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Introduction
Cooperative autonomous systems have been a vital part of modern manufacturing, such systems can perform tasks that single robots and humans are simply unable to carry out. Using cooperative autonomous systems (” cobots”) within manufacturing processes, have allowed companies to achieve higher efficiencies', faster production, able to lift heavier payloads and reducing human interactions with mechanical devices thus increasing safety (Pablo Sánchez-Sánchez & Marco A. Arteaga-Pérez 2015). 
In this report a mechanical gripper will be developed, designed, analysed, and tested using a comprehensive list of digital and traditional techniques, the mechanical gripper has been requested for manufacturing by Festo industrial. The mechanical gripper is a component of a fully integrated UR5 robot arm, UR5 is part of a CP lab system which can manufacture mobile phones and other equipment. According to the Festo website It can be run 24/7 and monitored remotely (www.festo.com/gb/en/e/technical-education). The primary purpose of this gripper is to unload completed phones from the dispatch station over to the autonomous guided vehicle (AGV)
What we want a product to be is changing at a rapid pace, consumers and business have long requested massive quantities of mass-produced parts. Today consumers demand customized and intimidate products. Industry 4.0 promises a flexible and digital manufacturing environment. The growth of modern 5 axis machinery and additive manufacturing partnered with Computer Aided Design has allowed the modern engineer to produce complex and structurally superior parts with flexible and rapidly changing designs to suit the customer. Industry 4.0 has been dubbed the next industrial revolution as we aim to align modern advancements in computational, sensing, and mechanical technologically with the current processes of basic manufacturing techniques.
As a design engineer it is important to call upon various tools and techniques when partaking in the development of a device, when a mechanical device undergoes prototyping as engineers we aim to design within a certain set of rules, this is called design for ‘X’. design for ‘X’ facilitates a simple guideline for designers to follow once building a machine, they allow engineers to keep machines as simple as possible but still retaining the required design criteria. 










Main Findings

Design criteria
To begin the design of a collaborative robot gripper, it is vital to collect all the data available about the design requirements and limitations, this data could be set by a customer, supplier, or external organisations such as governing bodies and Standards. Some factors can be variable such as a budget, but some factors are fixed for example an environmental law. If design needs to be constrained within a certain set of standards, then it is important to concern oneself with them. When seatbelts straps are manufactured, they must be independently tested and certified to European Directive 77/541 and/or Regulation 16 (unece.org/transport/vehicle-regulations viewed 27/05/22). This ensures consumers are purchasing a product that can meet certain design and testing requirements. 
The known design criteria for the case study are as follows.
The gripper must engage phone at the bottom cover – to allow secure fixing
There is a 3mm gap between the dispatch station and phone
No pneumatic suction allowed
Must attach to supplied mounting plate to robot arm
5V power supply
Creative design engineering
Design engineers are required to use their engineering knowledge to find solutions to technical problems, designers must work within design constraints and requirements such as financial and material limits and create a design that is compliant and effective with the criteria. The concept of creative design engineering ’is still very new amongst academic circles’ (Taura, T. 2016). Many design engineers follow a design process known as routine design. this process is based on the known factors, it focuses on optimising original ’tried and tested' designs whilst accepting compromise as a solution. by contrast, according to (Chinkatham, T., Souili, A., Taheri, A., Cavallucci, D. 2016) Inventive design is a thought-provoking engineering activity, it can aid a designer in the beginning steps of solving design problems, it focuses on discovering what is unknown.
(Chinkatham, T., Souili, A., Taheri, A., Cavallucci, D. 2016)




TRIZ
Engineers have for too long relied on trial and error upon developing machines. using this method is time intensive and resource demanding, it is not an efficient method of prototyping devices. there was a need for creating a process and set of rules an engineer can follow to develop an effective device and reducing system conflicts whilst staying in line with cost and time factors. TRIZ is the acronym for” the theory of inventive problem solving” Rantanen & Domb, (2007). TRIZ can be used to spark innovation and innovative ideas, not only does it map out and highlight key areas, but also provides potential solutions to the issues faced. Nakagawa, (2001)

Design for X 

The design engineer's role is known to have a substantial impact upon the cost of a product. Therefore, it is important to explore the numerous ways to improve a designs accuracy and efficiency. Design for X can be used for manufacturing, maintainability, and assembly to include some others, designing for manufacturing ensures an engineer creates a product with the ease of manufacturing in mind. As the design of the product has accommodated for the manufacturing process, it allows costs to be reduced and if followed correctly can improve quality of finished product and waste materials. In the process of creating the robot gripper these rules are always followed. 
The chosen process for creation of the gripper is additive manufacturing, with this in mind it is the gripper must be compatible with the nature of additive manufacturing. The first rule that was followed when in the beginning stages of design was to reduce the number of parts and simplify, as shown in the first sketches below a scissor action gripper was opted for. This design contains many moving parts, so a forklift style design was preferred. When developing the fork design, it was crucial to standardise any fasteners this allows maintenance technicians to source spares and use readily available tools for repair. After this, the new design was to be as multi-functional as possible, this further reduces the required parts and allows versatility. Finally, when designing for manufacture using 3d printing it is important to be aware of the dimensions and tolerances of the printer and to become familiar with the hardware and software used to operate the printer.

