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Executive summary
This report explores the impact of additive manufacturing (AM), generative design, and finite element analysis (FEA) on modern engineering and manufacturing processes.
Part 1: Robotic Gripper Design
The first section focuses on redesigning a robotic gripper with an emphasis on cost-effectiveness, functionality, and aesthetics for high-volume production. The design process is guided by Failure Mode Effects Analysis (FMEA) and Quality Function Deployment (QFD), which ensures alignment with customer needs and potential failure mitigation. Assembling products on an assembly line and die casting aluminium alloys turn out to be the best manufacturing techniques for achieving accuracy and scalability. 
Part 2: Additive Manufacturing
Additive manufacturing is examined in the second section, which emphasises how effectively technology can produce complex, customised structures. When used with additive manufacturing technologies such as Fusion 360, generative design improves design optimisation and quickens the prototyping process. Despite obstacles like material costs and production speed, additive manufacturing's environmental advantages and design flexibility make it indispensable in sectors like aerospace and healthcare.
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Part 1
[bookmark: _Toc171364807]Introduction
In the quickly growing sector of industrial automation, robotic grippers play a pivotal role in the operations across various businesses, from automotive manufacturing to consumer goods handling. This assignment goes into the detailed design and development of a mechanical gripper, aimed at meeting the increasing demand for high-performance, cost-effective robotic solutions in mass-production environments.
The objective of this project is to redesign an existing robotic gripper to enhance its manufacturability and scalability, with a production rate of over 1,000 units per week. The gripper must exert a force of 200-250N, making it suitable for lifting and handling various industrial components. The redesign process will consider the aesthetic, functional, and material specifications to ensure the product meets industry standards and client expectations.
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[bookmark: _Toc171364809]The need
Redesigning the robotic arm gripper is required to solve several important problems that were found when Failure Mode and Effects Analysis (FMEA) and Quality Function Deployment (QFD) were applied. These methods point out places in the current design where it fails to fulfil performance standards and customer expectations. Those being: 
· Identified Issues and Customer Feedback
· Customer Demand for Improvement
· Industries relying on robotic grippers demand high precision, durability, and cost-effectiveness.
· Exhibit robust mechanical integrity with minimal wear over prolonged usage.
· Apply precise force appropriate to the parts being handled, avoiding damage.
· Utilize materials that resist corrosion and degradation, ensuring longevity and reducing the need for frequent replacements.
· Technological Advancements and Competitive Pressure

Continuous innovation and development are required due to the market's growing competitiveness and the robotics industry's quick advancement. Using the most recent developments in materials and manufacturing techniques is essential to maintaining competitiveness. To capture market share and meet the needs of industries, the robotic arm gripper must undergo a redesign. This redesign will focus on:
· Enhancing material quality and mechanical design to address degradation and wear issues.
· Ensuring the design is cost-effective while meeting high production demands.
· Making it easier to manufacture whilst maintaining quality
By addressing these issues through a targeted redesign, the robotic arm gripper can significantly improve its performance, reliability, and customer satisfaction, which would greatly increase its sales.








[bookmark: _Toc171364810]Specification
	Aspects
	Details
	Requirements 

	Aesthetics
	What will it look like? (colour, size etc)
	Needs to look professional with a good surface finish. Should last a long time and not corrode. (potentially coated)

	Function
	How will it work? What requirements must it meet?
	It will be robotically controlled and pick up required parts. The force required for the arm is 200N, this is to be able to lift the necessary products required within industry.

	Target audience 
	Who will it be supplied to?
	This product will be supplied to industries that need robotic grippers to lift a 200>250N force e,g, automotive parts, consumer goods, or light manufacturing components.

	Cost
	How much should it cost per unit to make?
	A cost-effective solution that still meets performance standards. Price hasn’t been specified.

	Manufacture
	How is it going to be manufactured 


	Must be adequate for mass production. Process should be suitable for materials selected.

	Materials 
	What material will it be?
	Materials must be lightweight, cheap and durable. Should be suitable for a robotic arm and to be usable with the manufacturing process.

	Quantity
	How many needs to be produced?
	1000+ units must be made per week.




