.1 - Design for ‘X’. 

Design for ‘X’ or excellence is a systematic approach used to achieve targeted objectives. X is used to represent targeted objectives or characteristics of the product or process. In order for companies/businesses to remain successful within the marketplace, customers must meet any and all customer expectations. Continuous feedback mechanisms help inform companies on the efforts to understand and solve the demands (Hessing, 2014). The design for X process comes with certain characteristics that are designed to aid the process – 
Early correction of defects – Over traditional engineering design process where defects/issues are identified after he design phase, design for X shifts this focus to addressing the issues at an earlier design stage. 
Smaller number of iterations within products – It is VERY rare to see products designed perfectly on the first attempt. There are always multiple iterations that are needed to create a perfect product design, creating these iterations is an expensive, daunting task for designers/companies. Design for X drives the reduction of product iterations to get the design right at the first attempt. It is done through the use of creating numerous virtual designs and carrying these simulations instead of physical tests, rapid prototyping, generative design, these are both examples of the tools on hand for the progression of the product. 
Shorter time to the market – Increasing the communication and a reduction in the rework costs, design for X considerably reduces the time for market of any, and all products. Salient characteristics of design for X that can be quite self-explanatory – 
· Reduced total product development costs.
· A reduction in product risks.
· Improvements to operational efficiency. 
· An increase in production yield. 
· Higher customer satisfaction.
There are numerous types of processes that encompass the design for X philosophies – 
Design for Manufacturing (DFM) – Design for manufacturing is reference to the design that brings convenience to the product development, at every stage of design, with the ease of manufacturing evaluated. 
4.3.2 - Design Improvement. 

Initially looking at the design of the product it was clear to see that there would be issues in regard to holding/standing the product up, without running risk of damaging the device, a user, or items within the close proximity of the product, not only that but it will improve the product itself. See below in Fig 5.0 the design proposal for the wind turbine itself without any sort of pedestal/stand. Fig 6.0 is an example of a design in which a pedestal could be created for. 
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Fig 5.0 – The proposal of the turbine design without the pedestal.
[image: ]
Fig 6.0 – A design of a pedestal that has the potential to be compatible with the turbine.
A key thing of note was to remember that the device is a ‘Portable’ device, so the portability was of upmost importance, having a light weight, easily manoeuvrable pedestal. Ease of set up and maintenance, with an extended life, the pedestal should realistically last longer than the motors etc within the device. The efficiency of the product can also be improved, the ability for the product to also be positioned where the pedestal enables the turbine/fan that can push air throughout an entire area, instead of the immediate. 
There are a number of design for assembly methods that could be used – 
4.3.3 - The Boothroyd-Dewhurst Method. 

The Boothroyd-Dewhurst DFA method was proposed by Boothroyd and Dewhurst, it seeks to reduce the overall total number of parts in any given assembly by means of trying to reduce the amount of manual handling time as well as insertion time (Boothroyd, 2008). The theory is based on two principles: 
· The application of criteria to each part to determine that it is separate from all other parts. 
· The estimation of the handling, and assembly costs for each of the parts using the specified assembly process. 

4.3.4 - Lucas DFA Method.

The Lucas DFA method was first developed in the early 1980’s by the Lucas Corp in the United Kingdom. The Lucas method is based upon a ‘point scale’ which gives a relative measure of the level of difficulty associated with an assembly. It is based upon a hierarchical decision making system followed by the Lucas method (Matuszek, Seneta and Moczała, 2018), which can be seen following the below – 
1. Product design specifications 
2. An overall product analysis 
3. A functional analysis 
4. Feeding analysis 
5. Fitting analysis 
6. Assessment 
7. The possibility of returning back to step 2 if any problems are identified. 
The Lucas method is broken down into two parts/analysis’ the manual handling and the manual fitting, both are key parameters for any product. In Fig 9.0 you can see the scoring index table, it highlights the key parameters that are scored for the chosen product, as seen below comparing the two products, one with the integration of a pedestal , the other the original design. With the product clearly showing signs of its lake of handling techniques without the pedestal, as it scores worse off, in comparison to the integration of the pedestal below in Figs 7.0 and 8.0 – 

[image: ]
Fig 7.0 – Scoring before the product has an arm/pedestal attached.



After the product has an arm/pedestal attached – 
[image: ]
Fig 8.0 Scoring after the product has an arm/pedestal attached .

[image: ]
Fig 9.0 – Index scoring table for the Lucas DFA method.
5.0 - References.

