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Introduction
The purpose of this report is to design a robot arm gripper. It has been stated that industrial manufacturer Festo has expressed interest in integrating a collaborative robot (hereafter referred to as cobot) into their cyber physical mobile phone production system. The required function of the cobot is to unload complete mobile phones from the dispatch station of the CP lab. It is then required to place the mobile phones onto the autonomous guided vehicle (hereafter referred to as AGV) in order for the goods to be transported to the inventory station. 
There are a number of design criteria which are already stated in the assignment brief which must be adhered to.
The final design needs to be appropriate for high  volume manufacturing methods
The robot gripper must be mechanically actuated (pneumatic cylinders are accepted)
The final design must be robust enough to be used within a production environment for extended periods of time.
Solidworks 3D modelling software will be used to design the robot gripper, and a number of tools will be looked at throughout the report to aid in the design process including failure mode and effect analysis (hereafter referred to as FMEA), Ishikawa diagram, and the five whys. 
There are many benefits industrial robots can offer industry. A lot of companies use them to save materials, space, funds, and time whilst also being able to increase production output and improve product quality. 















Main Findings

Failure Mode and Effect Analysis (FMEA)
Before the gripper had been designed, the FMEA tool was used in order to determine any likely failure points with the processes associated with a robotic gripper. The results and solutions of using this tool allowed adaptations to be implemented into the design process. FMEA can be used for concept, system, process, service, or design . This tool is useful to help understand the way in which the gripper may fail and to identify the parts of the process which would likely need changing. The use of FMEA originated in the 1940’s within the U.S. Military. The process has been continuously developed and is now a very common tool for process analysis, and is an effective tool at predicting problems in the production of a part . 

Figure 1 FMEA of robot gripper
As can be seen in Fig 1 above, the FMEA process has identified a number of potential failure points for the robot gripper. The risk priority number (hereafter referred to as RPN) is able to be greatly reduced on some of these points during the design stage. For example, the mobile phone being dropped due to the gripper jaws flexing had a previous RPN of 160. By ensuring the design has a stronger material for the jaws, this RPN was able to be dropped to just 16. 




Ishikawa Diagram
Ishikawa diagram, also known as a fishbone diagram or cause and effect diagram, is a tool that can be used with the aim to explore further potential causes that can result in a failure or defect in a product. It is laid out in a simple and understandable format and can be used to identify the sources of process variation. Ishikawa diagrams identify the causes of an undesirable effect of a problem. They can also order these causes into a hierarchy of causes which would ultimately include the root causes. These diagrams help to focus attention on the primary factors effecting a product or service. The causes at the ends of the chains of causes would normally be the root causes 	 

Figure 2 Ishikawa diagram for robot gripper not gripping
The Ishikawa diagram shown above in figure 2 is for the scenario of the gripper not being able to grip the mobile phone. This is useful information before the design process as it allows the designer to consider all of the potential causes for a failure, broken down into six categories known as the “Six M’s” which are man (human), method, measure, material, machine and, mother nature (environment) . Using this diagram the design of the part can be modified to limit the potential effects of each of these causes. For example, the material corroding may be eliminated during the design stage if a corrosion resistant material is selected for manufacture.
Five Why’s
The five why’s tool is fundamentally used to find the root cause of an issue with a product or system. It does this by repeatedly questioning “Why?”. The idea is that by the time you get to the fifth “Why?” this should be the root cause of the problem. This is useful to stop the problem from just being masked if a proposed solution does not solve the root cause of the issue. This tool was used prior to the gripper design with a couple of potential scenarios in order to aid in the design process . 
As can be seen in Figure 3 & 4 below, the five why’s technique was used to determine some root causes of the robot gripper not being able to grip the mobile phone. The first scenario concluded that it was important to select the correct material in order for the gripper to not seize during operation. This can be done during the design stage with correct material choice. The second scenario concluded that the pneumatic piston used would need to be of good quality. Again, this can be done at the design stage as the budget for the pneumatic piston could be increased and the savings would need to be made elsewhere within the design, such as cutting down on the amount of material used.

