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The design of an end effector tool for an automated system is essential to lowing cycle times and minimising errors. The end of arm tool is the part that physically interacts with the component, a poorly designed gripping system will inevitably cause reliability issues within the system. Designing a gripping system for an already existing component is not ideal. If possible, a gripping system should be designed simultaneously with a component to achieve the best results.
The aim of this report is to develop and design an end effector for a collaborative robot system. The end effector will be designed using multiple tools and techniques, such as Quality Function Deployment (QFD), Failure Mode and Effects Analysis (FMEA) and Ishikawa to ensure the product will meet customer needs as well as minimising defects and being fit for purpose whilst keeping costs low. The techniques used will also provide a clear scope for the manufacturing of the end effector. Appropriate design for assembly (DFA) and design for manufacture (DFM) principles will also be explored in this report and a 3D model using CAD will be used to clearly show the product using these tools to achieve final design. A well-designed end effector will be vital to the success of this automated process, if the design techniques are used efficiently the levels of production can be increased as well as reducing defects.
[bookmark: _Toc106302654]Design Concept
the customer requires the cobot to unload finished goods from an output station of the CP lab and on to an autonomous guided vehicle for transportation to inventory. The finished goods being transferred are fully assembled mobile phones consisting of four components, the back cover, fused, PCB and front cover. The customer has provided the following criteria:
The final design should be appropriate for high-volume manufacturing.
The gripper should be mechanically actuated.
The design should be sufficiently robust to withstand sustained use within a production 
environment.
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Using these criteria, a QFD can be created to ensure that the customer requirements are translated into the technical specification of the product design. It is important to consider customer requirements before designing a component as it is an opportunity to increase customer satisfaction. Comparing the customer requirements against the design requirements will highlight key aspects of the design needs to meet.
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After completing this QFD as seen in figure 1 key areas such as safety, reliability and performance have been highlighted as important customer requirements. Design requirements such as number of cycles, safe working load and stroke have also been highlighted. Considering all these requirements and achieving the desired outcome will result in an effective and functional gripping system being designed with high customer satisfaction. Using the information found using QFD will be crucial in producing a high-quality design specification to produce a component that if fit for purpose.
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An Ishikawa diagram is a tool used to clearly display a cause and effect analysis of a given problem, this type of analysis will enable an engineer to reveal the root cause of a problem or defects in a complex situation. According to SafetyCulture (2022) the most effective times to use an Ishikawa diagram are:
· When identifying the root causes of a problem
· When brainstorming solutions to a problem 
· When developing or improving a process
· When analysing data from customer surveys
· When evaluating the results of a marketing campaign
· When troubleshooting an issue with a product or service
· When planning future projects or initiatives
In this cause the Ishikawa diagram will be used to brainstorm solutions to a problem and developing and a process. this cause and effect diagram will allow root cause problems to be highlighted as well as display ideas clearly and effectively but organising complex information into an easy to understand diagram. It will also give a clear scope of the direction and future of the project.
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The Ishikawa diagram is made up of six main headings as seen in figure 2, each heading has subheadings which are the possible causes. This diagram will show possible road blocks the gripper will face, each heading and subheading will need to be considered when designing the gripping mechanism, for example under “measure” the possible roadblocks the product might face are stroke of the gripper being insufficient, griping force being too high and damaging the phone or the end effector not being able to carry the required load.
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Failure mode & effects analysis (FMEA) is a step by step approach used to identify all possible failure in a design. Failure modes means the way in which failures or defects may occur in relation to the customer needs and the effective analysis is studying the consequences of the failures. Using FMEA effectively will prioritize which potential failures to deal with first by basing them on the severity, the likelihood of them occurring and how easily the errors can be detected. FMEA should be used at the conceptual stages of a design and continue to be used through the life of the product.
The first stage in creating the FMEA was identifying the process functions, in this case picking up the component and transferring the component, after identifying these the potential failures were then highlighted and rated on severity on a scale of 1-10. Then the potential causes of these failures were explored and given a rating on the likelihood of them occurring, also rated a scale of 1-10. After these stages have been completed the current processes, if any, are inputted and the how easily the errors can be detected are also given a rating. Using these three rating the RPN is calculated to give a final score, a high score would highlight which section should be prioritised. The key for the FMEA is shown in figure 3.
	Severity Rating
	
