





[bookmark: _GoBack]Manufacturing Design & Technology

Assignment 1

3 Jaw Co-bot End Effector























Contents:

Page 1: Title Page
Page 2: Contents Page
Page 3: Introduction
Page 4: Concept Design Appraisal  
[bookmark: _Hlk75339345]Page 5: Manufacturing Process Proposal  
[bookmark: _Hlk77588858]Page 6: Manufacturing Process Proposal  
Page 7: Manufacturing Process Proposal  
Page 8: Design and Development Work Undertaken
Page 9: Design and Development Work Undertaken
Page 10: Design and Development Work Undertaken
Page 11: Manufacturing Process Design  
Page 12: Conclusion
Page 13: References









   


























Introduction 

A co-bot, or collaborative robot, is a robot intended for direct human robot interaction within a shared space, or where humans and robots are in close proximity. Co-bot applications contrast with traditional industrial robot applications in which robots are isolated from human contact. Using co-bots can bring various advantages to a business, such as:

· Ability to be programmed within small time frame
· Ability to be installed within small time frame
· Can be used in a wide range of applications/scenarios
· Higher level of consistency and accuracy within the defined application
· Positive effect on employee working processes.
· Increased productivity
· Improved process optimization.

Co-bots have the ability to be used within pick and place operations also. A key take away from this is that to minimise cost impact, consumable/parts subject to higher levels of wear should be made as common as possible (used in multiple locations throughout the business), and that for pick and place systems and robots in general, mass of end effectors and tooling should be kept to a minimum, therefore maximising the efficiency of movement and payload of the robot. 



























Concept Design Appraisal  

While keeping customer requirements in mind, the component must be designed in a way that all requirements are met, whilst the component maintains its functionality for the chosen industrial purpose.

Considering all customer requirements, the manufacture of the co-bot must remain at a relatively low cost, whilst also remaining at a low cost to implement and maintain once undertaking the chosen manufacturing procedure(s). Of course, depending on manufacturing workload and business budget, there is always possibility for a more “up market” manufacturing method, potentially decreasing manufacturing times further. Implementing this at current and relatively low production volumes, allows for potential increase/fluctuation in the business market.

When considering options for the material the co-bot will be manufactured from, such properties should be considered regarding the working environment, as well as the industrial use of the co-bot system. Properties such as melting points should be considered, ensuring the co-bot remains fit for purpose, whilst minimising environmental impact from subcomponent manufacture. It  must also be considered whether certain components of the co-bot such as the 3 jaws, in the ways that, the co-bot must not cause any damage to parts in its manufacturing process, as well as if the jaws are made from a material with a much lower tensile strength, to act as a mechanical fuse, should the co-bot malfunction and come into contact with any objects in the surrounding environment.

A characteristic of the component, surface finish must also be considered when designing the product. This would be quite high on the priority list due to the rang of secondary effects a surface finish can impact. A potential finish to be considered would be machined and anodised aluminium. This gives a relatively low light reflection, which if on an assembly line, could be beneficial if numerous optical sensors are being used. However, taking into consideration the components that the co-bot system is coming in contact with are delicate and must retain a good “A surface finish” a softer jaw material may be more beneficial, materials such as nylon.

To further understand the correlation between design features, conducted a “House of Quality” study, shown below:

















Manufacturing Process Proposal  

When considering the manufacturing process of the co-bot product, an appropriate method to be considered would be die casting of aluminium. This process allows for a higher production rate, which enables current production targets to be met with relative ease. Die casting as a whole allows for a high level of dimensional accuracy, ensuring the small tolerances required for a product such as co-bot components are met. This is imperative to the function of the co-bot system.

Lightweight materials should be considered, aluminium alloy a likely choice. 6082-T6 aluminium alloy is a popular general purpose, high grade material. Aluminium 6082 alloy has a melting point of 555 degrees Celsius, this is very much above what the co-bot system will be subject to within its required manufacturing purpose (which will be around room temperature). A major benefit of aluminium is its capability to be anodised, should it be required, which in the chosen “pick and place” would be a favourable choice giving added protection to the co-bot. An anodized finish is chemically stable, it will not decompose once applied to the surface of aluminium, it is also non-toxic which is a valuable property within a human rich environment, it is heat-resistant to the melting point of aluminium 6082. Since the anodizing process is a reinforcement of a naturally occurring oxide process, it is non-hazardous and produces no harmful or dangerous by-products. Another major benefit of anodising is it can reduce the surface reflectivity of parts, which if on an assembly line, could be beneficial if numerous optical sensors are being used.
 