[image: ]
Figure 3 Five why's diagram for seized sliding mechanism
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Figure 4 Five why's diagram for pneumatic piston not moving



[bookmark: _Toc106997400]Robot Gripper Assembly Design
The robot gripper assembly was designed on Solidworks, and ended up consisting of four key parts. These parts consisted of the upper gripper, the lower gripper, the outer pneumatic piston and the inner pneumatic piston. The most efficient way of designing this robotic gripper would have been to use a pneumatic suction device to pick the mobile phones up from the top, however some of the phones are defective and the top is not fully pressed into the body. This would have resulted in just the top of the phone being lifted by the gripper. The chance of a phone being defective was considered heavily in this design.
[image: ]
Figure 5 Robot gripper assembly
[image: ]
Figure 6 Lower gripper
[image: ]
Figure 7 Upper gripper
[image: ]
Figure 8 Outer cylinder
[image: ]
Figure 9 Inner cylinder
[bookmark: _Toc106997401]Finished Assembly
Looking at the finished assembly in figure 5, it shows that the approach to picking the mobile phone up was by using a gripper that could pinch from both the underside and the top of the mobile phone. The upper and lower parts of the gripper can be seen connected via a dovetail joint with enough clearance for each of the jaws to be able to slide against each other . This type of joint was selected to aid in the assembly when being manufactured. This joint requires no special tools during assembly and the shape of the joint makes it very intuitive as to the way in which the parts fit together, which would result in a quicker assembly time. The two joints are also slightly offset from each other which would make fitting the assembly together upside down impossible. Once the pneumatic piston had been fitted, the movement between these jaws is limited by the maximum extension of the piston, therefore the two jaws would not be able to detach from one another.

[bookmark: _Toc106997402]Lower Gripper
The lower gripper shown in figure 6 was designed with the tight restrictions of the dispatch station in mind. A gap between the bottom of the mobile phone and the dispatch station base of 3.5mm was present. This was deemed enough of a gap to slide two prongs into with a thickness of 3mm. By doing this it was not necessary to modify the dimensions of the dispatch station, therefore making this gripper system directly compatible with the current dispatch station. Careful consideration was paid to the shape of the end of the two prongs as to assist with picking up the mobile phone. If these ends were just left as rectangular pieces there is a good chance that they would have caught on the base of the phone and ended up pushing it backwards up the dispatch station instead of smoothly entering underneath the mobile phone. The design features the two prongs with rounded and chamfered edges . This means that if the cobot arm is not perfectly lined up to slide the prongs beneath the mobile phone, the phone should still be able to slide up the chamfered edge and onto the two prongs. 
A triangular piece can be seen at the base of these two prongs which has been left intentionally. This acts as a security measure to stop the mobile phone from catching into the sliding mechanism of the jaws should anything go wrong. If the whole process of picking up the mobile phone went smoothly, the phone would be left at the end of the prongs and this piece would be unnecessary. The height of this triangle section was set so that it was just taller than the base plate of the phone, but lower than the phone with the top attached. This meant that during normal operation it would not be obstructing any movement, however if a phone was to be loaded with no top at all, then this would stop the jaws of the gripper from smashing into the open circuit board of the phone which would likely cause damage.

[bookmark: _Toc106997403]Upper Gripper
The upper gripper shown in figure 7 is designed to also be the section that mounts to the cobot arm. This gripper was intentionally made a lot thicker than the lower gripper in order to accommodate this. As this would be the fixed part of the design, this is where most of its strength and rigidity are needed. Four holes can be seen which are drilled through the back plate of the upper gripper and it’s through these holes that it can be mounted to the cobot arm either via bolts or pins. The edges of the upper plate are rounded off for safety and aesthetics. 

[bookmark: _Toc106997404]Pneumatic Cylinder
A basic drawing of a pneumatic cylinder can be seen in figures 8 & 9. For this robot gripper a standardised cylinder would be used, such as the one below in figure 10.
[image: https://www.weigmaexport.com/WebRoot/hostalia/Shops/2617621/5AC8/5D62/8654/E857/9521/7F00/0001/B4E8/CILINDRO_NEUMATICO_ISO_DSNU_FESTO.jpg]
Figure 10 Festo pneumatic cylinder (Available at www.weigmaexport.com)
This type of cylinder would be advantages as it could be bought straight off the shelf, easing the manufacturing pressures for the robot gripper . As well as this it is manufactured by a reputable brand where good quality should be guaranteed. By using a standardised cylinder instead of designing one from scratch it will also cut out a lot of development costs and investment into research surrounding pneumatic cylinders. Spare parts for these cylinders will also be easy to come by and if one did need replacing, it would just be a straight swap with an off the shelf part. The brackets attached to the upper and lower grippers would need to be modified to accommodate the bolt fitting of this type of pneumatic cylinder.