[bookmark: _Toc171364811]Quality function deployment 
The primary goal of a QFD (Quality Function Deployment) is to make modifications after carefully considering the requirements and expectations of the customers. QFD is a process and set of tools for effectively identifying customer needs and converting them into complex engineering specifications and plans for building the products that satisfy those demands. The method is divided into five sections, Herzwurm et al 2006 tells us that the five modules are 1. To lay out the foundations, 2. Elicitation and assessment of customer needs, 3. Elicitation of solution criteria and construction of the HoQ, 4. Deployment of the VoC during the product development cycle, and 5. Documentation and softwear support of QFD projects. (Herzwurm et al 2006). There are multiple things a company can do to get the customers needs, these being: social media listening, market research, focus groups, customer surveys and artificial intelligence. Doing these will give a good reference as to what the customers actually want which can then be processed into the QFD. 
It is one thing to identify and quantify client requirements and goals, but it is completely another to translate these insights into actions that a business can comprehend. This can be backed up by Bouchereau et al., 2000 when they mention that “To succeed in developing thriving new products or improve on existing ones is not easy. Studies indicate that as much as somewhere between 35 per cent and 44 per cent of all products launched are considered failures.”  (Bouchereau et al., 2000). 
See link below for QFD made for the robotic gripper.

(K. Russ,2024)
Using the information from the QFD and applying it is essential for improvement of the robotic gripper. From looking at the QFD I can see that performance of function and materials used is what needs to be focused on the most to meet the customers’ demands. 
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[bookmark: _Toc171364813]Manufacturing process
There are several different manufacturing processes that could be used to manufacture the robot gripper, these being injection moulding, die casting, CNC machining, assembly line production, 3D printing and sheet metal fabrication. Careful consideration must be taken to decide which process would be best for the gripper.  An explanation and further research is shown below to help decide what process is best.
For products with complex geometries and high-volume production, injection moulding is a great option. This can be supported by this quote- “a cyclic process whereby a heat-softened ‘plastic’ material is injected into a mould where it is set to the shape of the cavity.” (Whelan, A., 2012).  It works well with thermoplastics, while some metals can also be employed. The reproducibility and precision of injection moulding are great, While the cost per unit is inexpensive at scale, the initial tooling cost is substantial. Easily able to sustain weekly production rates of 1,000 units or more. 
Die casting is a useful process for creating intricately shaped metal parts. Non-ferrous metals like magnesium, zinc, and aluminium are the most common uses for it. It can produce extremely precise parts, particularly small- to medium-sized ones. Once more, a high upfront tooling cost is followed by a low unit cost at scale.  Suitable for weekly production of 1,000 units or larger volumes. “Intended for the use as a supplement to such a course and as a reference to practicing process engineers, product engineers, and component designers” (Vinarcik, E.J., 2002). 
For products that demand a high degree of precision and unique features, CNC machining is fantastic. It works well with a variety of materials, such as composites, metals, and polymers. Exceptionally precise and great for intricate pieces. When compared to injection moulding and die casting, the cost per unit is more expensive, particularly for large quantities. can support the production rate, but because of greater operating costs, it might not be as economical for 1,000 units per week. 
Sheet metal fabrication is used for the “basic fundamentals of assembly lines for single model lines, mixed model make-to-stock lines, mixed model make-to-order lines and for one-station assembly.” (Thomopoulos, N.T., 2014) while also making parts made from flat sheets of metal that require cutting, bending, and assembly. Usually applied to copper, aluminium, and steel alloys. Suitability for intricate shapes is limited, although good precision is ideal for flat pieces. moderate tooling costs and affordable unit costs for medium volume production. It works well for production volumes ranging from 1,000 units per week to mid-to high. 
For highly complicated or customised items, as well as low to medium volume production, this is “popularly known as three-dimensional (3D) printing, has the potential to revolutionize the way products have been designed and manufactured.” (Pieterse, F.F., 2016). Materials like metals, composites, polymers, and resins are utilised. The level of accuracy varies depending on the technique; SLA and SLS are two examples of technologies that can reach great precision. generally, more expensive per unit, better suited for specialised parts and prototyping. It is usually not economical to produce 1,000 pieces a week in mass production, but it can be quickly prototyped and used for small-scale initial production runs. 
The assembly line method is a productive way to put several components together to create a finished product “is a process that is becoming increasingly reliable and necessary in the pursuit of highly efficient components comprising of low mass with a high structural performance.” (Sehmi, M., 2018). It may involve a mix of electronic, metal, and plastic parts. High precision is attainable but it relies on the components. An assembly line can produce and assemble huge volumes, up to 1,000 units per week, and is a cost-effective option for high-volume production because of economies of scale. 
Due to the company needing to produce 1000 plus units per week and there being no financial costs mentioned, die casting could be used to produce the individual parts for the gripper. Then once they have been made, an assembly line can be used to put the parts together and assemble the gripper. This would ensure the production is done to a good standard because of it being able to produce high precision parts at a high production rate. Then for any plastic parts injection moulding can be used.







