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Introduction




In this Assignment, I will be designing and developing a three-jaw Gripper.
I will be using different appraisal techniques to review an existing concept design. My aim is to locate any errors in the design and to make improvements where potential failures may develop.
I will also be exploring different potential manufacturing methods and evaluating which methods could be used to produce different parts. A manufacturing process for the design will also be considered.




Appraisal of the Original System

Original Concept design















When appraising the original design, I used both a QFD and an FMEA chart method to assess the design of the three-jaw gripper.
 QFD
Using a Quality Function Deployment (QFD) table, I was able to list and compare the Demanded qualities to the Quality Characteristics and give values based off the relationships they have to each other. 										[Appendix 1]
The top three demanded qualities with the greatest weight/importance were:
· Grabs different shaped objects – This is important to ensure that the three-jaw gripper is versatile in its functionality. This is the most highly requested features 
· Does not damage held objects – The importance of this is to make sure the three-jaw gripper cannot cut into or create any permanent distortion to the objects it is handling.
· Flexible Grips – These grips could be flexible. This would help to minimise the risk of damage done to the held object. However, the flexibility should be minimal to ensure that the grips do not slip or lose its stable structure.
These three, as well as other demanded qualities, were compared to quality characteristics the three-jaw gripper would require. The scores were based off the strength of the relationship. When added up, the scores showed me the overall weight/importance of the quality characteristics. These numbers revealed which characteristics required the most attention when producing the re-design. 


The top three factors of weight/importance were:
· Material of Jaws – The material of the jaws should be robust. Should be able to hold a variety of weights and not distort when applying pressure to the held object. 
· Jaw tip Shape – The jaw tip should allow for the jaw to successfully hold onto a variety of objects. The jaw tip should avoid being sharp as it would pierce most objects. The jaw tip should also not be to large so that it can hold smaller objects.
· Precision – The three-jaw gripper should be able to pick up smaller objects and be able to move them to another location with precision. The jaws should be shaped in a way that would allow this. 
These three, as well as the results of the other factors, have given me a priority list as to what factors I should focus on when making my alterations. I also know which features, in general, are not as vital to the demands given. 
Next, I compared each of the characteristics listed to one another. The aim of this was to work out which factors correlated to each other.
A positive correlation would show as one factor value increased, so would the other one. 
A negative correlation would show as one factor value increased, the other would decrease. 
Each of the factors were labelled with a desired direction of improvement, either to maximise or minimise a factor or hit a desired target. The comparison of the correlation to the desired direction showed where some factors could harmonise together whilst other would provide conflict. For instance: 
The aim for manufacturing costs is to keep them to a minimum whilst a long product life span is desired. These two have a positive correlation and thus creates conflict. This is because, as you improve the life span of the product, it would typically require stronger materials or superior technology to do so. This would cost more to produce and therefore increase the manufacturing costs. In this situation, I would need to create a balance between the two factors. I would need to decide how reliable of a life span I want to give the product to the expense of the manufacturing costs. Similarly, I would need to decide how much do I want to skimp on costs to the expense of the potential product life span. 
An alternative example is that the weight of the part should aim to be lighter. When compared to the manufacturing costs, they both have a positive correlation with each other like the prior example. The difference this time is that both factors have a desire to reach minimal values. This means that they both harmonise with each other, indicating that an improvement for one of these factors in the design should also make an improvement for the other.
The QFD chart also shows the comparison of the three-jaw gripper against different competitors. It compared the original design using the demanded quality factors, with ratings from 0-5. These ratings created a chart, visually representing the comparison between each product. 
These results allowed me to see what existing ideas worked and what ideas made the product perform poorer. 


From the comparison chart I concluded that:
· Two of the Three-jaw grippers provided an improved potential to grip a variety of shaped objects whilst the other competitors had jaw shapes that restricted this potential.
· Three of the competitors had designs that were more durable than the existing model. However, his was done at the cost of the precision capabilities on the jaw.
· All the competitors had a mediocre score when it came to safety. This showed me that safety was considered but was not the end all factor.
· The ability to make the three-jaw gripper adjustable was a low priority across the board. This makes sense since it was also shown to be a low priority in the demanded qualities.
What I have gathered from the QFD table:
· I should aim to improve the jaw shape and size. The Jaw shape will affect the overall performance of the gripper the most.
· I need to ensure the material is strong.
· The precision of the claw is important 
· The jaw tip needs have some sort of flexibility or protection for the lifted objects.
· Factors such as adjustability and flexible grips are not common amongst existing brands. However, flexible grips have been given a much higher weight in the demanded quality list and thus should still be taken into consideration.

