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1.0 Introduction.
Whilst considering the future of system automation within engineering, cobots will inevitably be implemented too “ensure collaborative automation is possible at a lower cost” (OnRobot, 03). Due to Engineering being a ever-evolving industry continuously adopting new technologies, it is inevitable cobots will become a manufacturing necessity to ensure repeatability of process is achievable. 

During this technical report, a appropriate manufacturing method/design material for a 3 jaw cobot end effector which will be utilized in industry for “pick and place” manufacturing operations will be selected, whilst considering a market demand of 1,000 – 2,000 unit output per week. 







































2.0 Concept Design Appraisal.
Whilst considering the consumer requirements of the end effector, the component must have a number of different performance requirements to ensure it is sufficient for industrial use.

Post completion of a quality function deployment as seen in figure 1, it became apparent from a consumer perspective the product must be competitively priced to ensure market demand is relevant for the product in question. As the component is to be utilized for standard pick and place operations, the component may be subject to impact of other industrial equipment. Therefore, the manufacturing material considered must be strong, but not brittle to withstand impact from potential process failures when the end effector is being used in industry. To comply with this, the manufacturing method must allow for lightweight, strong materials to be utilized such as magnesium, steel, zinc or magnesium and  too be manufactured with the 1,000 – 2,000 unit per week output in consideration. 
[image: ]Figure 1 - House of Quality to analysis for Design/Consumer Requirements.


To ensure that business profitability is possible, the manufacturing procedure must be relatively cheap to the business to implement/maintain. Alternatively to this, it could be possible too implement a more expensive manufacturing method which allows for a faster manufacturing process – thus ensuring if market demand was too increase the business will already have the capability to create further produce, thus decreasing the cost of the initial investment. 

The component must also incorporate a appropriate surface finish post processing to ensure the component does not cause damage within field to items it may interact with. This reinforces the above statement that the components must incorporate a efficient manufacturing process which allows for internal product quality to be satisfied, whilst also maintaining the desired output.


When considering the manufacturing material from an ethical perspective – producing the component from a material with a lower melting point would improve the environmental impact of manufacturing. Also to reduce waste, if possible utilizing a recyclable material for manufacturing would be beneficial to both the business and too the environment, as no material would be dissipated in the event of a failed manufacturing process as it could be recycled (re-processed). 












































3.0 Manufacturing Process Proposal. 
When considering the manufacturing of the product, utilizing Zinc Die casting would be an effective manufacturing process. Die casting allows for excellent dimensional accuracy which will ensure smaller tolerances are able to be created and will provide a good surface finish, “The surface of a zinc casting allows for great adhesion of almost any finish to its substrate. Powder coating and plating finishes can provide a decorative or functional requirement to your part.  These finishes provide great characteristics for visual aesthetics, corrosion resistance or increased durability.” (DECO, 21). Whilst considering zinc, as a substitute for aluminum which would traditionally be casted,  zinc has good strength properties which requires minimum wall thickness, thus allowing the manufacturer too save money during production to increase profit margins, “Zinc alloys are stronger than other materials, such as plastics or aluminum. This means zinc castings may be produced with thinner walls and less material to optimize strength in ways other materials cannot.” (DECO, 21) . Zinc die casting boasts a ultimate tensile strength of 335Mpa and  a fatigue strength of 60Mpa, which emphasizes why it is broadly used in industry for mechanical operations (DYNCAST, 2021). To comply with market demand, zinc has a lower melting point than that of aluminum (Estimated 389 degrees whist considering Zinc, in comparison too 600 degrees when utilizing Aluminum (DYNCAST, 2021)), which ensures a higher cycle rate whilst maintaining good impact resistance and rigidity due to the fluidity of the alloy during casting, “Zinc alloys require lower melting temperatures, higher-pressure injection, and have a higher cycle rate.  The cycle rate is 150-200% higher than other competing materials, such as aluminum)(DECO, 21).  Post casting, Zinc also does not require final machining due to its tight tolerances, ensuring manufacturing Is efficient without potential re-work being completed, whilst being dimensionally feasible to pass internal quality checks prior to consumer distribution, “Zinc alloys allow us to produce high quality parts with tighter tolerances than aluminum or plastic.  Zinc’s fluidity provides increased precision compared to other materials allowing designs that do not require additional expensive machining and/or additional operations.” (DECO, 21). From a environmental perspective, zinc is recyclable, therefore potentially defected material during process is able too be re-used, minimizing material waste which emphasizes the above with regards to product profitability, “Zinc is 100% recyclable. All byproducts of the casting process can be re-melted and cast again without degradation” (DECO, 21). Due to Zincs lower melting point, less fuel is required too generate the cast, thus emphasizing the environmental benefits of utilizing Zinc to produce the base of the end-effector. Another potential material of manufacturing would be magnesium, but due too its poor corrosion resistance, further post processing would be required which increases production costs, “magnesium parts have bad corrosion resistance thus susceptible to damage. So, it requires more post-processing operations than zinc and aluminum.” (SUNRISE, 01).  Whilst appreciating that magnesium Is vastly used in the automotive sector due too its weight and strength, for components such as piston housing, alternators and engine blocks, with consideration to the expected manufacturing output a trade off for a faster, more efficient manufacturing method zinc is the favorable option to consider. 