[bookmark: _Toc171364814]Material selection 
When deciding what material is going to be used for the gripper several factors must be considered. These being: cost, accessibility, preference, mechanical properties, functionality, aesthetics and manufacturing processes required. 
Aluminium alloys stand out as a great option when choosing materials for the die casting of a robotic arm because of their many beneficial characteristics. Due to its inherent light weight, aluminium is a key component in reducing the robotic arm's total mass, allowing for quicker and more effective movements. Aluminium has an excellent strength-to-weight ratio, the robotic arm can maintain the structural integrity required for energy efficiency and dynamic performance while maintaining a low weight. This is shown by Zetwerk a website I found describing why aluminium is great for industry “As aluminum is weightless, robust, and resistant to corrosion, it is one of the best choices for creating durable and trustworthy system components.” (Zetwork, 2023) This suggests that aluminium is a great material for industrial applications that may require exposure to damp or severe conditions because of its exceptional corrosion resistance, which also ensures lifespan and minimises the need for frequent maintenance.
Additionally, aluminium has a high thermal conductivity, which is advantageous in applications for maintaining operational stability and preventing overheating. Aluminium alloys are highly machinable and may provide a great surface finish. This greatly minimises the need for labour-intensive post-casting machining and finishing procedures, which lowers production costs and improves manufacturing efficiency. A website called unity manufacture says, “Aluminum has a high electrical conductivity, making it an ideal choice for applications that require good electrical conductivity, such as electrical components and connectors.” This backs the statement presented, also the website discussed many other reasons why aluminium is a great choice for the application.








[bookmark: _Toc171364815]Design and development
[bookmark: _Toc171364816]Failure mode analysis
To evaluate a product's conventionality, dependability, and functionality, a failure mode and effects analysis, or FMEA, is conducted. The product is put through several tests to document the results and make any necessary adjustments for the finished product. One benefit of filling out an FMEA form would be “Assess the risk associated with those failure modes and prioritize issues for corrective action.”  ( Lipol et al., 2011) This enables the final product to undergo the necessary modifications to guarantee that, following testing, it is safe for usage.. A disadvantage in using FMEA is “the multiplication of the severity, occurrence and detection rankings may result in rank reversals, where a less serious failure mode receives a higher RPN than a more serious failure mode.”  ( Lipol et al., 2011). This is because ranks are numbers on an ordinal scale, for which multiplication is improper. The ordinal rankings merely indicate that a rating is better than another; they do not indicate by how much. For example, “ranking of “2” may not be twice as bad as a ranking of “1”, or an “8” may not be twice as bad as a “4”, but multiplication treats them as though they are” ( Lipol et al., 2011). 
See below link to FMEA created for the robotic arm gripper.



(K. Russ,2024)
From reviewing the FMEA I can see that the problem that cause the most failures were materials degradation, calibration drift, mechanical wear and an over force application. Now from the FMEA I know that this needs to be focused on the most when redesigning the gripper. Furthermore, there is a column where the solutions have been mentioned, any solutions that are related to the designing of the robotic gripper can be implemented before production. This eliminates the surprise of failures occurring when the product is placed in industry.


