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1 [bookmark: _Toc73633643][bookmark: _Toc73634338]Introduction 
1.1 [bookmark: _Toc73633644][bookmark: _Toc73634339]Aims
The aim of this report is to develop an understanding of the ability to provide an integrated or system approach to solve engineering problems. The author of this report will use an appropriate design method.
1.2 [bookmark: _Toc73633645][bookmark: _Toc73634340]Objectives 
The objective of this report is to apply the physical principles in a manufacturing process that is to include the view of how to improve selection and optimisation of an existing process. The author of this report will use computational methods to manufacture and appraise the mechanical components to understand the limitations of the manufacturing process for the 3-Jaw-Gripper-End Effector.













2 [bookmark: _Toc73633646][bookmark: _Toc73634341]Concept Design Appraisal  
2.1 [bookmark: _Toc73633647][bookmark: _Toc73634342]Expected customer, 
This section will include the consideration of expected customer, and the end user needs.
The expected customer, purchasing the 3-Jaw Gripper- End Effector, are new customers to the product. The 3-Jaw Gripper- End Effector uses a large stroke in a small installation space and can cover numerous applications using the one variant gripper type. When the expected customer purchases the 3-Jaw Gripper- End Effector, the gripper jaws are included in the delivery, which reduces the design effort, manufacturing costs and its setup time (Zimmer,2021). The 3- Jaw- Gripper-End- Effector also has a smooth stroke configuration that can use the optionally available stroke limit and its application can be customised and even stroke sensing can be applied (Zimmer,2021).   
[image: ]The expected customer has requested a gripper and there are three different basic designs which are the parallel, three-finger and angled gripper design (Guelker, 2011). The parallel grippers consist of two slides that can close in parallel on the workpiece to grip the outside edges, or by opening out to put the pressure on inside walls (Guelker, 2011). The parallel grippers are by far the most used design. Figure 1 shows an image of a two-jaw parallel gripper that can handle many parts of different shapes and sizes (Guelker, 2011)

The expected customer has requested the three-finger grippers, which can be used to centre the workpiece between the fingers, which are offset by 120°(Guelker,2011)
[bookmark: _Toc73564818][bookmark: _Toc73631341][bookmark: _Ref73633771][bookmark: _Toc73634329]Figure 1:Two-Jaw Angular Gripper (Guelker, 2011: Online)

[image: ]
The expected customer will need to know information about the angled grippers, as the angled grippers approach the sides of the workpiece from various angles e.g., 30° & 80°. The angled grippers can be adjusted from various angles according to the workpiece and they are suitable when holding a larger workpiece also used when a space is very tight for the parallel gripper (Guelker, 2011). This will allow the parallel grippers to open wide enough to hold the workpiece (Guelker, 2011).

[bookmark: _Toc73564819][bookmark: _Toc73631342][bookmark: _Toc73634330]Figure 2:Three-Jaw Concentric Gripper (Guelker, 2011:Online).















[image: ]The design engineer will need to know the operating environment for the gripper to ensure the correct 3-Jaw Gripper-End-Effector is used. There are typically three basic tasks the gripper can perform. First, the gripper can grip and hold a product or component when it is being transferred e.g., from or to a conveyor, workstation, or machine. Second, to orientate by positioning a part or product in the correct position during the preparation for the next process e.g., when inverting a box and applying a label (Campbell, 2019). Third, to grip a part when another work process is being undertaken e.g., when a gripper is holding a box and it is being sealed and a label is being applied (Campbell, 2019). [bookmark: _Toc73564820][bookmark: _Toc73631343][bookmark: _Toc73634331]Figure 3: Various Cobot Gripper Designs (Universal Robots,2019: Online).

See figure 2 that shows an image of the 3- Jaw Gripper-End-Effector process and figure 3 which shows a diagram of a 3-Jaw Gripper-End- Effector. 
The expected customer will need to ensure they keep any contaminants out of the gripper as this is important to keep it functioning or trouble free (Campbell, 2019). The operating environment for the 3-jaw gripper-End-Effector may typically have elevated levels of dirt, debris, oil, and grease present. Additionally, the environmental temperature may change, and it is important to note that higher temperatures can affect the gripper’s internal workings (Campbell, 2019).










