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Introduction 
Defining the problem – the problem is how to design and manufacture a 3 jaw cobot end effector.
This design study follows the development of a 3-jaw gripper end effector.
There are many considerations to take into account when designing a product such as manufacturing processes, customers during product use and the impact the product design has on the environment. Various techniques and analysis will be performed to verify that the developed design is fit for purpose. 
This study will cover the following aspects of design: 
· Concept Design Appraisal 
· Manufacturing Process Proposal 
· Design and Development work including design for x considerations, risk management, environmental/product life cycle factors and design illustrations
· Manufacturing Process Design 


Concept Design Appraisal 
Public Perception 
What the public understands and believes, like with many other engineering difficulties, can have significant implications for the design and success of the different systems and activities that are informally referred to as industrial ecology (National Academy of Engineering, 1997).
When changes necessitate changing public policy or public conduct, public perceptions become critical, and ignoring them could lead to the failure of technically sound innovations (National Academy of Engineering, 1997).
It is always important for a business the monitor and consider public opinion of their products and to adapt to please the public as severe repercussions can occur from ignoring the public. The public having a negative opinion on engineering overall can lead to a reduction in students choosing engineering as a profession causing a further shortage of engineers in society. 
Making the product environmentally friendly for example will improve public perception of our business and would mean they are more inclined to purchase our products over products that harm the environment. 
Aesthetic Considerations in Design
Each product serves a certain purpose. It must carry out specified functions to satisfy the customer. The contact between the product and the people occurs as a result of the functional requirement's absolute necessity. When several items on the market have similar efficiency, durability, and cost characteristics, the buyer is drawn to the most appealing product. The appearance of the product is crucial (Bhandari, 2013).
Making the end effectors appearance stand out from the competition will us more exposure and retain customer attention when looking at the product online over dull generic designs. 
Additional information on the wider context of engineering can be found in Appendix A.
Wider Context of Engineering
Wider context of engineering involves various considerations such as economical (company motivations having an impact on design), organisational (product designs affected by being included in a product range) and sociocultural (social perspectives affecting how design approvals are handled).
Additional information can be found in Appendix A. 


Concept Design Appraisal 
User and Customer Needs
Suppose a user needs a light portable product. In that case, we can translate this into weight and material choice and choose say aluminium instead of steel for the main body of the product. Similarly, if a customer needs a cheaper product with replaceable parts, an ABS type plastic can be chosen for the gripper over a PC/ABS type, making material procurement cheaper and the product itself.  
Design and reliability are the user needs expectations which we need to keep to a high standard. Customers need the products to perform in a way to solve their problems and meet their needs.  
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Concept Design Appraisal 
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Concept Design Appraisal 
Product Design Specification 
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Concept Design Appraisal 
Product Design Specification 
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Concept Design Appraisal 
Product Design Specification 
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Concept Design Appraisal 
Product Design Specification 
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Manufacturing Process Proposal 
Injection Moulding for Gripper Jaws 
Injection moulding is one of the most widely used methods for making plastic parts. It is a cyclic process that involves rapid mould filling, cooling, and ejection. As feedstock, a range of plastic and non-plastic materials can be utilised; however, the machine must be adjusted for the material type (Goodship, 2017). 
Additional information on injection moulding can be found in Appendix C.
Insert moulding will also be implemented into the injection moulding process (refer to page 22 for additional information).

	Advantages of Injection Moulding
	Limitations/disadvantages of Injection Moulding

	
· Very economical method of mass production.

· High-quality parts with tight tolerances can be produced.

· Parts can be produced automatically without subsequent processing steps (produced in one step).

· Different functions can be integrated into one part avoiding the use of more expensive components.

· Compared to traditional manufacturing methods, injection mouldings produce a lower scrap rate (Rogers, 2015).

· The process is very repeatable, and each part produced is practically identical to the last (Rogers, 2015).

· A large volume of product can be produced in a shorter time than other traditional manufacturing methods.

	
· Initial prototyping can be very time consuming, and prototyping is generally done using a 3D printer in a different material which is not truly reflective of the final product.

· Prototyping the product in the specified material requires the designing and purchasing of the mould tool.

· The tool must be thoroughly refined, and all details must be correct before mass production.

· Tooling costs are expensive.

· The tools are difficult to adjust as they are made from metal (typically steel).

· There are many design considerations to be aware of compared to other manufacturing methods, as injection moulding is a very complex process.







Manufacturing Process Proposal 
Injection Moulding for Gripper Jaws 
Business Needs
To be able to recycle materials used in the final product 
To be able to separate all components 
To produce 1000-2000 units per week 
To reduce health and safety risks through the use of automated machinery 
Main Cost Drivers for injection moulding – Tooling cost, production cost and material costs.
Justification 
Injection moulding is a great choice for this application for the following reasons: 
The significant initial investment/cost drivers will be offset/reduced by the large quantity of product produced. This manufacturing method having lower scrap rates than other methods also offsets the initial cost over the long term. 
Using plastic as an alternative to metal gives us a lighter product. It allows us to sell the product at a lower price which is sought after by the target audience. The repeatability of injection moulding means that small sample sizes will represent a whole batch, and any issues can be isolated to specific batches. 
As injection moulded products can be produced faster than other methods, this makes it feasible to produce the required 1000-2000 products per week (3 jaws per product means 3000-6000 jaws per week). Injection moulding also satisfies business needs.  
The product will be designed to allow the replacement of the jaws due to misuse or accidental damage. This would be very attractive to customers as they can replace the individual parts without purchasing another full product.









