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Introduction

Industrial designing is the practice of designing products used by people all around the world, but you can’t just focus on the appearance, you must also focus on how it functions, is manufactured and ultimately, the experience that is will provide to the user (Industrial Designers Society of America, n.d.).
The design that I am developing for this report is a 3-jaw gripper to be used by the customer to pick and place a range of different sized and shaped parts. Throughout this task, the brief I am working to solve is that the product will be made as a one-off, not for mass production. The current concept design has been produced without a focus on any factors such as materials, manufacturing, assembly or optimal function of the tool. 
Throughout this development I will use tools such as failure mode and effect analysis to highlight any issues and score them to prioritise where the development should be focused. I will also use quality function deployment to get a clear picture of the needs of the customer and to identify how changes which I am planning on making, will both positively and negatively impact other aspects of the design. During the development I will be focused on designing for assembly, meaning I will develop this product in a way that it can be most effectively assembled, through the use of various materials and manufacturing techniques. 


















Initial Design Appraisal 

In this initial design concept that we have been provided with, there are many aspects which work reasonably well in the design and other aspects which need to be further developed in order for the tool to function with the highest possible quality, and with the ability to carry out the job most effectively. In order to evaluate each part of the design I have completed a failure mode effect analysis (Figure 1), to analyse how each individual part of the assembly impacts the way in which it operates and to give me a clear picture of what aspects require the most development. 
Through looking at the failure mode and effect analysis (FMEA) I have completed, the two aspects which had the highest risk priority number (RPN) scores were both relating to the jaws themselves and how they were able to pick up the items. One issue which scored very highly was the jaws current design and the shape of each piece. The result of this shape means that there is very little surface area contacting the part being picked up. This could result in the jaws dropping the part quite regularly if there was any deviation in the location or the shape of the part. The second highest scoring RPN was the pressure which will have to be applied to the part, to enable the jaws to lift it. The pressure currently required, would need to be quite high due to the shape of the jaws. This could cause damage to the part being lifted, or over time with the repetition of the movement could damage the jaws or hinges of the lifter. Due to these two high scoring aspects of the concept design, this is the section I will focus on during the redesign.
The second design aspect which I will be looking to change will be the amount of parts and fasteners there are in the assembly. Throughout this process I will be following a design for assembly approach, which focuses on the ease of assembly and the number of parts required, to try and keep production costs low (Stienstra, n.d.). Currently, there are parts in the design which have been made as separate parts and during my development phase I will aim to either reduce the overall number of parts or adapt the way they have been manufactured so that they can be produced as 1 unit rather than two separate pieces. 
A final area that is likely to cause numerous faults which could occur in the current design was the use of the threaded drive plate and the worm, along which it runs. This is an area which could cause a lot of issues and may require some maintenance over time to keep the thread well lubricated. I will try to design this failure out of the gripper using a Poka Yoke approach. Poka Yoke is used in the design process so that rather than finding and correcting mistakes, they are prevented from ever occurring (RNA Automation, 2019). I will use this not only to try and remove the need for routine maintenance but it will also be a focus during designing for assembly, ensuring that each part is produced in a way that they can be assembled in the most efficient way possible, and with the smallest margin for error. 






