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The aim of the dissertation is to develop an effective new design of 3 jaw gripper end effector that meets the product and customer expectations. Includes proper manufacturing process, risk analysis process, and design for X.
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As Chaudha et al. (2011, p. 689) identified most companies are concerned about meeting consumer needs, as evaluations play a big role in shaping corporate strategy. Most companies aim to bring the product to market as soon as possible by reducing product development time, but this requires recognizing customer needs.
According to Hauser and Clausing (1988) “the foundation of the house of quality is the belief that products should be designed to reflect customers’ desires and tastes—so marketing people, design engineers, and manufacturing staff must work closely together from the time a product is first conceived. Which was also successfully used by Japanese manufacturers”.
The basic function of QFD is to interpret consumer needs by which engineering properties can be determined. Based on the specified properties, a product can be produced that meets the customer's expectations, thus ensuring demand. 
As found on the Automation (2011) page, the gripper is a machine that can be used to grip and move various objects. It can be used for robots or connected to different systems. Three types can be distinguished, parallel, angular and toggle. 2 jaw gripper is the simplest and most common. The 3 jaw gripper provides more precise use as it contacts the object to be moved over a larger area. Grippers may be able to grip externally and internally. External gripping is the most common, internal gripping is only possible if the object has a design that allows such holding.


[image: ]Figure 1 - House of quality
The purpose of the so-called House of Quality is to gather consumer needs, evaluate them and define the relationship between each element. In one half of the table are the product features that are important to consumers, in this case the following: durability, mobility and range of motion, ease of use, wide use, warranty and service, and cost.
These properties are scored according to importance and also give the relative weight. The quality factors taken into account during production can be found in the upper part of the House of quality, which are cost, product life, strength, weight, dimensions and design, corrosion resistance, material to be used. The relationship between the quality factors expected by consumers and those expected during production is classified according to whether they are strong, medium or weak. In the case of the 3 jaw gripper, the most important thing is that it is easy to move and can perform as many tasks as possible, as well as durability and serviceability. The relationship between the factors of production is also indicated and the degree to which they influence each other. The material chosen, the design specifications, the product life all determine the cost.
As this is a product that must be able to perform precision tasks, the primary consideration is to create the right design and select the right material, in this case cost is not the main consideration. Of course, it is best to achieve the right design with as little cost as possible.
As the article Concept design process on the University of Cambridge (2021) explains, it is very important to choose the right design even at the design stage, as subsequent changes can be extremely costly.
The first step is to formulate product goals, create a project plan, and make sure each participant fully understands it and is aware of its importance. Of course, the plan must be constantly reviewed, any errors that may arise must be corrected.
Understanding needs is essential when designing a product or developing an existing product. Needs means understanding the needs of all participants, but the most important thing is understanding the consumer needs, because without it, the product will not be successful. Of course, the assessment of the market situation is not a negligible factor either. These needs are constantly changing, however, if a company is able to realize and adapt to this, it can gain a significant competitive advantage. Consumer demand is complex, just as there are different types of consumers. Needs determine the creation of a product, new needs generate the design of a new product or the further development of an old product. Gaining a competitive advantage is the key to a company’s success, which can be done with a better price offering, better quality, better warranty, longer product life, after-sales service or even better packaging or aesthetic features.
For the three jaw gripper end effector, it is important to be able to perform precision movements as it will be used in co-bot systems. As the Cobotracks (2019) also states, the co-bot, or Collaborative Robots, are robots that work with humans in a common workspace. The cobot cannot function without physical intervention. They are easy to program and have an extremely wide range of uses.
As mentioned earlier when developing an effector, need to consider what tasks it will be used for, what environment it will be used in. In terms of manufacturing material, it is important that it be light but durable and resistant to corrosion. It is best to produce the product with as little cost as possible, but given the nature of the product, this is not the primary consideration. The product specification below summarizes the most important aspects (Table 1.).




	Design specification

	Market requirements
	Life in service requirements
	Production requirements
	Conformance requirements

	Special design, which involves performing precision movements and selecting the right material, results in higher costs.
Appropriate packaging.
	Durable. Target life in service 5 years <
Warranty.
Replaceable and repairable parts.

	The target quantity is 1000 - 2000 parts per week.


	-ISO 9001 – Quality management
-ISO 14001 – Environmental management
-ISO/TS 15066:2016 – Robots and robotic devices – Cobots
-ISO 10218-2:2011 - 
Robots and robotic devices — Safety requirements for industrial robots — Part 2: Robot systems and integration

	Widely available for purchase (online, stores).
Product presentation. 
	Environmentally friendly
	Material: Aluminium
Production method: Aluminium casting
Fasteners: titanium
	-General Product Safety Regulations 2005.
-Consumer Protection Act 1987.

