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10.0 – Introduction
Machines and components are a vital aspect within the engineering industry and having the best possible design can improve procedures and performances within the company and help allow the machines to perform at their optimum level. 
Designing components and using different techniques and tools to create the best solution is becoming more important as the engineering industry continues to advance. It can allow company to save money, make greater profits due to machine productivity and reduce the amount of downtime to various tool changes or faults. 
As part of the current system in place at Festo, a dispatch station is part of the machine with no automatic tool on there to remove ready built phones from the station. By implementing and designing a robot gripper to automatically remove the phones from the output station it improves the system making it more efficient and effective. The gripper will be designed by using proven tools to analyse each aspect of the design and help allow the gripper to perform at high volume manufacturing. 
2.0 – First Design 
The first design created involves a gripper which acts as a clamp above and below the component it is picking up. To begin with the product was designed for the assembly, this is to maximise efficiency and ease of assembly operations. Velling (2021) suggests that over 70% over the products final costs is determined during the design process of the product. Along with maximising efficiency and ease of assembly the aim of design for assembly (DFA) is to also reduce opportunity for errors, reduce the need for inspections, decrease assembly time and improve health and safety. 
[image: Graphical user interface

Description automatically generated]Below is the first gripper designed. Firstly, the components on the gripper are self-aligning due to the grooves cut out either side to help locate the forks with the body. The gripper does require a tool to secure it to the adjustment arm currently part of the festo system. The component is also designed so that is can only be assembled in a single linear motion. By having the assembly system in place, it was easy to design the gripper as it meant that measurements and sizes could easily be taken as well as the function of the tool. By using the design for assembly tool, a calculation can be made to find the efficiency of the design. 
The design is based off a simple gripper which has a fixed upper plate and then an adjusting bottom base which would operate using a pneumatic cylinder. 
The way in which it is designed is having the cylinder extend and contract allowing the bottom forks to go under the component and grip it with the upper plate. 

Figure 1 – First Design
3.0 – Design for Assembly
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Description automatically generated]In order to understand how efficient, the design of the gripper is, Lucas’s methodologies are used to determine which parts of the design are essential and what parts are non-essential, non-essential parts can then be evaluated to see whether they can be removed from the design. 

Figure 2 – Lucas Method
Design efficiency is the number of essential parts divided by the total number of parts, expressed as a percentage, as you can see design efficiency of the design is 50%. In order to improve this score a cylinder could be used which has a maximum stroke which does not drive the forks out of the grooves, having this means the bottom plate and bolts could be removed. The Lucas Method also shows how easy the component is to handle and fit, it allows an understanding of what parts are essential and help remove non-essential parts if possible. Understanding the design efficiency is vital to creating a successful product, it needs to withstand long life in work in order to improve the system and save money. Fairhurst (2015) suggests that most issues can be found in the design stage and finding them in the early stages can save the most money. 
4.0 – Failure Mode Effect Analysis (FMEA)
Failure Mode and Effect Analysis helps us review a process step and to identify potential failure modes in a system and their causes and effects that can occur. By using FMEA it enables you to study the consequences of those failures on different process steps, this gave an idea as to what could go wrong with each task within the project. 
According to Kent (2016), FMEA’s is an essential tool for improving processes and products. By completing the FMEA it will allow the process of design to be reviewed at each stage and find any issues or potential failures which may occur, by doing this it improves the overall outcome of the process or design. Long & Hillman (2014) support this and add that human error is considered in the in the tool which makes it more relevant and suited to the project.
By completing the FMEA for the first gripper design it allowed to understand what problems can occur with the performance of the gripper and how they can occur and prevent them from happening. FMEA is a great tool to use which can be seen when standards such as ISO/QS 900 and ISO 31000/31010 both highly recommend its use. FMEA has been used in the design part of the gripper in order to improve the quality, reliability, and safety of the product, it also increased customer satisfaction and reduces operational risk. 
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Figure 3 – FMEA
As you can see from the FMEA completed for design 1, clearly shows the highest RPN number shown is 280, this involves a failure of the pneumatic cylinder, the reason this score is so high is due to the severity of the issue and the fact it can occur and the issue may be difficult to find. Obviously, an issue with the cylinder would mean the gripper could not function properly and not pick up the phone.
5.0 – Quality Function Deployment (QFD)
Quality function deployment is a tool used again in designing and allows companies and designers to understand the customers’ requirements for a product. It allows a design to be made aimed at satisfying the customer, by filling out a chart containing customer requirements and technical requirements it helps visually see the relationship between the two. 
Stewart (2017) suggests that using QFDs in the design aspect of a component improves the production efficiency due to the knowledge of the final product characteristics. Addressing problems or faults in the early stages of manufacturing massively increases production efficiency, Stewart (2017) then goes on to say this has a direct outcome to a reduction in overall costs. 
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Figure 4 – QFD
By plotting the technical data and customer demands into the table it clearly shows the relationship and links between various requirements. Using the QFD chart it also allows a visual to be seen on the links between each quality characteristic and how achieving one might affect the other. This gives a greater understanding when designing a component of what can be achieved and what cannot, it can then help allow for data or requirements to be prioritised. 
6.0 – Root Cause Analysis 
Root cause analysis is a technique or a tool used for problem investigation, it helps identify and understand the problem within the design. The aim of root cause analysis is to identify what happened, why it happened and what can be done to prevent the problem from occurring. When identifying the cause of the fault it can be categorised as either being a physical cause or a system cause. Physical problem would be fixed if a component or part was corrected or replaced, whereas system cause would be the underlying cause of a physical failure. Koehler (2020) suggests that having the correct design or drawing in place and carrying out sufficient testing can often be the cause of issues, so carrying these out sufficiently can often remove the chance of issues occurring.
There are many different RCA tools and techniques which can be used to identify the problems, these techniques include, five whys, flow charts, pareto charts and many more. The root cause analysis used for the gripper design is the fishbone diagram, also known as Ishikawa diagram. Ishikawa diagrams identifies and organises potential causes of problems, they are easy to understand and create and clearly shows the possible failures and causes.