[bookmark: _Toc171364817]Final design
[image: ]
(K. Russ, 2024)
From looking through the research done I have made some adjustments to the robotic arm gripper; I decided to try and use less screws so that it was easier to manufacture. The top piece has been connected as one whole piece to the middle piece. This meant less screws were needed. Also making it easier to manufacture it as one piece. 
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To satisfy the high production demands of 1000+ units per week, the design and manufacturing of a robotic arm gripper requires a comprehensive approach that balances aesthetics, functionality, and cost-efficiency. Die casting, followed by assembly line production, is the most practical way to achieve both precision and high-volume output after a careful analysis of manufacturing processes. The use of strong, lightweight materials like aluminium alloys is crucial to keep overall weight low while also guaranteeing structural integrity and resistance to corrosion.
Failure Mode and Effects Analysis (FMEA) and Quality Function Deployment (QFD) are great processes that help identify potential risks and failure spots in a product and match it with customer needs. To be able to develop a product that not only meets but goes above industry expectations, the QFD framework makes sure that client requirements are translated into exact engineering specifications. FMEA offers a methodical way to rank possible failure modes, which makes it possible to make focused enhancements and reduce risk.
In summary, the design of the robotic arm gripper, supported by a well-thought-out manufacturing procedure and a strong choice of materials, enables it to satisfy the needs of sectors that need dependable and effective robotic solutions. 
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[bookmark: _Toc171364820]Introduction 
Additive manufacturing, also known as 3D printing, is technology that has revolutionised manufacturing procedures in several different industries. AM has become a common technique over the last ten years because of its widespread use and great accuracy and efficiency in producing customised, intricate, and lightweight structures. According to Bandyopadhyay et al. (2019), the introduction of AM into the business world has given rise to several terminology that each represent a distinct aspect of this adaptable technology: solid free-form fabrication, layered manufacturing, and rapid prototyping. 
The idea behind additive manufacturing is that layer by layer material is laid out to create a physical object from a digital model. Compared to subtractive manufacturing, this is where you remove material from a solid block to make the desired shape, this process is very different. AM's layer-by-layer method makes it practicable to create complex geometries that would not work or be extremely costly to construct with other methods. According to Wong et al. (2012), rapid prototyping gave rise to additive manufacturing (AM) by making it possible to produce intricate parts for functional testing and design validation. 
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Additive manufacturing is a technology that has changed massively in the last decade. Bandyopadhyay, A 2019 mentions that additive manufacturing is being integrated “into the commercial world has been labelled by a variety of names, such as three-dimensional (3D) printing, rapid prototyping (RP) layered manufacturing (LM), or solid free-form fabrication (SFF).” (Bandyopadhyay, et al., 2019. P.2). Additive manufacturing is a technique that creates a physical object from a three- dimensional digital model by bonding and placing several thin layers of material on top of each other. This technique is designed so that engineers can see their designs before it is made “Rapid prototyping is one of the earlier additive manufacturing (AM) process. It allows for the creation of printed parts, not just models.” (Wong et al 2012. P.1). Bandyopadhyay, A 2019 explains in their research that 3D systems parent the technology, “other innovators started to develop new types of AM machines that used different methods and materials.” (Bandyopadhyay, et al., 2019. P.3) this showing an example of how 3D printing and additive manufacturing works hand in hand.
As mentioned previously additive manufacturing has been “labelled by a variety of names, such as three-dimensional (3D) printing, rapid prototyping (RP) layered manufacturing (LM), or solid free-form fabrication (SFF).” (Bandyopadhyay, et al., 2019. P.2). One example of additive manufacturing being used is in healthcare. In healthcare “every patient has unique anatomy, AM suits as best fit for medical industry.” (Manmadhachary et al., 2019) Thus showing that AM provides an advantage within healthcare as is it able to change the shape and size depending on the patients’ specific requirements.
Another example of additive manufacturing being used is aerospace. Blakey-Milner 2021 explains that during COVID-19 the aerospace sector was negatively impacted aerospace revenue as the travel restrictions caused a “decline from $342.2 billion in 2019 down to $298 billion in 2020.” (Blakey-Milner et al., 2021). Blakey-Milner 2021 goes on to discuss that there are advantages in using additive manufacturing in aerospace as “the reduced lead time and associated cost, the ability to design and manufacture complex geometrics that enable light weighting, consolidation of multiple components and improves in performance” (Blakey-Milner et al., 2021). This allows the manufacturing process to move forward efficiently and smoothly, while also cutting costs for the company. By using additive manufacturing workers employed by the company are freed up to complete other tasks making this even more time efficient than the company was previously.