[bookmark: _Toc106997405]Final Assembly with Mobile Phone
[image: ]
Figure 11 Final assembly with mobile phone
Figure 11 shows the final design assembly holding the mobile phone as if it had just been collected from the dispatch station. This is where the greatest feature of this design can be seen. This gripper design can also be the solution to the tops of the phones not being pressed in properly every time. If this gripper was to pick up a phone where the top was not fully pressed in, the pneumatic cylinder would push the lower jaws of the gripper upwards where the top of the phone would be pressed firmly against the thick upper plate of the gripper. As long as the air pressure was carefully selected this should be enough force to click the top back into the bottom section without damaging the mobile phone. This feature would prove invaluable as this problem with the mobile phone not being assembled properly appeared to happen quite frequently. This would make this gripper design more desirable to large manufacturing facilities as it would be seen as an innovative solution to two problems, not just the original task in the assignment brief.








[bookmark: _Toc106997406]Material and Manufacture Selection
The selection of appropriate material to manufacture this robotic gripper is key to its success as a functional part. As this part is to be used in a manufacturing environment reliability is essential over anything else. This means that most businesses would be willing to pay more for a quality product than save on a low quality one. This is largely due to the high losses involved if equipment goes on stop. It is for this reason that plastic components were immediately dropped from considerations. The chance of the parts cracking or wearing excessively was too high. Aluminium was considered due to its lightweight properties and easy machinability. This too was ultimately considered not ideal due to its tendency to crack, especially since the prongs of the lower jaws were only 3mm thick. Stainless steel F316L ultimately ended up being the alloy of choice for this gripper design. F316L has excellent strength properties as well as good corrosion resistance properties due to it containing a high level of chromium around 10% and around 2% molybdenum .
Another big advantage of using F316L is the ways in which parts can be manufactured using it. F316L is an ideal alloy to be used in the casting process . It would be recommended that the upper and lower grippers for this design be manufactured by sand casting. This is a manufacturing method which allows for large scale production and it produces the parts relatively cheaply . Since the surface finish of the upper or lower gripper isn’t essential to its function, a quick machining will leave the part in a usable condition. The only exception to this is the dove tail joints which would need to be machined to tight tolerances to allow the plates to slide over each other. Too tight a fit would cause them to seize and too loose a fit would cause play in the jaws holding the mobile phone. The four holes in the back plate of the upper gripper would also have to be drilled to the correct size in order to mate to the cobot arm properly . 
It would also be possible for this gripper design to be easily assembled by the end user. The upper gripper is easily mounted to the cobot arm with four bolts or pins, the lower gripper slides onto it and the pneumatic piston is then bolted between the two parts which holds them together. This design is also very user friendly for assembly due to the type of joints being used and the fact that they were offset so it would be impossible to fit them in the incorrect orientation. The customer would need basic tools to tighten the bolts into the pneumatic piston to attach it to the brackets; however this would just be a cheap spanner which could even be included with the part when it gets sold .
[bookmark: _Toc106997407]Environmental Consideration
This material selection also boasts good environmental consideration. The only real drawback with using F316L is the initial energy needed to melt it down. Once manufactured the product should have a long service life thanks to its high strength and high corrosion resistance. The only part of this assembly which would not be made from F316L would be the pneumatic cylinder that was a standardised part. This would be easily removed via two bolts though, leaving this gripper design extremely easy to recycle at the end of its service life . 


[bookmark: _Toc106997408]Conclusion
In conclusion it would appear that the required assignment specification has been met as a fully functional robot gripper has been designed. The use of some design tools helped to aid in the design process and had an impact on certain design features and material selection. 
Of course, this is not a perfect design by any means, and there are a number of things that would be beneficial to look at developing. The first thing that would be hugely beneficial would be the integration into the smart network already operating within the physical cyber production system. A useful addition would be a proximity sensor mounted to the top of the upper gripper plate. A hole could be drilled to allow the probe of this sensor to pass through. When a mobile phone is picked up, this probe would be pushed upwards by the mobile phone and could send a signal informing the AGV that a phone is ready for collection. If for some reason a malfunction happened and the mobile phone dropped, the probe would be released which could send a signal to alert technicians to a fault that needs investigating.
As well as this, the overall profile of the gripper could likely be reduced. If initial testing of a prototype version was successful, material could be removed and the impact on the strength of the product could be studied.
Other tools that would have proven useful for this design project would have been design for manufacture (DFM), design for assembly (DFA), and quality function deployment (QFD). Despite not using these tools for this particular project in the official way, the intentions of these tools were considered throughout the design phase. 
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