	Occurrence Rating
	
	Detection Rating

	10
	Critical 
	
	10
	Certainty 
	
	10
	Uncertainty 

	9
	Major
	
	9
	Very high
	
	9
	Very remote

	8
	Very high
	
	8
	High 
	
	8
	Remote

	7
	High
	
	7
	High
	
	7
	Very low 

	6
	Moderate
	
	6
	Moderate 
	
	6
	Low

	5
	Low
	
	5
	Moderate  
	
	5
	Moderate

	4
	Very low
	
	4
	Low 
	
	4
	Moderately high

	3
	Minor
	
	3
	Very low
	
	3
	High

	2
	Very minor 
	
	2
	Remote 
	
	2
	Very high

	1
	None 
	
	1
	Minor 
	
	1
	Certainty 
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	Item:
	1
	
	Responsibility:
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	FMEA number:
	1

	Model:
	End Effector for Cobot
	
	Prepared by:
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	Page :
	1

	Core Team:
	 
	
	FMEA Date (Orig):
	01/06/2022
 
 
 
 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

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

	Picking UP Component
	Misalignment 
	Picking up component incorrectly 
	5
	Jaws not aligned correctly 
	9
	CAD visual
	8
	360
	Double check design for potential flaws
	Jordan Williams
 
 
 
 

	
	
	Failing to pick up component
	7
	Phone not sat in unloading station correctly
	8
	None
	5
	280
	Install poka yoke 
	Jordan Williams
 
 
 
 

	
	
	Cobot crashing into unloading station 
	10
	Programming error
	5
	None
	3
	150
	Prove program in automatic before running
	Jordan Williams
 
 
 
 

	
	Gripping force too high
	Damaging product
	10
	Set pressure too high
	6
	Stress analysis
	5
	300
	double check set pressures
	Jordan Williams
 
 
 
 

	
	
	Damaging Gripper
	9
	Set pressure too high
	6
	Stress analysis
	5
	270
	double check set pressures
	Jordan Williams
 
 
 
 

	
	Gripping force too low
	Dropping component 
	9
	Set pressure too low
	6
	Stress analysis
	5
	270
	double check set pressures
	Jordan Williams
 
 
 
 

	Transporting component
	Cobot crashing
	Damaging component 
	10
	Cobot crashing into other stations in lab
	5
	None
	9
	450
	make sure workplace is clear
	Jordan Williams
 
 
 
 

	
	
	Decreases production
	8
	Cobot crashing into other stations in lab
	5
	None
	9
	360
	make sure workplace is clear
	Jordan Williams
 
 
 
 

	
	Component slipping
	Dropping component 
	9
	Friction of gripping surface too low
	6
	Ishikawa diagram for material selection
	6
	324
	test different materials
	Jordan Williams
 
 
 
 

	
	