Prior to applying die casting as a manufacturing process, there were a number of other manufacturing processes in contention for selection. Whilst considering the jaws of the end effector, abrasive water jet cutting was a process worth considering due too its environmental benefits and repeatability. Due too no coiling oils/lubricants being utilized for the cut, and post processing waste being minimal, the machine will require minimal maintenance, “The cut itself uses water and a garnet abrasive that is environmentally benign and no cooling oils or lubricants are needed for the cut.  The cut creates only tiny, dust-like fragments of the material being cut, this being the only other waste requiring disposal.” (TMC, 2017). Due too water jet cutting being a high pressure process, it allows the manufacturer flexibility from a material perspective as it provides no material limitation, “Waterjet cutting is versatile applicable, cutting nearly any material; composites, plastics, metals, glass, stone or rock, ceramics, and rubber”(Resato, 2020). Water jet cutting would also produce minimal re-work from a manufacturing perspective due too its fantastic dimensional accuracy and precision…. Waterjet cutters are capable of achieving a 0.13 mm accuracy and very intricate cuts or 3-D shapes” (Works, 2016). As water jetting initially proposes itself as a manufacturing process appropriate for use, due to a denser material having a longer lead time, the process would be incapable of producing the maximum required units of 2,000 per week. 

Another manufacturing process which was considered was additive manufacturing. Additive manufacturing allows for flexible manufacturing designs (No limitations in terms of designing the component) too be manufactured whilst incorporating less material and ensuring the component in question is strong and durable. During pre production of the end effector, it may be beneficial for the business too utilize 3D printing as it allows for cost effective manufacturing which can be completed within hours of a conceptual idea being created, “3D printing can manufacture parts within hours, which speeds up the prototyping process. This allows for each stage to complete faster. When compared to machining prototypes, 3D printing is inexpensive and quicker at creating parts as the part can be finished in hours, allowing for each design modification to be completed at a much more efficient rate” (TWI, 2021). However, due too the lead time for a 3D printed component taking hours too manufacture, permanent implementation of this manufacturing technique when considering a minimum weekly output of 1,000 units per week is not desirable. Post successful completion of the printed component, the product will require removal of support material from the bed of the printer, which can also cause the component to fail during printing, “Although large parts require post-processing, as mentioned above, most 3D printed parts need some form of cleaning up to remove support material from the build and to smooth the surface to achieve the required finish. Post processing methods used include water jetting, sanding, a chemical soak and rinse, air or heat drying, assembly and others. The amount of post processing required depends on factors including the size of the part being produced, the intended application and the type of 3D printing technology used for production. So, while 3D printing allows for the fast production of parts, the speed of manufacture can be slowed by post processing. ” (TWI, 2021). Another potential disadvantage too 3D printing is the initial cost to purchase a 3D printer and the consequences this may have on the business from a process repeatability perspective. If the business was too purchase a cheaper machine, this would significantly decrease the dimensional accuracy/tolerances of the final printed component, thus meaning process quality is not reputable/robust, “ Another potential problem with 3D printing is directly related to the type of machine or process used, with some printers having lower tolerances, meaning that final parts may differ from the original design. This can be fixed in post processing, but it must be considered that this will further increase the time and cost of production” (TWI, 2021). Due to the above factors, it is valid too emphasize the importance of additive manufacturing during the pre-production (prototype) stages of a new product, but the process is inadequate from a delivery and quality perspective. 





4.0 Design and Development work undertaken
Whilst considering the proposed manufacturing method above, to ensure repeatability is possible there are clear improvements which must be incorporated with the initial design of the end effector. From a manufacturing process perspective, too ensure process repeatability and too decrease maintenance of process, implementing fillets is desirable to the component too reduce potential stress points within the die, thus leading to the die prematurely failing, “All inside corners should have a generous fillet, this increases material flow and improves strength. Adding fillets to inside corners also eliminates potential stress points.”  (sofeast, 01). As seen in figure 2,  The incorporation of 1mm fillets too the claw will also increases the overall strength of the component as it promotes material flow during the die casting process. With manufacturability in mind and due to Zinc being the manufacturing material, the wall thickness of the component can be drastically reduced thus ensuring the component maintains its strength but maximizes profit from production. Whilst considering this, whilst incorporating less material into the design process this would also reduce the processing time of the die to solidify/fill during process. With these considerations in mind, a weight reduction process is a manufacturing necessity. 
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Figure 2 - Improved 3D Cad for Cobot Jaws.




