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[bookmark: _Toc106212916][bookmark: _Toc106658191]Introduction 

Industrial control and automation manufacturers Festo wish to integrate a collaborative robot (cobot) within its cyber-physical production system. The primary intended function of the cobot is to unload finished goods from the output (dispatch) station of the CP Lab, and subsequently load them onto an autonomous guided vehicle (AGV) for transportation to inventory. The goods handled by the cobot are fully assembled mobile phones (illustrated below). 
[image: page2image4025627392][image: page2image4025627696]
[bookmark: _Toc106658192](Mobile Phone Assembly)

[bookmark: _Toc106658193]The Task:
You are required to design a suitable robot gripper (end effector) for the application described above, applying appropriate Design for Assembly (DFA) and Design for Manufacture (DFM) principles. All design and development activity and any design tools/techniques, included those used to digitally appraise your solutions, used should be included in your report. In addition to a detailed description, 3D solid models should be produced, using CAD software, to detail your final design. The client has provided the following design criteria:
· The final design should be appropriate for high-volume manufacturing. 
· The gripper should be mechanically actuated. 
· The design should be sufficiently robust to withstand sustained use within a production environment. 
(RichardMorganBrief, 2022)

[bookmark: _Toc106658194]The Target Market
My solution must be suitable and compatible with the FESTO Cobot machine used within the robotics lab at the Swansea campus. For the purpose of this assignment, my solution must appeal to my lecturer - Richard Morgan, and internal verifier – Jordan Jenkins, who will both read and review the information in this report towards the task in which they have set me. 
























[bookmark: _Toc106212917][bookmark: _Toc106658195]Main Findings

[bookmark: _Toc106658196]Research into task

Having gone down to the robotics lab a couple times and being shown virtually by Richard and Jordan, I had a good understanding of the what the cobot looked like and the production system it was involved in. 

[image: A picture containing text, indoor, cluttered

Description automatically generated]The mock phone can be seen below and is rectangular in shape with top and bottom plates that are pressed together. However, sometimes the plates may not have been properly pressed and locked together resulting in the phone to split apart when grabbing the part of the process we are concerned with is the end part, where the phone has been fully assembled and is transported to a waiting shelf to be loaded onto the RGV. 













As you can see from the photograph above, there are limitations to the gripper solution. Such as, there is a stop-block central to the phone, meaning that this removes any chance of gripping the phone centrally underneath. Also, the phone travels down a guide channel with two lips either side of the phone. These guide walls prevent the phone from be grabbed underneath from the sides. 

From a visual examination, I would say that the best angle to grip the phone from would be the top view as there are no barriers in the way of picking the phone up from the top. 

[bookmark: _Toc106658197]Mounting
From looking in person and at the CAD models there are 4 mounting holes on the FESTO arm in which a gripper could be added. 
















[bookmark: _Toc106658198]Competitors Ideas

[bookmark: _Toc106658199]Competitor Gripper 1:
This gripper shown to the right is a pneumatic gripper that was already in place on the FESTO cobot when I had a demonstration of the production process and robot. 

From visual inspection it looks like this gripper is pneumatically actuated, with the gripping arms pivoting open and closed.

We can see that in its current state, this gripper wouldn’t work for grabbing the phone as the gripping arms are far too narrow to grip the phone across its length or width. Unless this gripper grabs the phone across its depth but would mean there isn’t a very secure method. 

[image: A close-up of a machine

Description automatically generated with low confidence]There were threaded holes in the side of the gripper arms, so I was wondering if an extension of the arms were to be fitted in these holes allowing the phone to be gripped from either desired dimension. 












[bookmark: _Toc106658200]Competitor Gripper 2:
Festo DHDS-50-A-NC 1259496 - Three-point gripper (rowsepnuematics, n.d.)

As you can see this FESTO gripper has 3 jaws in a triangular placement to grab its items. This gripper reminds me a 3-jaw chuck on a lathe, meaning that you should be pretty good at self-centring and locating items. 

The cons of this gripper are its price tag, being a whopping £1080. This product may seem steep to initially purchase but in comparison with the rest of the equipment’s price tags it isn’t too bad. Plus, any long lasting, durable, efficient gripper like this one will almost certainly have a short payback time. 

[image: A picture containing indoor, bottle

Description automatically generated]The reason I think a 3-jaw gripper wouldn’t work for me is because it is best suited to cylindrical object, not for rectangular objects like the cell phone. 















[bookmark: _Toc106658201]Competitor Gripper 3:
SMC 2 Finger Double Action Pneumatic Gripper, MHL2-10D, Parallel Gripping Type - £348 (rsonline, 2022)

Below shows a linear gripper I had found online when doing my research into competitor grippers. I really like this gripper for the shape of the object I am trying to pick up, and I believe priced very good for what you get compared to previous grippers found. 

