
DESIGN OF A FESTO AUTOMATION GRIPPER.
A report detailing the process and work that went towards the production of a FESTO automation gripper attachment.
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[bookmark: _Toc106364841]Introduction 
Robotics has become a major improvement to manufacturing sites around the world. By having robotics systems in a manufacturing environment, it can considerably increase the productivity. ‘’Mobile automation solutions increase the flexibility of the production facility and enable a sustainable increase in cost-effectiveness’’ (KUKA, 2022). Robotics have many uses such as manoeuvring heavy objects, carrying out quality control work and even carry out labour intensive tasks which is typically carried out for long periods of time. This report will be going into detail and will show the process of creating and designing a robotic gripper attachment which will soon be placed onto a FESTO robotic arm. The report will go in depth to show what research and development was taken to ensure that the gripper meets the correct criteria and that it works as intended.  
Once the gripper is created it will be attached to a FESTO arm which is operated by the use of a software known as CP labs. CP labs is a FESTO owned software to help educate and simulate an automation system. CP labs is used for training on mechatronic systems (FESTO, 2022). With being able to operate with CP labs, it allows for the gripper to be dialled in correctly and for the gripper to conduct its job correctly and efficiently. The system is incredibly useful for testing out new equipment such as the designed gripper. Once installed, it allows for technicians and students to experiment with different techniques and processes to see which suits the best criteria for what they would like to achieve. With this easy accessibility function of the system, it allows users to create and customise a unique system to provide easy, yet efficient work. It allows you to test any kit prior to putting it to use in a working automated production line. The information included in this report will explain why the task of designing a gripper was carried out, the research and development that has been conducted, and an overall look how well it functions when it’s put to the test. The report will contain tables such as DFMEA, showing what processes were carried out to iron out any complications that may become apparent in the future. Within the report stress diagnostics statistics will also be presented to give a good idea on how practical it will be. 
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[bookmark: _Toc106364843]The gripper and its components
The gripper in all is a very basic attachment for the Festo gripper. Below will contain some parts that make up the product. 
· The gripper body– This will contain the internals for the gripper such as the pneumatic fittings and the mechanical system to open and close the jaws on the gripper. 
· Two movable arms- The arms will be what the jaws are bolted to. The arms will have two threaded holes to ensure that once the jaws are attached, they will not detach themselves. 
· Removable jaws- The jaws that will be attached to the moveable arms will be detachable. This allows for the gripper to be modular and allows for other attachments created further on down the line. By adding this feature to the gripper, it allows for a cheaper purchase if another attachment was to be needed.  
· Rubber grips- These will act as grip when the phone is being collected from the selection process. They will be applied in the final stage of the assembly process. 
· Camera sensor- A camera detection device will be fitted internally within the body of the gripper. The purpose of this component will allow the system to record that a component has been retrieved by the gripper and will also notify the system if no component has been retrieved. 
[bookmark: _Toc106364844]Specification 
Below can be found the specification for the gripper and what its required to do: 
· The gripper must be able to move the mock phone from the finished goods and load them onto an AGV (Autonomous Guided Vehicle). 
· The gripper must have a suffice grip onto the phone for it to be moved. 
· The gripper must be able to work with the current system to operate correctly. 
· The gripper must be operated either pneumatically or electrically for the jaws to operate. 
· The jaws must have the correct amount of pressure entering to ensure a suffice grip.
· The jaws must be soft closing to keep the phone protected whilst in transport. 
· The gripper must be able to attach to the already threaded holes on the FESTO arm. 
· The gripper must have some form of protect on the jaws I.E rubber cushioning. 
· The gripper must have a sensor fitting projecting towards the grippers to detect that it has collected a phone. 
· The gripper must be able to be easily manufactured.
· The gripper must be able to be easily assembled.
· The gripper must be able to be maintained simply and effectively.  
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	Inspiration
	Pros
	Cons

	[image: See the source image]Figure 1


	· Sturdy design. 
· Wide grippers allow for good grip. 
· Chamfered jaws allow for small collection areas. 

	· Weighty design. 
· Costly due to bulky design. 
· Jaws are wide enough for good overall surface grip.

	
[image: See the source image]Figure 2

	· Easy connection system.
· Can simply attach and detach jaws from main body. 
· Easy pressure connection points. 
	· Grippers have awkward machined angle. May cause issues retrieving the phone. 
· Grip face on the jaws isn’t wide enough, which may lead to insufficient grip. 
· Not compatible to FESTO arm. 

	[image: See the source image]Figure 3





	· Simple straight forward design. 
· Simple operations
· Easy assembly and disassembly for repair. 
	· Bulky design.
· No pneumatic connection points. 
· No slot for sensor fitting. (Which is required) 



From the table you can see inspiration that will go towards the final gripper design. By getting inspiration it allows to get a better understand of what the finished product may look like. Going forward the pros and cons of each gripper will be taken into consideration to create and reliable and well-functioning gripper to complete the task in hand. Evaluating other grippers allows me to iron out any known issues other manufactures have with already produced components. By researching these issues, I can produce a gripper with very little to no faults and create a very reliable product. 