Additive manufacturing has offered many advantages through its development.  Javaid 2021 explains that using additive manufacturing is highly economical as it uses less materials especially when dealing with 3D manufacturing. This has a positive impact on the growth of sustainable development. Another positive about additive manufacturing is that “It allows the manufacturing of prototyping rapidly, enhances productivity, and makes it easier to create unique products. It also lowers manufacturing costs and carbon dioxide emissions from the process and reduces energy demand over a product’s lifespan”. (Javaid, M et al., 2021). This showing that additive manufacturing is economically and environmentally friendly which can be backed up by “The process of additive manufacturing is constantly improving and can help plastics manufacturers minimise their carbon footprint.” (Javaid, M et al., 2021). Javaid 2021 also discusses how additive manufacturing uses recycled plastics to improve on stainability, this reduces waste and it allows for the reuse of plastic and other reusable materials.
There are few challenges that are faced when dealing with additive manufacturing. Some of these have been discussed by Ford 2016. Ford 2016 explains that the cost and speed of production can be detrimental when using additive manufacturing. Although many materials can be recycled and reused, Ford 2016 mentions that “Support structure materials cannot be recycled so need to be minimised through a good build-up orientation.” (Ford, S et al., 2016) this also leads onto “Additive manufacturing has relied heavily on fossil fuels” (Javaid, M et al., 2021). This shows that additive manufacturing is not as environmentally friendly as initially thought.
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Generative design is used on a software called fusion, which uses AI to create a project. Generative design is also used on computer power to conduct several accurate real-world simulations, generative design is a mathematical technique that yields a set of ideal design solutions for a given problem. Krish 2011 mentions that “generative design is now seen to be at the cusp of going mainstream in architecture” (Krish, S. 2011). This suggests that generative design is slowly making its way into architecture, allowing engineers to save time, money and resources. Krish 2011 goes on to explain that generative design saves time in manually exploring all the design possibilities as this process will find different ways that a project can be executed. With software like Revit, designers can now input factors like budget and materials function and instantly return hundreds of design iterations generated by the computer. This does not lessen the designer’s responsibility. selecting the best alternative and customising it still requires human intelligence. The designer can then choose the most optimised and appropriate design for their project and adjust it based on the client’s request. Simply put, generative design eases the process considerably which is why it is included within the project.
Generative design is used in various software’s some being Fusion 360, 3D, CAD, CAM, and CAE software. Khan et al 2018 tells us that “Based on the experiments in this study, Sf-GDT can generate creative design alternatives for a given model and outperforms existing state-of-the-art techniques.” (Khan, S et al., 2018). Suggesting that generative design is used more predominately for art-based designs such as architecture. Generative design uses AI tools to produce structural designs which can be produced from several software’s as mentioned previously. Buonamici 2020 discusses that generative design has been applied in open-problem scenarios that deal with large design spaces. So, what that means is that when there is a project for a large new building, the project manager/architecture will use generative design through fusion or other software’s. This will then generate a design that they can make changes to depending on the design and requirements of the building.