The cons of this gripper would be the actual grip-ability of this product because it has metallic jaws, I believe the part could easily slip or be damaged. 
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[bookmark: _Toc106658202]Design Specification 

The design specification can be seen in the attached Excel document*

[bookmark: _Toc106658203]Description
A design specification is a list of criteria a product needs to address. Using the brief as a starting point for research, a specification can be written when more facts are known. Information needs to be found through research to help produce early design solutions and improvements.

If the criteria are measurable, it makes it easier to later measure how effective the design ideas are, eg 'How much will the design cost to produce?'


[bookmark: _Toc106212919][bookmark: _Toc106658204]Specification:
[image: Timeline
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[bookmark: _Toc106658205]Evaluation

The evaluation can be seen in the attached Excel document*

From my evaluation we can see that the competitor idea 3 was the best rated against the design specification. This means that I will take idea 3 and improve on it in my own solution. 


[image: Table

Description automatically generated]




[bookmark: _Toc106658206]Chosen Solution 

Below shows the CAD model I have created for my chosen solution. I have decided to go for a linear gripper to grab the phone from above across its length. This design works perfectly with achieving the needs set to me. You can see the 4 mounting holes on the main body match up with the mounting position on the FESTO arm. The bottom image shows the placement of the rubber grips on the flange of one of the gripper arms. My chosen solution has taken the principle of ‘competitor idea 3’. 
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[bookmark: _Toc106658207]Bill of Materials 

1) [bookmark: _Toc106658208]Gripper body – 
The gripper body is the main component of the gripper assembly. The gripper body is what mounts the gripper assembly to the FESTO arm. The gripper body also houses the pneumatic actuation of the gripper internally. The gripper body is made up of two components – The main body, and the body lid that are bolted together by 4 OFF M4 Bolts. The body lid allows access to the internals of the body once the bolts are undone. 

2) [bookmark: _Toc106658209]2 Piston Double Acting Spring Return Pneumatic Cylinder – 
This cylinder is what causes the kinetic motion within the assembly to grip the desired part. Once air pressure is applied to the cylinder then the 2 pistons extend outwards. Hence the gripper is opening. Once air pressure is dropped within the cylinder then the spring return force moves each piston inwards to grab the part. The force on the springs can be calculated to be strong enough for good grip but not too strong to damage the part. 

3) [bookmark: _Toc106658210]Pressure Relief Valve – 
The pressure relief valve is a safety component added to the assembly. The valve ensures that a large amount of pressure doesn’t build within the cylinder causing quite a severe bang, endangering everyone in the surrounding area. 

4) [bookmark: _Toc106658211]2 OFF Gripper Arms – 
. The movable arms stick out either side of the gripper body and extend the length of the phone in which it is grabbing. The movable arms have been made from sheet metal which has been laser cut and bent into position. 

5) [bookmark: _Toc106658212]4 OFF Rubber grips – 
These rubber grips are used to give the gripper assembly extra friction force between the phone and the gripper arms. There will be 2 OFF rubber grips on each arm, allowing the arms to equally grip the component. The grips will be squeeze fitted into the desired locations. 

4) [bookmark: _Toc106658213]Proximity Sensor –
The proximity sensor is a vital component in allowing the mechanism to work effectively and reliably. The proximity sensor can be calibrated so that once an object is within its grappling distance, it confirms and allows the actuation of the arms to carry on. The proximity sensor is also vital in preventing the gripper to collide with the part when picking it up. 

5) [bookmark: _Toc106658214]Fastenings – 
There will be multiple fastenings used for pulling together the whole assembly. For instance, there is 4 mounting holes to the main body, and then there will be securing bolts for the internal components. 














[bookmark: _Toc106658215]Ishikawa Diagram 

[bookmark: _Toc106658216]What is it? 
An Ishikawa diagram is a diagram that shows the causes of an event and is often used in manufacturing and product development to outline the different steps in a process, demonstrate where quality control issues might arise, and determine which resources are required at specific times. (investopedia, 2022)
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[bookmark: _Toc106212921][bookmark: _Toc106658218]DFMEA - Design Failure Mode and Effective Analysis

The DFMEA created for this assembly design can be seen in the attached excel document*