2.2 [bookmark: _Toc73633648][bookmark: _Toc73634343][image: ]Public Perception 
The public’s perception of the 3-Jaw Gripper-End-Effector is that it requires an elevated level of automation during fast and low-cost production processes, although the 3-Jaw Gripper-End-Effector should present flexibility to accommodate dynamic conditions in the production environment (Amin,2020). This includes adaptations to the presence of human beings, although the presence of the workers that share the workplace with the cobot can decrease productivity when the robot is not aware of the human’s position and intentions in the workplace. This can lead to concerns with human safety issues that are addressed in the workplace by designing a reliable safety monitoring system for the 3-Jaw-Gripper-End-Effector. They enhance safety by using a combination of recognising the human intentions and using visual perception at the same time as interpreting the human-cobot interaction (Amin,2020). [bookmark: _Toc73564821][bookmark: _Toc73631344][bookmark: _Toc73634332]Figure 4: Cobot Robot Aubo (Automation in Manufacturing, 2018: Online).

Lima’s (2020) point of view on the public perception of cobots compared to Amin’s (2020) opinion is that Lima wants to introduce the cobots into working relationships with humans and provide the workers with manuals, guidebooks, and training materials about the devices. Lima conducted a public survey that demonstrated the benefits of written guidance materials in a clear format which outlined what the public wanted to see, in relation to cobots. This included styles, phrases, and metaphors. The use of materials had an impact on how the human workers perceived cobots (Lima,2020). Amin did not include a survey asking the public what they thought of cobots. However, he highlighted negative aspects, such as how poor the cobot’s designs were and how they do not understand what their human workers are communicating to them. Amin felt that these factors would create a fearful public perception; that cobots are dangerous. See figure 4 (Automation Manufacturing, 2018: Online) that shows an image of an orange and black colour cobot. These colours are used to signify danger.





  
Lima's (2020) last point of view in relation to the public perception of cobots is that there can be cooperation between human workers and autonomous electronic agents. He considers that cobots are fundamentally social and humans can communicate with the automated agents properly and make sense of them. These include the cobot’s identities, rights and responsibility via language, appearance, or their gesture (Lima,2020). Lima stated, ‘as more automated computing agents move [image: ]into our workplaces, social and linguistic understanding will become a significant concern for technology policies in the future’(Lima,2020).[bookmark: _Toc73564822][bookmark: _Toc73631345][bookmark: _Toc73634333]Figure 5: Nachi Cobot (Naschi,2021: Online).


  











2.3 [bookmark: _Toc73633649][bookmark: _Toc73634344]Design Specification 
The development of the design specification requires an applied comparison between the lifting and gripping techniques to decide which technique is most suitable for the 3-Jaw-Gripper-End-Effector when it comes to picking and placing various parts. In the article, there was a pre-study and a brief description about various transporting systems that have been made and after the pre-study distinctive design concepts were developed (Muhammad,2010). 
Muhammad’s point of view on the cobot was that the best suitable design concept was selected for further development and its final construction. This allowed the final design of the gripper that was used by the software, known as robot Cell-simulation program, called ABB (Robot studios). This was chosen by a proper cell design and the gripper tool was designed from lightweight material that was aluminium (Muhammed,2010). They used electromagnets to pick and release different groove parts and the gripper tool was assembled on an industrial robot known as an ABB, IRB 7600 and has a handling capacity of 150kg and reaches 3.5m (Muhammed,2010). 
The attached spreadsheet shows a Quality Function Deployment (QFD) that is used in the design specification which shows the design requirements, customer rating, dimensions of the design, target value, key and lastly the relationship score. 
The machines that were used for the robotic gripper being constructed used a 3D printer with a plastic material (Jafarov & Mustafayev,2019). 
The last design specification of the 3-Jaw-End-Effector to be considered is that they reduce cycle time, ergonomic problems and for completing repetitive tasks. It is important when it comes to the design and development, to use the appropriate robot gripper during the assembly process, this requires the use of mathematical calculations (Jafarov & Mustafayev, 2019). 

