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1.0 Introduction. 

This report is an analysis of the current 3 jaw gripper design. The intended use of the 3 Jaw gripper is to be attached to the end of a cobot. A cobot’s purpose is to work alongside humans with no risk of injury. Unlike closed cell robots which are generally caged off preventing access. The gripper must also be able to conduct several different pick and place operations. Therefore, must be highly flexible combined with precision. 

The analysis will be Followed by a new design and manufacturing proposal. Using proven design analysis methods Covering the user requirements of the 3 Jaw gripper, including function, aesthetics and critical components. Breaking down the design and the possible improvements which can be made to existing design. Considering cost of manufacturing and factors driving cost. Identifying the best suited manufacturing techniques driven from material and design data. Also, Creating an FMEA for the manufacturing process of all components. 


























2.0   Concept Design Appraisal 

When looking at the current design and how to improve it, several factors must be looked at. The current market demand for such product must be considered to ensure the correct number of units are being produced. Preventing the market from being flooded and reducing the value of the product. As well as ensuring enough products are being made and maximum sales are achieved. The product must have a robust and aesthetic design. This type of product is most likely going to be used in an industrial environment. Industrial environment can be harsh on tools and machinery, inducing wear and damage. The product must be easy to maintain, and components must be easy to replace. Hard wearing components must be considered to minimize maintenance. Suitable materials must be selected when considering the purpose of the gripper. A High weight to strength ratio would suit best. Increasing the durability of the product while minimizing the stress on the cobot. Below is a breakdown of the gripper and its components.
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Jaws – The jaws are the components which make contact with the parts which it is designed to pick up.

Cylinder – The cylinder holds the jaws onto the end effector, using a hinge system. The cylinder also has clearance to allow the jaws to have a large range of movement.

Drive plate – The Drive plate is threaded onto the worm drive and secured to the jaws through the hinge system. As the drive plate moves up and down the thread the jaws open and close.

Motor – The motor drives the shaft which is attached to the worm drive.

Join – The Join connect the jaws to the drive plate through a hinge system.

Shaft – The shaft is joined to the worm drive which the drive plate is threaded on.

Worm Drive – The worm drive has a thread which move the drive plate as the motor is operated.
3.0    Manufacturing process proposal 

When trying to determine what manufacturing method is best, several different factors must be considered. The cost, UPW (Units per week), customer requirements, Quality and more important than ever environmental impact.

The Cobot end effector is most likely going to be used in a factory environment. Generally, companies which have larger budgets to spend are most likely to purchase the grabber. Therefore, more expensive and accurate manufacturing method and materials can be selected. However, the cost to this company must be considered to ensure a sustainable future.  

The current requirements is 1000-2000 units per week. Therefore, a high-speed manufacturing method must be selected to meet this demand. Although many UPW is required quality cannot be sacrificed due to the nature of the product. 

As the product is going to be precisely picking and placing parts it must be accurately manufactures and to a high-quality standard. The four main components are more likely to consumer more time during manufacturing. These parts are the jaws, Cylinder, motor housing and joining links. 

The four main components must be very accurately manufactured. Therefore, die casting has been selected due to the advantages it has in terms of quality, accuracy and the large volume capability.  Die casting is also a very repeatable process. The current design has lots of edges and corner. These features can cause a problem during the casting process. To overcome this issue fillets have been applied to the design. This prevents the cast part from being stuck in the die. Also, slight drafts will be added to each component to make the removal process easier. 

Two materials which were selected to be used were aluminum and zinc, this is due to a multitude of factors. Firstly, zinc and aluminum die casts very well. Both flow through the die extremely well minimizing the risk of defects leaving an excellent finish which doesn’t require any form of finishing. Aluminum and Zinc also have low melting points. Therefore, require less energy during the melting process. One factor separates zinc and aluminum is the environmental impact which aluminum has during the raw material extraction process. Aluminum is made up of bauxite and alumina. When the bauxite is extracted from the earth is has large a large impact on the environment. “More than 80% of the worlds bauxite production is extracted from shallow open-pit mines. Deposits are usually 2-3m thick, and overburden is only a few meters at most. While some deposits are lithified, requiring explosives for their mining.” (Gow, 1993) Therefore, zinc has been selected as the best material all round. “It is shown that the zinc-based alloys are viable engineering materials; that they possess distinct processing and economic advantages, and exhibit mechanical properties which are competitive with other traditional casting alloys — both ferrous and nonferrous” (Apelian, 2013)

