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This report will outline the design process and include analysis of a suitable robot gripper that is intended to be used in an autonomous transfer process. More specifically, the purpose of the robot gripper is to pick up the unit from the output station and transfer it to the autonomous guided vehicle. Several design principles will be considered including ‘Design for X’ to produce an assembly which is suitable for the application. The final design that will be produced will then be analysis using multiple tools, one of these being a ‘Failure Modes and Effects Analysis’. After analysing the final design suggestions on improvements can be made.
One of the first stages of the design process is to understand the requirements of the application. A way in which the requirements can be understood is by completing a ‘Quality Function Deployment’ also referred to as a QFD. A QFD is a tool predominantly used to understand a customer’s requirements and to translate these requirements into a graphical form. The “QFD is driven by what the customer wants, and for this reason, the technique is often described as deploying the voice of the customer.” (Berk & Berk, 2000)


[bookmark: _Toc106365079]Quality Function Deployment
The customer in this case is Festo as they wish to integrate a collaborative robot into their cyber-physical production system. They have detailed a set of requirements which need to be included within the QFD. These are as follows:
· Appropriate for high-volume manufacturing.
· The gripper should be mechanically actuated.
· Robust design to withstand sustained use within production.
These are three customer requirements that can be added to the QFD. I have also decided to include some other customer requirements within the QFD based on the task description. These can be seen below:
· Robot gripper should be easy to assemble.
· Suitable for handling of a phone enclosure.
· The solution should be cost effective.
Now that the customer requirements have been determined it is time to enter the design requirements. Once the design requirements have been included in the QFD the relationship between the customer requirements and design requirements can be assessed and scored accordingly. This stage of the QFD can be seen below:
[image: ]
Figure 1 - QFD Stage 1
Some of the aspects that can be determined from the initial stage of the QFD process is that there is a strong negative relation between the gripper being cost effective and the gripper material. The reason being that the more expensive the gripper material is the less cost effective the product is going to be. Another aspect to consider is that if the gripper needs to have a long lifecycle, then it is likely it will need to be manufactured from a more expensive material. It can be seen from stage 1 of the QFD that there is a strong relation between the long gripper lifecycle and the gripper material to reinforce this.
The next stage of the QFD is to investigate competing products and to set some quantitative targets for the technical characteristics. Some of the technical characteristics that need to be considered can be seen below:
· Phone Dimensions
· Robot Fixing Options
· Mechanical Actuation Type
· Robot Gripper Assembly Dimensions
Now that the technical characteristics have been defined, I can ensure to consider these when it comes to designing the part.


[bookmark: _Toc106365080]Design for X
There are various types of ‘Design for X’. These include design for manufacturing, assembly, reliability, maintainability, serviceability, environment, and lifecycle cost. These are all important factors when it comes to design however, for this design I will look more in depth at ‘Design for Manufacture’ and ‘Design for Assembly’ while still taking the others into consideration.
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Design for Manufacture, also known as DFM, “is the process of designing parts, components or products for ease of manufacturing.” (East West Manufacturing, 2020). If the DFM guidelines are followed, then there are several advantages that come with it. These include reduced manufacturing cost, optimisation of manufacturing processes and quality assurance.
The guidelines for DFM involve simplifying the design and reducing the number of parts which is also extremely important when it comes to ‘Design for Assembly’. Developing a modular design another aspect included in the guidelines as this simplifies the manufacturing processes if the design is modular. Using standard parts and components is another guideline of DFM. If standard components are used, then this is a more cost effective approach and reduces the risk of lead times issues. Designing parts to be multi-functional, ease of fabrication and providing tolerancing are also DFM guidelines. All the DFM principles mentioned will be taken into consideration during the design process.
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Design for Assembly, also known as DFA, is like DFM however, it looks at “reducing the number of components and minimising the number of assembly operations required.” (Velling, 2021). One of the many benefits that can be gained from DFA is that the assembly process can be made more consistent and efficient.
There are several principles to consider when designing for assembly. These include making sure that the part can be self-aligned. By following this principle, it means that the operator who is assembling the part is less likely to insert the part incorrectly. It is also important to consider access and visibility as part of DFA. If access is difficult then the part could be difficult to insert and may be done incorrectly because of this. If possible, the components used within an assembly should be standardised. This reduces the number of components that are required within the assembly making the design more efficient.
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It is an important process to identify possible failure modes within a design or a process. This FMEA will focus on the design of the gripper rather than the process. Failure modes will need to be identified early in the design process so that they can be resolved immediately. The actions that arise because of this FMEA will be completed during the design process.
	Potential Failure Mode
	Potential Effect(s) of Failure
	Severity
	Potential Cause(s)/ Mechanism(s) of Failure
	Occurrence
	Current 
Process 
Controls
	Detection
	RPN
	Recommended Action(s)
	Action Results