[bookmark: _Toc106658219]What is it?
DFMEA is a methodical approach used for identifying potential risks introduced in a new or changed design of a product/service. The Design FMEA initially identifies design functions, failure modes and their effects on the customer with corresponding severity ranking / danger of the effect. Then, causes and their mechanisms of the failure mode are identified. High probability causes, indicated by the occurrence ranking, may drive action to prevent or reduce the cause’s impact on the failure mode. The detection ranking highlights the ability of specific tests to confirm the failure mode / causes are eliminated. The DFMEA also tracks improvements through Risk Priority Number (RPN) reductions. By comparing the before and after RPN, a history of improvement and risk mitigation can be chronicled.  (dfmeameaning, 2022)
[image: A picture containing text, crossword puzzle, receipt
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[bookmark: _Toc106212922][bookmark: _Toc106658220]DfM - Design for Manufacture 

[bookmark: _Toc106658221]Description:
Design for Manufacturing (DFM) is the process of designing parts, components or products for ease of manufacturing with an end goal of making a better product at a lower cost. This is done by simplifying, optimizing and refining the product design. The acronym DFMA (Design for Manufacturing and Assembly) is sometimes used interchangeably with DFM. 

Five principles are examined during a DFM. They are:
6) Process
7) Design
8) Material
9) Environment
10) Compliance/Testing
(ewmfg, 2022)

[bookmark: _Toc106658222]Why is Design for Manufacturing Important?
For any business looking to make money and create products that are profitable, DFM is vital for efficiency, speed, and high rates of production. It is thought that approximately 70% of the manufacturing costs of a product derive from design decisions made in the early design stages, such as materials used or method of manufacturing. DFM therefore has great cost-reduction capabilities. A focus on the design stage, available through DFM, would significantly reduce the final production cost. It can also enable the identification, quantification and elimination of waste or inefficiencies at various points throughout the manufacture and production process. It may additionally be used as a method of benchmarking and, in doing so, a company can assess the products of competitors. (twi-global, 2022)


[bookmark: _Toc106658223]How have I implanted DfM?
As described above, DfM works best the earlier on it is implemented into the design phase. I have simply tried to make the gripper as simplistic as I can. My gripper assembly consists of a low number of parts meaning that the manufacturing time for the whole component is as minimal as possible. If I were to increase the number of components within the assembly then yes it may perform to a higher and more complex standard, performing multiple variations of grabs but it would mean the manufacturing aspect of making and pulling together all these components would be a lot longer. Also, as long as my gripper functions to standard then that is all that is needed. Over complicating the product could be a form of manufacturing waste (Muda).  

I have used common parts and components. As talked about, the more simplistic the assembly is, the better. Using bolts with common thread types, not only cuts cost down but also means that parts are very easy to purchase, and very easy to design to. As common threaded bolts allow you to use the same common threaded taps in the machining process – it would cost a fortune to purchase a one specific tap. The commonality of parts allows for easy maintainability as well because you can easily order spare parts in the event of a repair. Simple, common parts often simply perform well. Bespoke custom features would be where you start seeing new issues creep in. 

Back with the theme of simplicity, the actual shape of the components is very simplistic. The main body being cuboid in shape means that the gripper body has great machinability due to there not being any awkward angles or tapers or features in which additional cutters would be needed.  I could’ve gone for a cylindrical shape for the body, and this probably would’ve been easier to manufacture by a turning process. However, I felt that with the internal pneumatic cylinder being short and long, the cylindrical shape didn’t work best.

The gripper arms are made from sheet metal aluminium, that is laser cut and metal bent into its desired dimensions. This is great for high volume production due to only needing a large sheet metal piece to create many arms for many assemblies. Laser cutting is also a quick and easy production process that gives a reliably dimensioned part. Due to there only being two right angled folds for each arm, the sheet metal bending is quite simplistic as well. The metal bends could even be tweaked by hand or pliers into its final position once fully assembled. 

























[bookmark: _Toc106212923][bookmark: _Toc106658224]DfA- Design for Assembly
[bookmark: _Toc106658225]What is DfA?
Design for Assembly (DFA) simplifies the product’s structure by reducing the number of components and minimising the number of assembly operations required. The aim is to make the manufacturing process easier, faster and more consistent, therefore more productive.
The basic Design for Assembly process involves asking three questions for each part in an assembly:
· Does the part have to move relative to other parts in the assembly?
· Is the part made of different material for aesthetic or functional reasons?
· Does the part have to be separate to guarantee access to other parts or to be able to carry out repair and maintenance?

When answering no to all the questions above, the part should most likely be combined with another part in the assembly.