Manufacturing Process Proposal 
Injection Moulding for Gripper Jaws 
Injection moulding can be a costly venture. The following costs shown below should be considered and discussed with the business financing, purchasing and management. 
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Image Showing cost factors in Injection Moulding (Chen & Liu, 1999)


Manufacturing Process Proposal 
Secondary Operations
After the part has been injection moulded, it would be beneficial to implement a secondary operation to increase the grip of the plastic material at the section where the jaws will encounter the objects it will pick and place. 
This will be of great benefit to our customers for lifting parts with smooth surfaces. Therefore, the parts shall be dry blasted with aluminium oxide to provide a textured finish in line with SPI grade D-3 (Upmold, 2017).
To prevent an operator from dry blasting the incorrect location, a simple jig should be designed only to display the surface that will be dry blasted for a textured finish. The jig must have a slot where the part can be easily placed into and designed only to allow the part to be orientated correctly. The jig will be located in a fume cupboard with a glass guard. 


Manufacturing Process Proposal 
6-axis CNC Machining 
6 axis CNC machining gives us greater freedom for design allowing machining of parts in places a standard lathe or vertical milling cannot reach. 
Multi-Axis CNC Machining will be used to produce the cylinder, drive plate and worm.
CNC manufacturing is the process of transforming raw materials into finished products by combining machining and supporting operations for a variety of multi-purpose machine tools capable of executing subtractive or additive processes (Vichare et al., 2009).
	Advantages of CNC Machining
	Disadvantages/limitations of CNC Machining

	
· CNC machines can work on multiple axes simultaneously. They can even work on curved surfaces and around corners. 

· Avoidance of human error allows items to be produced in a faster and more frequent cycle.

· CNC machining is highly accurate and has a low waste of raw materials. (Unisontekco, 2019).

· Parts are produced much faster than manufacturing methods that move a product from different stations to be worked on. With CNC machining, whole products can be produced using a single machine. (Unisontekco, 2019).

· CNC machining is much safer than manual operations as it is all automated, which also factors into the speed of manufacture. (Unisontekco, 2019).

· Just like injection moulding, the parts produced will have consistent quality and are produced the same way each cycle. (Unisontekco, 2019).

	
· CNC Machines are expensive and consume a large amount of electricity.

· CNC’s are not error-free, and operators can still make mistakes which can cause a whole batch to be scrapped.

· It takes a long time to design and program for products.

· Workers will need to be trained or specialists need to be hired to operate the machine.

· The impact of carbon emissions from CNC machining is an issue.






Manufacturing Process Proposal 
6-axis CNC Machining 
Business needs 
To be able to recycle materials used in the final product 
To be able to separate all components 
To produce 1000-2000 units per week 
To reduce health and safety risks through the use of automated machinery 
Main Cost drivers for CNC Machining – Machining time, material costs, set-up costs.

Justification 
For this application, the benefits of CNC machining offset the negatives. For producing the worm, cylinder and driving plate, CNC machining is a viable solution and will meet the set target of producing 1000-2000 units a week. 
During mass production, the productivity of the machine will more than offset the cost drivers listed above and the cost of the machines and machine specialists. CNC machining also satisfies business needs.  
As CNC machining is program orientated, we can accommodate custom customer requests so long as a sufficient amount of product is ordered. The flexibility of CNC programming and multi-axis machining gives us more freedom in designing the product. 

Outsourcing 
The rest of the components will be outsourced.
By working with the proper service provider, most disadvantages of outsourcing can be prevented. Companies must evaluate the interests of their customers and employees before outsourcing and then make an informed decision (Dinu, 2015).
Additional information on outsourcing can be found in Appendix B.

 


Design Considerations for Manufacturing 
Injection Moulding 
The 3-jaws are going to be produced through injection moulding; there are many design considerations to be aware of when injection moulding as defects can arise from not considering features such as gate locations and draft angles. 
This section will include design features that will be considered when designing the end effector for manufacturing. 

Injection Moulding - Material Options 
Many high-performance resins may not be optimal because of their viscosity, high glass content, or crystallinity. A resin may be selected for specific physical or chemical resistance properties. However, it may be difficult to mould or keep to precise limits (Paloian, 2019a).
In the case of the jaw grippers, I have chosen the to use an ABS type material (P3H-AT) due to being able to meet customer expectations and to also comply with laws and regulations in other countries that restrict the purchasing of toxic plastics and plastics that cannot be recycled. 
	Advantages of P3H-AT ABS
	Disadvantages/limitations of P3H-AT ABS

	
· P3H-AT and ABS materials in general are highly recyclable and cheap to purchase.

· Strong Impact and heat resistance.

· Great strength and stiffness characteristics.

· Great chemical and abrasion resistance.

	
· P3H-AT is rated HB for flame retardancy over a 1.5mm thickness which is the lowest grade whereas PC/ABS plastic types are generally given the highest grade for flame retardancy. 

· Poor UV resistance.

· Low electrical insulating properties.