[bookmark: _Toc106364846]DFMEA- Design Failure Mode and Effective Analysis
In this part of the report, it will be going through the failure modes that have been encountered whilst designing the gripper for the FESTO arm. They have been well thought-out modes that have believed to have the most common effects on the gripper. A DFMEA table was used to ensure that the reliability of the gripper will be suffice for the task it’s going to carry out. The table enables users to think of issues they may come across and then lets the engineer see where the issue may appear. By identifying these issues, it allows to make a better-defined product whilst enabling good quality assurance to the end customer. A DFMEA table also helps engineers see any direct effects which may compromise minor failure modes.  Minor failures include issues such as the gripper not running its primary function- which is to move the mock phone from point A to point B. Below a DFMEA table was produced to iron out potential issues with the required gripper. By referring to the specification of the gripper important data was generated to see where the soon designed gripper needed to improve.  
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Pictured above the DFMEA (Design Failure mode and effective analysis) table carried out on the designed gripper. FMEA tables are a great way to really go into depth with examining a products fault. It allows the designer of the product to see where the product can improve and what controls need to be implemented to ensure a successful product (LIMBLE, 2022) . Using an FMEA table also allows for use of finding alternatives during your design process. By incorporating changes earlier in your design, allows for less hassle and changes when you are coming to a finishing stage of your design.  Although deemed to be useful, DFMEA tables do have they draw backs. The process of creating a DFMEA table is that it’s a lengthy process which does take up a lot of time (TWI, 2022). Another downfall to the FMEA process is that if you’re dealing with a completely new product, you may miss some problems with the product (quality training portal, 2022). If you miss issues with the product, you may hit a wall further down the design process which may put an entire stop to the project. Once the table was completed and the design was revaluated, it is apparent that the RPN (Risk Priority Number) numbers for each possible issue was reduced. By having an overall lower RPN means that a component can be depended on a lot more and can be a very reliable product. 
[bookmark: _Toc106364847]DFM- Design for Manufacture. 
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Description automatically generated]When designing and thinking about the gripper, an easy and simple design was mentioned as the grippers overall job is straight forward. Its job is to move the mock phone from point A to point B. Whilst the process is easy enough, the gripper also had to be a simplistic design. This is where DFM (Design for Manufacture) comes into the equation. When designing and imagining how the gripper would look, the idea of having it made to be easy to use, easy to manufacture and easy to be maintained played a big part in the specification.  By making an easy design you are allowing the design to be cost effective. Meaning that it’ll be cheap to manufacture (Fractory , 2021). The design also featured many standard components, for example, nuts, bolts, and spacers. By having these standard components within the design, it allows for easy replacement of parts as they are produced on a large scale (ReliablePlant, 2022) . The gripper will also contain modular components which allow for easy inspection and maintenance. The gripper will be designed to be easily taken apart for inspection and any repair work. By doing this, it will give the maintenance team a quick and simple task which in theory, should reduce the downtime of the component which means less downtime on a manufacturing line (cnfastpcb, 2021). 







[bookmark: _Toc106364848]DFA- Design for Assembly
Designing for assembly is a very useful process to introduce into any assembly method. By brining this process in the design of the product you are allowing a minimization of assembly cost. Designing parts which are self-aligning or a part that requires zero to little tools can really aid with a simple yet effective product. The designing for assembly was taken into to consideration as it was required to be a neat and easy model. For example, the body of the constructed gripper is removable to allow for servicing and maintainability reasons. When it times to reassemble the gripper after maintenance there has been a lip added to the bottom of the removable plate. By adding this lip allows the engineer to simply place the cover back on without having an alignment issue. With this lip being added it also allows for the bolts holding the back cover on to simply be dropped back into position without any hassle or fuss.



When looking back at the grippers initial design there were some changes made in an earlier stage. These changes occurred as by using the Lucas methodology, the method was used to iron out parts that in earlier stages of development of the gripper. 
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Description automatically generated with medium confidence]Talked about above, the cover was mentioned to have a lip on there to help with the assembly process of the gripper. Illustrated below is the designed gripper front plate. 
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With having the lip on the back plate, it can help with assembly and with taking apart the gripper for repair and reassembly. The back plate was designed to allow simple reconstruction. As shown above the back plate has the mentioned lip. The back plate was also designed to be placed on in any position. Again, by having this feature it lessens the chances of components being mounted incorrectly and potentially cause serious problems later in the future.  