(Original notes, Samuel knight 2022)

When designing for assembly, incorporating ease of part fitting and reducing likelihood of parts becoming damaged can reduce total costs and reduce. Screwed fasteners can be very problematic for the building of mechanical devices, other ways of fastening such as snapped fit and integrated fasteners can allow the assembly technician to reduce the time taken to fit. In the design of the forklift style gripper, it is possible to allow the use of one moving arm, this also allows the gripper to be assembled in a single linear motion thus ensuring ease of assembly.
Design efficiency, Lucas's fitting and handling index
(Samuel knight, 2022)
Design efficiency
To be able to find your design efficiency of a product, you must first follow the corresponding flow chart, the flow chart stimulates conversations about the essential requirements of the part of the design. The flow chart is based on a movement of the component when being placed into the assembly. If the parts movement does not contribute to the adjustment and can be kept static it is referred to as a non-essential part. The process shall be repeated for all the participating components in the assembly.
= Total number of parts
   = Essential parts
                  = Design efficiency
Lucas DFA method (handling)
In this method we consider each component individually and the corresponding ease of handling. This table shows us how difficult a component to handle is when a technician is manoeuvring it into place. When assessing the part, the score is determined from a pre-set of categories, these address the size and weight, orientation, rotational and handling difficulties. Once a score has been given it shows the user a comparison between the components and where areas may need looking at.
From the case study it was found that the highest score was the actuation cable, this indicates that the cable is a bottle neck in the assembly of the gripper and that it potentially could need either redesigning or substitution.


Lucas DFA method (fitting)
Like the handling index, the fitting index represents a components individual ability to be integrated into the machine, the categories involved represent access, part placing, insertion forces and alignment. An engineer can find problem areas in a certain step of a process which they then can highlight for a change to improve. In the case study we were able to identify a reoccurring problem area for the design which is the actuation cable. Moving forward an engineer can focus his efforts in that area to aid speed of manufacture and production costs of labour.


























Quality Function Deployment


(Samuel knight, 2022)
(Samuel knight, 2022)
Quality function deployment is a key tool inside the six-sigma framework, ’The philosophy of DFSS is that critical decisions should be based on customer needs, data, and proper analysis' Ficalora, & Cohen, L. (2010). QFD promotes discussion about the required functions of device with its relation to customer needs, it has excellence as its main target and can break down complex problems into a clear orderly structure. QFD also allows for identification of start-up problems, which allows an engineer to proactively prevent potential issues.
In the case study, the listed design criteria were inserted into the table these are also referred to as customer requirements, perpendicular to these were the functional requirements these are what must be included in the design to ensure functionality of the design. After these are inserted into the table, a relationship between the characteristics can be marked. Once a correlation has been ascertained the table will clarify check points, thus reducing development time of a product. Once a relationship has been found an engineer can then reach a compromise between the customer and what the organisation can manufacture. 'It can also help in finding new opportunities and in defining strategies to increase profits and market share (Chien and Su 2003)’















Failure Mode Evaluation Analysis
(Samuel knight, 2022)
When manufacturing on large scale there will inevitably be defective products, in a critical system there can be an unacceptable number of defects arising. This requires a need for an analysis of critical functions of a design to ensure system reliability. when designing the robot gripper, it was important for the design to be used repeatedly over many use cycles, this is defined as quantitative reliability, it is defined as the probability that a unit will perform a required function under stated conditions for a stated time. Fergenbaum, a.v(1991). 
FMEA is a tool an engineer can use to recognise and evaluate potential failures, it can also identify actions for eliminating the failures from occurring, whilst also documenting the process. Many iso standards are based on FMEA logic which provides a familiar and layout of probability vs severity scoring matrix. In the case study, the FMEA was used to identify potential issues with the assembly of the design, it was then possible to initiate the required controls, the FMEA provides a comparison of each function in which the engineer can highlight pressing issues. Once controls have been implemented the quality, reliability and safety of products will receive a positive impact.






Computer Aided Design - Solid works
(Samuel knight, 2022)

(Samuel knight, 2022)
Computer aided design can be useful in many ways, it allows a design engineer to create and optimise a design, whilst giving the engineer complete flexibility to change the design if needed. To begin with, drafts of the design were sketched onto paper with all the required properties. Using TRIZ’s logic, there has already been a similar issue faced by the thousands of engineers worldwide. Harnessing much of the design from a mobile forklift, it was then adapted to suit a clamping action onto the phone. Solid works allowed the engineer to test prototype models and then simulate loads onto the fork arms, simulation express wizard was used to apply a theoretical load matching that of the phone. For use with exceptionally reliable materials where loading and environmental conditions are not severe and where weight is an important consideration a 1.3 to a 1.5 safety factor should be used. Using the results of the analysis, supporting members were added to alleviate the stresses and to help support the areas of high stress concentration. An advantage of these simulation tools is that the program allows changing of materials of the product, this allows a change of the mechanical properties of the gripper.
When developing a design, it is important to consider the manufacturing technique at all phases, in the case study additive manufacturing is the chosen process. 3D printing allows an unparalleled degree of design flexibility and allows for complex shapes to be formed. The process can be slow and can require support stints as the nozzle works its way from bottom to top but it allows for rapid Prototyping and in some applications printing metals is possible.