The benefits of using P3H-AT ABS outweigh the additional costs and benefits of an PC/ABS type plastic for this application. Suppose customers specify that they would like a PC/ABS type plastic. In that case, it can be provided at a greater cost as a PC/ABS type plastic is still compatible with the proposed manufacturing method. The greater strength and temperature resistance and other benefits a PC/ABS type plastic provides over an ABS type are not as useful for pick and place application (lightweight objects) but will prove useful for lifting heavier objects. 
Flow simulations will need to be performed by professionals to ensure that the part’s manufacturing is feasible. 


Design Considerations for Manufacturing 
Injection Moulding - Sink Marks 
Sink marks might appear where a piece of plastic is thicker than the rest of the wall. The bigger the disparity in thicknesses, the greater the possibility of shrinkage. This shrinkage can cause an indentation or sink mark on the opposite side of the completed part by pulling the component wall away from the mould surface (Star Rapid, n.d.).
There are several methods to avoid sink marks, such as altering the packing pressure, adding a blowing agent, and incorporating a 7° gradual slope at each rib's base (Star Rapid, n.d.). 
It is preferable not to have a building of a thick section where the boss and sidewall are merged. 
Using ribs to increase the structural integrity of injection moulded objects without producing thick walls is a practical and cost-effective solution (Ticona, 2006).
The thickness of the main structure of the jaw is consistent within +/-0.5mm to reduce the possibility of shrinkage. 

Injection Moulding - Wall Uniformity 
A critical error in designing injection moulded part is to incorporate non-uniform walls into the part’s design. Generally, the minimum wall thickness ranges from 2mm to 4mm. A uniform wall thickness allows the mould cavity to be filled accurately as plastic flow restriction does not have to be incorporated during moulding (Stratasys, n.d.).
This factor has been considered in the design of the jaw gripper by keeping the thickness of the base and side walls of the part uniform. 

Injection Moulding - Sharp corners 
All sharp corners from the prototype design of the jaws have been removed and changed into radii. The reason for this is that incorporating fillets and radii into the design reduces stresses and likelihood of product failure at these locations and provides a streamlined flow path for the plastic which makes it easier to fill the mould (Stratasys, n.d.).


Design Considerations for Manufacturing 
Injection Moulding - Gate Locations  
The position of the gate is crucial to almost every aspect of an injection moulded item. To mention a few, it impacts appearance, warpage, tolerances, surface polish, wall thickness, moulded-in stresses, and physical qualities (Williams, n.d.).
Generally, gates are placed closest to the area with thick walls to improve packing and even filling. Gates are areas of high stress, so they will be located away from areas affected by stress (Williams, n.d.). 

Injection Moulding - Draft Angles 
Surface finish has a significant impact on drafts angles. High-gloss smooth surfaces are significantly easier to eject from a mould than rough or textured surfaces. When designing production parts, designers are frequently required to reduce draft angles or specify textures on exterior surfaces (Paloian, 2019b).
Draft angles will be implemented on either side of the part with a smooth surface to make ejection from the mould easier. 
After ejection from the tool a textured surface will be applied to the inside jaw faces that interact with items during application through a secondary process. 

Injection Moulding - Structure of Part
To reduce manufacturing times and cost, the gripper will use less material to produce by creating a shell-like design. 


Design Considerations for Manufacturing 
CNC Machining 
We want to design the parts so that the tools with the largest diameters can machine them; this will help us avoid the expenses of purchasing specialist tools and allows faster processing of the parts (Vectorprecision, n.d.).
It is recommended that the depth to any cavity in the design is four times its width as a low ratio will lead to tool deflection, increased vibrations, and chip evacuation (Vectorprecision, n.d.).
Tools with a longer shaft generally have reduced accuracy and increased vibrations compared to smaller, more specialised tools. 

CNC Machining – Wall Thickness 
Generally, the minimum thickness of a metal part with thin walls in its design is 0.8mm (Vectorprecision, n.d.).
The thickness of the outer wall of the cylinder diameter must be greater than this value. 

CNC Machining – Fillets 
Internal fillets should be made as large as possible to allow for a large diameter tool to be used.

CNC Machining – Undercuts 
Undercuts require specialised tools; therefore, it is best to avoid undercuts during the design stage. 


Design for Assembly and Maintainability 
To maximise the ease of assembly and reduce labour costs, Slic Pins will be used to secure the components of the product together. 
While using Slic Pins will cost more than using standardised fasteners there are many benefits to their use that outweigh the additional costs. 
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Below is an image showing how Slic Pins can be used to secure parts together and how they can implement poke yoke into the assembly. 
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(PivotPoint, n.d.)
Implementing Slic pins as fasteners improves the maintainability and serviceability of the products as the components can easily be separated from each other by depressing and removing the Slic Pins, which reduces downtime for maintenance. Being able to remove the fastener without the use of tools also reduces the likelihood of personal injury and allows maintenance engineers to get to hard-to-reach components much more easily. 


