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Introduction 

“Design is a funny word. Some people think design means how it looks. But of course, if you dig deeper, it’s really how it works.”, Jobs (2018). As an engineer, the design phase is very important for a variety of reasons. It can determine how a product will turn out as well as its functions. This report will look into a three-jaw gripper being used for ‘pick and place’ operations. The layout and manufacturing processes, as well as customer requirements will be considered throughout. 
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[bookmark: _Toc75362795]Concept design appraisal 

· GA36b Level 5 (uwtsd.ac.uk)
[image: ]
The above image shows a concept design of a three-jaw gripper, which is intended to be used on co-bot systems. I will need to determine if this design is suitable for its purpose. A website article I have found states “Quality Function Development, or QFD, is a method used to identify critical customer attributes.”, Wheelwright and Clarke (1992). This implies that this process will help me assess this concept design in terms of customer needs. The article then goes onto talk about a “House of quality”. This term suggests a structure to the first step of this process. 






· [image: ]The House of Quality (hbr.org) 
· Hauser & Clausing (1988)

The image to the left shows an example of a ‘house of quality’ used in the motor industry based around a car door. From this image, I can infer that the top floor of the house is filled in relation to the engineering characteristics. There are two main facets of the car door which have been broken down into smaller pieces. 
I can also infer that the left part of the house is the customer requirements, which again have been broken down into smaller pieces from main factors. The right side of the house may be in relation to who has used the product to try and determine how well it currently functions. In this scenario, the house of quality used has been based around three sources which are ‘our car’, ‘A’s car’ and ‘B’s car’. I believe this is to provide more accurate results. finally, I can assume that the middle part of the house is used to determine the relationship values between the top floor and left side of the house.  
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For this scenario, this is what a basic house of quality would look like. There is no right side to the house as it is only based around a concept design, therefore it has not been used or made yet. 
For the engineering characteristics, I have chosen to have ‘mechanical simplicity’ and ‘cost effective’ as my main headings. I chose mechanical simplicity due to it allowing for quicker manufacturing times, as well as easier assembly later on. An example I have stated is ‘minimal parts’ to make this possible. I chose ‘cost effective’ due to the fact that it has the potential to save money for the manufacturers. An example I have stated for this is ‘fitting materials’, furthermore a reason for choosing the appropriate materials for each part of the three-jaw gripper could be a long term benefit as they have the potential wear less over time during operation periods. 
For my house of quality, I have chosen to base the customer attributes around the customer demands. I firstly opted for ‘adaptable’ because its purpose will lie in multiple pick and place operations. An example I have stated for this reason is ‘grip components’. Secondly, I stated ‘simple’ for the reason that may allow the customer to understand the product better, for which I have stated ‘easy to assemble’. 
Finally, I have indicated the facets which I believe go hand in hand by using symbols in the middle of the house. They are ranked from ‘strong positive’ to ‘strong negative’ using the key next to the diagram.
In order for me to go into more depth with the concept design, I will need to use another technique. The website article states, “The design specification should provide a clear and unambiguous definition of the outcomes to be achieved.”, Leary (2020). This implies that carrying out a design specification will allow me to focus on specific facets of the concept design, furthermore in how it complies with the requirements. 
Three-Jaw Gripper

Customer requirements 
The product being made is going to be a three-jaw gripper used in various ‘pick and place’ operations. 
Performance 
· Lift and place objects. 
· Three jaws to hold objects. 
· Motor moves worm.
· Worm moves drive plate. 
· Drive plate opens and closes jaws. 
Potential Environments
· Manufacturing.
· Assembly. 
· Warehouse. 
Life in service 
· To be used often on a daily basis. 
Maintenance 
· Visual check monthly for wear. 
· Service every six months. 