FMEA 
The Failure mode and effects analysis (FMEA) table is used to decide what potential failures can occur with the original design and determine the Risk Priority Number (RPN). 
I created an initial FMEA table and listed the three main functions for the three-jaw gripper: Claw Grabs, Claw Retracts and Drive plate travels along worm.  
[Appendix 2]
Each of these functions also had numerous potential failure modes, and thus had potential effects caused by said failures. I needed to decide on what level of severity this effect could have on the product and user with a rating between 1 and 10. I also needed to list the potential causes of thee failures and then rate the likelihood that it may happen. Finally, I took into consideration what the current process controls were in place to help indicate when a failure has occurred, this was also rated. The RPN was worked out by multiplying each of the three ratings together. I could then decide what potential failures required the most attention when creating the new design. 
I found that when I was looking at potential causes of failures that I was getting a lot of repeated entries. The ones of note were:
· Claw Hinge Obstruction (4 occasions)
· Damaged Worm Thread (7 occasions)
· Damaged Drive Plate (6 occasions)

I also found out which of the faults had the highest RPN figures. I decided that any figures that entered the triple digit threshold must be reviewed. On top of this, I wanted to include any potential faults that had a severity rating of 9 and above. The potential causes that entered this bracket were:
· Claw Hinge Obstruction (120 VPN)
· Damaged Worm Thread (128 VPN)
· Damaged Drive Plate (224 VPN)
· Drive Plate Falls Off (Severity 9)
Apart from the “Drive plate falls off” potential fault, all the most frequent potential faults also had the highest RPN figures. This warned me that a lot of potential failures could be potentially instigated by any of the above three. 
My aim with the design is now to take these current VPN values and find ways to reduce them so they are under the triple digit threshold. I will also look at the severity 9 factor and ensure that I keep the other two figures low, this is to maintain this remains an infrequent and detectable potential issue.
Looking at both these methods has given me insight to what I should be looking to improve when considering changes to the original design. The QFD allowed me to work out what demands a customer would want in a product. Whilst the FMEA showed me what factors to consider when making certain the product works efficiently with minimal risk to the product and user. 

My final list of tasks now includes:
· Improve the jaw shape and size.
· Ensure the material is strong.
· Improve the precision of the gripper.
· Provide flexibility or protection on the jaw tips.
· Prevent claw hinge obstruction 
· Prevent damaged to the worm thread 
· Prevent damaged to the drive plate 
· Ensure the drive plate cannot fall off 