3 [bookmark: _Toc73633650][bookmark: _Toc73634345]Manufacturing Design Appraisal 
3.1 [bookmark: _Toc73633651][bookmark: _Toc73634346]Manufacturing Process Proposal 
3.1.1 [bookmark: _Toc73633652][bookmark: _Toc73634347]Business & Company Needs 
This section will include the business and company needs, including the cost drivers. 
The Manufacturing process according to Kalpakjian (2010) is a design procedure which results in physical or chemical change when proceeding to work on a material, in this case, on a 3-Jaw-Gripper-End Effector. The intention is to increase the value of a particular material and the manufacturing process is carried out by a unit operation, meaning that a single step of the sequence is required to transform the starting material into the final product (Kalpakjian, 2010). 
Kalpakjian (2010) stated that the manufacturing operations can be divided into two basic types, where the first one is the processing operation and the second one is the assembly operation (Kalpakjian, 2010). The processing operation transforms material from its first stage of completion into a more advanced state which is closer to the final desired product. The process operation adds value to the component e.g., 3-Jaw-Gripper-End Effector, by changing the geometry or its appearance from the starting material (Kalpakjian, 2010). Then the assembly operation joins the two or more components to create a new entity and is known as the joining process (Kalpakjian, 2010).
As an example of a manufacturing process, Bernacki Industrial Services required further improvements in their manufacturing process that resulted in operators being responsible for increasing the number of machines in the facility (Bernacki,2021). The organisation made changes that enabled the competitiveness of productivity and with improving and maintaining safety standards (Bernacki, 2021).
During the implementation of the cobots, Bernacki (The company name) gained experience that has translated into the field of operation with collaborative cobots. Benacki developed an effective method when it came to mounting the collaborative robot. The company developed a 3D printing method of gripper fingers. This was especially useful when reclaiming the manufactured parts of various geometries (Bernacki, 2021).
As a different example of a manufacturing process, the Cobot Trend Company created ‘Ned,’ a designed custom gripper which allows the end user to manipulate many objects. This allows the standard jaw of the gripper to catch medium sized objects and it is possible to change the jaws to suit the end user's needs (Cobot Trends Staff,2021).

3.2 [bookmark: _Toc73633653][bookmark: _Toc73634348]Cost Drivers 
The cost driver in the cobot industry is the increasing demand from the Small to Medium Enterprises known as (SME’s). These play a significant part in the collaboration robotics market (Keene,2021). Companies are drawn to a quick return in investment on most cobot technology and many cobot applications return their costs in the first year (Kenne,2021). All sizes of projects use automation to drive production, which reduces the costs and improves overall efficiency (Keene,2021). The cost drivers help the companies to remain competitive in the changing market (Kenne,2021). 
The last cost driver is the cobot’s technology, which offers ease-of-use, which is not found in traditional robotics. The industry is responding by offering more user- friendly models (Kenne,2021). These require less training and future cobots will be programmed by going through some motions, as the operator teaches the cobot by moving the cobot manually (Kenne,2021).  















