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Introduction
The world of manufacturing and production has shifted into ‘Industry 4.0’. Industry 4.0 is the fourth industrial revolution in manufacturing history. Industry 4.0 compromises of components such as Robotic Process Automation (RPA), AI Machinery and Additive Manufacturing.  The aim of this report is to design a suitable end effector for the Festo Cyber Physical Production System in UWTSD. The Festo System is an innovative system which incorporates the industry 4.0’s software driven industrial changes. The system can be expanded on a modular basis. The system in the UTWSD lab compromises of a range of processes, all required to complete the assembly of a mobile phone. The lab is currently using an Automated Guided Vehicle (AGV) to transport the phone from one process in the system to another. The issue which the lab operators are currently facing is when 4 phones are complete and on the finished product dispatch station, there isn’t a way to get them onto the AGV to take them elsewhere, freeing up room on the despatch station and subsequently, completed phones are circulating the system on the conveyor belt. The task of this assignment is to produce a suitable end effector gripper to attach onto the end of a cobot arm which would allow the transport of the phones onto the AVG.  Using principles such as Design for Assembly (DFA) and Design for Manufacture (DFM) I will ensure best suitability and most efficient design. I’ll identify and rectify any problems or features dissimilar to the customer requirement specification. The product designed in this report is ready for manufacture and application to the system as a suitable end effector. Using the processes of Industry 4.0, I will apply effective process where relevant, ensuring the product aligns with the client criteria.

Analysing Component Concepts.
Before designing my own component, it is useful to see which competitive product are available, evaluate their efficiency and redesign the component to be better suited for the specification and tailored to the customer requirements. As there is no original component to redesign or analyse, I will be using a concept of a generic, basic mechanical arm gripper as an end effector which would be similar to the one designed and manufactured by competitors. When conducting competitor products research, products with similar features kept reappearing. A typical, 3 or 4 arm mechanical gripper and the one I will be using for analysis is below. Most grippers have a joining point which is not concealed; however, I’d like to put the motor and case the movement mechanism inside the arm to protect it from damage and to protect the motor from dust molecules affecting its function.
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From a design and manufacturing process perspective, the components considered least important to the customer, might be a largely dependent component in the product, and vice versa. To evaluate the products and determine the fundamental components, I used the principles of the Lucas method and the Boothroyd & Dewhurt method. Both methods use numbers or letters to evaluate which components of the product are considered essential or not. Applying the Lucas or Boothroyd & Dewhurt analysis methods to determine which parts are essential or can be left out of the design, reducing the need for unnecessary parts. This analysis technique allows you to consider, if the product will be redesigned, how components can be reduced or become multifunctional, taking an A and B component and turning it into one A component for example.
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Using the chart like above, and the example gripper  and a typical gripper concept, I assessed the product’s components to determine which components would be considered essential or not essential. 
	Component
	Part A/B

	Motor
	A

	Arms
	A

	Rubber Grips
	B

	Shaft
	B


Following on from the Lucas method, I used design efficiency to determine if the product is sufficient enough to produce, for the task at hand. The industry average allowance for design efficiency is around 60-70% and my aim was achieved by getting a design efficiency of 70%.
 Design efficiency (%) is calculated by =  Ed  = A/(A+B) x 100 .
Where the number of A parts is divided by the total number of parts and multiplied by 100 to get a design efficiency percentage.
Upon completion of designing my product I will conduct a design efficiency calculation to determine if I have met my target of 70%. Typically, further design alterations and development may need to be actioned if the design efficiency is below 60% but considering the simplicity of the product and how each component, regardless of if it’s a part A/B, are fundamental components to the product.
Obtaining the results from the Lucas analysis method and design efficiency, I will then apply a Manual Handling and Manual fitting analysis process to each component. The manual handling and fitting analysis are great tools for assessing where you can simplify products, minimising components and different fittings or fasteners. Working as a technique of DFA, designers are encouraged to think about how products go together, if they can be redesigned for ease of assembly (ie self-aligning), to ensure they can be accessed for repair and whether components can be multifunctional.  the Manual handling analysis specifically will evaluate how the product feels, the weights and symmetry of it while the Manual Fitting analysis will consider factors such as access, fasteners, alignment and part placing, considering how it would affect an assembly line and how it can create a backlog at assembly station. In each of the analysis’ we give the product a figure from all the categories based on which description or which term is most applicable to the components. Allowing multiple from one category is also allowed. The figures from each are totalled, Handling is A+B+C+D and Fitting is A+B+C+D+E+F. The figures from each are typically targeted to be 2.5. 
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Applying a Design Failure Mode Effect Analysis (DFMEA) to the product can help identify design further design or product flaws which can affect the function of then product, after a few uses or before it is even assembled.  I will do this analysis on my product once designed in solidworks, the visual modelling aid is a great tool to identify problematic areas which can be developed.