Zinc is also very lightweight this is in important attribute when considering the use of the grabber. The grabber is going to be used on the end of a Cobot. Cobot end effectors must use light weight components to minimize stress during operation. Zinc has a low melting point when compared to other metals. Therefore, less energy is used during the smelting process in turn reducing the carbon footprint of the product. (Ultimate Tensile Strength-358MPa, Density-6.60g/cc, Melting point-379 - 390 °C, Casting Temperature-395-425 °C) (Data, 1996-2021)

Small nylon plates have also been added to the jaws for two different reasons. The nylon plates are the parts which will contact the components. Nylon has been selected as it is very hard wearing, lightweight and has a low melting point. Although zinc is a soft metal, nylon tips are less likely to damage the surface of any components which it is picking. Also, due to how soft zinc is, it is likely to wear away. The nylon plates will take longer to wear and are easily replicable at low cost. Saving the cost of replacing worn jaws. As nylon has a low melting point and has properties which lends itself to molding while melted, die casting has been selected to manufacture these parts. “The extrapolation and the slope of this linear relation give the equilibrium melting point of nylon 6 as 245°C “ (Arakawa, 1969). Excellent quality and accuracy can be achieved during the molding process to maintain a high-quality standard through the manufacturing of the product. 

The pins which will be used to secure the jaws to the cylinder, join links and drive plate will be manufactured from a pre impregnated brass. This type of material can be used inserted into the join and not require additional lubrication to allow free movement. The hinge pins will be secured using small circlips. The same circlips are used on both size pins to reduce cost. The brass pins will be turned down on a lathe, with the capability of achieving an ISO standard transition fits. This type of fit will hold the jaws securely in place with very little to no movement. At the same time there will be very little friction between pin and joint which may put stress onto the motor during operation. 

The motor, worm drive and shaft can all be bought in products. A generic motor which can be fitted inside the zinc motor housing. The shaft will run through the motor and be joined onto the worm drive. Buying these components off the shelf will reduce the cost of manufacturing as all other components will be manufactured for this bespoke product. To manufacture a worm drive would cost a lot of money to cut such prevision threads. Therefore, buying in the product would reduce overall manufacturing cost. A suitable motor will be identified for the purpose of the product and the detailed design of the housing will be tailored to suit. Making the housing compatible with the motor. 








4.0    Manufacturing process Design.

Several factors must be considered during the assembly process of the gripper. To ensure the business makes the most profit and sustainable future. Lean manufacturing methods must be adopted. Also, the units per week will dictate what assembly method is suitable to achieve these figures while maintaining quality and repeatability. Understanding the 7 wastes during production will ensure maximum efficiency and profit is achieved during the production of the product.

Inventory – Although and influx in demand must be met best as possible. Over stocking of inventory can result in wasted cash. Also, more inventory requires more footprint space in turn costing the business more to keep. A balance must be found. 

Waiting – Waiting is an easily recognized form of waste. Whether it is waiting for components or facility/tool failure. 

Defect – Defects must be avoided at all cost. Firstly, defects can create rework and rework cost time and money. People must be trained to rectify defect as well as have the facility and tools to correct them. The reworked components can be fed back into production to be reused. A worst-case scenario is that the defected parts become stock. This will eat into inventory and is the biggest lost to eh business if cannot be returned. 

Overproduction- when over production occurs this means the current customer demand has been exceeding. In causing some of the other 6 wastes to occur. For example, too must stock results in storage requirements. Firstly, footprint is taking up which cost. Potential for damage to occur to stored components. 

Motion- Motion is the waste of movement. Unnecessary movements can occur during the production process of the product. This leads to increased production time causing more cost. 

Over Processing- including feature which will not increase the price of the product are considered as non-value added. Reducing the non-value-added features will reduce the overall production cost of the product.