[bookmark: _Toc106364849]Design tools used in the process
[bookmark: _Toc106364850]Solidworks (CAD)
Solidworks is a design software that allows users to create 2D and 3D shapes. Solidworks can be used to create parts and pieces of one whole component. The parts and components can then be utilized to create one assembly piece. The software then allows the user to visually see how their finished product will look. It’s a very useful software as it makes available different scenarios for the designer to configure with.  The software was used to enable the gripper to be seen as a whole product. Solidworks enabled a very thorough design process allowing to see how different concepts would utilize the gripper performance. Pictured below is the final design. 
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As mentioned, the gripper came from inspiration as mentioned on a previous page. It really helped with the thought process and other ideas along the way. The gripper contains 2 jaw plates, rubber bumpers, the main body and the cover. All parts have been designed with the design processes thought about such as DFMEA and DFM and so on. 
[bookmark: _Toc106364851]Calculating stresses and forces using Solidworks
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Description automatically generated]Solidworks was used applied to the task quite significantly. It enabled a very in depth look to how the gripper would work and operate upon completion. The software allows the user to carry out stresses and forces upon a component. In this case, the stress and force tool within Solidworks was used to show where weak points may be on the gripper’s jaws. Its essential to know where these weak spots are to allow further improvement on components. If there were to be unidentified weak points contained within the jaws, it could lead to very serious and lengthy break-down times and unnecessary maintenance.  Pictured below are the results of the first stress tests carried out on the gripper arm- the component which will undertake a significant amount of force and weight. 

The back plate of the gripper has a slight bend when the force was applied. This is an issue that can not happen at all as it will result in a failure. The rear plate of the gripper must be strong enough to hold the pressure given by the pneumatics of the gripper and then the phone itself. The information below shows the properties of the chosen material and its characteristics. 
	Model Reference
	Properties
	Components
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		Name:
	201.0-T43 Insulated Mold Casting (SS)

	Model type:
	Linear Elastic Isotropic

	Default failure criterion:
	Max von Mises Stress

	Yield strength:
	2.25e+08 N/m^2

	Tensile strength:
	2.73e+08 N/m^2




	SolidBody 1(Fillet6)(Gripper arm)






Once the results from the last test were analysed a second test was carried out with some improvements. These improvements become apparent from the last test. On the gripper arm it was found to be flexible a significant amount in a crucial part of the jaws- where the phone would be held. This had to be amended immediately as it would result in failure. 
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Description automatically generated]Below can be found the before and after improvements of the jaw. 

With the results from the last test, a small bridging piece was added to see if improvements would be made to the jaws performance. Once added, another test was carried out ensuring the same variables were added to allow a fair examination.  Below can be found the results. 
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From the image above it is clear that the bridged piece significantly aided in supporting the rear plate of the jaw. This will now be added to the overall final design of the product to ensure a much solid component. The stress analysis tool was used for this reason. The tool allowed to see any issues before putting the components into manufacture. Stress analysis tools aid in also reducing costs of manufacture. It can also help aid with physical effects on the component (INDOVANCE, 2021). As mentioned previously, testing software tools such as Solidworks allows designers to find errors early on in design stages. It also allows to make a better overall product before coming to make a prototype (INDOVANCE, 2021). 



[bookmark: _Toc106364852]Conclusion
To conclude my findings, it can be found that the project, overall, went successful. All research and development tasks were carried out to ensure a safe and effective gripper was constructed.  
By following the design processes, it allowed for a well thought out product. Using processes such as DFMEA meant that any problems there were identified using the DFMEA process could be ironed out and any issues that may become apparent further down the design method. If you eliminate issues at early stages, it means that costs can be kept low as thinking ahead is crucial. If the design was to cause problems when components are close to completion, it will be very costly to work backwards to fix an issue that could’ve been removed in early stages. Thankfully, by using DFMEA allowed all problems to be found in initial stages.  
Standardisation was thought about when designing the gripper. There is where Design for Manufacture (DFM) plays a part. DFM was used as previously mentioned. The process was used to allow the gripper to be as standard as possible. The gripper was mentioned in the specification to be standard as it can be easily repaired or replaced. Standardised components such as bolts were used in the design to allow for easy access. Bolts can be found anywhere in the world at different prices. B having these parts in the design it allowed for quick and easy repair. This allows to decreased downtime as the parts can be stored and ready for use at any moment. It again met the criteria which is always a positive and meaning that a well thought out gripper has been designed. 
By using DFA (Design for Assembly) it also allowed for the gripper to be designed with the operator in mind. The grippers specification stated that it needed to be easy to use and to be effortlessly installed when completed. The DFA process allowed for the gripper to stick to the specification. For example, the back front place to access the grippers internals was designed to have a small internal lip to ensure that when taken apart, it does not take a long time to reassemble after a service or repair. With having this lip on the front plate, it also decreases time for the product as its quick and to put back together. 
All in all, the design process and the CAD work used in this project worked very well as the gripper was made and can be seen above. All processes where well thought out and were used correctly to aid in the completion of the task. 
Pictured below is the final gripper attached the FESTO arm. 
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