The design and production process now have a great deal of advantages due to recent advancements in the field of additive manufacturing. Prior to the advent of additive printing, creating extremely intricate or lightweight structures are challenging to produce. “The development of artificial intelligent technology helps to develop new collaborative tools and algorithms.” (Ntintakis, I et al., 2020). An engineer’s or designer’s experience or knowledge alone will not produce the desired result in a generative design research. Designers can specify the model’s geometry and topology by using complex algorithms through CAD programmes. Agkathidis 2015 tells us that generative design is reliable, has easy availability, is expandable, and has efficient fuel cost savings.
Nordin, 2018 study discusses that using generative design tools to their fullest potential in a traditional product development process, enabling designers who are not programmers to provide design generation logic, and deciding which tasks should be automated and which ones are better left to be completed by hand are just a few of the challenges that need to be overcome. The report makes numerous recommendations for how to approach the problems that have been highlighted. “Downsides are also visible, such as ascension assembly designers lamenting the lack of control over their designs” (Steffen, J.H 2022) this makes it obvious that designers’ tasks, roles, and tools will change significantly. For example, they will need to learn how to tweak algorithms and parameterize data that has been input into the generative design.
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[image: ](K. Russ,2024)
From the research above generative design was used to create the spokes of a wheel alloy. This was done by creating the barrel and centre cap of the alloy, from this a middle material was created between both geometries. For it to work I preserved the geometries of the barrel and centre cap, I then selected the middle material as the starting shape (highlighted yellow). I then typed in figures on the manufacturing tab and load case e.g. the process, constraints, safety factors and loads. Using generative design allowed for me to see what the design would look like before manufacturing and presented a much quicker way of producing designs/prototypes.
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Finite element analyses is when engineers utilise models, simulations, and computations to forecast and comprehend how an object can behave under different physical conditions. This process is known as finite element analysis. Brauer 1993 informs us that “The principles used to establish valid equations describing the behaviour of the engineering problem at hand include equilibrium, Newton’s idea regarding force acting on a mass, potential energy, stain energy conversation of total energy, virtual work, thermodynamics, conversation of mass, Maxwell’s equations, and many more” (Brauer J., 1993). From the quote that Brauer 1993 provided it can be broken down to understand the following. Equilibrium is when all the moments and forces operating on a system are in balance, the state is referred to as equilibrium. This indicates that the system is either stationary or moving at a steady speed. Newton’s laws define how a body reacts to forces acting upon it and how that motion is related to those forces. Potential energy is the energy stored in a system due to its position in a force field. Strained energy is the energy held in a material because of deformation is known as strained energy. Strain energy is the result of work done on a substance when it is deformed by a force. Conservation of total energy is the principle that states the total energy in an isolated system remains constant over time, which is energy that can be transformed from one form to another. Thermodynamics involves the study of energy, heat, and work. Conservation of mass is when mass will not be created or destroyed in a closed system. In fluid dynamics, for example the continuity equation is derived from this principle, stating that the mass flow rate must remain constant from one cross-section of pipe to another. The foundation of electromagnetism is found in Maxwell’s equations, which explain how charges and currents, as well as one another, create and modify electric and magnetic fields. As provided by the quote all the above can be found using finite element analyses and is transferred onto fusion. It is done by breaking the material down into 1000s of elements and using the mathematical equations mentions to predict the behaviour of the material.
Finite element analyses is used to find out different failures of designs or products that an engineering company would need the information for. Kim, N.H 2018 mentions that “The basic principle of FEM is to divide or discretize the system into a number of smaller elements called finite elements (Fes), to identify the degrees of freedom (DOFs) that describe its behaviour, and neighbouring elements.” (Kim, N.H et al., 2018). Kim, N.H 2018 explores where finite element analyses is used and describes that finite element analyses is utilized across a wide range of industries and applications due to its adaptability in resolving challenging engineering issues, finite element analysis is used in a variety of sectors such as automotive industry, aerospace industry, civil engineering, mechanical engineering, biomedical engineering, and many more.
Rajasekaran 2008 explains that the main advantage of finite element analyses is “physical problems which were so far intractable and complex for any closed bound solutions can be analysed by this method.” (Rajasekaran, S., 2008), this source also explains that this method will efficiently be applied to cater to irregular geometry and that this method can also take care of any boundary. Finite element analyses also provide information on the way materials and structures react to different stresses, strains, and temperature variations. 
On the other hand, finite element analyses provide some challenges one being that the cost of this method is extortionate that most companies are not able to afford. Also “Another problem lies in the very nature of finite element method namely the approximations used in the development of the element stiffness.” (Rajasekaran, S., 2008). This proving that this method does not take into consideration the variables that may occur during the execution. Even with its great potential, Finite element analyses pose several obstacles that providers must overcome to produce accurate and trustworthy findings. These difficulties range from the necessity for specialised knowledge and validation procedures to computing needs and modelling complexity. To tackle these obstacles, a blend of sophisticated instruments, in-depth comprehension of the fundamental concepts, and ongoing education and adjustment is needed.