5.0   Development and Design
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Using a PFMEA was an effective method to quickly identify what components need to be changed to improve the overall quality of the gripper. Improving the manufacturability of the parts, improving function or reducing the service requirements. There is a direct comparison of original design and newly proposed design. The RPN scores generated highlights what failures are most likely to cause the biggest problem. Therefor, these high scoring issues must be first point of focus and amended if possible. When actions taken are rescored your aiming to lower the score which the component previously had.
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The Jaws have been modified to improve aesthetics, manufacturability and assembly. Fillets have been added to the jaws to improve the ability to die cast the jaws out of zinc alloy. Although all edges have not been filleted the fillets which have been added will improve the die casting process, by reducing the risk of flaws and improving the removability of the jaw from the die. Also, the fillet designed into the tip minimizes potential injury to operators. A nylon tip has been added to the assembly of each jaw to reduce the risk of damaging parts and reducing the chance of wear to the jaws by having sacrificial nylon plates. A poke yoke feature one side of the jaw prevents the joining links from being fitted the incorrect side as well as prevent the jaws from being fitted in the wrong orientation. 
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The nylon jaws have been designed with a circle and square poke yoke feature. This is to ensure the plates are fitted in the correct orientation. The square pin is 1.5mm and the circle pin is 2mm this prevents the circle pin from being fitted into the square hole making it a true poke yoke. The nylon plates will be secure in place using adhesive. 
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The Cylinder has also been modified to improve aesthetics, manufacturability and assembly. The fillets added improve the aesthetics of the part as well as improve the manufacturability. Through holes have been added to the fitment point where the jaws are fitted. The through hole allow a pin to be slotted through both jaw and cylinder and secured in place using circlips. Again, Zinc die casting has been selected as the manufacturing process. Zinc alloy die casting is accurate enough to achieve a transition fit the pins require without having post processes such as machine or drilling post casting. 
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The motor housing has been split into two different components. A rear and forward component. Before assembling together, a motor is place into the center of the rear housing and the forward housing is push fit into place using a lip and clip system. The forward housings have 4 M3 tapped holes which align with the cylinder to allow them to be secured together. Both forward and rear housing will be die cast using zinc alloy. 
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The drive plate has been modified to improve manufacturability and assembly. This part will also be zinc alloy dye casted therefore, fillets have been incorporated. Also, one side of the hinge point has a small extrusion which prevents the joining links from being fitted on the wrong side. It is physically impossible to fit the joining link on the wrong side using the extrusion as a poke yoke feature. 
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The Shaft has been changed to improve the assembly process. A larger cylinder had been put at the end which interfaces with the worm. The larger cylinder bring strength to the shaft when the threaded hole is tapped.  The threaded hole allows the worm to be joined via an ISO compliant M2 thread.
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The worm has had two modification to improve assembly and functionality. The worm drive has been extended one end by 10mm. The thread has purposely not continued down the shaft of the worm to act as a stop for the drive plate. This stop will prevent the drive plate from overshooting the worm and causing operational failure. The end which interfaces with the shaft has had an ISO compliant M2 thread cut. The thread will allow the shaft and worm to be joined. Allowing the motor to drive the worm via the shaft. 




[image: ]

To secure everything together a pin and circlip fasting method has been selected. There will be two different sized pines. 14mm Pins and 10mm pins. The 14mm pins will secure the jaws to the cylinder, one per jaw. 10mm pins will be used to secure the joins to the jaws and drive plate, 6 per unit. All pins will be designed for a precision fit when in place. The transition fit allows movement of the components however, not enough that there is play within the jaws. 





6.0    Manufacturing Process Design

A small assembly cell set up has been chosen as the desired assembly process. The small cell set up will reduce motion during the assembly process. Having all components within a close range reduced the distance and time traveled by technician. 

The process has been broken down into three 1-minute stages. At each stage more components are added to the assembly resulting in a complete unit after the third stage. After. The small cell will only require three technicians to complete all processes. Each cell will have its own assembly nest to hold components while it is assembled to speed up the process.

When considering the current demand, the cell will be capable of achieving 1,000-2,000 units per week. An eight-hour shift of 3 people every 5 days can complete 2,100 units per week with no interruption. Including 1 hour of breaks daily. 
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Each man has several processes to complete during the 1-minute takt before the component must be transferred to the next man. Below is a breakdown of components which each technician will have, as well as the process which the technician must complete.