This is what a basic design specification would look like for the three-jaw gripper. I have split it up into five sections, which are customer requirements, performance, potential environments, life in service and maintenance. 
The customer requirements were found through communication with the customer. Secondly, I have filled performance with how the three-jaw gripper could carry out its task, in reference to how the concept design has been developed. Next, I have thought about which potential environments the product may be used. I believe this could impact the decision on which materials are going to be used for it. Taking wear into consideration, I believe that the life in service could also have an influence on which materials are going to be used, furthermore better suited materials for each component may lead to less wear. Finally, for maintenance I have stated to check visually for wear every month, as well as service every six months. This is vague due to the fact that as mentioned earlier it is only a concept design and it has not been physically used yet. Using both the house of quality and the design specification, I am now able to think about manufacturing processes for each part of the three-jaw gripper. 
To summarise this section, I have found various customer needs for the concept design, considered the engineering characteristics, how the gripper is going to work mechanically, potential work environments, how often it could be used and when maintenance may need to occur. 
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As there are a variety of components involved in the concept design, I consider the number of materials which could be used. 

[image: ]
The first parts I will be looking at are the jaws. The purpose if this part is to hold the object being picked up. The website article states, “Aluminium is lightweight, durable, malleable and corrosion-resistant.”, Dielectric Manufacturing (2020). From identifying these properties, I can infer that aluminium will be the appropriate material to use for the jaws based on the mentioned statement. Based on the mentioned properties, aluminium may wear less than other materials over time. Being corrosive resistant also helps as they will be able to pick and place various objects without having to worry about corrosion. As it has a range of use, aluminium is easily recyclable, which is good for the environment.
I also need to take the manufacturing process into consideration. From looking at the drawing, I can see that it is all one shape. The blog states “Sand casting involves the pouring of molten metal into a cavity-shaped sand mould where it solidifies.”, Kapranos & Jolly (2014). This implies that sand casting involves creating a component from a mould which has been formed into a specified shape. I believe that the sand casting process is going to be appropriate when making the jaws due to the fact that they are a simple shape with no tight tolerances. 


[image: ][image: ]

The second part for the three-jaw gripper is the cylinder. Its purpose is to act as a base as it is holding other pieces together. The blog states “Stainless steel is an exceedingly versatile material. It is preferred where the properties of steel and corrosion resistance are required in tandem.”, Velling (2020). Despite stainless steel being more expensive than other materials, both of these properties are very important for this component due to the benefits being related to increased service life and reduced cycle costs. This in turn has the potential to be cheaper in the long run for the machinists as well as the customers. As it has a range of use, stainless steel is easily recyclable, which is good for the environment. 
This component also has holes for other parts such as the shaft. For this reason, I think it may be best to choose a more contemporary approach to manufacture this component. The website article states, “CNC machining is a manufacturing process which utilizes computerized controls to operate and manipulate machine and cutting tools to shape stock material.”, Thomas (2021). The term ‘computerized controls’ implies that this type of manufacturing is relatively new compared to other methods. Also, the fact that a computer is doing the machining for you suggests that there will be less problems such as human error during the machining operations. This could save time for the machinists, allowing the customer to receive the product sooner. I believe that it is most appropriate to CNC machine this component as there are holes which need to be in specific spots, moreover there are three slots where the jaws need to be bolted into which may not be easily done on a manual machine. 
[image: ]The third piece for the final product is the drive plate. This helps apply pressure to open and close the jaws. The text states “Mild steel has a high resistance against breakage.”, Toppr (2020). This denotes that mild steel could be a good option for the drive plate because of how often it may be used, furthermore it could be moving a lot. This is why I consider mild steel to be a good choice. It is also cost effective as it is easy to obtain.   
For this component, I think it may be best to manufacture it the same way as the cylinder, which is to use CNC machinery. This is for the reason that it is made up of multiple shapes which could be time consuming if attempted any other way. 
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The next component to be made is the shell of the motor. This holds the workings which allow the worm to move the drive plate, as a result the jaws will open or close, allowing the pick and place to be carried out. It may not be appropriate to use metal for this piece of the gripper, taking overall weight into consideration. The blog states “Polyamide, is a very hard type of semi-crystalline plastic.”, Mitrovski (2020). This implies that polyamide is a good option of polymer to protect the motor. Additionally, the polymer is light in terms of weight, which may help with assembly. 
As I have decided on making the motor shell a polymer, there could be other ways in which the form could be manufactured. The article states “Injection moulding is a process in which a thermoplastic polymer is heated above its melting point, resulting in the conversion of the solid polymer.”, Ebnesajjad (2003). This infers that injection moulding is a process similar to casting in the way that it melts the material and manipulates it into a shape, leaving a good surface finish. I think that injection moulding this component is the best way to manufacture it because it has the potential to complete the form of the shell to a good standard without wasting a lot of time and power on a machine. As for the motor itself, it may be best to retrieve it from an outside source as it could allow for more time for the machinists to manufacture the other components. 
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Another part of the gripper which needs to be made multiple times is the joint. One is going in between each jaw, connecting to the drive plate so that the jaws are secure. I believe that aluminium is a good option for the joints for the reasons mentioned before, “Aluminium is lightweight, durable, malleable and corrosion-resistant.”, Dielectric Manufacturing (2020). These reasons could allow the joints to keep the jaws secure without having to greatly consider wear. 
For this manufacturing process, I think that once again it is best to use sand casting as it is a simple shape with no specific tolerances. 