[image: ]
	Figure 5 - 	Ishikawa Diagram 
By carrying out the fishbone diagram it allows a clear visual to be seen of the causes or reasons as to why the designed gripper may have issues lifting or offloading the phone. Understanding the possible causes for the gripper not operating can help put systems, controls or checks in place to minimise the likelihood of the issues happening. Lynch (2022) states that fishbone diagrams are a great way of showing all the causes simultaneously along with the relationships between them. 
Filling out and creating the fishbone diagram has highlighted the importance of creating the correct parameters and program in order to allow the gripper to access the pickup station and drop of zone at the correct angle. Having the correct material and components with the proper sizes and technical data is key to the gripper performing to its optimum and being able to deal with high volumes of production.
7.0 – Poka – Yoke
Poka – Yoke is another analytical tool used to eliminate mistakes and waste; the two words simply translate to ‘Mistake Avoid.’ From carrying out techniques to help identify faults or problems which may occur, using Poka-Yoke can help avoid mistakes. This can be used in different ways; however, most companies now use it to detect defection in components, and not use it to avoid detection. 
There are two different approaches when using Poka-Yoke, this involves the proactive and reactive approach. The proactive approach is where the Poka-Yoke will detect the defected part before the part is manufactured 100% of the time, whereas the reactive approach involves the check straight after the process. As you can see the proactive approach is much more accurate and would be better to use if possible. 
From the analytical tools used one of the re-occurring faults which could appear is the gripper dropping, or not fully gripping on the phone, therefore the system thinks it has the component, however it does not. To avoid this from happening and using the Poka – Yoke reactive approach, a short-range capacitive sensor could be fitted to the top of the gripper. The reason capacitive sensor was chosen was because they detect plastic and they typically have a short range. Installing one of these to the top of the gripper would allow the system to detect if a phone is present or not. 
Another vital part for picking up and offloading the phone is the angle of the gripper. In order to make sure the correct angles and positions are reached each time it’s important to set parameters on the PLC system. By setting datum points and axis for the robot to move it allows the correct angle and position to be met for the phone to be picked up by the gripper and to be offloaded. Setting a ‘home’ position also allows for the robot to go back to a normal position if the parameters are ever passed due to sensor movement. 
8.0 – Simulation 
A critical part of the design is understanding how it performs under specific loads and strains. Carrying out simulation on the gripper allows for weak points to be identified, without simulation these issues or problems can occur further down the design or manufacturing stage which can result in producing more waste and costing the company more. De Clerck (2020) mentions that by using simulation, reliability, productivity, and safety all increase within organisations. He also goes on to say that simulation allows for companies to adhere to company needs whilst meeting new standards and regulations being set.
Below are the results gathered from the simulation test. The test was conducted by applying a load of 500N or 50kg to the support box which allows the gripper to be bolted on to the robot arm. This area was where the load was applied as it supports the area which is fixed to the robot along with the weight of the gripper. 
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Model name: Main Body
Current Configuration: Default

