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The aim of this report is to design a new piece of equipment in conjunction with advanced CAD systems and create a device that can lift and support a finished good. The device that is required is for the automated manufacturing unit. The assignment is to develop a new gripper arm and integrate into a collaborative robot (Cobot). The primary intended function for the Cobot is to unload finished goods from the dispatch station of the Lab. Then load the finish product autonomous guided vehicle (AGV) for transportation to the inventory station. 
The gripper arm that is being created need to withstand and comply with several variable. For example, the gripper arm needs to be appropriate for high volume manufacturing. The gripper arm should also be mechanically actuated as there isn’t a pneumatic supply on the Cobot and to be able to withstand sustained use within production. Therefore, the parts and materials used need to be robust and capable of continuous use.
Following on the CAD design the report will go over the design method and the design choices that were made and will be incorporated into the report. Some of the analysis into design theory that will be talking about is Quality function deployment and this will go over the requirements and therefore translate the plan for the gripper into the requirement that are for the customer. The report will also go over analysis including Ishikawa diagrams to investigate the several variable and requirement that need to be account for before the creation and development of the Gripper. 
Lastly the report will analyse several types of manufacturing method for the development and production of the gripper. The different type of manufacturing methods will then be critiqued based off cost of production, Tolerancing, Material cost and suitability.
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A new automated production unit has been built in the trinity university of Wales. The production unit was built to create an automated process and develop a new form of mobile phone. At the end of the production unit the team have placed an automated robot which moves the product from the dispatch station and to an automated platform. On the automated robot the current design of the grabber lifts and moves the product from one station to another, but not fit for the task. This is due to that when phone is lifted, on occasion the top of the phone does not snap into place, therefore is lose. The gripper arm then lifts from the top and the whole phone is not transported as the griper has only picked up half of the phone. Therefore, a new design of gripper arm is required for task. 

[image: ]For the new gripper designs there need to be several considerations towards to needs and requirements of the gripper arms. The Kano model is an approach which Identifies the needs and requirements of the product that the customer is looking for (Mind, 2022). The model also ensures that the customer satisfaction of the gripper is met. For example, the ascetics of the gripper need to consider.  For example, some of the needs for the gripper are curved edges and no exposed parts. Once the customer needs of the gripper have been shown, the functional requirements of the gripper can now be determined. The functional requirements of the Cobot includes. The ability to lift the bottom and top 
of the phone, ensure enough grip of the arms, Small enough to maneuver and sufficient arm surface area to grip the phone. 

Before starting the design of the new gripper arm several considerations of the previous models need to be investigated to understand the poor design  choices of the previous model and how these critiques can then influence the design choices of the new designed model. Gibbons (Gibbons,2016) suggests that design critique is a good method of feedback as it create constant change throughout the project and ensures that the new designs that are being created are towards the customers requirements. Design critique also highlights the small astatic changes that could be considered instead of just the mechanical changes. 

When critiquing the old design some of these changes that are required include larger surface area for the arms to grip, faster moving arms, longer arms which allows for the top and the bottom of the phone to be lifted as this was a design failure of the previous design. Also create more astatically pleasing design where the corners are rounded off, as small as possible and a functional material choice (Mkola,2022). 









Product Design Specification

The product design specification is a specification that goes over key variables and target for the gripper needs to follow. This is to give a guide an ensure that designers are not going over pattern infringement. A design specification also contains all of the requirements of the gripper, constraints and specifications that the gripper must adhere to. A product design specification has been created for the gripper (Mind, 2022).
Functional Requirements:
The functional requirement are the product features and functions that designers must take into consideration. This also includes the maintenance and life span of the product as this will give a understanding on how long the parts or the whole unit will need to be replaced.
	Key Consideration
	Requirements

	Materials and process
	Steel
Plastic 
aluminium
batch Process
Autonomous process

	Dimensions 
	Length: (90mm – 100mm)
Height: (120mm - 140mm)
Weight: (3kg – 5kg)

	Quantity 
	1 or 2

	Lifespan
	15 years 

	Maintenance
	Annually

	Grip
	High grip to support Whole phone. Grip controlled using microprocessor.