Manufacturing Process Proposal

When designing the changes for the three-jaw gripper, consideration for the manufacturing process should be expressed. The designs should be made to make the manufacturing process as seamless as possible. 
CNC Machining
This form of manufacturing, according to Protolabs.co.uk (CNC Machining, Milling, Turning Rapid Prototyping | Protolabs, 2020), is most suitable for creating metal parts with great accuracy and speed. This is more suitable for parts that will be made multiple times. This is because the timeliest part of this process is developing a CNC code. The code may need to be produced and revised on multiple attempts to ensure the part is made correctly. However, once the code has been produced, it can be reused countless times to reproduce parts. Although, some CNC machinery have an attached preview screen. This allows the operator to see what the completed result will be once the CNC commands have been activated. 
The costliest part of the CNC method is the acquisition of hardware. CNC machinery is costly on initial investment as you will require the CNC machine itself, the individual tools, coolant, and CNC software. The CNC machinery will also require a trained user to produce the coding and operate the machinery. On top of this, regular maintenance of the machinery will be essential.
Die Casting 
This form of manufacturing is also suitable for creating metal parts multiple times. The Die casting method requires a mould of the part to be produced. This can take time as it requires the production of test moulds, using cheaper materials to create the test models. This phase can go through multiple cycles until a final mould has been produced. 
The resulting mould can produce several highly detailed parts in one go. The produced part(s) will only require sprues, left from the mould, to be removed. The moulds can be reused over multiple occasions, although they will eventually need to be recycled. 
The set up for these parts can be expensive. One reason, previously mentioned, requires multiple test mould to be created. Another reason is that, according to Custompart.com (2020), you require the acquisition of a die casting machine, a furnace, a die and the metal to achieve this process. 
3D Printing
Over the last few decades, 3D printing has seen a surge in technological advancements as well as gained mass popularity in both industrial and domestic use. Autodesk suggests that 3D printing has a broad spectrum of uses and is universally beneficial to all industries (What Is 3D Printing? | 3D Printing Software | Autodesk, 2020). The 3D printing machinery can print out a lot of intricate shapes in multiple types of materials. The process can vary in speed depending on the size, intricacy, and material of the part. 
Most parts created on a 3D printer can take hours or days to produce. The eventual part that is manufactured will most likely have sprues that will need to be carefully moved, this can also leave the part needed sanding to smooth out. Some printers may also leave mould lines from the printing process, since the printer makes the part be stacking layers. 
The set up would require a 3D printer, the filament of the desired material and 3D printer software. This will require a trained individual who can design the part on 3D software as well as know how to operate the machinery. 
Water Cutting
Waterjetcutting.co.uk (Home Waterjet Cutting | The UK's largest profile cutting service, 2020) describes the main feature of this form of manufacturing as a highly pressurised mixture of water and an abrasive substance, which is used to cut materials. This is then fired at a material which the highly pressured fluid is able to cut through, this is done with great precision and speed. The level of detail this method can produce is only limited to what is possible on the software and the size of the water jet produced. 
This method is best used to create parts from a flat surface. This method is not designed to create 3D objects. Similar to the laser cutting methods used on plastics and woods, it is best used to create items on a plane. Although, it does have the benefit 
To use this method, you would require a waterjet cutting system and the relevant software to be able to design the models. 

Feature/function analysis tree
[image: ]

Design and Development Work Undertaken

Over the development of the design of the three-jaw gripper, I looked at each individual part and looked for ways to improve them. I began by looking at the list of tasks I produced from the QFD and FMEA charts.
 
JawFig 1 Original Design

The Jaw was the part that needed a revision the most. The requirements I decided it needed to meet were: 
· Be able to lift object of most shapes and sizes.
· Be flexible or provide protection on the tip.
Fig 2 New Design

The original design (Fig 1) had a flat wedge tip. This is functional, but it limits the gripper on both its ability to pick up a variety of objects as well as its precision potential. 
I began by narrowing the tip of the jaw by providing chamfers on the corners of the wedge (Fig 3). I then provided an extension on the tip that would represent the application of a protector (Fig 4). The protector is designed to prevent the jaw from causing damage to grabbed objects as well as damage to itself. Fig 3 Chamfered tip
Fig 4 Tip Protector

I also decided to fillet the edges on the outer parts of the jaw (Fig 2), removing some of the sharp edges from the design. This worked as both an improvement for the general aesthetics of the jaw as well as to improve the general level of safety of the design.


[image: ]
[image: ]Cylinder
The cyclinder (Fig 5) was not one of the key parts that needed altering. However, I looked at the original design and decided that the hinges on the top needed to be flush with the outer circumference of the cylinder body (Fig 6). This would improve the aesthetic of the design, but more importantly, it minimises the chances of the overhang catching on anything and getting damaged.Fig 6 
Fig 5 Cylinder




Drive Plate
The drive plate was another of the parts that required a revision to the design. The points which it needed to meet were:Fig 7 Original Drive Plate

· Reduce the likelihood of damage to the hinges
· Reduce likelihood of damage to thread
· Provide method to stop drive plate from coming off
The original design of the drive plate (Fig 7) was poorly designed. The square blocks on the edges overlapped the circular base and created a difficult shape to manufacture. The shape provided no protection for the thread and gave no method of preventing it coming off the end of the threaded worm. Fig 8 New Drive Plate

I started by creating a new design from scratch, using the original diameter or the base and threaded central hole (Fig 8). I opted to create a thinner base to reduce the overall amount of material used. I then created the three hinge locations in the same places as the original, this was essential so it would fit back into the original assembly. However, I decided to make all the hinges connect into the centre with a clearance recess. This helped to both create a solid shape for the hinges and to create an area for a threaded cap I am designing for the threaded worm (Fig 9).