	Solid Bodies

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

	Chamfer1
[image: ]
	Solid Body
	Mass:0.4739 kg
Volume:0.000168648 m^3
Density:2,810 kg/m^3
Weight:4.64422 N

	D:\Uni\Level 5\Manufacturing Design & Technology\Designed Components\Main Body.SLDPRT
Jun 13 18:37:40 2022







	[bookmark: _Toc106107209][bookmark: _Toc243733144][bookmark: _Toc245020112][bookmark: _Toc245020144]Material Properties
	Model Reference
	Properties
	Components
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		Name:
	7075-T6 (SN)

	Model type:
	Linear Elastic Isotropic

	Default failure criterion:
	Max von Mises Stress

	Yield strength:
	505 N/mm^2

	Tensile strength:
	570 N/mm^2



	SolidBody 1(Chamfer1)(Main Body)





	[bookmark: _Toc106107210]Loads and Fixtures
	Fixture name
	Fixture Image
	Fixture Details

	Fixed-1
	[image: ]
		Entities:
	4 face(s)

	Type:
	Fixed Geometry






	Load name
	Load Image
	Load Details

	Force-1
	[image: ]
		Entities:
	1 face(s)

	Type:
	Apply normal force

	Value:
	500 N










	[bookmark: _Toc106107211]Mesh information
	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
	0.21758 in

	Tolerance
	0.010879 in

	Mesh Quality
	High



Mesh information – Details
	Total Nodes
	15441

	Total Elements
	8689

	Maximum Aspect Ratio
	14.127

	% of elements with Aspect Ratio < 3
	99.4

	Percentage of elements with Aspect Ratio > 10
	0.0115

	Percentage of distorted elements
	0

	Time to complete mesh(hh;mm;ss): 
	00:00:01

	Computer name: 
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	[bookmark: _Toc106107212][bookmark: _Toc243733152][bookmark: _Toc245020120][bookmark: _Toc245020152]Study Results

	Name
	Type
	Min
	Max

	Stress
	VON: von Mises Stress
	5.710e-06N/mm^2 (Mpa)
Node: 871
	8.882e+00N/mm^2 (Mpa)
Node: 15327

	[image: ]
Main Body-SimulationXpress Study-Stress-Stress



	Name
	Type
	Min
	Max

	Displacement
	URES:   Resultant Displacement
	0.000e+00mm
Node: 15
	4.748e-03mm
Node: 866
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Main Body-SimulationXpress Study-Displacement-Displacement



	Name
	Type

	Deformation
	Deformed shape

	[image: ]
Main Body-SimulationXpress Study-Displacement-Deformation



	Name
	Type
	Min
	Max

	Factor of Safety
	Max von Mises Stress
	5.686e+01
Node: 15327
	8.844e+07
Node: 871
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Main Body-SimulationXpress Study-Factor of Safety-Factor of Safety