Technician 1

· 1x Motor
· 1x Forward Motor Housing
· 1x Rear Motor Housing
· 2x Jaw
· 2x Link 
· 4x Circlips
· 2x 10mm Pins

Inspect all parts for damage which may prevent fit or function 

1 - Motor is placed inside rear motor housing.
 
2 - Forward motor housing is then push fit onto the rear housing sealing the motor housing.

3 – push pin into hole surrounded by small poke yoke feature on the jaw. slide on the link which to sit flat against jaw. Fit 2 x circlips either side of the pin. Repeat until two assembled jaws are complete.

4 – Transfer assembly into next station.
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Technician 2

· 1x Shaft
· 1x Worm
· 1x Drive plate
· 1x Lubrication Application
· 1x Jaw
· 1x Link
· 1x 10mm Pins
· 2xCirclips
· 2x Cylinder
· 3x M3 Allan Screws

Inspect all parts for damage which may prevent fit or function 

1. Align motor housing center hole to cylinder center hole, rotate cylinder to line up with threaded holes on one face of the motor housing.

2. Using 3x M3 fixing secure housing to cylinder to correct torque using tooling provided.

3. Push fit Shaft into motor drive through the center of the cylinder and into motor housing.

4. Run lubricated brush through drive plate thread. Screw drive plate onto worm drive on threaded side, screw M3 thread into tapped hole on the shaft.

5. push pin into hole surrounded by small poke yoke feature on the jaw. slide on the link which to sit flat against jaw. Fit 2 x circlips either side of the pin.

6. Transfer assembly into next station. 
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Technician 2

· 1x Jaw
· 1x Link
· 3x Nylon Tips
· 6xCirclips
· [bookmark: _GoBack]3x 14 mm Pins

Inspect all parts for damage which may prevent fit or function 

1. Remove adhesive protection on nylon tips and push fit onto tip of all 3 jaws. Ensure it is pressed firmly for good adhesion. 

2. Obtain one pre-assembled jaw and link. Line hole in link up to hole on hole in the drive plate. Push fit 7mm pin and secure using circlips. Repeat using all remaining jaws. 

3. Slide jaws into the slots in cylinder. Align hole in jaw to hole in cylinder push fit 14mm pin and secure using circlips. Repeat across remaining jaws.

4. Transfer complete assembly into output Location.



[image: ]



7.0  Conclusion

When considering customer, company and manufacturing requirements. Proven methods were used to ensure maximum quality was achieved. With the potential of delivering a high-quality product. When market demands were considered all manufacturing, methods were selected. Die casting nearly all components allow the 2000-unit figure to be achieved. A large die with multiple components per die can be used for maximum efficiency and output. 

Using the house of quality QFD method, allowed a clear and concise comparison of what factors are most important to customers and quality of product. Also, allowing a comparison of competitors products. Highlighting where this company needs to improve and maintain a higher standard, resulting in a more competitive product than other companies. 

The Zinc alloy selected suits both manufacturing process of components as well as the functionality of the gripper itself. Zinc alloy die casting can produce very accurate components repeatedly. Also, the zinc allow can be infinitely recycled. Therefore, if for any reason a cast was scrapped it can be smelted back down and reused. Also, the sourcing for the material can be from recycled materials rather than virgin material. Reducing the carbon footprint of the company making it a more desirable choice for customers with ethical morals. 

Using another QDF methods to methodically identify potential issues with current design worked well. Especially, the PFMEA. The PFMEA allowed an efficient analysis of the current design identifying any flaws and quantifying them by using a scoring system. The high hitting RPN scores highlighted the components which required most attention. Once modifications/actions were carried out the scored we re evaluated. If the RPN score had dropped a successful modification was made. Some features could not be amended therefore, the RPN score remained the same. 

Overall, everything which needed to be considered for a better product was considered. Resulting in a higher quality product than the original design. However, I do not believe the most profitable methods were selected for every component. If the option to buy more bought finished parts rather than manufactures only for this product the initial cost of the product would drop significantly. 
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