Design and development 

In my development of the concept design, the main alterations that I have made have been done in order to try and solve the issues which were identified in my initial appraisal of the concept design. As mentioned, the most important part which I identified in my FMEA that needed to be altered was the jaws of the gripper. This is something that was backed up by the findings of the quality function deployment (Figure 2) which I completed. The QFD showed me that there is a strong correlation between the size and shape of the jaws, and the gripper’s ability to successfully complete the needs of the customer. In the concept design, the jaws met at such a specific point that there was a very small surface area gripping the part, this meant that there was a high possibility that the machine would drop the part when operating. Reshaping the jaws (Figure 3) will not only allow the gripper to pick up the part with more ease, but through spreading the clamping force over a wider area will reduce the likelihood of the gripper damaging any parts that it is picking up. Another alteration which I have also made to the initial design of the jaws is that I have added a chamfer to the edge. This alteration is another method which I have used to increase the surface area contacting the part being picked up, spreading the force across the part and reducing the chance of damage, to either the jaws or the product. 
To aid the assembly of the product I have reduced the number of parts as much as possible. The method that I have used to do this is to reduce the need for any fasteners. Following the Poka Yoke methodology, these threaded fasteners which were required in the concept design were an area where an assembly error could have occurred, whether the fasteners were left off the product completely by the operator or they could have been cross threaded, under torqued or over torqued, all issues which would have impacted the grippers performance. I followed a design for assembly component appraisal chart to determine my essential parts and through this discovered that I would be able to complete the design without the need for any of these threaded fasteners as they were all classed as non-essential parts. These non-essential parts can be removed to lower production costs, while removing parts also increases reliability and makes assembly easier (Eastman, 1996). To eradicate this issue, I have included several snap fittings to both the cylinder (Figure 4) and the back plate (Figure 5) which clip into and self-align with the jaws of the gripper. The use of snap fittings allows for quick assembly and dismantling of the parts through the temporary deflection of the flexible but rigid part which will then lock in place with the mating part (GURJAR, 2016). In order to allow the snap fitting to protrude through the jaw of the gripper, I had to reshape the bottom of the jaw (Figure 3) so it would fit into place without the need for the male of the snap fitting to be too long, which would weaken the part and could lead to a failure.  
The back plate (Figure 5) has also been redesigned to include the male of a snap fitting as part of the solid piece. This was again done with focus on designing for assembly and the desire to reduce the number of parts. The position of these fittings is again an example of Poka Yoke in the design. The way that they are positioned around the back plate ensures that the jaws and the connecting rods can only be attached in one way, error proofing the assembly of the product and reducing the time taken to assemble. 



In the FMEA an aspect that had a very high RPN was the worm not having any mechanical stoppers. In normal operation this would have meant that the back plate would have been able to drive off the end of the worm gear when the jaws were opening and when closing, there was nothing to stop them clamping solid against each other which could cause damage to either the part or the jaws. To stop this, I have redesigned the worm (Figure 6), so it now it is not threaded right to the end. This will act as a mechanical stopping mechanism and stop the back plate coming off the worm, causing a catastrophic failure. I have increased the size of the base of the worm so that will also work as a mechanical stop for the backing plate and will stop the jaws as they touch each other which could have caused damage to their faces. I also found in the FMEA that there was no way of regulating the clamping pressure. This is not something I was able to design out but would need to be externally controlled, using limits on the drive motor. 
An issue which was the reason for failure in many instances on the FMEA research was in relation to the thread on the worm either getting dirty or damaged which would have affected the speed of the gripper and its ability to make fast, precise movements that the customer specified in the QFD. I was unable to design this issue out of the system so instead I have made an amendment which will make it easier to maintain the thread if anything fails. I would include a hole through the base of the worm which would line up with a hole through the shaft of the motor. A small, machined pin would be inserted though this hole to hold the coupling together and the pin would be held in place using a circlip which would fit into a machined slot on the pin. Although this method still has two parts, just as a nut and bolt would use, the circlip would be able to self-align and would error proof the assembly process. This pin and circlip would be of standard size so would be able to be bought, rather than being machined, meaning they are easy to replace if there are any issues when the end user is carrying out maintenance on the worm. 
The alterations that I have made have been put back into the original FMEA table to produce a complete table (Figure 7). On the original FMEA I carried out, the highest scoring RPN was 378 for the back plate driving off the end of the worm, as there was no safeguards in place to stop this happening and it could have caused catastrophic failure to both the part and the gripper, if it were to fall. Adding the mechanical stops to both ends has reduced this to just 9, as it is no longer possible for the issue to occur as the change I have made to the design has completely safeguarded against it. 
The second highest original score of the FMEA was the jaws not being able to pick up the part effectively due to the shape of them. This means extreme precision would be required and it would struggle to safely hold and varying shapes. This score was reduced from 343, down to 41. This score is still not ideal but is reflective of the fact that there still may be some issues in picking up various shapes but is a vast improvement on the concept design. This was achieved through the introduction of the new shape of jaw, which can achieve a clamping force spread over a much larger surface area. 
I have carried out a Lucas fitting index analysis (Anil Mital, 2011) on the concept design and on the developed design (Figure 8), focusing solely on the use of threaded fasteners for each of the joins in comparison with the snap fittings incorporated in the developed design. The research shows that the original fitting index was 8.2, due to the difficulty in correctly installing the threaded fastener. This was compared with 4.9 on the new design of fastener. This difference of 3.3 is a big difference between the two designs but is highlighted further when this difference is multiplied by 9 to replicate the number of fasteners which were required for the assembly of the original design, which would take the total difference in fitting index for the fasteners on the gripper to 29.7. 
An image of the whole design with each of the amendments made is shown in the appendixes (Figure 9).
Manufacturing Methods and Material Proposal