3.3 [bookmark: _Toc73633654][bookmark: _Toc73634349]Manufacturing Process Selected for Production 
Cobots have been trialled in kit preparations, receiving attention from researchers of cobots as literature is limited in respect to how cobots can support kit preparations activities (Fager,2019). The manufacturing process, in this trial, used a mathematical model to estimate the cycle time in association with using cobot-support for kit preparations (Fager,2019). Patrik Fager (2019) suggested that the manufacturing process of the cobot-supported kits is beneficial with diverse kits and smaller component quantities per Stock Keeping Unit (SKU). They provide less variability of outcomes, when it comes to comparing with manual kit preparations (Fager,2019).
According to Daniel Huczala (2020) the manufacturing process of the cobot comes with disadvantages, and they cannot contrast with other traditional robotics industries. The cobots have limitations resulting from certain safety functions and the operation with the manipulators. The manipulators training the cobots would operate in front of the protective fence, optical barriers, and the zone scanners. These are only applied to the manipulator and not the tools that are surrounding the technology (Huczala,2020). Daniel Huczala(2020) states that the disadvantage with cobots is that they have a small load capacity and present safety issues if the cobot has a collision with the human manipulator. This could result in more energy being transmitted, and any contact with the manipulator would be unacceptable according to European legislation (Huczala,2020).
Manufacturing processes, according to Helmer, Thomas (2018) present demanding challenges due to the high number of parts, machines, tools, techniques, and the people that are involved with the process. Typically, there are many assembly operators, and they are exposed to intense cognitive loads and physical challenges, due to the substantial number of repetitive tasks (Thomas,2018).
4 [bookmark: _Toc73633655][bookmark: _Toc73634350]
Design and Development Work Undertaken 
For the design and manufacturing process of the 3-Jaw-Gripper-End Effector for the expected customer, the chosen manufacturing process will be Injection Moulding. According to Rubin (1973), injection moulding is a process in which a polymer is heated in a high plastic state and forced to flow under high pressure into a mould cavity (Rubin,1973). During the production cycle the time typically ranges from 10 to 30 seconds, although it can take up to 1 minute or longer in the case of larger part designs (Rubin, 1973). Groover explained that the mould is likely to contain more than one cavity in order that multiple mouldings are produced in each cycle (Rubin,1973).  
The technique and method chosen for the 3-Jaw-Gripper-End Effector would be injection moulding because it is a low-cost method for producing inserts when using the particulate injection moulding (PIM) process. The prototype moulds would be made from both additive and subtractive processes and using the PIM method would reduce the entry cost for the users.














4.1 [bookmark: _Toc73633656][bookmark: _Toc73634351]Design for X
The design of ‘X’ evaluation technique considers the manufacturing process to reduce the manufacturing costs. The X evaluation technique was considered for the assembly, as the fewer parts for the 3-Jaw-Gripper-End Effector implies fewer purchasing costs. The X technique considered the reliability because the 3-Jaw-Gripper-End Effector will need to be reliable and when redesigning the part, it needs to be tested. The other consideration was the maintainability and making sure the new design of the 3-Jaw-Gripper-End Effector was maintained properly and there were no hazards including the service inspection and testing. The serviceability is another design for the X evaluation technique, which includes the test, service for repairs and good customer satisfaction.  The last X design consideration is the life cycle cost for the 3-Jaw-Gripper-End Effector which includes the shipping costs, material costs, machine costs, service costs and delivery costs.

4.2 [bookmark: _Toc73633657][bookmark: _Toc73634352]Failure Mode & Effect Analysis (FMEA)
The Failure Mode and Effect Analysis (FMEA) technique would be used in the design process of the 3-Jaw-Gripper-End Effector, to identify any problems related to the design and process (Shahin, 2004). This would be to enhance the level of customer service, reducing potential costs associated with malfunctions and taking safety considerations into account. The FMEA would ensure a detailed quality management and monitoring process (Shahin, 2004). 
The FMEA principles for the manufacturing and design of the 3-Jaw-Gripper-End Effector would be to highlight any problems which should be recognisable to set priorities. It would be important to get to know the customer that is purchasing the 3-Jaw-Gripper-End Effector, as this ensures the FMEA project is aligned with the needs of the company (Sartor & Cescom, 2019). It is essential to know the functions involved during the FMEA process and the objectives of the process (Sartor & Cescom, 2019). The last condition to consider with the FMEA is to adopt a dynamic approach for the 3-Jaw-Gripper-End Effector’s manufacturing and design to retain the effectiveness and a continuous driver update is essential (Shahin, 2004).
To comply with the above principles, the FMEA will need to identify the failure modes of the 3-Jaw-Gripper-End Effector’s manufacturing and design, to identify the failure causes & effects, and be able to give a risk scale for the distinct types of harmful events such as machine failure or component damage. Lastly, the FMEA will need to provide tools for corrective/preventive measures to follow-up actions of the potential failures of the 3-Jaw-Gripper-End Effector’s manufacturing and design (Shahin, 2004). 
The aim of the FMEA is to prevent potential damage and the FMEA project will need to be started when setting up a new system, device, product, process that is developed, undergoing changes or a new application that is found in relation to the 3-Jaw-Gripper-End Effector. This is important because the manufacturer and design of the 3-Jaw-Gripper-End Effector will need to involve as many operations as possible. This would involve the technical skills of everyone that can be shared to achieve the 3-Jaw-Gripper-End Effector’s common goals (Shahin, 2004).