To aid the jaws of the end effector when potentially facing industrial use (picking of metals or other components which could cause the material too fray) the business will  utilize nylon tips to the component to decrease wearing and increase strength. Nylon is a appropriate end effector for the jaws of the component due too its strength and rigidity, “Nylon fibers are exceptionally strong and elastic and stronger than polyester fibers. The fibers have excellent toughness”  (Database, 2021). Nylon also is able to withstand cyclic loading of materials which is a necessity from a mechanical perspective due to its use and functionality, “outstanding fatigue resistance, the product can retain the original mechanical strength after repeated inflections.” (Rapid, 2019). Utilizing a Nylon such as sorbothane allows for good dampening and isolating capabilities, which will deflect potential vibration/impact too the zinc arm causing it too fail prematurely.
[image: ]Figure 3 - PFMEA Surrounding Jaws of End effector.


 As seen in figure 3, this also reduces our RPN score from 448 to 72, thus meaning the nylon tips are a necessity from a manufacturing perspective to ensure longevity to the use of the claw. Whilst considering the end effectors use in industry, vibration from other machinery being used in a manufacturing environment will be inevitable, whilst utilizing sorbothane it will “minimize vibrations that may interfere with the quality of the manufactured product” (Sorbothane, INDUSTRIAL & MANUFACTURING EQUIPMENT, 2021). Therefore, sorbothane’s ability to “ isolate vibration also extends the life of valuable industrial and manufacturing equipment. It's a reliable material that can accept repeated compression and quickly recover to protect machine parts from the unavoidable wear and tear that occurs during operation”  (Sorbothane, INDUSTRIAL & MANUFACTURING EQUIPMENT, 2021). When considering design changes made to the claw, the width of the component has been decreased as zinc allows for thinner wall thickness to be utilized, which will allow for greater profit to be generated due to material optimization. Due to the manufacturing requirement of 1,000 – 2,000 per week, to reduce potential maintenance costs the design now incorporates 1mm fillets throughout all edges too decrease potential stress points within the die, to prevent the die from prematurely failing, “All inside corners should have a generous fillet, this increases material flow and improves strength. Adding fillets to inside corners also eliminates potential stress points. Outside corners should have a radius as large as possible as this will help with material flow and part strength.” (sofeast, What Common Improvements Can DFM Make To Die Cast Parts?, 2020). Therefore, utilizing fillets from both a manufacturing perspective and for consumer use is a necessity to ensure longevity of the component is pivotal.

Whilst considering the above, to join the nylon tip protectors to the end effector, due to the size of the component bonding would be the most efficient manufacturing method. Due to the size of the protectors being a small surface area, bonding provides “Uniform distribution of mechanical stress over the area of joining” (SubsTech, 01), this is imperative to the longevity of the protectors as it reduces the chance premature failure of the component which may occur when spot welding as all stress will be directly concentrated to the weld.   From a process efficiency perspective, adhesive bonding does not require re-finishing post process, which would be required when considering alternative joining processes such as spot welding, “An adhesive bonded joint will result in a smooth, clean surface, which requires minimal surface preparation prior to final finishing. Therefore, manufacturers can eliminate labour intensive finishing costs such as sanding off imperfections from spot welding.” (Adhesives, 2020). Another advantage too adhesive bonding is the time of application, of which is significantly quicker than that of mechanical spot welding. Adhesive bonding also reduces the weight of the component in comparison to that of other joining processes,  “Using structural adhesives can reduce the weight of the finished product or structure because less welding metals and mechanical fasteners are used. Additionally, eliminating screw holes and rivets in assembly processes enables manufacturers to utilize thinner, lighter materials without concerns of distortion, splitting, or crazing at the mechanically fastened site.” Whilst considering the bonding process may require additional labor as it is a additional process, but when considering the benefit of the nylon too the end effector a trade off for a moderately longer manufacturing process, a trade off is appropriate to ensure the component does not fail prematurely. 

When considering changes made to the cylinder, the component thickness has decreased to 1.5mm  based on the PFMEA Analysis as seen in figure 4, and the thickness of the component has decreased to 1.5mm due to Zincs excellent ultimate tensile strength property. The component has also reduced in length, reducing from 25mm to 20mm as seen in figure 5. 
[image: ]Figure 4 - PFMEA For Cylinder Component.