	Arm length 
	Length of arm will need to be over the height of the phone so both top and bottom can be lifted.


Transport and Packaging:
The transport and packaging are an important part of the design process as this ensures that the product will arrive at the customer in working order and will remain in a high quality. Depending on the product different packaging will be required as a product more sensitive to damage, will require more protection. 
	Key Consideration
	Requirements

	Packaging 
	Packaging of the gripper will be basic as the gripper has a high ware resistant therefore will only require cardboard and Styrofoam to protect 

	Shipping 
	The shipper should always ensure that the gripper is transported in a safe manner by a reputable company who will cover insurance if damaged.


Environment and Sustainability:
In the 21st century the environment and sustainability are key factors that designers must consider, and the products need to be environmentally friendly as possible. Therefore, the Gripper neds to meet several requirements so that it can be sustainable.
	Key Consideration
	Requirements

	Recyclability
	All materials used need to be recyclable and environmentally friendly.

	Disposal and recyclability


	When the gripper has reached its life span the gripper needs to be stripped down and separated into the different materials. For example, metal and plastic. These then need to be disposed of in a controlled manner.



Safety:
Safety is the final requirement of the design specification. Designers must ensure that the gripper is as safe as possible and need to show and find ways in reducing and controlling these risks. 
	Key Consideration
	Requirements

	Safety control
	Pinch points identified, Signs on gripper, Safe workplace procedure and risk assessment.

	Safety Standards 
	Provision and Use of Work Equipment Regulations 1998 (PUWER)
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Quality Functional Deployment (QFD)

Quality functional deployment (QFD) is a measure of measuring customer satisfaction of a product or a service. The first development of QFD was designed in the 1960’s in Japan (Kiran, 2017)). The initial designs were first created by Dr. Yoji Akao but was further developed in the United States in the 1980’s. QFD is constant use in several industries including manufacturing, medical and supply chain industries. QFD ensures that the correct designs that are being created gives the customers the service that they required or Voice of the customer, but also ensured that the customer receives good level of satisfaction and reliability of the product. 
When creating the QFD for the grabber arm several considerations have been made. To ensure that the quality is demanded, and the customer requirements considered several variables have been made. For example, robustness of the gripper, low cost, gripper strength and ability to hold both the top and bottom of the phone. Then the quality characteristics of the phone is then considered in the QFD. For example, the material selection of the gripper, the weight of the gripper and the size of the arms. The QFD will then show the relationship between the two and determine if it is good or bad for quality characteristics for the customer requirements. For example, the material selection will have a positive relationship against the weight of the gripper therefore will have a higher score in the effect of the requirement.
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                                                            QFD Figure 1 
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Failure mode and effect analysis (FMEA) is a quality tool that was developed in the 1940’s by the US military. The FMEA is a step-by-step approach for identifying possible failures in a design, manufacturing, or service requirements.  The FMEA will show each of the failure mode reasons and the effects of the failure mode. Then the FMEA will score the failure modes in terms of severity and occurrence of the failure happening. The score will then be multiplied together to get a risk score. The higher the score then the higher the potential of the failure causing harm to the product or risk to life. If the score is above a certain level that the business deems a possible risk, then the risk score will need to be lowered. To lower the score the risks, need to be reduced, this is done by creating changes and the improvement to the design of the product or changing the process of how the product is being assembled. The scores will then be recalculated to determine of the changes being completed reduces the risk of failure to the product (Forrest,2022).
 For example, in the case of the gripper arm the FMEA identified from the previous designs that there was a risk of not gipping the entire phone case therefore the risk was high due to the gripper dropping and damaging the product and the occurrence will be given a high score due to having a high occurrence rate, as the phones are not secured to the base. Therefore, the actions that need to be taken to resolve this is to make the arms longer so that they can grab the top and the base. The score is then recalculated and based off the arms being able to grab the base therefore will stop the phone falling completely. So, the risk score is lower, therefore lowering the risk of damage.
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	FMEA Fig 2 
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Material selection is an important part of the design process as this ensures that the variables and requirements of the grabber are being met. For example, From the QFC one of the customer requirements of the grabber is to be robust and sturdy. Therefore, there are several materials that need to be selected for the grabber. But it is also important to consider other requirements for example serviceability, light weight, and cost of the grabber. With these considerations in place there are several materiel choices to consider. (Safranski, 2017) Titanium is an option as it is very robust and has a high toughness so this ensures that the griper will not break. But titanium is very costly to produce, and the serviceability of titanium is difficult to maintain. Another material that is considered is plastic. Plastic is a cheap material to produce and can be formed and made in tight tolerances which allows for accuracy of the parts to be created. Plastic is also easy to service as the parts are so cheap it allows for them to be changed easily. But plastic can be very brittle, and a less robust materials compared with steel. Steel is a strong robust material to use as it is a tough metal and easy to produce. Therefore, considering the design requirements of the grabber arm, the casing will be made of plastic as this will ensure that the overall grabber will be light weight, easy to manoeuvre and cheap to produce. To ensure that the mechanical mechanisms inside of the grabber including the cogs and screws will then be made of steel. This will. Ensure the longevity of the parts, will be relatively cheap to produce and can manufacture with tight tolerances.

