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Introduction

Manufacturing and Engineering Companies are under significant pressure to become more efficient within the industry so they can remain competitive. Whilst businesses focus a lot of energy into their current products and processes, it’s just as important to ensure any new product creations or developments are suitable for the customer and are as easy to manufacture as possible. By successfully introducing a solid design, this will ensure you won’t need to manage poorly created products throughout your processes that will undoubtedly cause inefficiencies, extra costs to the business and defects, after all, designing any product is a strategic activity. 

There are many techniques and methodologies that can be used to avoid a poor design, these techniques are instrumental during a design process and will ensure the introduction of a cost effective product with no fatal flaws.  (Pacific Research Laboratories, 2020) 
Some of the largest companies in the world will use a number of techniques while designing products. According to Daniel Whitney, Rolls Royce predicts 80% of its costs of production during the design phase. (Whitney, 1988).

Some techniques that are widely used within the manufacturing industry, during a design process, are below.
· DFMA, which is “Design for Manufacturing and Assembly”
· Value Engineering 
· QFD
· FMEA


All design projects have many stages, each stage may encounter different challenges, but if done correctly, while using strategic techniques, we can be confident in our application. These tools will compel us to become proactive instead of reactive to flaws in any components. The design project I have been asked to undertake is one of a the 3-jaw gripper,  Some of the techniques employed are listed above to ensure customer requirements are met along with performance targets and cost. The concept 3-jaw gripper that will be analysed and manufactured will require approximate volumes of 1500 units per week. Besides, I will develop the components as best I can to enhance the manufacturability of them. During the design process it is critical that the environmental impact is considered.


Concept Design Appraisal


I will only be basing my appraisal on the drawings supplied. Upon first glance at the concept design, I’d say it seems to be a well thought out, simplistic design that will be a great foundation to advance its functionality and feasibility to manufacture efficiently. The 3 Jaw system would be a likely process improvement for the Manufacturing Industry. Automotive manufacturers have invested heavily in this type of robotics over the last few years; BMW and FORD being some of the first to adopt it. (inteligence, n.d.) There seems to be a number of parts that within the design that could be merged, I’ll definitely look at this throughout the appraisal. If there’s any opportunity to reduce these, I’ll capitalise on it. There’s no indication of the assembly process so this will not be considered in my appraisal.
The Customer base and target market for the cobot system would be manufacturing sites that require repetitive pick and place operations, machine loading, polishing, packing and similar processes. Companies that are looking to improve productivity with capital to invest being amongst the largest market share. With so many options that could present themselves, the design should be a versatile as possible to maximise growth within the market. The grippers will be key to the customer depending on what they require them for. Consideration of end user requirements is extremely important. To assist me in the appraisal I have developed a QFD for the concept design. This tool will allow me to easily see what will be difficult to achieve and how important they are to the customer; from this I can make informed decisions on the final design submission. 
(aimultiple, n.d.)



From the QFD you will see some key factors for customer requirements that are essential, I’ll consider these for all components. (kit, n.d.)
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QFD considerations
[image: ] 
The Jaws shown in the concept design raise a few concerns. Safety is a key factor in the QFD, with the edges throughout the jaws being actuate, a risk of injury is probable, a consideration of this should be in any revised design. The material used in the concept requires further thought for the end customer, for example, plastic of any composition would not work well to pick up hot parts or for use within the medical device industry, the risk of particles fracturing from the jaws and into parts would be unacceptable. 



[image: ]The motor to drive the gripper worm is a simple rotational movement. This will drive the worm to open and close the jaws. A rotational drive will come with added maintenance, something the QFD shows we want to limit. With the constant movement the worm that its’s driving would require TPM daily to ensure the components are sufficiently lubricated to expand the lifespan which is also a priority for the customer.



[image: ]The joining plates work for the concept design, however, if any changes were made a suitable material would need selecting. 




[image: ][image: ]The worm that will drive the movement of the jaws has been designed with a minimal diameter, I’d like to see a stronger driver for this system to ensure it can withstand the tension applied when picking parts or completing operations, we can’t risk deformation in the material at the end user. This worm connects to a shaft and in turn, to the motor. These components I feel could be merged in to one. The concept of these as separate components does not fit with the QFD, we need to minimise the amount of parts to improve reliability and lower maintenance. 






[image: ]The cylinder’s purpose is to hold the jaws to allow the movement and secure them for the allowance of each operation. Besides, this will protect the inner mechanisms from any potential impacts during operation. The material selection on this is important, it should be strong, light and low in cost. The concept seems fit for purpose, I would like to analyse whether this could be more compact in the final design. For me, there’s a lot of excessive material which adds cost, to which has no extra benefit to the end effector. This meets a lot of the QFD requirements and will only need small changes to improve for manufacturability. 