	After sales services.
	Easy to understand and detailed user manual.
	
	-Health and safety regulations.
-Intellectual Property Act 2014
-Statement of engineering ethical principles


Table 1 - 3 jaw gripper end effector design specification

The product has a minimum service life of 5 years, but it is important that it is as long as possible. It is important to provide an appropriate warranty and that individual batteries can be repaired or replaced. Environmental awareness and recyclability are also aspects.
Aluminium was selected as the raw material and die casting production method, which will be explained later.
Different requirements must be met during the design and manufacture of the product. The ISO requirements, including the conditions of the quality management system applied by the company, the conditions determining the environmental responsibility, and the conditions determining the application of the cobot systems. These include general product safety standards, consumer protection, various health and safety standards, and provisions to protect intellectual property. Of course, it is also essential to take into account the ethical principles that govern engineering. The fundamental principles of the engineering codes are the following “Honesty and integrity. Respect for life, law, the environment and public good. Accuracy and rigour. Leadership and communication”. (Engineering council, 2017)
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Aluminium was chosen as the base material because it is light, durable, corrosion-resistant, non-toxic and recyclable. The most common and inexpensive processing of aluminium is casting. Faist (2019) formulates the operating principle of high-pressure die casting, in which liquid metal, in this case aluminium, is placed in a sealed mold. The cold chamber system is used for metals with a high melting point. As Kridli, Friedman, and Boileau (2021, p. 299) write, high pressure die casting is cost effective because the process provides an end result, both in terms of formal requirements and surface area, that only minimal finishing is required.
Titanium was also considered as a raw material in the choice of material. Titanium is heavier than aluminium, however, less is needed to achieve the same strength as with aluminium. Titanium is more complicated and expensive to machine than aluminium. The best machining method is 3D printing, as this process avoids wasting material and can create complex designs and shapes. However, the process is time consuming, machines are required, and the production of such a large quantity is not feasible in such a time frame. Another method of processing titanium that should be considered is MIM, i.e. metal injection molding, in which titanium powder is used. However, this process can generate a lot of machining waste, which involves high extra costs.
The equipment required for the die casting process is expensive, especially if it is a completely new investment. In this case, the question arises as to which is better, in-house production or purchase from a supplier. According to Kenton (2021), it is important to understand both decisions and the costs involved. In-house manufacturing incurs costs for equipment, tools, extra labour, and man-hours. The installation and maintenance costs of the machines, the operating and utility costs associated with the operation of the machines must also be taken into account. In the case of a product purchased from an external source, shipping costs, possible storage costs and various fees are incurred. In-house production has benefits such as monitoring quality, increasing unused production capacity or protecting intellectual property. In the case of an external supplier, the reliability of the supplier, the accumulation of reserves in case of possible delays, or the use of several suppliers must be taken into account. However, in the case of an external supplier, the quality of the product may be in question, which may result in additional costs and delays.
In the case of the 3 jaw gripper end effector, perhaps the best solution is to use an external supplier, thus avoiding the high investment costs of the machines and carrying out any rework and assembly in-house.
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Design for X is a methodical approach where 'X' indicates the target area. It can be production, assembly, cost, reliability and more.
As Kuo, Huang, and Zhang (2001, p. 240-243) write in their dissertation, design for manufacture and design for assembly have tremendous benefit-s such as cost reduction, quality improvement, and shortening the time to market of a product. Reducing costs through development is a fundamental part of production.
Based on the theory of Boothroyd and Dewhurst, the lowest production cost can be achieved through an appropriate, economical production system. The principle of design for assembly is that the use of individual components must be justified. Design efficiency can be achieved by comparing actual production and estimated production time. The cost of production is determined by two things, the number of ingredients used and the ease of assembling them. So basically, the goal is to avoid unnecessary assembly work or to simplify assembly work.
As Cagliano, Grimaldi, and Rafele (2015, pp. 232-233) write, risk management is important because improper attention and procedure can lead to project delays or even failures. Improper risk management can also increase costs. The goal is definitely to increase quality, reduce production time and costs. There are different risk management techniques, but their application depends on the purpose and structure of the company, the stage of product development.

