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[bookmark: _Toc107006761]Introduction
This technical report is designed to show the process of designing a new piece of equipment using Design For X. Through this process there will be a look at the materials that need to be used as well as the processes that are required. In this report it will also show that the first idea may not always be the best one and through a process of evaluation how another approach could be better. There will also be some design images as well as some suggestions to alter equipment to achieve the desired goals of this project in the best way fitting the process of Design For X.
The report will focus on the process for designing a robotic gripper or end effector to transport a mobile phone from the end of a production line to an automated moving robot to place the phone into storage. 
Robotic end effectors have been in use for quite some time and are used in a myriad of different uses. They are used in almost every aspect of the manufacturing industry, for example from something as small and delicate as mobile phone construction to a large robotic arm being used in a factory, even being used on the international space station end effectors are everywhere and have a myriad of different types from attaching itself to something using vacuum suction or perhaps just gripping something between pincers, end effectors are incredibly versatile (Amditis and Talabea, 2008).
Robotic arms are a lot more common place now than they were many years ago originally they may have been perceived to be clunky and cumbersome however these days that may not always be the case. In previous years the primary use of robotic arms was in industry, working on assembly lines of cars for example and they seemed like massive machines however these days there are robotic arms that are small enough and delicate enough that children could use them. In fact there are some made specifically with children in mind to learn programming as well as a form of robotics engineering with some engineering software (Ruskin et al., 1995)



[bookmark: _Toc107006762]What is design for X?

Design for ‘X’ is designing for excellence, where X is used in place of what a person is designing for. As an example, if something needs to be as cost effective as possible then it could be said that the product is designed for cost. Or perhaps a customer would require a product to be stacked effectively and efficiently while being transported and stored therefore it could be said that that product was designed for logistics. The list of things that design for x could be is endless, it is entirely dependent on what the product is required to do and what specifications that product needs to have to complete its task. This report will primarily be focused on design for manufacturability, design for assembly, design for maintainability, and design for environment to complete the design of the robotic arm grabber. 
Design for manufacturability looks at how simple it would be to manufacture and what processes would need to be used to create a product. 
Design for assembly focuses on keeping the most minimal number of parts and keeping the fixing elements to a minimum. 
Design for maintainability as the name suggests is primarily focused on maintaining the product and how easy it is to keep it in an optimal working condition.
Design for environment looks at the environmental impact that the product would have, as an example what materials could be used for the product, are there any lubrications used in the manufacture that could be detrimental to the environment or even in the operation of the device. As any lubrication used to keep the device moving.
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The initial design of the grabber was envisioned in a similar way to the grabber that would normally be seen at an arcade or theme. (fig 1)
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[bookmark: _Toc107006738]Figure 1Claw Machine
 
However, with the this design instead of having the grabber moving in a pincer movement, this design was to move in a more smooth and precise movement similar to that of an iris in a camera. Whereas a mechanism outside the lens of the camera causes the aperture to open and close in a rotational way to increase and decrease the size of the aperture. Called an iris diaphragm, more commonly referred to as an iris, this device uses several interlocking blades that move in such a way that it creates a polygonal shape opening and closing depending on the light required (Kingslake, 2005). Instead of the blades however there would be three grabber fingers set equidistant around a central point. Each would be attached to a wheel that would rotate each finger from the outer most point to the inner most point by a driving wheel in the centre (see fig. 2). This would allow not just a mobile phone to be picked up but anything within the size of the gripper from the largest opening to the smallest opening. There is of course a possibility that anything caught inside the grabbers could move therefore each one would be coated with some silicone or rubber to ensure some form of adhesion to the pincers to ensure that there is as much friction as possible to help prevent them from sliding. (Tiwari et al., 2021).
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[bookmark: _Toc107006739]Figure 2 Initial design drawing
The image above shows the very basic sketch for the first design idea with the grippers showing in a closed and open position.
This idea however, on closer inspection and taking into consideration design for ‘X’ and Design for Manufacture (DFM) and Design for Assembly (DFA) seemed a bit too complex. When looking at design for assembly the complexity of the original idea was very evident. There were at least four sprockets within the housing, one primary and then three tertiary to move the grippers. Not to mention and drive system that was required to drive the primary sprocket. Looking at possible failure points within this system, and there were a lot of possible failures that could be avoided by using a simpler approach. For example, the axel that was holding each sprocket may not have been seated correctly causing the gripper to move therefore dropping the pohne, the sprockets may not have connected correctly causing the system to jam and again drop or maybe not even pick up the phone for these reasons and many more it was decided that this idea would no longer be pursued It was felt that simplicity was the key. After looking at the possible failings of the initial design, an inspection was made of the devices and machines in the laboratory to ascertain what would be the next approach?
Considering the failings of the first idea it was determined that the second idea would be as simple as possible with an absolute minimum of moving parts to avoid any of the issues that was foreseen.
The second idea involves making small adjustments to the existing apparatus and after speaking to project supervisor it was agreed that this would be acceptable. Specifically a roughly ten millimetre wide groove either side of the tray at approximately six millimetres deep. The bed where the mobile phone will be laying is over twice that thick therefore there should not be any issues with structural integrity where the mobile phone would be sitting. Below is an image showing a guide to where the grooves would need to be cut highlighted in green. (see fig 3). 
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[bookmark: _Toc107006740]Figure 3 Bed for holding mobile phone proposed alterations marked in green