[image: ]The drive plate is key to the motion of the grippers, I need to be strong and ensure smooth motion. The component in the concept design does not look to be a well thought out component for the manufacturing process. A cylindrical component with 3 unusually placed blocks as supports for the jaws. I’d like this to be simplified and improved for the functionality, maintenance and manufacturability. As it sits, the maintenance would be daily, as the worm is. The friction created will require a daily/hourly lubricant. 



[image: ]All of the components in the concept design have nothing to connect them. I understand this is only a concept but I’m noting within this appraisal. The connectors will need to consider safety, maintenance, cost and all other aspects highlighted in the QFD. 


FMEA

I’ve conducted a FMEA to consider and highlight any potential failures that could arise in the life cycle of the system.

[image: ]


DFMEA Discussion and advancements 

Whilst reviewing the concept for potential failures, it was clear that some improvements were required to attain our goals and initiatives of this project. The risk on all components have been reduced because of the actions suggested. These actions will now be considered within the new design, along with the QFD outputs.

Jaws.
As you will see from the FMEA, the jaws have some potential effects of failure. Alignment issues, corrosion, heat damage and fracture all clearly indicated as these critical failures. Depending on the customer and the environment, the material from which the jaws are made of could have serious consequences. While it’s difficult to predict the material in the concept, I have decided that the final design for the jaws will be made from stainless steel, this will mitigate any risk associated with weaker material. Besides this, an introduction of a final inspection process should reduce any risk of alignment issues.

Motor.
The motor was evaluated and based on the information to hand; the motor will be replaced. This decision is to eliminate any failure within this component, to do so I will decrease the number of functioning parts. A pneumatic drive will replace the original motor. The cost that would be generated around life cycles will then be minimised. By introducing the pneumatic drive, this should decrease the amount of maintenance with the cobot system while also seeing the advantages of pneumatic – clean, less pollution, inexpensive, safe and easy to operate. 

Worm and Shaft.
These two components pose a risk and during the concept appraisal. Considerations around maintenance recognised that these parts would require daily lubrication. It was identified that the two components could be merged and become one part. This reduces the risk of failure.
However, further consideration has resulted in the both parts being taken from the design. An excellent result.

Links.
The material selection was is important; we want these links to have a life cycle in line with the rest of the components. I’ve selected stainless steel again for these to increase the life cycle in line with the jaws. In another further advancement, the links will now be amalgamated with the jaws, again reducing the number of parts.

Drive plate.
The drive plate failure mode has been identified as not fitting or damaged. Mitigation will be realised by introducing inspection to the process. The material selection is stainless steel and will be extremely strong. There will be some slight changes to the design that will be shown further on in the report.








Design Efficiency

[image: ]
(Morgan, 2021)

To calculate the concept design efficiency, I’ve used the Lucas methodology which is calculated by dividing the total number of essential parts over all the parts within the design. The essential and non-essential are decided with the diagram above.

Essential parts (A)
· Jaw
· Jaw
· Jaw
· Drive plate
· Worm
· Shaft
· Motor
Non Essential parts (B)
· Link
· Link
· Link
· Cylinder
· Nuts, bolts or fixings X27

The calculation for efficiency is
7 (essential parts) / 38 (total parts) x 100 = 18.42% efficiency


New design efficiency

Essential parts (A)
· Jaw
· Jaw
· Jaw
· Drive
· Drive plate

Non Essential parts (B)
· Cylinder
· Dowels X6
Calculation for efficiency
8 (essential parts) / 12 (total parts) x 100 = 66.66% efficiency



Design Specification.
I have undertaken a Design Specification, I’ve created this within excel and the table is below. The design specification has been satisfied and it can operate under the required conditions.
	Product: 3 Jaw gripper cobot 
	Designer; Andrew Chick

	Requirement of performance
	Design Requirements
	Specification

	Repeatability/Accuracy
	Must be accurate
	1mm

	Weight 
	Must weigh <25KG
	under 25kg

	payload
	Must hold >5KG
	>5KG

	jaw range
	Must work in warm conditions
	(-10 - 60 degrees)

	certification
	CE
	CE

	corrosion free
	must operate in humid conditions
	Stainless steel









Final Design

The final design has seen some changes that will positively impact many areas. Something I’d like to highlight is the impact on the use of lubricant that will no longer be required with the removal of the worm design. The worm would have required daily lubrication, that lubricant would be harmful to the environment. Initial predictions would mean that there is a reduction of around 8 litres a year. 
The jaws and links have been amalgamated in to one part. This will improve the design efficiency by the reduction in components. The sharp edges and burrs will be removed by a tumbler process, this will also give an aesthetically pleasing appearance
The drive plate will be cantered on the pneumatic drive by the threaded bar on the drive. The plate has not been changed significantly, but minor changes again will make a more eye catching design. 
The cylinder will be held on the pneumatic drive with the bolt ready supplied and housed in the pneumatic drive. No further advancements are made to this component, only positional changes to allow the fit to the pneumatic drive. 
The pneumatic drive was selected to reduce maintenance and improve the environmental impact.