4.3 [bookmark: _Toc73633658][bookmark: _Toc73634353]Product Life Cycle 
The product life cycle considered for the 3-Jaw-Gripper-End Effector needs to consider the Market Development stage, as this factor relates to a new product which has been first brought into the market and before there is a proven demand for the item. The 3-Jaw-Gripper-End Effector must be fully proved out in all respects and during this stage, sales will be low (Levitt,1965). The other cycle factor to be considered is the Market Growth stage, where the demand would begin for the 3-Jaw-Gripper-End Effector and the market would begin to accelerate (Levitt,1965). This is known as the “Take-off stage” (Levitt,1965). Market Maturity would be a cycle factor relating to the stage where demand levels off (Levitt,1965). The Market Decline product cycle of the 3-Jaw-Gripper-End Effector relates to when sales drift downwards. The manufacturer would need to ask three operating questions to notify the executive that a change is required. First, with the proposal of the new product or service of the gripper, how the shape of each marketing stage can be predicted. Second, given the existing 3-Jaw-Gripper-End Effector design, determining what marketing stage it is at and third, provided with all this knowledge, how can marketing effectively be used in the product life cycle (Levitt,1965). 

5 [bookmark: _Toc73633659][bookmark: _Toc73634354]
Manufacturing Process Design
[image: ] Figure 6 (Barlos & Buerba, 2016: Online).: Design for Assembly (DFA) Component Appraisal Chart[bookmark: _Toc73564823][bookmark: _Toc73631346][bookmark: _Toc73634334]Figure 6: DFA Component Appraisal Chart (Barlas & Buerba,2016: Online).

From Figure 6: in terms of the 3-Jaw-Gripper, the part does move relative to the parts which have been analysed and the movement is essential for the product to function. The part must be separate to provide the required movement; however, although the part is of a different material to the parts already analysed, these parts would have relative movement. The part is separate to allow for its in-service adjustment or replacement, which is essential, and the part needs to be separate to enable the adjustment or replacement to take place. Therefore, the 3-Jaw-Gripper would be a non-essential “B” PART in accordance with the DFA Component Appraisal Chart.

6 [bookmark: _Toc73633660][bookmark: _Toc73634355]Conclusion 
This report has been an investigation into the development and optimisation of the manufacturing process for a 3-Jaw-Gripper-End Effector. This development considered incorporating injection moulding as the optimal manufacturing process. Prior to the decision to use injection moulding, various manufacturing and design processes were investigated. When considering the manufacturing process selected for production, Daniel Huczala’s (2020) opinions related to the disadvantages of cobot designs were taken into consideration. The design X evaluation technique was used to review aspects in relation to reducing the manufacturing costs for the development of the 3-Jaw-Gripper-End Effector. The FMEA technique was investigated in the design process of the 3-Jaw-Gripper-End Effector, to identify any problems related to the design and process. The manufacturing process design utilised the DFA Component Appraisal Chart to determine that the 3-Jaw-Gripper-End Effector would be a non-essential “B” Part. Finally, following these investigations, the technique and method chosen for the 3-Jaw-Gripper-End Effector was to use injection moulding because it is a low-cost method of manufacturing.
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