[image: ]







A piece of the three-jaw gripper which also needs to be taken into consideration is the shaft. It is a simple bar used to connect the motor and the worm. I think it may be best to make this out of mild steel due to its break resistance. 
As it is a circular shape, it may need to be cut a specific way to maintain that shape. A website article states, “A lathe is a machining tool that features a rotating workpiece and a stationary cutting tool.”, Monroe (2020). This suggests that lathes cut mostly cylindrical pieces as they are rotating around a point. This is the reason why I feel it is the best manufacturing machine to use when making the bar. The shaft will be fitted into another circular part, so it could be important that it retains its concentricity.  
[image: ]
Finally, the last part of the three-jaw gripper is referred to as the worm. The role of this part is to connect the one side to the shaft and the threaded side to the drive plate, allowing for the movement of the jaws. For the reasons mentioned for the drive plate, I think it may be best to use mild steel for this component. 
I also believe that it is important to manufacture this workpiece the same way as the shaft, which is machined on a lathe as it is a circular workpiece which fits into another piece. There is also a thread on the shaft of this workpiece which could be difficult to manufacture any other way due to the accuracy that is required. 
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Despite the fact that the components mentioned in the last section were well designed, they could be improved even further to benefit the final product. The website article states, “The Lucas method is based on a “point scale” which gives a relative measure of assembly difficulty.”, Chan & Salustri (2005). This statement suggests that there is a method called the ‘Lucas method’ which allows for a product to be broken down into pieces, furthermore it could be assessed on specific features by being given a score based on convenience. An example of this could be a larger or heavier component being given a higher score than a component which can be easily picked up and moved with one hand. 


[image: ]

The above diagram shows an example of a Lucas DFA table. It is split up into ‘Manual Handling Analysis’ and ‘Manual Fitting Analysis’. Each part is sectioned off by a letter, indicating what is taken into consideration in the sub-heading. the score is calculated by using the equations based below the headings. The higher the score, the more space for improvement. 


[image: ]

The first major change I will be looking into is in relation to the jaws. Carrying out the Lucas DFA method, we can see that it has a score of ‘2’ for the manual handling analysis and ‘7.3’ for the [image: ]manual fitting analysis, based on the table used above. This tells me that despite the fact the jaws may be light and easy to move, they are slightly more complex to fit than any of the other components. In the following diagram, I have implemented some changes:
Make holes to suit dowels over bolts.

Round off all edges.


Chamfer around edge of component. 





In this diagram, I have sketched an idea for how I can improve the jaws. To make it even more convenient to carry, I have implemented chamfers around the edges of the jaws, as well as rounded off any sharp edges. This will allow the user to be able to handle the part without having to worry about being cut. I believe that the chamfers will also allow for the jaws to be assembled easier as it can act as a small lead in to guide the part into its right location.
Another idea I have come up with is to make the holes a much tighter tolerance so that it would need dowels to secure it instead of being bolted. The following image gives a guide on how the tolerancing should be, assuming that a dowel is going in a hole. 