[bookmark: _Toc106304449]Manufacturing Process

There are several manufacturing processes that can be considered to produce the parts of the grabber. Some of these processes include casting, which is where molten metal is poured into a mould and creates into a shape. There are three types of casting; Sand, investment and Die casting. Each have various advantages and disadvantages (Swift, 2017). The next process is forging, this involves shaping a metol ingot or block into a shape using a hammer. Different forging involves hot, cold, and warm forging (Group, 2020). The last process is extrusion, extrusion involves a molten metal or plastic being processed through a mould or shape at high pressures (Blackburn, 2021).  Due to the material selection that was chosen being, steel and plastic. Two manufacturing methods have been chosen for the two materials. The first one is for the steel where die casting will be chosen as this is a cheap process compared with forging also has higher accuracy tolerance towards the parts as the shape is dictated through the shape of the moulds. The plastic parts will then be extruded as this is again a very cheap process instead of 3D printing. Also, will allow for parts to be process rapidly with a quick turnaround. Plastic extrusion has high accuracy which will allow for easily serviceability since the parts will fit together easily without movement or adjustments (Davis,2022). 
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Design for assembly (DFA) simplifies a products basic structure and reviews the essential and non-essential components. Velling (Velling,2021) suggests minimises the number of components required got the final design and minimises the manufacturing process required in creating the product. In the design manufacturing it is important to ensure that the final design if efficient as possible as creating un-essential waste. For example, creating un-necessary parts as this creates un-necessary costs and production. The aim of the design is to ensure that manufacturing process is easier, faster, and consistent. From this the Gripper has been assessed of the number of essential and non-essential parts. This will create an efficiency percentage. The target which will be aimed for is 80% design efficiency of the gripper. 
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Overall, when analysing the design efficiency of the original gripper arm it has given a percentage of 67.5% which is lower than the expected design efficiency that has been targeted. Therefore, to increase the score several of the non-essential parts need to be removed. The back plate where the robot arm is connected to is only therefore protection when fixing. The plastic being used is a hard plastic which is more robust and can allow for the removal of the back plate. The next part which can be removed is the screws, the screws were used to screw the front and back housings together as instead of the screws a forced fixing will be used. The fixings will be a form of clip which can remove the front and back plate once a reasonable force has been applied. Once the two non-essentials have been removed the design efficiency can be recalculated.
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The new design efficiency has now given a score of 90% which is now above the target value of 80% design efficiency. This will ensure that the gripper is efficient as possible, and all waste has been reduced from the original design.
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[image: A picture containing text, furniture, seat, table

Description automatically generated]Once the design considerations have been met from the QFD, FMEA and from the design assembly all non-essential parts have been removed. Now from the initial designs the model can now be mad in Solidworks.
The initial design is made of twelve pieces in total and of the mechanical sides which controls the movement of the arms coming in and out is a mechanical screw and the following this. Inside of the grabber will be a set of cogs which will transfer the mechanical movement to the cogs once activated.
There will be two separate parts which house the mechanical parts of the body. Made up of the “front Housing” and the “back housing”. Both pieces will be joined together using force clips which will clip together and to unlock a force is required.                            Fig 3 Claw 
The housing will also hold all of the electric parts of the grabber which will be sealed by the grabber. This will ensure that no environmental damage occurs from the design. 