Threaded Cap
I designed the threaded cap so that it could protect the thread on the worm from dirt, foreign objects or damage. A secondary function of the threaded cap is to act as a stopper for drive plate. The threaded cap is designed to have a clearance fit with the recess in the drive plate. This gives it a place where the cap can sit securely to prevent the drive moving passed the desired travel distance. The cap is designed with a soft exterior, so it cannot damage any objects grabbed by the gripper, and a solid internal thread.Fig 9 Threaded Cap
Fig 10 Internal thread


WormFig 11 Worm Thread

Whilst designing the threaded cap, I decided to modify the worm (Fig 11). I extended the length of the larger diameter body, this was to set a limit to how far back the drive plate can travel. I also extended the length of the thread to accommodate the threaded cap and offset the length lost when extending the body.



Fig 12 Aligned hinges

Hinges
After I made all the design changes, I inserted them all into the assembly drawing to ensure they all fit and function with no unwanted clashes. I noticed that in the initial concept that two of the joints that connect to the drive plate were clashing. I took one of the clashing joints and attached it to the opposite side of the Jaw (fig 12). The result provided a clear movement track for all parts.

Fig 13 Final Design Assembly


FMEA changes to new design
I then went back to the FMEA table to review the actions that I took and rated the severity, occurrence, and detection values of the potential faults again. The severity of the potential faults would not change since the repercussions would not alter. However, I was able to reduce the values of the occurrences and detection for most potential faults in the table. I was successful in reducing all the triple digit RPN figures down to double digits.
[Appendix 3]


Manufacturing Process Design

	Part
	Manufacturing method

	Jaw
	CNC
Multiple jaws will need to be created for each complete product. It is essential that all jaws are identical to ensure that they all align with each other when operated.  The CNC will always produce identical pieces if it follows the same CNC code. 

	Cylinder
	Die Cast
The cylinder is a rather thin part in comparison to the others. For this reason, I do not think that the use of the CNC would be the most efficient method. I also believe that the CNC method would produce the most waste material from its process. The Die cast will use less material to produce the same part. It can also safely manufacture the hinges at the top of the design without risk of any tools from chipping them off. 

	Drive plate
	CNC
This small part will be produced on the CNC as multiple copies can be produced off a single steel bar. The detail of the drive plate can be produced and then the whole piece can be parted off when completed. 

	Motor
	Standard part 
Motor that can be ordered in bulk from external suppliers.


	Joint
	Water Cutting
Each complete product will require three of these parts. Each part will have the same thickness. This means that if a sheet of steel is attained with this same thickness, a water jet cutter could take advantage and cut multiple copies on the same sheet. 

	Shaft
	CNC
The shaft can be produced in the CNC machine. Because it is a simple part to produce, it should take a minimal amount of time to complete.

	Worm
	CNC
Same as the shaft, the worm can be easily produced on the CNC machinery.

	Thread Cap
	Standard part 
silicone cap that can be ordered in bulk.  which covers a CNC manufactured metal threaded cap.


	Bolt
	Standard part 
Stainless steel bolt that can be ordered in bulk from external suppliers.


	Nut
	Standard part
Stainless steel nut that can be ordered in bulk from external suppliers.











flowchart for assembly/manufacturing process
[image: ]

Conclusion


In this project, I was able to develop an improved design of the original Gripper concept model. 
The appraisal techniques made it far easier to pinpoint which areas of the design needed altering. The QFD was excellent at picking out the most important factors that the target audience requested whilst comparing these needs to existing competitor designs. 
The FMEA opened my eyes to all the potential failures that could occur from the initial design. This method worked well to inform me which of the features required the most attention to minimise the risks of future failures. 
Both these methods allowed me to effectively determine the most important features of the Gripper. Without these prior methods, I would have most likely have missed some of the design flaws. 
The research of the different manufacturing methods allowed me to explore different potential avenues for the process. Initially I would have assumed CNC would produce nearly everything but, after discovering other methods, I found more efficient methods to produce some of the parts.
The alteration of the design went well, although I had to go back and re-edit the claw on numerous occasions as I kept finding minor faults with how it would grip onto objects. With trial and error, I was able to complete the design to a high level of satisfaction. 
Overall, the process of this re-design went well. If I was to do this again, I would have liked to have looked into even more methods of appraisal and manufacturing to give myself more potential options. 
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Appendix 1 – QFD table

Appendix 2 – Initial FMEA table


Appendix 3 – Final FMEA table
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Appendix 4 – Final design detailed drawing
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Appendix 5 – Exploded view[image: ]
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