Design and Development of End Effector
Specification
Based on the design brief and the customer requirements provided by the customer, I have produced a design specification. Some of the specification include customer requirements and others are requirements I have produced based on the findings and outcomes of the DFA & DFM analysis’.
Product must do or have:
· Have the ability to grab the phone.
· Have the ability to lift the phone.
· Have the ability to transport the phone to the AVG without dropping it.
· Be mechanically operated.
· Easy to maintain.
· Not damage the phone in any way.
· Attach to the fixtures on the attachment plate.
· Must be easily assembled.
· Must be designed and manufactured in line with industry 4.0.
· Must be suitable for high volume production.
· Must be robust.
It is also essential that one uses quality function deployment (QFD) to evaluate the customer importance features to the product. Rating the features, the customer will give each feature a number 1-10, 1 being the least important and 10 the most. QFD is a good technique to use as it sets quantitative targets for each attribute of the product, targets are prioritised. Applying QFD allows the customer requirements to be highlighted and recognised by the production and design team, whilst at the same time the design team can discuss with the customer how certain components are fundamental or contribute to decreasing the design efficiency of a product. QFD highlights product definition, allows for product development, process development and finally monitor process quality control. A QFD assessment requires an input from both sides, customers, designers and manufactures and looking at it from a user/maintenance perspective. QFD is a method to ensure customer requirements are accurately translated to the designers and vice versa. 
Considering the product as a whole, the motor moving the arms would be more cost and time efficiently produced having been outsourced. As for the components that contribute to the ‘gripping’ action, focusing on the key function of the product, I need to design a gripper, which is mechanically actuated, robust and suitable for high volume production. 