· Dowel Pin Tolerance and Fit Standards | by Factorem | Medium[image: ]





Despite the fact that the jaws will still need to be secured with other pieces, they will be more secure in place with the right type of it than being bolted. The text states “Transition fits are a compromise between clearance and interference fit where a small amount of either clearance or interference is permissible.”, Thorat (2021). This may potentially allow the dowel to stay inside of the hole without it sliding out or breaking under tension when the jaws are operating. 
With these implementations, I believe that the manual handling analysis score will decrease to ‘1.7’ after removing all sharp edges. The manual fitting analysis could decrease to ‘2.7’, allowing for improvement on insertion and alignment. 
[image: ]









Another change I will be looking into is relative to the cylinder. The above image shows what it currently looks like from the rear. There are five holes in the back face, with four not in use. They also look like they will get a tight fit on the worm, which is not beneficial as the threaded section of the bar could get damaged. There are also holes in the front with clearance for screws to allow the jaws to be bolted to it.
In its current state, I think that carrying out the manual handling analysis will give a low score of ‘1.8’ based on the table used above. On the other hand, for the manual fitting analysis it may get a score of ‘6.8’. This means that it possibly will be tedious for the customer to fit together with other components. I have sketched diagrams to show what I think the improvements would look like:

[image: ][image: ]Tighten tolerance on holes to allow for dowels over screws.


One larger hole in the middle instead of five small holes.






The first diagram shows the front view of the cylinder. I have removed the four holes and made the hole in the centre bigger to avoid confusion during assembly as to which hole the worm needs to go into. Making the hole larger also gives more clearance for the worm, furthermore this is important as a transition fit or an interference fit will most likely damage the thread. This will result in the three-jaw gripper not being able to function. Conversely, the holes to help fit the jaws may benefit from a transition fit as they allow for the use of dowels. This may result in stronger joints, furthermore, allow the product to run for a longer duration. 
With these implementations, I believe that the manual handling analysis score will remain the same at ‘1.8’. I also believe that the manual fitting analysis will decrease to ‘2.8’ as I have tried to make the component more simplistic by removing anything that does not need to be there. 
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To carry out the manufacturing of the given models, I will need to know which steps to take to acquire the final product. The article states “Process design ensures that there is smooth and continuous relationship between required output and all the intermediate process.”, MSG (2021). This infers that a process design allows the development of a component to be broken down into multiple steps. This is important for the manufacturing end as it allows structure. An example of this could be a flow chart.  
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This is what a manufacturing design process would look like for this scenario when using a CNC machine. This applies to some of the mentioned components, furthermore it includes what needs to be done in steps to achieve the outcome, which in this case is to manufacture a part.  




























This flow chart shows the process of a manual lathe. It is similar to the CNC machine, however no programs are used, and only one tool is used at a time, so it seems simpler. 
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This final flow chart is based around sand casting. This process is much more different to the methods earlier mentioned. It involves a lot of waiting as there is molten metal used, which may take a lot of time to cool down. 

[bookmark: _Toc75362802]Conclusion

To summarise my first section, I have found a QFD method known as a ‘House of Quality’ to help me think of qualities I believe the three-jaw gripper should have, as well as any potential customer requirements. I then made a simple design specification to go further into what may need to be considered when making this product. 
To summarise my second section, I have explained what I believe would be the appropriate material and manufacturing process for each component. I took into consideration material properties, complexity of workpiece, customer needs, manufacturing time and the environment briefly.
To summarise the third section, I have chosen to use the ‘Lucas method’ to break down two components to determine if any changes could be made to benefit manual handling or manual assembly using a scoring system.
Finally, my fourth section consisted of manufacturing process designs for each mentioned process using flow charts to structure how each component was going to be made. 
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TASK DESCRIPTION

‘You have been tasked with undertaking a design study to develop a 3-Jaw Gripper — end effector
which is intended for use on co-bot systems. It is intended that the end effector will be flexible and
adaptable in order that it may be used for a range of “pick-and-place” operations. A concept design
has already been generated (models provided on Moodle). You are required to undertake further
development work to consider and opimise the manufacturability of the system. Initial opportunity
specifications and market rescarch have suggested production volumes of between 1000 and 2000
units per week will produced.

Side View of 3 Jaw Gripper Assembly

‘You are required to detail your design activity, along with your final design documentation in your
report. This should include the following scctions:
Page 20110
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