	Scratching component surface
	9
	Friction of gripping surface too high
	7
	Ishikawa diagram for material selection
	6
	378
	test different materials
	Jordan Williams
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Completing this QFD has highlighted key areas for improvement using the rating system, key areas to focus on are now clearly outlined and will be taken into consideration when designing the end effector for this system. The areas that need highest priority are “Picking up component incorrectly”, “Cobot crashing into other stations in lab” and “Friction of gripping surface too high”.  All aspects of this FMEA will need to be considered when designing the gripping mechanism however these will need to be prioritised. Eisner (2021) backs this up by suggesting that aspects with the hights servery score should be priorities first.
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After using these tools and techniques a design can now be created with customer requirements and potential failure in mind. The decision was made to use as little components as possible to minimise complexity and keep cost down. The gripping system is made up of two major components, the gripper body (figure 5) and the gripper clamp (figure 6).
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[bookmark: _Toc106302671]Figure 5 - Gripper Body
The main body is the section that will fasten to the cobot arm, it will be secured with four cap screws through the counter sunk holes. The bottom of the gripper body has a forklift style lifting system which slides the phone, the bottom of the forks also has clearance slots to prevent any collisions with the unloading table. It has also been designed with two slots for the gripper body to move in the Y axis when stops to prevent over travel.
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[bookmark: _Toc106302672]Figure 6 - Gripper Clamp
The gripper clamp shown in figure 6 will be attached to the gripper body shown in figure 5 and will move in the Y axis using a guide rail. The gripper clamp uses the fork protruding from the body to clamp on top of the component.
[bookmark: _Toc106302661]Gripper Assembly with Component
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[bookmark: _Toc106302673]Figure 7 - Gripper Assembly
The gripper assembly shown in figure 7 demonstrates how the lifting system will operate. In an unclamped state the gripper assembly will have clearance to fit the component between the grippers, when in position the gripper will clamp down on the component and then transport it to the desired location.
Using this system, the clamp can be in three states, unclamped, clamped with component and clamped without component. Using sensors to locate the position of the gripper clamp shown in figure 6 a PLC can be created. By using this set up, the automated system can understand weather or there is a component in the gripper.
Gripper unclamped – this is the state in which the robot will be when retrieving the component, the automated system can move freely when the gripper is unclamped. Shown in figure 8.
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[bookmark: _Toc106302674]Figure 8 - Gripper Unclamped

Clamped with component – when the gripper is in position it will then clamp, then the sensor which shows the system that there in a component will actuate, and the robot can pick the component up and move it to the desired location. Shown in figure 9.
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[bookmark: _Toc106302675]Figure 9 - Gripper Clamped with Component

Clamped without workpiece – this state will occur when the gripper clamps with no component in the jaws. If the robot is in position to retrieve a component but it is not there, the stroke of the gripper will overtravel and the sensor for this sate of the system will actuate and stop the automated process. This will prevent the automated system from continuing if a component is not prevent when it should be, it will also allow the system to know if a component has been dropped by the gripper in the process of transporting it. Shown in figure 10.
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[bookmark: _Toc106302676]Figure 10 - Gripper Clamped w/o Component
[bookmark: _Toc106302662]Materials and Manufacturing 
The majority of the design would be made from aluminium, this is due to its high strength to weight ratio as well as being easy to machine. The gripper body will be machined from a solid block of aluminium to reduce the number of components and complexity of the design, machining from one piece will also reduce the weight of the gripper. Aluminium is also suitable as the gripper will not be under larges forces as the component being transported in quite fragile. 
The gripper clamp will also be machined from a solid piece of aluminium for the same reasons above, it will allow the guild rails to be accurately machined which will allow both components to freely move.
A suitable method of producing these components would be to manufacture them on a CNC milling machine, this will allow fine tolerances to be achieved as well as making the products easily produced in the future as the CNC program can be saved and run at any time.
The folks will be in contact with the phone so aluminium will not be a suitable surface to pick up the component. The aluminium may also not have sufficient grip to hold the component in place when being transported. The folks will have a rubber sleeve which will give the mechanism a stronger grip on the component as well as providing a soft surface which will not damage the screen for back of the phone. The rubber sleeves will wear over time and will need to be replaced, although it is not ideal that this component will need to be replaced it will prevent wear on the aluminium forks and should make the overall components like time increase.
One downside to the guiderail system is that the friction may require a lubricant to prevent accelerated wear. A system that automatically applies a lubricant to the system could be designed, however this would add weight to the design and increase the cost of manufacturing the gripper. Alternatively, the lubricant can be applied manually as a daily or weakly task, it could also be incorporated into a preventative maintenance procedure along with other maintenance tasks.
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Add lip to gripper clamp
One possible design improvement could be to add a lip to the gripper clamp, this would be a minor change but could prevent the component from sliding of the gripper. The component may not slide out with the current design, but this small feature should totally prevent this from occurring. One negative to this could be that the stoke of the clamp would need to be further increased to prevent the lip from catching the component when the robot is positioning the end effector.

