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[bookmark: _Toc105412633]1.	Introduction:
Festo are a multinational automation and industrial control business. They are looking to implement an end effector (gripper) onto a collaborative robot that will be integrated into the cyber-physical production system. This system is a fully automatic assembly line that assembles a very basic mobile phone. There are over one thousand combinations on how this assembly could be made up, including different colours and components. The mobile phone components consist of a back cover, fuses, PCB and a front cover. The image below demonstrates the layout of these components.
[image: ]
Festo want to implement a gripper that will pick up the mobile phone and place it onto an Autonomous Guided Vehicle (AGV). The AGV will then transport the assembled mobile phone to the inventory. 
[bookmark: _Toc105412634]2.	Quality Function Deployment (QFD):

Using the QFD, otherwise known as the ‘House of Quality’ as a design tool is very useful, as it allows customers’ requirements to be translated into a form of technical requirements for each process stage of development and production of the product. It is designed so that the product can adhere and satisfy a customer’s wants and needs. QFD’s are a widely used design tool in industries such as aerospace, healthcare, defense, software / IT and service industries. 
[image: Diagram, schematic

Description automatically generated]This image depicts how using a QFD helped a Japanese automotive manufacturer make much less changes over a shorter period, compared to a US automotive manufacturer which didn’t implement the QFD. This demonstrates that the Japanese automaker listened to the Voice of the Customer (VOC). This meant that they were able to capture all the customers’ requirements at the start of the process. The US automaker didn’t acknowledge the VOC so changes were made closer to the deadline, which could have been prevented by getting the requirements much sooner in the process. 


From looking at the QFD for a cobot end effector, the customer required certain ‘wants’ such as for the end effector to be lightweight, doesn’t damage the assembled part, easy to maintain etc. From these requirements, the engineering ‘how’s’ then had to be stated. The engineering ‘how’s’ were characteristics such as the material being used, width / length of the gripper and the gripping force of the end effector. These were engineering requirements which must be thought of to come up with a product that adheres to the customers’ requirements. To be able to fill out a QFD, it requires good collaboration with the customer and engineering team, this can be a benefit by knowing all the requirements as soon as possible will help save money rather than getting near the end of a process then having to make a lot of changes, this can be very costly to a company. It also helps companies be able to allocate the correct number of resources early in the process, this resource amount should then decrease once most of the changes have been completed. Some of the disadvantages of using QFD’s is that if a customer’s requirements change during the process, it could leave the manufacturer with products that aren’t able to be sold or need modifying which is never easy when production starts. Another disadvantage of the QFD is that due to the QFD being very focused on customers’ requirements, some vital factors such as strategy, product price and life cycle of the product are ignored. This can produce trade-offs between the customer and supplier and will end up with a design which is not optimal. 
A full view of the QFD can be found in Appendix 1.
[bookmark: _Toc105412635]3.	Fishbone Diagram / ISHAKAWA:

Fishbone diagrams are a useful design tool to be able to find potential causes of certain events. A problem is stated at the end of the fishbone diagram and then factors which could lead to this failure are stated within the correct categories. The categories chosen for the end effector were ‘CAD Analysis’, ‘Actuator’, ‘Environment’, ‘Material’, ‘Measure’ and ‘Machine’. A problem with the end effector is that it may not grip / pick up the mobile phone, this can be caused by various reasons. One of the reasons the end effector may not be able to pick up the mobile phone is that the due to the environment around the cobot, there may not be adequate room for the cobot to maneuverer and grip the mobile phone. Another point in which the environment may become a factor is if there is poor material cleanliness or dirty grippers, this could cause the mobile phone to slip from the grippers. 
Another category stated within the fishbone diagram was to do with the actuator. The actuator needs to have an adequate stroke length otherwise the grippers will not be able to open wide enough to grip the mobile phone. The actuation speed should have an adequate rate of actuation to keep up with the rest of the assembly line. If the actuation speed is too slow and the end effector becomes out of sync with the assembly line, this could mean there is a backlog of assembled parts waiting to be collected from the docking station. 

[bookmark: _Toc105412636]4.	Failure Mode and Effect Analysis:

Failure Mode and Effect Analysis (FMEA) is a very important tool to use during the design of a product / system as it can help to prevent some failures which may occur once the component / system has been made. it points out some key areas which some people may have a cause for concern on the early stages of the design. This concern is then met with a mitigating action on how the error can either be reduced or eliminated. Each problem is then given a score on the severity, occurrence, and detection, multiplying these three scores will provide the Risk Priority Number (RPN) so that the problem will be given a priority. The action with the highest RPN should be the most important action to solve. This can help the design process by resourcing the correct amount of time to fixing the right problem first. This could be to do with functionality, some problems with aesthetics could be left until later if functionality was more important for the product. The most problematic failure mode on the FMEA was to do with the end effector was …
· FINISH FMEA TABLE AND EXPLAIN THE HIGHEST PRIORITY ACTION AND LOWEST PRIORITY ACTION
5.	SolidWorks Simulation:

The SolidWorks simulation tool is good to use due to it simulating the product ion use without creating prototypes. This is a great help as it can save companies a lot of money from producing prototypes to destroy / damage while testing. To simulate something on SolidWorks is quite straight forward as it only requires a few parameters and the software will then run the simulation for you. The most logical component to simulate was the gripping surface of the end effector. This is where most of the force will occur due to the grippers holding onto the mobile phone. For the simulation, a material had to be applied to the component so that the simulation could give more accurate simulations. For this, Aluminium was applied as it is a versatile material with a certain degree of flex within it. If the material had no flex, it would be quite brittle and could run the risk of becoming fatigued quickly and shearing. Aluminium is also a recyclable material which means they can be disposed of once their product lift is up or if they become damaged or broken. It is also a light material which is important to reduce the amount of weight the end effector weighs as it is not desirable to have a heavy end effector if possible due it possibly restricting the cobot’s performance. 
The full generated report of the simulation can be found in Appendix .

6.	Design for X:

It is always important to design components for ‘X’ as ‘X’ can be a variety of different aspects of design e.g., designing for manufacturing, designing for assembly, designing for maintainability etc. 

· EXPLAIN DIFFERENT TYPES OF DESIGN FOR X AND HOW I HAVE OR COULD HAVE IMPLEMENTED THEM ON MY END EFFECTOR 

7.	DFA Lucas Method Table:

· DESCRIBE WHY LUCAS METHOD TABLE IS USED, CREATE A VERSION REFERRED TO END EFFECTOR & INCLUDE IN APPENDICES
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IMAGES OF ASSEMBLY WITH DOCKING STATION & STRESS ANALYSIS ON GRIPPER.
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		Simulation of  Gripper

Date: 06 June 2022
Designer: Morgan Wheeler
Study name: SimulationXpress Study
Analysis type: Static
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Aluminium Gripper for End Effector 
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Model name: Gripper
Current Configuration: Default

	Solid Bodies

	Document Name and Reference
	Treated As
	Volumetric Properties
	Document Path/Date Modified

	Boss-Extrude3
[image: ]
	Solid Body
	Mass:0.00237624 kg
Volume:8.86658e-07 m^3
Density:2,680 kg/m^3
Weight:0.0232872 N

	F:\University\Manufacturing Design\NEW Gripper\Gripper.SLDPRT
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	Model Reference
	Properties
	Components
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		Name:
	4032-T6

	Model type:
	Linear Elastic Isotropic

	Default failure criterion:
	Max von Mises Stress

	Yield strength:
	315 N/mm^2

	Tensile strength:
	380 N/mm^2



	SolidBody 1(Boss-Extrude3)(Gripper)
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	Fixture name
	Fixture Image
	Fixture Details

	Fixed-1
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		Entities:
	1 face(s)

	Type:
	Fixed Geometry






	Load name
	Load Image
	Load Details

	Force-1
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		Entities:
	1 face(s), 1 plane(s)

	Reference:
	Right Plane

	Type:
	Apply force

	Values:
	---, ---, -,500 N
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	Mesh type
	Solid Mesh

	Mesher Used: 
	Standard mesh

	Automatic Transition: 
	Off

	Include Mesh Auto Loops: 
	Off

	Jacobian points for High quality mesh
	16 Points

	Element Size
	0.0378402 in

	Tolerance
	0.00189201 in

	Mesh Quality
	High



Mesh information - Details
	Total Nodes
	11840

	Total Elements
	7429

	Maximum Aspect Ratio
	3.3066

	% of elements with Aspect Ratio < 3
	99.9

	Percentage of elements with Aspect Ratio > 10
	0

	Percentage of distorted elements
	0

	Time to complete mesh(hh;mm;ss): 
	00:00:02

	Computer name: 
	CWM-L20664
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	Name
	Type
	Min
	Max

	Stress
	VON: von Mises Stress
	9.205e-01N/mm^2 (MPa)
Node: 347
	2.901e+03N/mm^2 (MPa)
Node: 7663

	[image: ]
Gripper-SimulationXpress Study-Stress-Stress



	Name
	Type
	Min
	Max

	Displacement
	URES:   Resultant Displacement
	0.000e+00mm
Node: 1
	4.668e+00mm
Node: 428
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Gripper-SimulationXpress Study-Displacement-Displacement



	Name
	Type

	Deformation
	Deformed shape

	[image: ]
Gripper-SimulationXpress Study-Displacement-Deformation



	Name
	Type
	Min
	Max

	Factor of Safety
	Max von Mises Stress
	1.086e-01
Node: 7663
	3.422e+02
Node: 347
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Gripper-SimulationXpress Study-Factor of Safety-Factor of Safety
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Further adjustments for developing gripper
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