Design for Reliability 
Insert Moulding 
In this design the main reliability issue will arise from securing the plastic gripper to the metal parts using a metal pin. The plastic joints will wear out incredibly fast due to the plastic to metal pivot joints and cyclic loading the product will be subjected to.
To reduce the likelihood of failure due to wear at the pivot points, a viable design solution would be to implement insert moulding. A brass bush sleeve insert will be incorporated during the moulding process using a robot to place the inserts in after each mould has been produced to help minimise the costs of insertion. Doing this will remove the contact between the plastic and metal, heavily reducing wear during application. 
Below is an image of the insert that will be used in this process. 
[image: A picture containing projectile
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(BrassAlTi Store, n.d.)

A tight clearance fit will be implemented to reduce the amount of movement between the fastener and insert, which will also reduce the wear of the inserts; the fit will be tight enough to reduce movement but loose enough to allow removal of fasteners. Due to gravity, the small clearance will not cause issues during pick and place application.  
Critical Tolerances 
To save costs, any dimensions that are not critical to the functioning of the part will have generous tolerances; only critical dimensions will have tight tolerances so that the part will function correctly. 


Design Illustrations 
Jaw Design 
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Design Illustrations 
Jaw Design 
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Design Illustrations 
Jaw Design 
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Design Illustrations 
Join Bracket Design 
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Design Illustrations 
Cylinder Design 
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Design Illustrations 
Drive plate Design 
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Design Illustrations 
Worm Design 
The motor will be outsourced and complement the design of the worm.
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Design Illustrations 
Slic Pin 
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Design Illustrations 
Gripper Boss Insert
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Design Illustrations 
Full Assembly 
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Risk Management 
Performing Risk Assessments 
Risk assessments are an essential part of a health and safety management plan. They help protect employees and customers by creating awareness of hazards and risks and identify who may be at risk. 
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Refer to Appendix F for general issues that can arise from our chosen design, manufacturing processes and practices.
Risk Management Techniques
Several risk management techniques can help identify and control risks proactively such as FMEA’s, ISHIKAWA diagrams, risk probability and impact matrixes and influence diagrams. 

FMEA Key (See next page for FMEA)
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Risk Management 
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Product Life Cycle/Environmental Considerations and relevant constraints/issues 
The testing detailed in the PDS will be performed to assess the product’s longevity and highlight any end-of-life issues.
Disposal 
All parts of the product can be easily disassembled by customers and separated into different materials. This is known as green design. It is environmentally friendly as all parts except for the motor (which will have to be recycled according to WEEE regulations) are 100% recyclable and reusable. 
Waste metal and plastic from the manufacturing processes will be disposed of in the correct recycling bins. 
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Conclusion
Injection moulding and CNC machining have been chosen to be the main methods of manufacture as they will satisfy business needs. 
Considerations were given to how the design of the product will affect our customers and employees. 
The prototype design was re-designed for safe use, maintainability, reliability, and ease of assembly and disassembly. Aluminium and ABS were chosen as materials as they are environmentally friendly and help optimise the product to meet customer/user/business needs and benefit cost drivers.
A secondary operation was included to satisfy customer needs further and design for x analysis were performed to increase the quality of the final product in many aspects and to analyse whether design changes are beneficial or not for the business. 
All the considerations taken into account and analysis performed shaped the product’s design to become easily manufacturable, cost-effective, comply with all relevant codes of practice and industry standards and reduce the risk of issues developing. 
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Appendix A - Wider engineering context considerations 
The design context encompasses more than just the physical environment; it can also include the larger organisational context in which the product will be utilised, as well as who is involved in the design process. (The Open University, n.d.).
Sociocultural
Companies work in a variety of ways, which might influence the design process. Companies, for example, provide designers with varied degrees of independence, with some allowing individual teams to operate as independent start-ups and others restricting interaction designers to certain responsibilities within a bigger structure. Teams might come from a variety of backgrounds, including not only technical but also social perspectives. Many companies, for example, have development teams in various nations. At the project level, sociocultural issues can influence how people operate, how resources are allocated, and how approvals are handled. (The Open University, n.d.).
Organisational
An individual interactive product may be envisioned as part of a product line or portfolio at the organisational level, and so design choices may be impacted not only by the single product specification, but also by the product line or portfolio's styles, standards, and technological infrastructure. A new interactive product, for example, may be required to be compatible with other products, or may be restricted because some capability is reserved for other products, or may be expected to use and interact with other products. (The Open University, n.d.).
Economic
The size and wealth of a corporation can have an impact on the resources available for a project - or the project team's commitments. Resources may be visible in terms of project finance, readily available knowledge, or readily available tools and infrastructure. More subtly, the company's motivations may have an impact on design priorities. A charity developing an app to enable disabled people access public services, for example, may have different aims than a retailer developing a web-based shopping app. External economic influences (such as the state of a country's economy, specific government development objectives, or legislation that controls companies and goods) can also have an impact on interface design at all levels, from funding to detailed design decisions. (The Open University, n.d.).