I have decided that to produce the cylinder and the jaws I will use the same manufacturing method as they both contain similar intricate aspects which will make production through normal machining methods very difficult. The option that I have chosen is that these parts will be produced using 3D printing. The main reason that I have chosen to use 3D printing for the manufacturing method of these parts is that it allows me to precisely print, the male part of the snap fittings onto the parts. If it had not been for these parts then traditional turning and milling operations would have been ideal to produce these parts, but the findings from the Lucas method and the focus on designing for assembly means that the change of manufacturing method is worthwhile for what is gained. The use of 3D printing offers a cost effective means of producing these detailed designs in a much faster time and in a much more sustainable way, due to the low levels of waste produced (Pearson, 2018). If the product was to be mass produced, then changes would have to be made to how the parts were produced as using 3D printing is a fixed cost, so while initial investment is lower, as the production is scaled up, the cost per unit does not reduce, as it would with injection moulding, making it an ineffective mass production method (TWI, n.d.). 
The material used in 3D printing these parts will be Polycarbonate. The reason that I have chosen to print using this material is that it is lightweight, but has a very high tensile strength, heat deflection and impact resistance with an ultimate strength of 72MPa (Simplify 3D, n.d.), which will be essential in the snap fittings which will also require strength to act as pivot points for the jaws. The cost of Polycarbonate is around middle of the range in comparison to other 3D printing filaments, so it is a very effective material to use for printing these parts.
To produce the worm shaft, the production method chosen is to machine this from a solid steel rod. The reason for choosing this method is because the worm is a basic part with the thread in the middle, a mechanical stop on one end and the female part of a coupling on the other. All these parts can easily be produced using basic turning operations and no other steps would be required, so that is why this is being used as the most efficient way to produce this part. As part of the FMEA, it was found that an aspect which would have caused major failure to the performance of the gripper was damage to this thread. That is why I have opted for steel as the material of manufacture, due to the very high strength and the ease of machining. It is also a very cost-effective material to use, which was a customer requirement in the QFD. 
The chosen method of manufacture of the linking arms to the jaws, will again be to produce these using a single machining method. These will be produced using a milling operation, which will be a very quick production method to use as it is a very basic part. The part can be produced using just two different tools and if a CNC machine was used it would be able to follow a very basic program in order to complete the machining operation for this part. The material which I would use for this would again be steel, the reasoning for this would be similar to the selection made for the worm shaft, in that I would like a solid, durable material for this part, which is cost effective and can be easily machined. 




Conclusion

Throughout the development of this concept design, into a final design for a customer, many changes have been made to produce a design that best meets the customer’s demands. The final design which I have produced meets the customer’s specific needs and this was done using a QFD to best understand exactly what it was the customer desired. The findings from this QFD paired with the FMEA gave a clear picture of what was wrong with the original design and how best these areas could be developed. 
These findings along with maintaining a focus on designing for assembly, using the Lucas fitting index and taking a Poka Yoke approach to designing out failures before they can occur has led to a successful final design. The success of reducing the amount of individual parts used in the design to aid assembly and reduce cost was evident in the findings of the Lucas fitting index. The Poka Yoke focus has also aided the ease of assembly and maintenance though error proofing the system, through the use of self-aligning fasteners and the ability to assemble or maintain the system without the use of any tools. 
In comparison to the other, similar products, to which I had compared the original design concept, the original design did not compare very well at all, across all aspects of the ranking. The best ranked competitor in that part of the research was the ‘3 finger adaptive robot gripper’ (Cobots.ie, 2019). This model was superior over all other models reviewed across almost all aspects. The new design of the gripper which I have produced is still lacking in the dexterity compared to this product but that is due to the much higher cost price of the part, which I have tried to keep as low as possible to meet the demands of the customer. The developed design is a lot closer to the competitors in each aspect of the QFD criteria against which I was ranking the designs. 
Overall, I think although there is room for further development of the product, the final design I have produced has successfully met the customer’s demands. If the customer was to change their requirements and this product was to be mass produced, or at least produced on a larger scale then a lot more work would be required to design the product in a way that it could be produced without 3D printing, as the current parts have been designed with that manufacturing method in mind. 
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