Simply put the second idea was to use the robotic arm like a forklift truck in that there would be two “forks” used to lift the phone from the tray with a third fork or finger pressing down on top to ensure that the phone does not move in transit. As with the initial design idea, all the fingers would be lined with a small amount of rubber/ silicone to help increase friction and reduce the chance of slipping. The third finger/fork would rotate from a central bar between the original two forks that would be rotated from a motor at the side of one of the forks. From there, there will be a shaft going through the one fork to the other with a hole in the bar to secure the third gripper finger with a grub screw. This would ensure that the finger is located in the correct position and avoids it being place in the wrong place conforming in part to the design for assembly aspect of its design. Below is the very first sketch of the second idea including the forks (see fig 4).
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[bookmark: _Toc107006741]Figure 4First rough sketch of second idea
The whole mechanism then holding the mobile phone could be rotated 360 degrees so that the two forks are on a top and the single one is on the bottom this will still hold the phone in place.
At the other end when the mobile phone is going to be placed on the collection tray there will also need to be an adjustment made and this was agreed with the project supervisor when the laboratory was visited. A small section in the middle would be removed to allow the third finger to be able to place the phone withing the collection tray and slide out and returning to get another one. Below is an image of the receiving tray for the mobile phone with the proposed adjustment are highlighted. A cut would need to be made approximately ten millimetres wide and deep enough to reach through the initial holder to the surface beneath. (see fig 5)
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[bookmark: _Toc107006742]Figure 5 Receiving tray with propsed cuts marked out
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Below is an image of the final design for the assignment after taking into consideration all the aspects of design for X that were present there is also a connection to attach it to the robot arm and the gripper mechanism with rubber inserts on each of the forks.
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[bookmark: _Toc107006743]Figure 6 The final design for the end effector
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[bookmark: _Toc107006744]Figure 7 Final design from different angle
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[bookmark: _Toc107006745]Figure 8 Final Design from the back
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[bookmark: _Toc107006767]Design for Manufacturing
To complete a successful design for manufacturing it would involve looking at machinability of the chosen material what equipment that would be needed to manufacture the product and the complexity of the manufacturing process. Now with regards to the grabber in this report the main block of the grabber that attaches to the robotic arm could be made using four main devices in a regular workshop, a lathe, a milling machine a drill press and a tap and die system (primarily the tap).
Manufacturing could be an incredibly simple process as there are essentially a small amount of parts and all of them could be machined quite easily on a milling machine and a lathe with the exception of the motor to move the third finger. That could potentially be outsourced or purchased from a third-party or readily available in a local hardware store. Grub screw are very common place and could readily be acquired from any local hardware store.
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The assembly would be relatively simple with a total of seven grub screws needed with a five millimetre hexagonal key to fit them there are just 5 parts to the design in total keeping the assembly simple and straight forward (Bettini and Trabasso, 2018).
The piece that attaches to the robotic arm is made in one piece with a piece connecting directly to the robotic arm and the forks being inserted at the bottom of the opposite side of the device. This ensures that if it needs to be replaced it can be done by just removing the forks and the centre finger by removing a few grub screws. There needed too be holes of appropriate size drilled into the right a angle corner of each fork position to allow a drive shaft to be inserted through and a grub screw inserted to secure it and ensure it wont come out. This will be threaded through the grabber finger at the centre that will also have a grub screw ready to insert it so that when it is in the correct position it is locked in place. At the end of this drive shaft there will be a drive wheel or cog that would cause the drive shat to rotate clockwise and counter clockwise to allow the grabber to operate effectively. Finally at the drive wheel will be connected to a small motor which would drive the wheel causing the drive shaft to rotate. The fingers or forks themselves would be approximately 4mm thick with a small inlay in the contact surfaces which would allow a small amount of silicon rubber to be attached to provide the correct amount of friction to prevent the mobile phone from sliding during transit. If the surface is clean and has no contaminants the rubber insert should be enough to hold the phone in place between the prongs of the gripper (Tiwari et al., 2021).
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When it comes to choosing a material the best choice is going to be the one that will last the longest and will be less likely to break therefore, after some research it seems that steel would be the best option for this project. Specifically stainless steel as this would mean that it is much more corrosion resistant than normal steel (Inline Engineering Services, 2022). 
The material choice for this as a whole would be quite important as the wrong material could drastically affect the longevity of the device as well as the cost, the maintenance and the precision of the manoeuvres, as if the material is not rigid enough or durable enough it may flex or deflect in a way that would be detrimental to its optimal operation (Furtado, Villani, Trabasso and Silva, 2013).
In relation to the cost, the material would obviously need to be cost effective for example it may not be financially responsible to have the forks and fingers etc gold plated. Even though it may be aesthetically pleasing that cost would normally be passed onto the consumer and would add unnecessary costs that could be avoided by choosing a less ostentatious material.
Strength of material is a very important issue as if the material chosen is not strong enough to support the requirements there could be a detrimental cost later on if parts failand cause further damage to equipment (Korayem, Ghariblu and Basu, 2004)