	
	
	
	
	
	
	
	
	
	Design Actions
	Severity
	Occurrence
	Detection
	RPN

	Robot grippers becoming damaged.
	Phone gets dropped by the robot.
	8
	The material of the grippers wearing away.
	3
	No current process controls.
	4
	96
	Design the gripper out of a material that is robust and will not wear quickly.
	Gripper designed out of suitable material. Regular inspection also required.
	7
	1
	2
	14

	Gripper assembly being put together incorrectly.
	Gripper does not function correctly.
	9
	Incorrect assembly of the gripper.
	2
	No current process controls.
	7
	126
	Use poka-yoke principles within design of gripper assembly.
	Fasteners will be used to assemble gripper assembly.
	9
	1
	5
	45

	Phone gets damaged during transfer process.
	Sharp edges and burrs on the robot grippers.
	6
	Poor design of the robot grippers.
	4
	No current process controls.
	6
	144
	Make sure that the gripper design does not contain sharp edges.
	Any sharp edges on the end effector will need to be chamfered.
	3
	2
	4
	24

	Mechanical actuation failure.
	Gripper fails and damages part/causes downtime.
	8
	Failure of pneumatic actuator.
	1
	No current process controls.
	8
	64
	Specify a reliable actuator in the design stage.
	Research and specify a suitable component for actuation.
	4
	1
	4
	16


Table 1 - Failure Modes Effects Analysis (FMEA)
Now that the potential failure modes for this design have been identified I can address these in the design change by following the guidance in the ‘Design Actions’ column of the FMEA.
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Based on the requirements of this application I began the design process by specifying a mechanically actuated product to actuate the robot grippers. After researching this type of product, I decided to go with MHS2-50D from SMC. The reason being is that it is a pneumatically actuated two finger gripper. This allows for parallel gripping of the part in question. Another reason for specifying this gripper is that it has a cylinder bore size of 50mm. Based on the size of the phone being handled by the grippers this seemed like a suitable choice. A 3D model of the MHS2-50D can be seen below.
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Figure 2 - MHS2-50D Model
After deciding on how the robot gripper were going to be mechanically actuated, I then started to design an adapter plate for the pneumatic actuator to be fitted to the collaborative robot arm. After taking measurements from the CAD model of the robot I decided upon a final solution. As the robot arm already have holes with an M6 thread I decided to use these to connect the adapter plate. As I intended for the actuator to fit flush with the adapter plate, I chose to use counterbore holes. The four M6 counterbored holes are used to fasten the adapter plate to the robot. M6x35mm Cap Head Screws is the fastener to be used with the counterbore holes. The reason being is that it will give sufficient engagement with the robot. The gripper adapter plate can be seen next.
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Figure 3 - Gripper Adapter Plate 1
After adding this initial adapter plate, I concluded that it would be difficult to have the fixing holes for the pneumatic actuator due to the size of the counterbore holes. For this reason, I decided to add another adapter plate to this one which would then include the fixing holes for the pneumatic actuator. Overlaying the CAD model of the actuator with the below part allowed me to determine the holes positions. Based on the datasheet from SMC these will also be M6 screws which means I could use a standard screw type for both fastenings. I also used the same counterbore screw principle to fix adapter plate 1 to adapter plate 2. Adapter plate 2 can be seen below.
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Figure 4 - Gripper Adapter Plate 2


Now that the pneumatic actuator could be fitted to the robot it was time to design a gripper that would fit on the end of the actuator. This is the part that would be handling the phone therefore I had to make key decisions on dimensions and material choice. After taking measurements of the phone and researching material properties I decided upon the following design for the gripper.
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Figure 5 - Robot Gripper
As you can see from the model there are two M6 through holes which will be used to fix the gripper on the pneumatic actuator. Now that I had finished designing each of the components it was time to assemble them together. By adding constraints within SolidWorks, I able to achieve the following.
[image: Diagram, engineering drawing
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Figure 6 - Robot Gripper Assembly