Design for X
The design of a product has great influence and will be a largely determining factor of the overall product cost, generally 70%. Design for ‘X’, (DFX) is a design and manufacturing concept which enables the need for the product to be highlighted throughout the process for the best profit and customer satisfaction.  ‘X’ can refer to many things, in this sector it is mainly design for manufacturing (DFM) or design for assembly (DFA) but it can also refer to the reliability, sustainability or life cycle cost of a product. DFM is often used to assess the best manufacturing process to ensure products are easy to manufacture or to minimise manufacturing costs. An application of DFM would be to produce the component entirely from one piece of material or to incorporate components which are multifunctional. DFA is used to reduce the likelihood of the product being problematic or prone to error or defect. An application of DFA would be to standardise components and make them self-aligning, making it easier to assemble and to minimise error during assembly. These concepts have been taken into consideration when designing my product, for example the product has self-aligning holes because of an incorporated chamfer, and a standard Phillps screw to use standard parts, meaning less tools are needed for assembly.
Using DFM and DFA for the design of my gripper/ end effector is simplifying the design, reducing the overall number of components. This was applied in the design from the initial sketches to the final product, the first product had more “arms”, which would result in more fasteners, more manufacturing and more risk of defect. Another application of DFM is the modular design in my product, the symmetrical design means common parts are used, the arms of the design for example., reducing the cost and again, reducing error during assembly. The symmetrical design also means that as a manufacturer, only one product is in inventory, as oppose to two or three, and there’s less costs incurred if a moulding process is used as only one mould is required, or one programme if using a CNC tool. Another application of DFM used during the design of my product is tolerance allowance. By providing an allowed range of tolerance in the components, this reduces the need for correcting a component which requires secondary processes to correct or fix, reducing exponential increases in manufacturing costs. Tolerances have been included in my design, there is a tolerance of +/-1mm on both the holes for the arms and the diameter of the pipe passing through. 
Applying DFA and ensuring the components are self-aligning and no special tools are required should make the assembly process easier. The fasteners are standard Phillips head screws. The holes for the backing plate are chamfered for the self-aligning aspect. By applying the modular design in DFM aspects, the repetition of the same arm component should result in an easier and faster assembly as less parts and instruction are required.  
Applying all of the DFA, DFM and considering essential and nonessential parts, I began to design my product in components. Given the size specification of the phone (object it is picking up) and the details and specification of the product it is being attached to, I started my design. The design was produced and a DFMEA analysis was conducted to find faults which were missed by DFA and DFM analysis. DFMEA analysis below showed that the gripper arms can fail with this being the most concerning component.
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Stress Analysis
Using Solidworks, I applied forces to the component in alignment as if it were to fulfil its purpose – being an end effector to lift an assembled phone from one platform to the conveyor belt of the AGV. The force would act down on the arms where they ‘scoop’ the phone, with the phone perimeter resting on the rubber grips.  Using for simulation tool in solidworks I was able to see how my arm would work under force. I over estimated with 10N however the simulation highlighted a weak point, so I went back and redesigned the Arm, reinforcing the join by adding a chamfer. In doing so I had to consider how adding the chamfer would affect the other components of the product and its function.  
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Upon further investigation the outer corner also have a red highlight of stress and is at risk of deforming, to overcome this, I added a small but effective chamfer and fillet combination here too.
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Here, we can see the product which has had a chamfer and fillet added has much less stress concentration on the corners however, it shows a greater risk of deformation. To overcome this my redesign entailed increasing the thickness of the material.  The results below show far less stress throughout the length of the arm and a softer stress concentration on the problematic corner.
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Having applied the changed required to reduce the risk of deformation to the arms, I finished modelling the product and produced a technical drawing with drawings 3rd angle projection and from every side. [image: ]

Manufacture Process Proposal
The customer requirements for this product are that it shall be mechanically actuated, robust and it should be appropriate for high-volume manufacturing. Initially, my thought for a manufacturing process was CNC production. CNC is a great option, as it gives precise details, doesn’t necessarily need another process to get a good finish on the product and it wouldn’t require much supervision or human interaction in the respect that the machine does all the work. 
A better manufacturing process for this product and its components would be die casted. Whilst the die casting process can be more time consuming for detailed designs, the components required for this product aren't very detailed and the die casting would encounter no problems applying the fillet and chamfer details. Another advantage of using diecasting is that there would be a significantly less wasted product, as well as due to the high pressurised system the finish on the product will be ready for distribution, not requiring another process to achieve a good finish.  Die casting can be used with a variety of materials, and is highly suitable for mass production, as per the specification. The ‘arm’ components can be manufactured using die casting, this would be the most efficient manufacturing method. 
Whilst the casing holding the motor and the arms can be manufactured using die casting too, another alternative to consider would be injection moulding. Injection moulding is a very similar process for plastics. Whilst the product needs to be robust, it also needs to be lightweight, a plastic casing can reduce the overall weight of the product whilst achieving robustness. Whilst the cost for smaller injection moulded products can be costly, as you increase the volume pf production, the cost per unit decreases, making it suitable for high-volume manufacturing. 
Although injection moulded plastic is a good alternative to die casted aluminium, the casing will be die-casted. The housing for the motor and arms will be attached onto the backplate, which will also be made from aluminium and the same finish for all attaching components will have the same process and finish. As the housing will have the arms attached to it, it needs to be robust and be able to manage the added weight from the phone when it is picked up.
Whilst the pipe supporting the arms can be die casted, it is a far more cost-effective manufacturing process option to produce the pipe via extrusion. Extrusion uses the same concept of forcing metal through a die to create round, square or L-shape long straight parts. This is done by using a mechanical or hydraulic press.  Typically, the process is done with heated metal, however it is possible to do it as part of a cold process too. The cold process provides a better surface finish and allows for no oxidation. 
Whilst the cold process allowing a better finish is a bonus, the pipe will be encased within the housing as so the quality of the finish isn’t required to be high spec. 
The overall cost of extrusion is far lower than the cost of die casting, and it also provides a smooth finish surface not requiring another finishing process, much like die casting.  The standard 5mm pipe will be a standard 5mm hole extrusion mold and will not require a part to be commissioned for a unique product.