Appendix B – Additional Information on Outsourcing  
Reasons for outsourcing 
Reduction in labour and operational costs 
Allows businesses to concentrate on other processes
Lack of specialisation in a specific process 
Do not need to manage and control difficult functions of the outsourced products (Dinu, 2015)
Advantages 
Grants the business flexibility in services (Dinu, 2015)
Lower Cost 
“Access to skilled resources” (Dinu, 2015)
More resources can be used on core activities (Dinu, 2015)
Disadvantages 
“Loss of managerial control” (Dinu, 2015)
Economical Cost (Dinu, 2015)
“Social costs” (Dinu, 2015)

By working with the proper service provider, you can prevent all these drawbacks. Companies must evaluate the interests of their customers and employees before outsourcing, and then make an informed decision (Dinu, 2015).
Outsourcing helps achieve company needs and pushes cost drivers in our favour as it reduces labour time and saves costs on specific tooling in the short term. It also drives standardisation this allows for creativity while also providing an organised procedure and trustworthy data, saving time in the process. The improved efficiency outsourcing provides us with allows us to get products out into the market at a faster rate. 
Having skilled staff on production lines, purchasing outsourced products and raw materials ready for manufacture helps meet business needs. Labour hours are a cost driver in manufacturing a product, so we need to take labour costs into account to keep our products at lower prices. 



Appendix C – Additional Information on Manufacturing Processes 
Additional Information on CNC Machining 
CNC machining centres, automated material handling systems, loading, and unloading stations, tool storage, and other auxiliary devices are all part of a computer numerical controlled (CNC) machining system. CNC manufacturing is the process of transforming raw materials into finished products by combining machining and supporting operations for a variety of multi-purpose machine tools capable of executing subtractive or additive processes. Material handling systems such as robotic arms, gantry, and pallet changeover systems transport workpieces or cutting tools to different CNC manufacturing workstations in automated environments. Each part is typically secured on a fixture installed on a pallet at the loading and unloading station. The part is subsequently put onto the pallet and processed on the machines. The part is unloaded at the loading and unloading station once the processes are completed. The CNC machining system's process capability is provided by these parts working together inside the system. As a result, for a CNC machining system to be represented as a whole, the representation of these different elements must be unified. (Vichare et al., 2009).
During mass production, various batches of products are made by producing different components of an item in distinct phases on distinct equipment. CNC machines can help streamline the process in terms of precision, speed, and reliability (Unisontekco, 2019).
Additional Information on Injection Moulding 
The material, which is commonly provided as grains or powder, is plasticized in an injection unit before being injected under high pressure into a clamped mould (Goodship, 2017).
The mould and the plasticizing area are isolated from each other throughout the injection moulding process. The plasticising area and processing temperature will be maintained at the same level. The mould is kept cold enough for demoulding of the component or heated enough for crosslinking. The plasticized material is introduced into the mould. The clamping unit contains the mould and injection unit. If the mould is equipped with a vertical parting line, which allows the pieces to eject from the mould after demoulding, fully automated production is conceivable (Goodship, 2017).


Appendix D – Additional Information on Business Needs 
Business Needs 
Business leaders define goals and objectives for their companies during operations, and they urge their people to work hard to achieve them. These aims and objectives are business needs; they are the things that a company must have or attain to operate, be profitable, serve effectively, and complete its mission successfully. (Kupersmith, Mulvey and McGoey, n.d.) 
Examples of this Business’s needs and requirements 
	Business Needs
	
Develop a prototype model for a 3 Jaw Gripper 
Requirement examples
· Product must be a specific colour  
· Product Must be recyclable 
· Product must be designed to consider factors such as manufacturing and assembly
· Product must be adaptable and flexible 

Order outsourced products and materials from suppliers 

A reliable product 

A recyclable and sustainable product

Design a product that meets all conformance requirements  






Appendix E – Additional Information on Cost Drivers 
Cost Drivers 
A cost driver is the source of a cost that has an impact on the overall cost.
Cost is a fundamental predictor of whether there will be continuity or discontinuity in a commercial operation. If the cost of production exceeds the revenue generated from a sale, the business is likely to fail. There is profit and the possibility of expansion if costs are less than income. (Corporatefinanceinstitute, n.d.)
Overhead costs are traced by identifying cost drivers.

There are two categories of cost driver:

Resource Cost Driver: A measure of the amount of resources used by a certain activity. 

Activity Cost Driver: An action that causes a cost to be incurred.

Below is a table showing examples of cost drivers for specific activities 
	Activities 
	Cost Drivers

	Issuing of purchase orders 
	Number of orders 

	Product Inspections 
	Lack of good quality 
Inspection Plans 
Number of supplier issues 

	Maintenance 
	Number of machine breakdowns 
Capital expenditure 


	Production of Product 
	Production volumes 
Product flow from assembly 
Number of supervised runs 

	Checking incoming goods
	Quantity and quality of outsourced parts 





Appendix F - General issues that can arise from the chosen design and manufacturing processes and practices 
	Ethical Issue
	Ethical issues may arise from the energy consumption of the company not being fully sustainable as it is meant to be our duty as engineers to uphold high standards regarding sustainable and environmental standards.

	Health and safety issue
	Health issues can arise from inhaling fumes from the injection moulding process so employees that work close with the machinery should wear masks and safety goggles.

Dry blasting must take place in a fume cupboard and be properly ventilated as the fumes can cause lung issues. Encountering the front of the nozzle during use can cause serious damage to operators.

	Environmental and sustainability limitations
	Environmental limitation of injection moulding would be the fact that it consumes a lot of energy and raw resources to run which has a negative impact on the environment. A sustainable limitation would be the fact that to run the manufacturing processes proposed in the UK we mainly use fossil fuels and coal which are not sustainable energy production models.