This material is also very commonly used within machining such as CNC process which would be carried out post die casing to ensure dimensional accuracy of the finished component. The use of CNC machining is also complimentary to achieving a high standard surface finish. Achieving this is also imperative to the functionality of the co-bot once it is used in its “pick and place” process, ensuring no damage occurs when parts are held in the jaws.

6082 Aluminium has a good yield strength rating which to a degree is an important factor to be considered, where clamping pressures are involved within the manufacturing process and holding components securely while being transported. This material has an ultimate tensile strength of approximately 300MPa, as well as a yield strength of approximately 250MPa. These values make this material more than suitable for the chosen application. 

The arms/jaws of the co-bot system(s) can be made to a relatively low factor of safety. A factor of safety is governed by the ratio between the strength of the material and the maximum stress in the part. A lower factor of safety means that in the event of a robot crash, the arms (numerous, cheap and readily available as a consumable) can act like a mechanical fuse, preserving the other item involved in the crash as much as possible. FEA (finite element analysis) study/simulation would help understand accurately the values of what the co-bot must withstand as well as its failure point within each axis. The FEA tool can be used to refine the design to be as minimal as possible. By doing this, it ensures the product is as cost effective as possible. Factor of safety can also be employed here, this ensures the part is enough for the required payload, as well as a small margin to ensure this is achievable and repeatable without failure, also to be as light and as cheap as possible.
From an environmental perspective, the choice of aluminium is beneficial, due to it being fully recyclable, thus meaning a failed component can be re-melted and used in the die casting process to create a new component. This benefit minimises any impact to the environment in terms of waste, but only contributes as normal within the casing process.
From a costing perspective, aluminium is more appropriate option to consider due to it being widely available, as well as being cheaper than similar alternatives such as Zinc or Magnesium. This makes it more suitable to produce the required volume of 1000-2000 units per week.

Displayed in the CAD files provided, the jaws are made from PVC. This is weak plastic potentially making it unsuitable for the required applications. As above an anodised machined aluminium or further polymer options such as Nylon PA6 would be a better choice. Nylon also has a low reflectivity.

Nylon PA6 has a relatively low density, making it lightweight. This property is ideal for manufacturing processes within co-bot assisted manufacturing. It also has a relatively high melting point, though it is much lower than aluminium, it is still well outside of the maximum temperatures that would be achieved in the working environment. Nylon is also a fairly simple material to work with in terms of surface finish. When moulded in ways such as injection moulding, providing the mould itself is clean and damage free, a fairly good standard of surface finish is achieved. However, nylon has a rather low field strength which may impact the usability if it’s manufacturing application should change in future. This material also naturally low light reflection which is also a benefit should any optical sensors be used within the workplace.

However, nylon has disadvantageous properties when being considered for this application. For example, due to the chemical makeup and low density of this material, it is very brittle and would be subject to factures or even breaking during use of its chosen application.





Injection moulding has a wide range of benefits for this industry. Examples of this are: with correct tooling and moulds in place production can be run at a very high rate due to low melting temperatures, labour costs for a manufacturing process such as injection moulding are also very low in comparison to alternative methods, moulds are usually within very tight tolerances giving consistent and accurate products, materials that can be used such as nylon are cheap and readily available.

An alternative example for a manufacturing method could be 3D printing. This method of manufacturing would be ideally suited to a pre-production/prototype build phase. This is due to parts being able to be re-made/replaced within a matter of hours to continue trialling alternative shapes/thicknesses etc. when comparing 3D printing to machining prototypes, it is a quicker and much cheaper alternative tin creating parts. Due to its high rate of manufacture it allows any design changes to be made easily which can then be used in further design verification builds.

When considering this method of manufacture for the given rate of 1000-2000 units per week, a matter of hours per component adds up to be a very significant amount, making this method very unpractical.