Manufacture Design Process
As the product will be die casted, in line with Industry 4.0’s additive manufacturing using solidworks I am able to design the finished product, from this I can export a technical drawing to produce a CNC template which will be used to create the mould for the die-casting. Whilst I decided against the use of CNC production for the high-volume manufacturing, the manufacture of one of each products will produce the die-cast moulds for the components to be die casted. The diecasting of an aluminium alloy provides good tensile strength, it is one of the easier materials to die, it’s lightweight and robust. The casing/ housing for the product will also be die casted.
As said previously, the DC electric motor will be outsourced and standard. This is to be situated in a housing which will contain the motor, arms and will back onto a backing plate for securing onto the end of the cobot system. The casing will be designed in a way which it is easily assembled and disassembled with easy access to components for repair and maintenance. The rubber grommet and screws will be standard and outsourced, in line with the findings from DFA, that products want to limit multiple fixings to ease the assembly process. 

Conclusion
To conclude having produced a DMFEA analysis early on, it provided me with the ability to avoid design issues which will impact the function of my gripper. The use of DFA & DFM meant I didn’t have to completely redesign my product at a later stage and just make alterations as per the stress performance analysis. The DMFEA allowed me to see possible issues which can arise and which components are fundamental components to ensure the risk they pose can be avoided and overcome as best as possible. The stress analysis allowed me to understand the high stress points which were overlooked during the designing stage, granted the analysis test was tested with a 10N force on each surface and this is exaggerated from the requirements, the test is still a good tool to determine where stress focus concentration areas are and how a small redesign can better a component and the overall product. By applying DFA and DFM to my product it means the product can be easily assembled, has a low quantity of parts and reduces the need for parts which don’t contribute to the function. 
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Tables for the Lucas DFA Method

Lucas DFA method - Manual Handling Analysis

Lucas DFA method - Manual Fitting Analysis

Handling Index = A+B+C+D

A. Size & Weight of Part
One of the following

Very small - requires tools 1.5
Convenient - hands only 1
Large and/or heavy 1.5
requires more than 1 hand

Large and/or heavy 3
requires hoist or 2 people

B. Handling difficulties

All that apply
Delicate 0.4
Flexible 0.6
Sticky 0.5
Tangible 0.8
Severely nest 0.7
Sharp/Abrasive 0.3
Untouchable 0.5
Gripping problem / slippery 0.2

No handling difficulties 0

Fitting Index = A+B+C+D+E+F

A. Part Placing and Fastening

D. Access and/or Vision

C. Orientation of Part

One of the following:
Symmetrical, no orientation req'd 0
End to end, easy to see 0.1
End to end, not visible 0.5

D. Rotational Orientation of Part
One of the following
Rotational Symmetry 0
Rotational Orientation, easy to see 0.2
Rotational Orientation, hard to see 0.4

One of the following One of the following
Self-holding orientation 1.0||Direct 0
Requires holding 2.0 |Restricted 1.5
Plus 1 of the following
Self-securing (i.e. snaps) 1.3
Screwing 4.0
Riveting 4.0
Bending 4.0

B. Process Direction E. Alignment

One of the following One of the following
Straight line from above 0| Easy to align 0
Straight line not from above 0.1|| Difficult to align 0.7
Not a straight line 1.6

C. Insertion F. Insertion Force

One of the following One of the following
Single 0| No resistance to insertion 0
Multiple insertions 0.7 |Resistance to insertion 0.6

Simultaneous multiple insertions 1.2
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