	Intellectual property constraints/issue
	Intellectual property constrains others from using design ideas. IP issues are also one of many types of constraints that designers face in their work in this case we cannot use ideas from successful designs.

	Codes of practice and standards constraint/issue
	By following codes of practice and standards we have a limited choice of materials and manufacturing methods to use as we must legally comply with all relevant engineering codes of practice and engineering standards.

	Security issues
	Security issues can arise from the software and PLC programming side of the product such as unauthorised access and alteration. This will be out of our hands when our customers purchase the product so they must be informed of security standards.
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‘The QFD below shows customers and users’ needs/requirements translated into quality functions.
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Product Design Specification

This PDS is a statement of what this product is intended to do. The aim of this document is to
ensure that the design and development of the product meets the requirements of the client.
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Market Requirements / Product Design and Performance

1.0 Operation

1.1 The device activates a green light when the user presses either
of the 5 options on the motor.

1.2 The device deactivates this light when the user powers the
motor off.

1.3 The device operates as a pick and place cobot.

1.4 The device must be connected to a power supply.

1.5 The device has 5 motor output options to apply different levels
of gripping force.

1.6 Device must be compatible with PLC o any programming
systems for automation.

2.0 Dimensions and
Weight

2.1 Dimensions of the device
Maximum Length — 500mm
Maximum Width — 150mm

2.2 The device can be mounted onto a flat rail through the use of a
separate mount.

2.3 See detailed drawings for additional dimensions

2.4 The product shall weigh 1KG +/-100g

3.0 Product
Performance

3.1 The product has a maximum lfting weight of 10KG

3.2 Gripper mass = <600g

3.3 Closing Speed = 50mm/s

3.4 Grip Force = 20-200N

3.5 Maximum opening diameter = 200mm

3.6 Repeatability = 0.1mm

4.0 Aesthetics

4.1 The device must resemble a claw.

4.2 The material used for the jaw will have a textured finish on
surfaces that will encounter customer parts during pick and place
application. The rest of the surfaces will have a smooth glossy finish.

4.3 The material used for the aluminium parts will have no
mechanical or chemical finish is done on the surface after milling

4.4 The jaw colour will be red to stand out to operators.

5.0 User Interface

5.1 The device provides basic user interface via buttons and simple
digital displays.
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Life in Service, Operation Environment and Safety

6.0 Lifetime

6.1 The device is to have a minimurm operating ifetime of 2 years.

7.0 General Operation
Environment

7.1 he device i to be used in standard manufacturing
environments.

7.2 The device s to have 3 protection rating of IPSS, limited
protection against dust ingress and protection against low pressure.
waterjets.

7.3 The device i to have a flame retardancy rating of ULS4.

7.4 The device has an operating temperature range of -10°C to 55°C

7.5 The device must be used indoors and protected from sources of
Ultraviolet light.

8.0 Use

8.1 The device will not be subject to any substantial mechanical
shock under normal operation.

5.2 The device is to withstand continued wear.

8.3 The jaws of the device will not encounter strong chemical
Solvents to prevent ESC of plastic components (refer to chemical
compatibility lsts of ABS products)

9.0 Usage Hazards

5.1 The device must operate reliably whist lifting objects.

9.2 The device must lft various sizes of products and products with
smooth surfaces.

5.3 The device must not require any significant user input during,

10.0 Maintenance
Requirements

101 The device requires no expected maintenance other than
visually inspecting the plastic gripper for damage every 3 months
and cleaning the metallc parts

102 The device is designed to have replaceable jaws In the event of
failure.

10.3 Replacement and reinstallation can be completed using basic
tools

11.0 Durability Target

111 The gripper can undergo cyciic loading of its maximum stated
pay loads 5 million times before any weaknesses in structural
integrity occur

12.0 Recycling

121 The device s to be recycled in accordance with the WEEE.
Directive.

122 The plastic gripper can be separated from the aluminium parts
for recycling

123 All materials used are recyclable and non-toxic

13.0 Production
Information

13.1 Each product shall have 2 unique and traceable batch code and
supplied with installation and replacement instructions, chemical
compatibility lss, product specification and order number.
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Production Requirements

14.0 Manufacturing
Methods

141 Standard manufacture methods are to be applied, including,
but not limited to:

1411 Injection Moulding
14.0.2 Insert Moulding.
14.0.2 Dry blasting
14.1.3 ONC Machining

14.2 Prototyping methods to be applied are:
14.2.1 3D Printing

15.0 Volume

151 The expected volume of the prototype batch is at least 30
units.

152 Production Target is to produce 1000 to 2000 units per week

16.0 Target Cost

161 The target OEM cost for the device is 200 GBP.

162 The target RRP cost for the product is 300 GEP.

17.0 Sales Locations

17.1The sales locations are UK, EU and US.

18.0 Market

181 The general market for this product s consumers.

18.2 This product wil be sold online and in physical shops.

19.0 Manufacturing
Constraints

19.1 A variety of components will be outsourced as producing all
components of the product will not be viable.
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Conformance Requirements

20.0 Statutory Requirements

201 The product will met all CE requirements
and statutory and regulatory requirements
detailed in 1S09001:2015.

210 Industry Standards

211 The product will comply with all lsgal
electrical equipment requirements such as 857671
and Waste Electrical and Electronic Equipment
Directive (WEEE) 2012/2019/EU.