[bookmark: _Toc171364825]Conclusion 
Additive manufacturing (AM), generative design, and finite element analysis (FEA) have revolutionized modern engineering and manufacturing. AM's ability to create complex, customized structures with precision has transformed industries like healthcare and aerospace, offering significant cost and time efficiencies. Generative design leverages AI to optimize design possibilities quickly, enhancing innovation and reducing resource use in fields such as architecture. FEA ensures the structural integrity and reliability of these designs, providing critical insights into material behaviour under various conditions.
While each technology presents unique challenges, such as the high cost of FEA and the need for specialized knowledge, their integration marks a significant advancement in product development. Together, they enable the rapid creation and analysis of sophisticated designs, fostering innovation and sustainability across various sectors. As these technologies continue to evolve, they will play a crucial role in shaping the future of manufacturing, driving further advancements and efficiencies.
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		FAILURE MODE AND EFFECTS ANALYSIS

		Item:		Robotic gripper								Responsibility:				Manufacturers 								FMEA number:		FMEA.xlsx

		Model:		University Gripper								Prepared by:				Kurtis Russ								Page :		1

		Core Team:		UWTSD																				FMEA Date (Orig):		7/6/24		Rev:				N/A



		Process Function		Potential Failure Mode		Potential Effect(s) of Failure		Sev		Class		Potential Cause(s)/ Mechanism(s) of Failure		Occur		Current 
Process 
Controls		Detec		RPN		Recommended Action(s)		Responsibility and Target Completion Date		Action Results

																										Actions Taken		Sev		Occ		Det		RPN

		Gripper Jaws			Mechanical Wear			Loss of grip, slippage			8		H		Continuous use, material fatigue			6		Regular maintenance			5		240		Use higher-grade material, increase maintenance frequency		KR 08/07/24		Aluminium to be used		4		3		5		60

				Misalignment		Improper gripping, damage			7		M		Impact, improper handling			4		Visual inspection			6		168		Implement alignment sensors, train operators on handling		KR 08/07/24		Operators to be sent on a training corse		5		2		6		60

		Actuator		Motor Overload				Gripper fails to open/close		9		M		Overloading, overheating			5		Thermal cut-off			3		135		Add load sensors, improve cooling system		KR 08/07/24		Cooling system to be recommended to customers		7		3		3		63

				Electrical Failure			Loss of functionality			10		M		Power surge, component failure			3		Fuses, circuit breakers			4		120		Use higher-rated components, add redundant power systems		KR 08/07/24		Higher rated compnents used		8		2		3		48

		Sensors		Signal Loss			Loss of positional feedback			6		L		Loose connections, interference			7		Regular diagnostics			4		168		Use shielded cables, perform routine testing		KR 08/07/24		Shielded cables used for wiring of robotic arm		4		3		3		36

				Calibration Drift			Inaccurate readings, improper grip			8		L		Environmental factors, wear			6		Calibration checks			5		240		Enhance sensor calibration, improve environment control		KR 08/07/24		Regular calibrations to be done. This can be a charged service to customers		5		2		3		30

		Gripping Surface			Material Degradation			Reduced grip effectiveness			8		H		Exposure to chemicals, wear			6		Material selection			5		240		Use resistant materials, conduct regular inspections		KR 08/07/24		Aluminium to be used		6		5		3		90

				Surface Contamination			Slipping, improper grip			6		M		Dust, debris			7		Cleaning schedule			5		210		Improve sealing, increase cleaning frequency		KR 08/07/24		Regular cleaning for best results		4		4		4		64

		Force Control			Over-Force Application			Damage to delicate objects			10		L		Inaccurate force control			6		Force sensors			4		240		Improve force feedback system, calibrate regularly		KR 08/07/24		Customers can use high-precision force sensors directly into the gripper's fingertips for feedback. 		8		5		1		40

				Insufficient Force			Dropping objects			9		L		Sensor failure, calibration drift			5		Regular calibration			4		180		Enhance calibration accuracy, add redundant force sensors		KR 08/07/24		Regular calibrations to be done. This can be a charged service to customers		6		3		3		54

		Screws		Gripper could disassemble		Parts falling from gripper		10		H		Screws unthreading 		7		None		7				use less screws in design or use lock tite on the threads.		KR 08/07/24		redesigned with less screws, lock tite used where screws couldn’t be taken out.		8		2		5		80
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