Increase carry capacity
This suggested improvement would be to carry two components at once. This can be achieved by having the same set up as the current system side by side or alternatively having another gripper 180 degrees to the current gripper. This improvement was suggested as the unloading station has two unloading bays, adding another gripper would allow both bays being unloaded in the same cycle. This would of course depend on the speed in which the components are being produced and the speed of the robots unloading cycle, if the robot can not keep up with the unloading of components, then this would be a viable solution, Owen-Hill (2017) backs this up by saying a dual gripper allows you to pick up multiple objects at one, freeing the robot form the restrictions of picking up one object then moving it and then returning to the start position. Adding an additional gripper would also effectively double the weight of the end effector, if an additional gripper were to be added the carry capacity of the robot would need to be reviewed and the weight of the end effector would need to be reduced. This may result in lighter and more expensive materials being used, a review of whether this would be cost effective would also need to be completed.

Incorporate a self-lubricating system to the guild rails
This would involve incorporating channels in the gripper system that would directly deliver a lubricant to the guid rail at a controlled rate. This would eliminate the need to manually apply the lubricant and would illuminate the human error of forgetting to apply it. It would add complexity to the design which can cause manufacturing difficulties as well as increase the cost. Alternatively the lubricating system can be external which may cause some restriction to the movement of the robot.




[bookmark: _Toc106302664]Conclusion 
This design did conform to the QFD completed earlier in the report as the customer requirements and design requirements were both met. Emphasis was put on key customer requirements factors such as reliability, performance, safety. The final design needs the criteria by having a simple but effective way of transporting the component safely. Factors such as life span have not yet been explored as the product has not been tested but the simplicity of the design leaves little room from failure. The design requirements such as number of parts and repeatability have also been met as the main body of the end effector has two main components, the guiderail system should also make practical application of the design very repeatable 
Ishikawa was used to visualise the causes and effects of the problem of designing a gripping solution. This technique allows you to be more effective in designing a product by focusing your actions on the true causes of a given problem rather than the symptoms. Cancain (2021) also suggests that there are some disadvantages to Ishikawa diagrams such as it does not signal the gravity of the problem, due to this concern Ishikawa was used alongside other techniques to achieve a high standard product.
FMEA is also a useful tool to use when designing a product, it helps to identify the functions of the scope. It does this by identifying the functions of the design and the potential system failure. In this case potential failures such as picking up the component incorrectly or damaging the component whilst being transported. The severity of the potential failures also allowed certain aspects to be prioritised, dropping the component or scratching it while gripping were major concerns taken into consideration when designing the gripping system.
From using these techniques, the outcome of the design was successful due to customer concerns, design requirements and potentials failure all being considered. The filets help to give the design a more aesthetically pleasing finishing whilst also looking more professional. As well as this the fillets also remove sharp edges. 
Adding all these improvements to the gripper should improve its efficiency greatly as well as improving the life of the gripper. This would in tern increase the levels of production capable by the system.

[bookmark: _Toc106302665]Reference List
Caroline Eisner. (n.d.). What Is FMEA? Failure Mode and Effects Analysis (for Beginners). [online] Available at: https://www.getmaintainx.com/blog/what-is-fmea/ [Accessed 16 Jun. 2022].

Matheus Cancain. (n.d.). Ishikawa Diagram: History, Function, and Components | Think Lean Six Sigma. [online] Ishikawa Diagram: History, Function, and Components | Think Lean Six Sigma. Available at: https://www.thinkleansixsigma.com/article/ishikawa-diagram.

Owen-Hill, A. (n.d.). 6 Things That Are Possible With Dual Grippers (+ 3 That Aren’t). [online] blog.robotiq.com. Available at: https://blog.robotiq.com/6-things-that-are-possible-with-dual-grippers-3-that-arent#:~:text=The%20main%20advantage%20of%20using%20multiple%20grippers%20is [Accessed 16 Jun. 2022].

SafetyCulture. (n.d.). Ishikawa Diagram: Guide on How to Use It. [online] Available at: https://safetyculture.com/topics/ishikawa-diagram/ [Accessed 16 Jun. 2022].


[bookmark: _Toc106302666]Appendix
Gripper body
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Gripper Clamp
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Gripper Assembly 
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Gripper Assembly with phone
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Final assembly
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