[image: ]Figure 5 - CAD of Cylinder.



















[image: ]Whilst considering changes too that of the drive shaft, similar to that of the cylinder, the PFMEA as seen in image 6 drove for 1mm fillets to be added to the bottom of the component too increase its strength, and a decrease in the volume of the component has been re-considered (From 5mm to 3mm) to decrease material used during process, as seen in image 7. Figure 6 - PFMEA For Drive Shaft

[image: ]Figure 7 - CAD for Drive Shaft.















5.0 Manufacturing Process Design
[image: ]As seen In figure 7, the small assembly area is a ideology of how a manufacturing facility would look with respect to the 1,000 – 2,000 units per week output. The area has a clear focus of the reduction of NVA, by ensuring all lineside completed components are within a close proximity to the technician during process. The process includes 3 technicians, of whom have a 90 second takt to complete they’re process prior to the next technician receiving the completed part.
Figure 8 - Manufacturing Area Ideology.



Whilst considering the current method, if the business was too require a up-volume in production, it would be possible to utilize the area with arrows to implement another production area. The current production line has been developed with the intention of utilizing minimal real estate from within the manufacturing facility – as if the business was to create additional optioned parts/new components surrounding the end effector it would be possible to implement a further production line. 

Whilst considering the above manufacturing area, if the business was too implement a single 9 hour shift amongst 3 technicians, the desired output would be possible. Contrary to the above if the business was in a position too implement a double/ triple shift, the manufacturing output could again increase. 

Below listed are the manufacturing processes that must be completed by each technician to ensure the completed product has sufficient quality:

Technician 1 -  Manufacturing Process (90% Loaded).
· Collect Motor and cylinder from lineside stillage area.
· Technician to ensure no visible damage to components prior to beginning of assembly process.
· Place motor on bench, connect motor to cylinder by rotating the cylinder 180 degrees at the circumference of the motor – ensuring the thread around the circumference of the component adhere to one another.
· Technician to collect shaft from lineside stillage area and visually inspect for damage.
· Technician to connect shaft to motor housing – ensuring a audible click is heard as a  care point. 
· Technician 1 to load pre-assembled component to lineside stillage for technician 2 to collect.

Technician 2 – Manufacturing Process (90% Loaded)
· Prior to beginning of process – brief product quality to be conducted by technician to ensure product quality is sufficient.
· Technician to collect worm from line side area stillage.
· Connect worm to shaft, ensuring audible click is heard as a care point.
· Technician to collect drive plate from lineside area. 
· Fit Drive plate to worm by rotating the plate anti clockwise to ensure the part has adhered to the threaded bar.
· Technician to push completed part too lineside storage area.

Technician 3 – Manufacturing process (90% loaded)
· Prior to beginning of process – brief product quality to be conducted by technician to ensure product quality is sufficient.
· Technician to obtain 3x joins and 3x jaws from lineside storage area.
· Technician to obtain 9x brass fixings from lineside storage area.
· Technician to locate and secure jaws to cylinder x3, utilizing 30Nm Torque Wrench (Align hole and secure).
· Technician to align join link arms to claws of end effector, securing x3 aluminum fixings  (Ensure holes aligned and secure).
· Technician to connect 12v battery to motor to ensure functionality/gripping force of jaws is sufficient.
[image: ]Figure 9 - Complete WIP Of End Effector.




As seen in figure 9, we see a simulation of the manufacturing process required too generate the end effector from raw material. To ensure this is possible to reach the desired manufacturing output, a reference to internal quality is pivotal. 


[image: ]
Figure 10 - Technical Drawing of Jaw from End Effector.

To comply with this, the business must produce sufficient geometric dimensioning and tolerancing to ensure process quality is achievable. As referenced in figure 10 above, the jaw component boasts a parallel feature control with a allowance of 0.2m tolerance when considering the parallel end of the jaw – too ensure a sufficient fit with the cylinder is possible. It is also important to note, areas of assembly (Holes/length) are referenced with tolerances, to ensure manufacturing quality/repeatability is possible.
















6.0 Conclusion
To conclude, during this technical report a variation of manufacturing processes have been considered to produce a cobot end effector with a market demand of 1,000 – 2,000 units per week. The business will intend to implement a zinc die cast component with sorbothane jaw tips as too which will be utilized to complete standard “pick and place” operations within a manufacturing facility.

The components manufacturing process also indicates a clear lean six sigma orientated design – which focus’ on the reduction of NVA over a 90 second takt time to ensure process is able to deliver quality and delivery.

The component will also undergo electrical testing prior to logistics distribution, too ensure it maintains its primary function upon arrival too its consumer.
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