Autodesk (2019) Finite Element Analysis Software | Autodesk, Autodesk.com. Available at: https://www.autodesk.com/solutions/finite-element-analysis.
Bases, G. (2010) Drying Refractory in Steam-Generating Boilers, Insulation Outlook Magazine. Available at: https://insulation.org/io/articles/drying-refractory-in-steam-generating-boilers/ (Accessed: 30 June 2023).
Boothroyd (2008) The Boothroyd Dewhurst DfA Method, Ebrary. Available at: https://ebrary.net/191721/business_finance/boothroyd_dewhurst_method.
Engineering, A. (2021) 7 Types of Additive Manufacturing, Applied Engineering. AppliedEngineering. Available at: https://www.appliedengineering.com/blog/2021/1/22/7-types-of-additive-manufacturing.
Hessing, T. (2014) Design for X (DFX) | What you need to know for your Six Sigma exam., Six Sigma Study Guide. Available at: https://sixsigmastudyguide.com/design-for-x-dfx/.
Institute of healthcare improvement (2017) Failure Modes and Effects Analysis (FMEA) Tool | IHI - Institute for Healthcare Improvement, www.ihi.org. Available at: https://www.ihi.org/resources/Pages/Tools/FailureModesandEffectsAnalysisTool.aspx.
Institute, T.R. (2023) What Are Refractories - The Refractories Institute (TRI), www.refractoriesinstitute.org. Available at: https://www.refractoriesinstitute.org/tri-pages/tri-what-are-refractories.asp.
Kenton, W. (2020) Manufacturing, Investopedia. Available at: https://www.investopedia.com/terms/m/manufacturing.asp.
Knowledge Center (2023) Repetitive Manufacturing: Definition, Types, and Benefits, Inbound Logistics. Available at: https://www.inboundlogistics.com/articles/repetitive-manufacturing/ (Accessed: 30 June 2023).
Matuszek, J., Seneta, T. and Moczała, A. (2018) ‘Evaluation of design manufacturability in assembly processes by modif ied Lucas Design for Assembly method’, Mechanik, 91(7), pp. 532–534. Available at: https://doi.org/10.17814/mechanik.2018.7.75.
Major, L. (2017) 7 Things To Consider When Designing Your Product, Mrt-castings.co.uk. Available at: https://blog.mrt-castings.co.uk/blog/7-things-to-consider-when-designing-your-product.
Mind Tools (2022) SWOT Analysis, Mindtools. Available at: https://www.mindtools.com/amtbj63/swot-analysis.
SimScale (2018) What is FEA | Finite Element Analysis? - SimScale, SimScale. Available at: https://www.simscale.com/docs/simwiki/fea-finite-element-analysis/what-is-fea-finite-element-analysis/.

Sensitivity: general

Sensitivity: general

2

image2.png
W

TATA STEEL




image3.png
High-Power Laser

Lenses

X-Y Scanning Mirror

Powder Roller/Recoater

Powder Bed
Object/Workpi

Build Platform
Powder Stock/Supply

Elevator

Powder Overflow




image4.png




image5.png
© RESULTS DETALS
Actualinimum Safety Factor 464 .

“The design s not expected o bend or break with the
curtent analys's crieria fs a go0d idea o valdate the
analysis crteria and also ensure the Safety Facor Targets
meet the standards of your company, appication and
industy.

b safety Factor Targets

Deformation Scale Adjusted -

Don't show this automaticaly @D

o Close

P
a0

o =

e

@ 4 »

10

0.18Min





image6.png




image7.png




image8.png




image9.png
Lucas DFA Method - Manual Handling Analysis Lucas DFA Method - Manual Fitting Analysis
A Size & V\F/)ealrgtht of the 1.5 A Part placing and fastening 4
B Handling Difficulties 0.6 B Process direction 0.1
9 Orientation of the part 0.5 9 Insertion 0
D Rotational orientation 0.4 D Access and/or Vision 0
of the part
Total - E Alignment 0
F Insertion force 0

Total -





image10.png
Lucas DFA Method - Manual Handling Analysis

Lucas DFA Method - Manual Fitting Analysis

A Size & Weight of the part 1.5 A Part placing and fastening
B Handling Difficulties 0 B Process direction 0.1
Cc Orientation of the part 0 Cc Insertion
Rotational orientation of the
D part 0.2 D Access and/or Vision 0
Total - E Alignment 0
F Insertion force 0
Total -





image11.png
Tables for the Lucas DFA Method

Lucas DFA method - Manual  Lucas DFA method - Manual
Handling Analysis Fitting Analysis
B.Handling | Fitting Index = A+B+C+D+E+F
difficulties 4 part placing | D. Access
Allthatapply | and Fastening and/or
Weight of Part | Delicate 04 Oneof the Vision
Oneof the  Flexible 06| following | One of the
following | spiciey 05 Self-holding 1.0 following
Very small - 1.5 Tangible 0.8 orientation Direct o
requires Severely nest 0.7 |Requires 2.0 |Restricted 1.5
tools Sharp/abre 0.3 |holding
Convenient - 1 |Sharp/Abrasive 03 |py.q y or the
hands only Untouchable 0.5 | ojlowing
Large and/or 1.5 Gripping 02 Self-securing 1.3
heavy problem / (ie. snaps)
requires stippery Screwing 4.0
morethan1  Nohanding 0
hand difficulties g 4
Large and/or 3 nding -
heavy B.Process | E. Alignment
requires Direction | One of the
hoist or 2 Oneofthe | following
people following Easyto
C. Orientation | D. Rotational  SUeidntline 0 lalign
of Part Orientation of  ffom above Difficult to
One of the Part Straight line 0.1 [align
following: Oneofthe |not from
Symmetrical, 0  following |2bove
o Rotational 0 |Not a straight 1.6
orientation Symmetry line
red'd Rotational 0.2 C.Insertion | F.Insertion
End to end, 0.1 Orientation, One of the Force.
easy to see easy to see following | One of the
Endtoend, 0.5 Rotational 0.4 |singie o following
not visible Orientation, Mutiple 0.7 No
hard to see insertions resistance
Simutaneous 1.2 0
multiple insertion
insertions Resistance
to 06
insertion





image1.png
Prifysgol Cymru
¥ Drindod Dew Sant

J University of Wales
Trinity Saint David