[bookmark: _Toc243733140][bookmark: _Toc245020107][bookmark: _Toc245020139]The simulation shows the displacement and stress being put on the box section which allows the gripper to be attached to the robot arm. Additional support needs to be added to the design to remove weak spots and reduce the deformation and displacement.
9.0 – Additive vs Subtractive
The final critical aspect of a design is to decide or understand what material will be best fit for the component or, what is the best method of manufacturing to create the part. Additive vs Subtractive allows for a clear understanding of what process is best for the part based off material properties and component design. 
Additive manufacturing is a process which involves creating an object or component by adding layers. This is often done by 3D printing which can produce parts which requires detail within a layer, it also means that reliance on a machine tending and physical process monitoring can be reduced. Due to the process adding material it often means that not as much waste material is produced due to the adding and not removing of material.
Subtractive manufacturing however involves a process where material is removed in order to create an object. This means that it requires an operator in order to setup and monitor machinery, detailed parts can be made but not to the same standard and level as additive manufacturing. 
McClintock (2019) states that additive manufacturing is self-contained and suggests that post production is easy due to it just being the removing of powder or snapping it off, comparing this with subtractive manufacturing which may take days or weeks due to machine setting or mould designing etc. With the simplicity of design and manufacturing components additive manufacturing is rising due to the short space between prototyping and making. However, one of the main issues with additive manufacturing is that it struggles producing components which require over-hanging features, this is a major issue with the design created as the main body has multiple over-hanging features, for both the section which secures the body to the robot and the upper part of the gripper. 
Due to the original design of the gripper along with its features, subtractive manufacturing and particularly machining seems to be the best process to use in order to achieve the design made. The demands for high volumes of production means the gripper needs to be strong, by selecting 7068 Aluminium it means the material is strong enough to cope with demands and machinable. Placing the material into a CNC machine would allow for a system to be set-up which would help reduce labour costs and time but also produce the component to required specifications. 
10.0 – Final Design
After carrying out a range of analytical tools as well as techniques in order to understand possible issues and how to overcome them, it has allowed for a final design to be made with the modifications to help reduce or limit the possible problems that may occur. As you can see from the design below various adjustments and changes have been made to improve the design.
Firstly, most of the analytical tools indicated that the main fault which may occur is the gripper not picking up or offloading the phone correctly. By installing datum points and setting the axis at the correct settings would enable the gripper to approach the offload bay at the correct angle and easily slide under the phone. When offloading the phone again approaching the component at the correct angle and releasing the grip whilst pulling away would allow the phone to sit properly into the remainder of the segment. 
The FMEA and QFD showed that it would be possible for the gripper to think it has picked up a phone and dropped it off, this would mean the automated vehicle would then proceed through the system with no phone on it. In order to stop this from happening the design was modified and a short-range capacitive sensor was fitted to the top of the gripper. The capacitive sensor will only detect plastic, therefore if the gripper grips a phone, the sensor will detect it and send a signal back to the PLC to allow the process to continue, without this signal the system will not carry on.  
In order to help the phone, get onto the gripper, chamfers were placed onto the front of the forks, this helps the forks slide under the phone and place the phone onto the forks in order to be gripped. It was vital when designing the forks that they are comfortably long enough in order to fully go under the phone, the centre grooves allow for the forks to go around the ball bearing on the output station which allows the phone to move down the output station, the stop block at the end was also considered and that’s why extra length was added to the gripper. The width of the forks was also vital, when looking at drawings and the actual assembly there was a gap of just over 3mm between the phone and base of the output station, this allowed for the forks to be designed as 3mm in order to comfortably slide under the phone and not catch or rub on any components. 
Capacitive Sensor.

[image: ]

Chamfered front end of forks.



Pneumatic Cylinder





Figure 6 – Final Design

One of the key aspects which needed to be included in the design was that the gripper needed to be mechanically operated. By using a pneumatic cylinder, it will allow the forks to raise and grip when extended and release the phone when retracted. Having a 25mm double piston cylinder allows for the forks to be raised up enough to grip the phone and secure it. 
[image: ]Another key part of the gripper was the material, with it needing to be robust enough to withstand high volumes of production. The material needed to be worn resistant and be light enough for the robotic arm to support. Due to the shape and layout of the gripper, it needed to be manufactured by machining in order to achieve the grooves and design of the gripper. Using 7068 Aluminium has a high tensile strength in order to withstand impact and cope with production demand, but also to be light enough for the robot to support and easy enough to be machine manufactured. 



Figure 7 – Final Design



From the simulation it could be seen that a slight weak point was found on the box section along the joining with the circular face. Showing this as a weak point show that a strong, maintainable material needed to be used. In order to strengthen the area additional material was added to strengthen in, carrying out the simulation again showed a lower amount of displacement as well as only slight indications of stress shown by the green highlight.
The final design along with measurements can be seen below. All measurements meet the diameters and sizes of current components such as the output station and robot arm. From carrying out the appropriate analytical tools allowed for a sufficient design to be made which met with standards and requirements of the system. Appropriately filling out different tools allowed for possible issues to be outlined and for systems and adjustments to be made in order to reduce the likelihood of the problems occurring. 

[image: ]
Figure 8 – Final Drawing
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1 B&D Design Efficiency Lucas Method (Manual Handling Index) Lucas Method (Fitting Index)
2 Essential 3
3 Non-essential 3 Process Step A B c D E F Total
4 Design Efficiency % 50 Fitting cylinder to body 4 16 0.7 0 0 0 63
5 Essential Non Essential A B c D Total Aligning forks to body 1 0 0 0 0 0 1
6 Main Body v Main Body 1 0 0 0 1 Attaching piston to forks 4 0 0 0 0 0 a
7 Forks v Forks 1 0 0 0 1 Attaching bottom plate 4 16 0.7 15 0 0 7.8
8 Cylinder v Cylinder 0.7 0.2 0.1 0 1
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