The main principles of DFA to keep in mind are the following:
1) Minimising part count
2) Modularity
3) Built-in fasteners
4) Part symmetry
5) Mistake-proofing
6) Use of standard parts
7) Use of reasonable tolerances

Considering all these aspects throughout the product development phase will ensure lower overall manufacturing costs, in turn increasing the potential revenue. While DFA may seem very much producer-centric, many of these features will also be appreciated by the end customer.
(fractory, 2022)
[bookmark: _Toc106658226]How have I implemented DfA?
Like the reasoning in the DfM section of this report, the simpler the part, the easier it is to assembly. I have minimised the number of parts within the assembly meaning that when it comes to putting everything together, there isn’t a heap of confusing parts. The assembly process of this gripper assembly would have a written work instruction (WI) to go with it. The WI would be reviewed and written in conjunction with the assembly operators, coming to an agreement on what works best for them to assemble everything in a safe, efficient, and productive manner. 

For a component such as this one, I would have several production cells in which the operators would be stood on ergonomic anti-fatigue mats facing their work bench. Their work bench would be kitted with Andon lighting component lin-bins, in which parts would be kitted from behind by designated kitters. There may be a digital WI on display to the workers, but once fully trained up they should be fluid with the production operations. The Andon lighting clarifies whether they are selecting the right component or not for each operation. And the kitters should only kit enough for desired production batches on a job sheet, this means that any parts missed should be left in their stored location.

When assembling the gripper body, I would have the internal opening to the body in a form jog facing wards. Having the opening facing on top means that the parts will go inside a lot easier, using gravity as your best friend. Once the internal components have been placed and tested by camera testing station on your work bench, then you can put the lid on the body and torque the bolts using a pneumatic torque driver that is ergonomically hung on a retractable cord. 

The arms used are symmetrical in shape, meaning that they can be used on either side of the gripper body. With the gripping side of the arm being a lot wider than the fixturing side of the arm, poke-yoke’s the assembly process even further as you cannot assembly the arms wrong. 

The rubbers used can be assembly in any of the four locations. Again, this means that it is difficult to assemble the rubbers wrong. The only threat is missing a rubber during assembly, but we will use a buddy checking system for each batch of components going out the door. 
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[bookmark: _Toc106212926][bookmark: _Toc106658227]Calculating stresses and forces using Solidworks

Using the simulation express wizard in Solidworks we can visually represent the stress forces applied to the component during normal production, and how the component feels about these forces. 

[bookmark: _Toc106658228]Original Arm: 
Originally, I went for a arm with the whole middle section cut out. The reasoning behind the cut outs were to weight save on the component due to the FESTO arm needing good manoeuvrability. However, the arm being like this has left it in a weak state, putting a lot of strain on the two mid branches. After seeing this simulation, I decided to further design my arm shown on the next page. 

[image: Graphical user interface, application
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[bookmark: _Toc106658229]Improved Arm Design: 
After seeing the huge stress placed on each of the branches in the original design, I decided to add support beams to the centre of the pocket. 

These support beams should give the arm more strength and allow it to flex less. The support beams enable the two branches to work as one, rather than individual sides.
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[bookmark: _Toc106212927]
[bookmark: _Toc106658230]Conclusion

Looking back at the three main aims set to me in the assignment brief, shown below:

· The final design should be appropriate for high-volume manufacturing. 
· The gripper should be mechanically actuated. 
· The design should be sufficiently robust to withstand sustained use within a production environment. 

In conclusion, I believe that I have designed a suitable gripper to work on the FESTO arm and within the production system daily. The materials used are very robust to withstand the production environment the arm is placed in. 

The gripper assembly I have designed used a pneumatic cylinder that mechanical actuates the kinetic motion of opening and closing the gripper arm. 

The gripper assembly in which I have designed, is fully functional to the requirements set to me, and the gripper assembly is very suitable to be produced in high volume production. Using common parts that can be easily purchased and assembled together. Simplifying the components, simplifies the manufacturing needs for each component and therefore means that the whole assembly can be produced on a short time scale, allowing you to produce the large demands needed. 

[bookmark: _Toc106658231]How could I have improved?
Looking back on how I approached this task, there would be several things I would improve. However, given the timescale provided to me amongst completing other assignments for different modules and working full time, I gave the task a good effort. 

My biggest downfall would be my CAD skills. I can use CAD and complete quite difficult models. However, it does take me a longer time than I would like it to take. I will only become faster, as I get better and as time goes on, but I completed a CAD model to the best of my current skill level. If I had more time, and a greater modelling skillset I would’ve modelled multiple solutions and gone into more detail on my CAD model. I could’ve modelled the production cell, visually showing how I aim to implement good DfA practices.

Again, with more time I could have manufactured the gripper assembly and considered the difficulties I encountered during the manufacturing process and aim to improve them on an updated version of the assembly. 

Also, I could’ve approached this challenge like a full engineering project and fulfil the extra procedures stated on my design specification. However, the need for such analytical detail wasn’t need during this report. 
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