On the gripper there are three sets of arms. The arm placement will ensure several pressure points across the body of the phone. Thus, allowing a more secure force on the phone. As I wanted to make sure grip was in important factor, I have added rubber teeth to two of the left grippers. As grip was highlighted in the QFD this was an important variable that needs to be controlled. 
One of the other variables that were highlighted in the QFD is ensuring that manoeuvrability of the gripper while operating. Therefore, one of the design considerations was to make the body small and the arms till come in and out using a screw which is house inside of the housing, then when Gripper is available to pickup the screw will bring out only the arms. As space is an important factor the rms will be shaped in a triangle design. This make sure that space isn’t being wasted in the design process. 
In terms of aesthetic considerations, the initial design of the gripper in compact and small. The design team wanted a modern design of the gripper instead of the old bulky designs. All corners are rounded off which helps with the look of the gripper.
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                                                              Fig 4 Engineering Drawing 
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When the final design is complete there are several variables that need to be considered. This will ensure the different failure modes and variables are understood and controlled. To identify these variables an Ishikawa diagram can be used (Mind, 2013). The Ishikawa diagram invented by Kaoru Ishikawa who pioneered quality management techniques in the 1960’s.  The Ishikawa diagram goes over the variables that can affect the quality and the use of the gripper. Using the Ishikawa diagram can then ensure that control can be met as the Ishikawa can be use for other method of problem solving if there is a failure with the design. For example, when completing a 5Y if the gripper fails.
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	Fig 5 Ishikawa Diagram
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One of the key specifications of the gripper is to make it as efficient as possible. Therefore a efficiency chart has been carried out of the gripper. The result of this was the removal of non-essential parts and replace them with a lower number of essential parts. For example, changing the screws holding the housing together with force clips. This reduced the number of parts by three. This will allow for the manufacture of the gripper to be more efficient and at a lower cost. This also helps in removal of an un-necessary process as the screws will need to be removed with a tool therefore a next step has been removed.
During the design process QFD and FMEA has been create. The quality functional deployment will go over all the quality functions and customer specifications that need to be met. Also, the QFD showed all of the requirements and if they are significant to the customer. Failure mode and effect analysis was also created to help wit the design process to understand the issues with the old design and how to control then in the new design. For example, the arm length of the old design.
Overall, the design of the gripper was an improvement from the old design as one of the flaws of the old robot gripper was the inability to grab the whole phone, as due to design flaws of the bottom would fall out, therefore dropping the whole phone. Following the design specifications this flaw has been met from the old design as the arms have been made longer so the=at the top and bottom can be picked up together. 
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Parts: Part Num Essential Non-Essential

Housing 1 1 Y

Housing 2  1 Y

Screws 4 N

Arms  2 Y

Arm Screw 3 Y

Small Cogs 3 Y x 2 N x1

Large cogs 1 Y

 Back plate 1 N

Essential Total 10

Non-Essential Total 6

Design Efficiency (%) 67.50%

Cobot Gripper Model V1
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Parts: Part Num Essential Non-Essential

Housing 1 1 Y

Housing 2  1 Y

fixing clip 4 Y

Arms  2 Y

Arm Screw 3 Y

Small Cogs 2 Y

Large cogs 1 Y

Essential Total 10

Non-Essential Total 1

Design Efficiency (%) 90.00%

Cobot Gripper Model V1


image8.png




image9.png
A
Final Assembly drawiig
8 7 6 5 4 3 2 S





image10.png
Cause & Effect Diagram

Man

Method Material
Toughness.
Machine set up Robust
Process of movement Case material
Griper set up Gripper teeth
Machine Training Weight of material
Al
Automation Set up r Size of product
Air conditionig Gripper Thickness
Controlled enviroment Case size
Size of teeth
Lidar
Arm size
Arm force
Environment Measurement

Machine Build
Machine set up
Training

Machine Function

<
————

Mechanical screw
Gripper Arm

Cobot

Gripper Arm Cobot

Gripper
Dispatch station
Automation process