In terms of surface finishing, the resins commonly used within 3D printing are dark/black which is ideal for not reflecting light within the local environment. However, these parts once printed, usually require some form of cleaning from excess material as well as any jigs used to support the component during printing. Given this “cleaning” stage is required, if too much material is removed it can massively affect the dimensional accuracy of the component, potentially making it unfit for purpose. 
























Design and Development Work Undertaken 
 
Whilst keeping in mind the manufacturing methods that have already been considered, to ensure the end manufactured assemblies are fully fit for purpose, there are fundamental changes that must be incorporated within the initial design of the co-bot system. From the manufacturing perspective, ideally process maintenance must be minimised, by this, it means throughout the manufacturing process, elements must be simplified as best possible, whilst withholding their effectiveness. For example, looking at the first stages of the manufacturing process such as casting, there are clear actions that can be implemented to ensure the product remains at a high standard whilst keeping the process as simple as possible. Two main contributors to this are use of a die cooling system, this can significantly increase the lifespan of the die in use, also adding fillets to the die itself, by adding these fillets, “fillets can prevent high stress concentrations at the juncture, in both the die casting die and the parts. Fillets reduce the concentration of heat in the die and the part.” “Diecasting. 2021. Die Cast Design Tips. [ONLINE] Available at: https://diecasting.com/. [Accessed 12 July 2021].”
Further to this, the addition of fillets also brings further advantages to the die casting process, advantages such as increased material flow, eliminates any potential stress points and increase in overall strength.

As mentioned above the addition of the fillets to the claw section of the of the co-bot, the overall strength of the claw is increased. In addition to this it promotes material flow during the die casting process. In terms of material thickness, this can be greatly reduced whilst still maintaining appropriate strength levels. By doing so over a 1000-2000 per week production run can significantly improve profit of this component by drastically reducing the amount of material required to manufacture each component. This has a further cost benefit, due to the component being thinner the curing time for each component is reduced. With the above in mind, weigh of the finished component is reduced, this benefits both in-house manufacturing as well as the customer.

During the lifecycle of the co-bot assembly, each assembly will be subject to various levels of use and strain when carrying out desired tasks. For example, heavier duty lifting such as metals/heavier components can potentially cause un-wanted wear to the tips of the claw section of the assembly, or even breakages. To combat this, as a business it was chosen to develop the design in a way, that protects the contact surface nearing the tip of the claw. While reducing wear, this addition also adds a further level of structural strength to the claw. Various materials have been considered, more specifically polymers due to the variety of properties that can be incorporated in an application such as this. After conducting FEA (Finite Element Analysis) as well as factor of safety studies It has been decided to use a nylon cover for the tip of the claw, specifically nylon PA6. These covers are subject to customer requirement, whether they are applied to the claw or not. Nylon PA6 was chosen due to its:

· High strength and stiffness at high temperature
· Good impact strength, even at low temperature
· Very good flow for easy processing
· Good abrasion and wear resistance
· Excellent fuel and oil resistance
· Good fatigue resistance

omnexus. specialchem. 2021. Polyamide (PA) or Nylon. [ONLINE] Available at: https://omnexus.specialchem.com/. [Accessed 30 June 2021].
With the above solution to preventing excess wear to the claw component of the co-bot end effector, the fixing strategy for the nylon PA6 cover (if applied) must be considered as this could have a massive impact to overall structure of the claw component. Due to the small surface area that the nylon will be covering, the most efficient and effective way to fix the nylon to the aluminium claw would be with use of a bonding agent. By using an adhesive bonding agent there are several advantages, such as:

· Bonding a wide variety of substrates.
· Even distribution of stress on the load.
· Protection from corrosion.
· Ability to resist flex and vibration.
· Minimal increase in weight of assembly.
· Easy automation.
· Minimal shrinkage upon cure.
· Excellent cohesive strength.
· High vibration resistance compared to conventional weld.
 
Masterbond. 2021. Advantages of Adhesives Over Mechanical Assembly. [ONLINE] Available at: https://www.masterbond.com. [Accessed 29 June 2021].