[bookmark: _Toc107006770]Design for maintainability
As there is essentially only one moving part with a motor attached there is not a large amount to maintain or service with the exception of adding a bit of grease to the moving parts to allow for ease of movement and avoid any sort of jumping etc while its moving. In the event that a part does need to be replaced the grub screws would be relatively simple to remove for each and part and the required part removed and replaced with relative ease.


[bookmark: _Toc107006771]Design for environment
With this design there would be minimal environmental impact or effect as the materials that would be used in the construction are already widely used in conjunction with this sort of thing i.e robotic grabbers etc. And the grease that would be used to ensure that it remains lubricated would be one that, again is widely used at the moment to prevent any further damage to the environment. The environment that the end effector would be working in would not be likely to damage it either due to the clean room environment which is closely monitored and controlled.



[bookmark: _Toc107006772]Conclusion/Recommendations
In conclusion the end effector was designed following the principles of Design for X including some evaluation through the process. An original idea was proposed and the failings were identified and the idea was no longer pursued. After some deliberation and some research in the robotics laboratory a solution was devised and a second idea was envisioned. This idea is an incredibly simple and elegant solution utilising the robotic arms capabilities to an advantage. 
The recommendations that were made earlier in the report suggesting taking parts out are the best course of action allowing this device to operate in the way mentioned in this report.
The changes needed to be made the existing equipment would be quite simply a six millimetre deep trough at each side of the mobile phone dispensary where the mobile phones would be collected this would also need to be approximately ten millimetre wide to allow enough stability in the forks picking up the mobile phones in the first place. On the other end of the manoeuvre the tray that the phone would need to be deposited into would need to have a ten millimetre wide and six millimetre deep piece removed from the centre to allow the for the centre for to drop into and deposit the mobile phone.
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