The constraints within the assembly were mainly added to the fixing holes and faces of the parts for it to mate together. After completing the design of the gripper assembly, I then incorporated it with the collaborative robot. To do this I constrained the face and fixing holes of gripper adapter plate 1 with the face and fixing holes of the collaborative robot. This can be seen below.
[image: A close-up of a syringe
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Figure 7 - Robot Assembly
[image: Diagram, engineering drawing
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Figure 8 - Gripper Picking Phone
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It is important to specify appropriate manufacturing processes for each of the parts that came out of the design process. Each of the components has its own application therefore it is possible that several manufacturing processes will need to be considered. Using suitable manufacturing process is a key part of DFM.
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There are a couple of manufacturing process that could be used to manufacture the gripper adapter plates. One of these would be use a CNC machining process. Since the part will be manufactured from aluminium this process would be appropriate. There would need to be drilling and cutting operations to manufacture this part which is another reason why a machining process would be appropriate. If a machining process were to be used, then a finishing process may also be required. For example, the parts could be anodised post machining to harden the part. This finishing process would also give the part an improved cosmetic finish.
Another manufacturing process that could be used to produce the gripper adapter plates is 3D printing. With metal 3D printing capabilities, the part could be printed using aluminium powder that would be fed into the bed of the 3D printer. A laser would then be used to heat the powder and this process would be repeated until the part is printed. 3D printing allows for parts to be created “that are impossible to make with any other fabrication method.” (Markforged, n.d.). Another benefit of 3D printing is that it allows for the manufacture of complex features however, in this case there are no complex features. One of the downsides of 3D printing is that it is not as cost effective as other manufacturing processes.
It is likely for this part that it will be produced using a CNC machining process. The reason being that it is a more cost effective manufacturing process. Cast aluminium tooling plate can be machined using the CNC which is suitable for this part. If the 3D printing process were used instead then the cost of the aluminium powder would be more than the cast aluminium tooling plate.
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The robot gripper has different characteristics to the adapter plate therefore different manufacturing processes may have to be used. One of the varying characteristics is that it will need to be robust due to the high volume manufacturing that it will endure. For this reason, it may need to undergo a finishing process such as powder coating or anodising to protect it. The part will also need to be manufactured from a robust material that is not too heavy. Aluminium seems like a suitable choice. Due to the thickness of the part, it may be possible to use a manufacturing process such as laser cutting for this part and then the holes can be drilled post laser cutting however, the more appropriate and cost effective process would be CNC machining as these features can be achieved in one process rather than two.
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Now that the FMEA has been completed it has assisted with identifying areas in which the design could be improved. For example, one of the ways in which the design could be improved is by using locating dowel pins on the adapter plates to ensure that it is assembled in the correct orientation. Even though this would add more components to the assembly process it would make the poka-yoke. This means it could not be assembled incorrectly whereas there is currently the possibility it could be assembled incorrectly. Another way in which this design could be improved is by using less fasteners within the assembly process. It may be possible to have one adapter plate for the actuator to mount to the robot. This would reduce the number of parts required making the design more cost effective in line with the DFM guidelines.
One of the other ways in which this design could be improved is the material selection. Based on the initial requirements the design needed to be cost effective. If the material analysis tools were used within SolidWorks it may have helped to identify an alternative material that was more cost effective. One of the most expensive parts of the robot gripper is the pneumatic actuator from SMC. To improve the design, it could be possible to pick and transfer the phone without any mechanical actuation.
An important factor of DFA is the design efficiency. This calculation will provide a percentage of efficiency of the design. This calculation can be seen below for the gripper assembly:



From the calculation it can be determined that this design is only 75% efficient. The reason this was determined is that the are only three essential parts which are the adapter plate, mechanical actuator, and gripper however, this design contains four parts due to there being two types of adapter plate. One of the design improvements could be to remove the extra adapter which would also improve DFA as there would be one less component.
More analysis and simulation could have also been conducted on the parts during the design stage. The reason for this is that for this application weight can be an important characteristic of the part. If this analysis had been carried out it may have identified any issues before the manufacturing of the part.
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To conclude I believe that the robot gripper assembly that was designed is suitable for purpose however, as suggested previously there are some design improvements that could be made in accordance with DFM and DFA. The gripper can complete the application of transferring the mobile phone from the output station to the autonomous guided vehicle. Applying DFM and DFA to the design helped to achieve a design that was suitable for manufacture and assembly. It also helped to identify areas where the design could be improved. Conducting an FMEA at the beginning of the design process assisted with identifying failure modes that were then addressed in the design process.
One of the aspects that I would improve upon next time is to define more technical requirements at the beginning of the design process rather than doing so throughout. Having a technical specification that included dimensions and other data would have been of benefit. As mentioned before one of the important factors of this design is the product lifecycle. Even though product lifecycle was considered in the design process a more in depth analysis could have been completed. As a result of this a maintenance schedule could have been defined for the assembly. Another consideration that could have been looked at more in depth is the system integration of the pneumatic actuator. For example, how the pneumatic supply would be connected to the gripper.
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