212 The device will meet all safety requirements
detailed in The Health and Safety at Work Act
1974 (HASAWA).

22.0 Company Standards

221 In terms of service, the product will meet the
high-quality requirements set by the company and
produce components to 2 high level of qualty and
consistency.

23.0 Product compatibility
requirements

231 The product must be compatible with PLCS
and cobot systems that are designed by the
company.

24.0 Testing Requirements

24.1 Product must meet Cyclic Load Testing
Requirements.

24 2 Tensile Testing — Product must be able,
withstand a load greater than 2x ts maximum
stated weight.

243 Acetic Acid Testing — Sample must pass acetic
acid testing and show no signs of high residual
stress in the plastic

24.4 Environmental Stress Cracking - Sampies of
the material used to produce the plastic grippers
must be ESC tested and tensile tested to assess its
compatibility with various chemicals

25.0 Safety/Product liability
requirements

251 The product will adhere to the General
Product Safety Regulations 2005 (GPSR) which isin
place to ensure that the product i safe under
normal use.

26.0 Intellectual Property Rights

26.1 The concepts and designs of the product
must be patented so that the business holds all
rights over new designs

27.0 Ethical Standards

27.1The manufacturer adheres to NSPE Code of
Ethics for Engineers.

28.0 Security Standards

281 The manufacturer will uphold and relevant
security standards by the MCSS and contribute to
public and professional awareness of security.

29.0 Codes of Practice

291 The manufacture will uphold codes of
practice to create 3 uniform system that maintains
high standards

30.0 Environmental Standards

30.1 The manufacturer will comply with 150
14001

31.0 Sustainability Standards

311 This product will comply with sustainability
standards isted in BSO IS0 20400:2017.
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considerations to be aware of when moulding a component with plastics as defects can arise from
considering features such as gate locations and draft angles.

Below will be brief descriptions of design features that have been considered when prototyping the
jaw model.

Material Options
I have chosen the to use a

Create a jig within a fume cupboard with glass guard.

Critical Tolerances

Sink Marks

Sink marks may occur where there is a thicker section of plastic compared to the
general wall thickness. The greater the difference in thicknesses, the more that
shrinkage is a concern. This shrinkage can pull the component wall away from the mold
surface, creating an indentation or sink mark on the opposite side of the finished part.
Changing injection molding parameters or component geometry can in some cases
reduce sinking to an acceptable level.

There are several methods to avoid sink marks such as altering the packing pressure,
addition of a blowing agent and jncorperating a 7° gradual slope at the base each rib.

In the case of the jaw gripper we must consider the design of the boss's.
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more machining operations on its external surtace and
holes. The ejector plate and pins are also larger and
heavier. Another predominant factor on the cost of
molds is part shape attributes such as features and shape
complexity. Auxiliary tooling includes tooling for trim-
ming, core handling, and fixturing.

‘The cost structure of moldings is illustrated in Fig. 2.
‘The relationships between the cost components can be
represented in a mathematical format. The following
shows part of the relationships:

* O © #»

required. Instead of producing accurate cost estimation,
the proposed cost evaluation model aims to support cost
evaluation during design by providing rough cost estima-
tion and cost sensitivity.

The multilevel cost evaluation model was developed
by combining the cost structure and the molding product
design process. In this model, levels of cost components
are selectively used at various design stages according
1o the available product information. The model, as
illustrated in Fig. 3, is a two-dimensional hierarchical

Product cost (Pe) = material cost (Cm) + tooling cost (C1) + processing cost (Cp),

Material cost (Cm) = net material cost (Cnm) + loss and handling cost (Clh),

Net material cost (Cnm) = (volume/part)+ (Ib/volume)  (§/1b) = ($/part).
Loss and handling cost (Clh) = tare cost (Ctar) + scrap cost (Cser) + in-plant processing cost (Cinp).
‘Tare cost (Ctar) = tare rate (Rtar) part weight (PW) recycling cost (Crey) = % » (Ib/part) ($/1b) = ($/part).
Scrap cost (Cser) = (1 + tare rate (Rtar) « scrape rate (Rscr)  part weight (PW) s recycling cost (Crey)

= (1 + %)= (Ib/part) = (8/1b) = ($/part)

In-plant processing cost (Cinp) = (furnace hourly rate (Rfur) + energy cost per unit time, (Cenc))

plant processing time (Tinp) = (§/sec + $/sec) (sec/part) = ($/par().

Tooling cost (Ct) = mold cost (Cme) + auxiliary tooling cost (Cau)

Mold cost (Cmc) = Nmold + ((mold base cost (Cmbe) + mold machining cost (Cmmc)
+ mold construction cost (Cmeg))/total production quantity (TPQ)

+ mold setup cost (Cmsc)lot size (Lsiz)

= (mold)»($/mold + $/mold + $/mold)=(1/par) + (§/setup) = (setup/part) = ($/part)

Ausiliary tooling cost (Cau) = trimming cost (Ctri) + subsidiary tooling cost (Csub),

Trimming cost (Ctri)

Nmold + (mold base trimming cost (Cmbtc) + mold trimming machining cost (Cmtc)