Manufacturing proposal

Components to be manufactured within the final design are as follows
Jaws X3
Links X3
Drive Plate X1
Cylinder X1



The manufacturing proposal is based on a number of factors highlighted in the strategic tools used within this report while trying to encompass the business requirements. 

As a business, the cost of the product needs to be low, it will ensure this by maximising productivity within the process. 
[image: ]
The jaws and links are now merged in to one design, they will be manufactured on a waterjet machine, stainless steel plate will be purchased and loaded on to the machine 2 sheets high. The 1000 pieces required will be machined in one cycle. These parts will be loaded in to a tumbler so all sharp edges are removed efficiently. The machinery selected will be a large waterjet cutter because of the consideration of diffraction. By maximising the size of the machine we are able to still achieve the 1000 components but able to do so in one cut. 

The cylinder manufacture will be manufactured on a 5 axis CNC. The CNC will be run within a cell set up alongside the Jaw production. This will allow us to maximise our productivity and reduce idle time. The cylinder will remain pretty much unchanged apart from some movement with the bores to house the pneumatic drive on, the cylindrical shape is aesthetically pleasing. The central bore would have an increased diameter so it could locate on the drive. The bolts from the pneumatic drive will be used to hold the cylinder. 


[image: ][image: ]
The motor will be an off the shelf pneumatic drive. This will be the model shown below. The model was selected so it could meet the design specification comfortably. The drive can operate at 1-10 bar pressure and will operate within a humid environment. Along with this it satisfies the QFD by reducing the maintenance of it. (components, 2021)


[image: ][image: ]
The drive plate has been adapted, it will be a flat surface on both sides with cut-outs for the jaws. The cnc will drill the holes to house the dowels. Through the centre will be a thread that will attach directly on to the drive. There will be dowels then placed through the drive plate to support the jaws, illustrated in black. These will be externally source at a standard size and the plate machined to size.
[image: ]

The manufacturing proposal has been thought out to incorporate cost drivers for the business and ensuring we are competitive and efficient. The 3 separate component to be manufactured will be complete in one cell. This will require one operator and should we see an increase in orders the capacity is easily increased by adding operators to the cell. 

Assembly
The assembly process will not be complete within this this report. Directly from the launch of these components a kaizen event will be initiated to involve the experts to really maximise our efficiency with assembling. The ideas of the operators who will carry out the assembly operation should be key in this part of the launch. The proposal is a 2 day event that will run through the project, why we have initiated it, what we set out to achieve and our results. 


Conclusion

Prior to implementation, the original 3 jaw cobot system was appraised to determine its feasibility from the perspective of the customer, but also for the manufacturability. Conventional tools were employed in the design process to identify advancements for the 3 jaw system.
The QFD identified some aspects of the design that may have placed some barriers for an efficient design and required actions from it. Besides this, it was important that the design was assessed on its environmental impact, if improvements could be made on the external impact then they must be applied. 
            An analysis was also conducted to ascertain the concept design efficiency, this efficiency was found to be 18% and was a foundation for it to be improved. It’s extremely important that a new design is made to be simplistic for assembly. The efficiency of the cobot system has been successfully increased by reducing the number of components within it, both essential and non-essential. You’ll see from the report that both the worm and shaft has now been designed out, thus increasing its efficiency. Furthermore, the jaws and links were also amalgamated to decrease the number of parts again, this positively impacted the efficiency which now stands at 66%.
During the design, a FMEA was conducted to assist in recognising the potential failures. A number of failures were realised within the FMEA and actions then put in place to try and eliminate those risks. The FMEA has proven to significantly reduce the risks, and in some cases totally eradicate them. 
The final design that will be submitted consist of 3 jaws, 1 drive plate, 1 cylinder and a pneumatic drive. These parts will be held in place by dowels. 
This design has been successfully improved after effective use of the tools highlighted within this report. Improvements around safety consist of sharp edges being reduced by the introduction of radius’ on the jaws and automated deburring equipment. An advantage of the jaws being manufactured on a waterjet machine is significant, this allows the design to be adapted should the customer requirements change. A simple request of a radial cut out within the jaws is easily programmed for each individual customer, this only extends our options in the market. This would be extremely expensive should we have directed the production to moulding. 
A pneumatic drive was introduced in place of the motor to increase the efficiency of the design while also looking at the environmental aspects. A pneumatic drive is environmentally friendly; it also eliminates the use of harmful lubricant that would be required on the worm with the concept design as well as being durable. While the cylinder remains pretty much the same, the cylindrical look is very pleasing on the eye. Small changes were made to the drive plate which makes it a lot easier to manufacture, this was a key requirement for the design. (indelac, n.d.) (design, n.d.)
The decision of holding off on the assembly process is attributed to the involvement of others. The workforce that will be carrying out the operation will be the experts here, they will be key to implementing a framework for assembly that will be efficient. 
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