Further to the above advantages of using adhesive bonding compared to other bonding methods such as welds, adhesive bonding provides much higher process efficiency. It does this in the way that, no finishing procedure is required which there would be compared to a regular weld. As well as this, adhesive application is much easier controlled being handled by trained technicians. The efficiency and process time saving also comes from the fact that, once the adhesive has been applied it can be left to cure during the time between manufacturing processes and quality checks, this links to the manufacturing layout mentioned further down. Structural adhesives such as the one being used in this manufacturing process are also much lighter than conventional welds. This also has could have a massive impact in the use of the product as well as product life. By eliminating the use of any alternative mechanical fixing methods such as rivets and screw holes, this further promotes the weight saving aspect by allowing material to be thinner, as mentioned above, without exposing any structural weak points that the holes used for riveting and screws would give.














All of the above risks, countermeasures and reasonings can all be captured within various documents where a scoring system would be used to prioritise individual items where potential major risks can be identified and suitable countermeasures actioned to remove the risk. Effective examples of these documents would be PFMEA’s (Process Failure Mode Effect Analysis), this would capture risks associated with the manufacturing process of the co-bot, DFMEA’s (Design Failure Mode Effect Analysis) this would capture associated risks within the design element of the co-bot end effector. Both of these documents (more so PFMEA’s) would then be documented within a control plan to ensure all necessary items are identified and controlled. “A control plan is a living document that outlines the methods taken for quality control of critical inputs to deliver outputs that meet customer requirements. It also provides a written description of the measurements, inspections, and checks put in place to control production parts and processes.”

blog.rgbsi. 2021. What is a control plan?. [ONLINE] Available at: https://blog.rgbsi.com/. [Accessed 30 June 2021].


































Manufacturing Process Design  

As shown in the diagram below, this would be an ideal layout for a small but efficient production line to ensure the approximate volume of 1000-2000 units per week is achieved. The work area as whole can be made up of multiple banks of the layout below. The area shown shows focus on keeping the non-value-added elements to a minimum, ensuring lean manufacturing principles are adhered to as best possible. The process layout below shows a bank of 3 technicians in a miniature hand-building assembly line. The technicians in each bank would work to an approximate 3-minute process cycle time. By pre-timing all tasks, this allows workload to be evenly distributed amongst the 3 stations, maximising efficiency of the overall process. 

[image: ]

Technician 1 will start the process by collecting the parts required to carry out their process, once this has been completed, the technician will carry out basic quality assurance checks, ensuring “built in quality” is implemented at every stage. Once completed, the technician will press “checks completed” on that specific build/assembly number. The second technician will then carry out their process, repeating the same principle of technician 1. When on the final assembly technician’s station, they will place the assembled parts into a specifically designed carrier, ensuring no parts are damaged. They are then taken to the inspection/buy-off station where a sample will be checked for functionality. At this stage all parts are quality inspected for surface finishes.

Using the identified process, this allows potential to add further banks of technicians to the facility should the business increase production, above current expectations. This compact production line allows simple layout adjustments to the shop floor. Currently the layout shown is designed to take up minimal floor space whilst maintaining efficiency. Should further manufacturing operations take place in the facility, the layout can easily be adjusted to suit new requirements.

The manufacturing process is shown step by step from raw material to end product. To ensure the end product meets all required quality standards, it is imperative that the “built in quality” philosophy is applied at every stage. To Further enhance this, as a business, it must be ensured that appropriate dimensioning and tolerancing of individual parts is met, whilst still achieving required quality standards. Common tolerances within this field of industry allow a tolerance of ± 0.2mm. Achieving tolerance is also imperative to ease of manufacture, incorrect/out of specification parts contribute to the 7 Mudas. Ensuring tolerances and specifications are met is vital to a quality end product as well as ease of manufacture.  





Conclusion 

In conclusion, a variety of manufacturing methods have been considered for their feasibility and ease of use to manufacture the various components of the co-bot end effector, whilst maintaining a current production rate of 1000 – 2000 units per week. The business intends to use an aluminium casting process followed by a final machining process to achieve the required high-quality standard of surface finish. The aluminium jaws will be anodized giving added protection to the surface and increasing conventional durability.
Within the manufacturing process it was imperative to ensure that processes were efficient as possible. With the layout given and justification, this shows clear implementation of lean manufacturing principles. This is a must within a smaller process, ensuring the non-value-added elements are reduced as best possible throughout the 3-minute process time.
As previously mentioned, a sample of components will undergo a CPA (Customer Perception Audit) audit. This ensures a high standard of product is produced and maintained over its lifecycle. 
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