+ mold trimming construction cost (Cleg))/total production quantity (TPQ)
+ mold trimming setup cost (Ctsc)/lot size (Lsiz),
Subsidiary tooling cost (Csub) = cost of cores (Ccor) + cost of fixture (Cfix),

Processing cost (Cp) = primary processing cost (Cpp) + trimming process cost (Ctr)

-+ sccondary processing cost

(Cse) + plant setup cost (Cst),

Primary processing cost (Cpp) = number of cavities (Ncav) « directly labor hourly rate (Cdil)
+ machine hourly rate (Rmac) + utility cost (Cuth)

+cycle time (Teyo)/yield rate per machine (Ryic)
+ machine setup cost (Cmse)lot size (Lsiz)
= (8/sec + $/sec + $/sec) # (sec/part) + ($/setup) * (setup/part) = (§/part),
Secondary processing cost (Cse) = cost of machining (Cme) + cost of impregnation (Cic)

+cost of surface treatment (Cstc).
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Advantages of using Slic pins

It introduces less errors into assembly as a poka-yoke feature will be implemented into the design
by using tapped holes 5o that pins can only be inserted as intended

Slic Pins are incredibly easy and fast to use when compared to threaded fasteners, greatly
reducing assembly time and labour costs.

The pins will have great retention in this application as there will be no horizontal forces acting on
the joining points.

Using threaded fasters can reduce reliabilty of the part through cross threading and active.
replacement of parts whereas Sic Pins do not have this issue.

Sic pins can easily be removed by depressing the plunger with your finger meaning tools do not
need to be used during assembly or replacement of parts

slic pins are immediately secured upon insertion
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Note: After redesigning the cylinder in solidworks and taking screenshots of parts | started to
have issues running the program so the rest of the redesigns will be described. Al isted
dimensions and tolerances in this section are integral to the product and are specified to specific
tolerances to ensure that the product functions correctly during operation

Piansi|

‘The sharp corners at the areas highlighted in red circled will
be replaces with Radi and fillts to reduce stress
concentration at these locations and to allow the mould to
be filled more efficiently

Pianei|

Gates will be incorporated Into the highiighted areas above:
to improve packing and even filing of the part

They are located away from areas that will be affected by
stress.
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Pianei|

A shell will be incorporated into the design to use less
material and reduce manufacturing times.

Draft angles will be applied to all sides of the shell to
allow easy ejection from the mould

The small difference between the thicknesses of the
base and side wall also reduces the likelihood of sink
marks

A-A Cross section
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There will be bosses at the areas highlight above, as shown below the
design will incorporate ribs and a parting line.

“The ribs will increase the structural integrity of the of the product without
producing a thick wall

‘The bosses are located away from the side walls to reduce the likelihood of
sink marks.

A parting line will be implemented into the design to allow easy efection of
the part from the tool
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Thickness = 16mm +/-0.5

Diameter = 15.0mm +/-0.1

15mmis a standard diameter size which will reduce
the cost of the outsourced product,

15mm was chosen so the Slc Pin can only be
inserted through the join bracket into the insert in
the gripper not the other way round.

‘The diameters of each part and thicknesses
will have tight tolerances as they are integral
to the joining of parts and functioning o the
final product. This part will be outsourced.
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Internal fillets should be made as large as possible to
allow for a large diameter tool to be used

Tapped Hole on one side. No tapped hole on other side.

“There will be a tapped 15mm +/-0.1 hole with a depth of 6 2mm +/-
0.1 and an 8.2mm +/-0.1 hole that goes through the thickness of the
part which is 8mm +/-0.25. This s to introduce poka yoke into the. 8mm +/-0.25 Thickness
design so the Slc Pins can only be inserted from one side.

8.2mm Diameter +/-0.1

The lugs have been removed from the part and replaced
by the above to allow easy machining of the pivot point
for the grippers.

Fillets and Radii wil be incorporated around the part to reduce the amount of stress areas and for the
safety of the employees assembling the product (cannot sustain injuries from burrs or sharp edges).
Minimun thickness present on the cylinder is 2mm at the edges of the top and bottom diameter.
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8.2mm Diameter +/-0.1

Each block is 50mm +/-0.5 wide:

Fillets and Radii will be incorporated around the part to reduce the amount of stress areas and
for the safety of the employees assembling the product [cannot sustain injuries from burrs or
sharp edges)
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The design of the worm will remain
the same.
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70mm +/-1 Large Tolerance range to save costs

e

214.5mm +/-0.1

28mm +/-0.1

“This part will be outsourced.

Smm +/-1
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(BrassAlTitore, n.d.)

Inner Diamete

8.5mm+/-01

Outer Diameter = 10mm +/-0.1

“This part will be outsourced.
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“The slic ins can only be inserted in a single direction due to the diameter step at the end of the
part. The areas highlighted with a red cicle is the only away the Slic Pins can be pushed through

‘The design makes assembly of the grippers faster and simpler.

The part and items are orientated as above, 3 Sic pins are then pushed through where the red
circles are. The part is then rotated 120° and the same process is repeated then part s rotated
another 120° and the process s repeated a final time.

Below is an overhead view of the part for reference.
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Potential Health and safety risk issues

Manual Handling
Working with fast moving objects
Machinery risks

Competition
Debt
Bankruptey of suppliers

Potential environmentalrisk issues

Risk of air pollution
Risk of Noise and vibration
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