(Samuel knight, 2022)
                (Samuel knight, 2022)



















Cause and effect analysis
The Ishikawa fishbone diagram identifies and highlights the potential causes of workplace issues, it provides an easy-to-follow layout which aids the user to highlight key areas within the categories.” Dr Kaoru Ishikawa formulated this visual analysis tool for considering the causes of a specific problem Embury, D. (2014)”. The diagram provides a way to visualise cause and effect relationships and is considered one of the seven basic tools of quality control.
When designing a fishbone diagram the head of the fish is where the problem is placed. Then group members can brainstorm and converse potential causes of the problem, these are then placed in predetermined categories. once complete the diagram provides a visual and complete display that is simple to interpret. it does not require any advanced training and can provide a comprehensive view of the big picture. 
In the case study the fishbone diagram was used when the sliding faces of the gripper were jamming when in operating conditions. from the diagram It was able to be derived that there was a human error involved and that it was the incorrect lubricant selected. the fishbone diagram is a versatile tool that can be used in a host of situations and problems, it can convey a powerful message to stakeholders and fellow employees and can be extended with extra branches and categories as is required to find the necessary outcome.  (Samuel knight, 2022)








5 Whys?
Developed by Sakichi Toyoda, an inventor from Japan, 5 whys are a technique with beginnings in the automotive industry. The foundations on which 5 whys are composed are asking why 5 times Dunn, A. (2004). This then provides a layered process upon an engineer can derive useful information about the underlaying problem. It is useful to note that 5 is an example number, the user of this technique should use as many steps as is necessary to find the root cause. Many examples of 5 whys favour a process-based root cause rather than a technologically based issue, this is often because of human errors within the process. 
upon encountering a problem, 5 whys were successfully implemented into the case study by carefully analysing the procedure of assembly. It was understood that the upper fork arm would seize along the body of the gripper. after a quick fix, the same problem kept occurring at a high frequency, this would prove there was an underlying issue. To begin using the 5 whys, the problem was defined clearly and concisely, problem statements should not be too long and should not contain a cause. (GANGIDI, P., 2019) 
Problem statement: upper fork arm seizing along body of gripper
Why? Faces of materials producing a ploughing effect
Why? Oil film non existent
Why? Operator had not applied lubrication
Why? No safe working procedure to follow.
Why? Management have not supplied safe working procedures
Why? No audited system standards to comply with.
As shown, it has been ascertained that the beginning why are technological faults whereas the final route cause is a system or process issue. If we were only to stop at the third why, we would only find a symptom of the problem and if this were addressed solely; the underlying cause would repeat itself.












Conclusion 
Festo automation requires the creation of a Cobot gripper, whilst designing the gripper it was required that design tools be used to aid the development of the mechanical device. CAD software was utilised to show a comprehensive assembly of the design, furthermore Solids works express system was used to apply theoretical loading onto the machine. industry 4.0 demands a digital workplace, it has shown the modern design engineer needs to be computer competent, digital tools have provided thorough analysis of a products functioning conditions. With this analysis, changes can be swiftly made appropriately. The design was limited by a design criteria that was followed throughout the design of the gripper, applying these criteria into tools such as QFD allowed the engineer to work proactively in identifying potential future problems in the design.
Design for assembly was addressed using Lucas' fitting and handling methods, these allowed the engineer to calculate the ease of assembly for the given product, this table highlights bottlenecks in the assembly phase and attracts engineers' attention the given area to allow for improvement. Whilst designing it was found that the manufacturing process should be given consideration, as different process’ can apply various constraints to the result. Additive manufacturing was examined alongside other types of manufacture such as injection moulding of the part.
 As automation and Artificial intelligence are becoming commonplace, there is a deep requirement for mechanical engineers to meet the advanced needs of such machines. Consumers are demanding a flexible and customisable product and such requirements demand advanced manufacturing processes. Using advanced methods of analysis can vastly improve efficiency of the design stage, with quality assurance a focus point, it is important for manufacturers to work towards a six-sigma framework to reduce waste and failed products. Political leaders are identifying organisational harm to the environment, many businesses fail to meet emission release consents contributing to climate change. Improved design of mechanical equipment can ensure our carbon footprint is minimal, ensuring a sustainable world for everyone.
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Table 1. Inventive design vs routine design [2]
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Inventive design
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Accept compromise as a potential solution

Discover what is unknown
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