As noted by Stamatis (2003), Failure mode and effect analysis is a risk management technique used to identify and eliminate potential or already known problems during the planning process. It identifies potential risks, assesses them and the corrective actions taken, if any, and sets out future actions and deadlines. Performing FMEA as a team is recommended.
As mentioned by the American Society for Quaility (2021), FMEA is also used in the so-called DMAIC (Define, Measure, Analyze, Improve, Control) process. This process is a data-driven Six Sigma problem-solving process in which the goal is to improve specific processes. First, the problems need to be identified, the options to eliminate them. Performance should be evaluated, and the causes of the problems identified, including FMEA analysis in this process. Once the underlying issues have been identified, the process can be improved by removing the errors. Continuous monitoring of improved procedures is the last step, it helps to prevent and detect further errors in time.
The Failure mode and effect analysis of the 3 jaws gripper is shown in the Table 2. below. The basic function of the 3 jaws gripper is to move objects, which includes picking them up, moving them from one place to another or laying them down. The analysis reveals any errors that may occur and their effects. Mistakes during movement can be dropping the object or not being able to pick it up. These can damage the object or cause the workflow to fail. Severity shows the impact that a possible failure would have on the consumer. There are also possible causes of defects, which can be the following, improper design, sharp edges, improper surface, not strong enough grip. The occurrence shows the chance of the error occurring before any action is taken. Detection means what is the chance that the defect will be detected before the product is manufactured. Risk priority number, ie RPN number, which is determined by multiplying severity, occurrence, detectability. 
So, the basic function of a jaw gripper is to move objects. Damage may occur to the moved object due to improper design or sharp edges. The proposed action for this is to change the design by placing fillets to eliminate sharp edges.
Also, the rough surface of jaws can also be a cause of damage. The action planned for this is to carry out finishing work and then quality inspection.
The reason for dropping the object may be that the device is not strong enough or the object is too heavy. Changes targeted and made to this include changing the raw material, changing the material of the fasteners, and using titanium. As well as determining the weight of the objects to be moved and indicating the specified weight in the design specification and in the instructions for use.
Making all of these changes will radically reduce RPN, which is also clear from the table.


[image: ]
Table 2 - 3 jaw gripper effector FMEA


According to Hofmann, Theyel and Wood (2012, p.532) the operation of the company is influenced by environmental legislation and the company's environmental and social responsibility. By introducing new technologies and modernizing the old ones, companies have the opportunity to improve their operations and environmental activities. In addition, management and employee training helps to promote environmental and sustainability routines.
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"Design for manufacturing (DFM) is a philosophy and mind-set in which manufacturing input is used at the earliest stages of design in order to design parts and products that can be produced more easily and more economically." (Coli, 2001, p. 2)
A process in which manufacturing problems are taken into account in product design.
The material of the jaw is aluminium, which is light, durable and corrosion resistant. During the design, the shape of the jaw was changed, making it easier to pick up objects (Figure 2, 3 and 4) Fillets were placed on the edges, thus reducing the chance of a sharp edge causing damage to objects.
[image: ]The jaw has been designed to require the same size and type of fasteners (made of titanium) thus facilitating assembly, eliminating unnecessary and extra assembly work, thus reducing assembly costs.
Figure 2 - Jaw
[image: ]
	Figure 3 - 3 jaw gripper end effector[image: ]	Figure 4 - 3 jaw gripper end effector

The company plans to produce between 1,000 and 2,000 pieces per week. Counting 8-hour working days, with a 30-minute break per day, means 37.5 working hours per week. In the case of producing 1000 pieces per week, the company would produce 26 products per hour, ie 1 product per 2 minutes, in the case of 2000 pieces per week, this would mean one product per minute. As the company would manufacture the product from an external supplier, the task would be limited to assembly and quality control. It is necessary to change the working hours and shifts, as the quality assembly and quality control of the product cannot be performed in one minute. In case of poor quality, for example rough surface extra finishing work is also required. All this involves time and extra costs that must be taken into account when preparing a production plan.
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During the design of the product, the determining factors were usability for the tasks, range of motion, durability, and serviceability. Failure mode and effects analysis was performed, which pointed out possible errors and their causes. All of these also contributed to the change in design. The shape of the jaw has been changed to make it easier to grasp and lift objects. Sharp edges were eliminated using fillets. And aluminium was chosen as the raw material because it is light, durable and casting as the machining process. Buying from an outside manufacturer seemed a more economical solution than in-house production, which would incur too many extra costs. Of course, in the case of such procurement, transport, storage and other costs must be taken into account.
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Figure 5 - Jaw technical drawing
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