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Introduction  

The design study that has been tasked is to develop a 3-Jaw Gripper. These are intended for use on collaborative robot systems. The end effector will need to be flexible and adaptable in order to be used as a ‘pick and place robot’. As the design concept is complete the design study will aim to optimise the manufacturability of the system. This will need to support the production volumes of 1000 – 2000 units per week.  
 
Concept Design Appraisal 

There are numerous expected customers of the collaborative robots and the gripper system.  Many are manufactures that need the robot to increase efficiency and take out human error. When completing a design study the expected customer must be taken into consideration. The end user will have a number of needs that have to be met. Examples of these are:

· Functionality – Product must function in a way to solve the customers problem or meet their desire. The 3 jaw Gripper must be flexible and adaptable to function properly. 
· Design – User friendly and easy to use will increase customer satisfaction. This is something to take into account when designing and manufacturing the 3 jaw grippers. 
· Reliability – The product must be able to function every time the customer needs it to. This could be helped by choosing certain materials or certain design methods on the 3 jaw grippers. 
· Price – Has to be a reasonable price to compete with competitors and keep customer satisfaction. By using a good process of machining, the production time can be lowered meaning the price can be lowered. 

Public Perception is where the general public have an opinion on something due to how things seem. Using marketing and advertisement we can get the general public to perceive our company and our  3 jaw gripper products in a positive and innovative way. A good way to find out the pubic perception is using a Quality Function Deployment. 

There are many benefits to using Quality Function Deployment. These are some that were found after research.

 Improve a company's processes, products or services. 
 Produce a faster outcome than other methods can. 
 Give definition to the design process. 
 Help a team stay focused. 

Jack B. ReVelle, John W. Moran and Charles A. Cox, The QFD Handbook, John Wiley and Sons, 1998.
A few benefits of QFD are it is time efficient: it is time efficient as it doesn’t take long to use, and it gives you a really accurate reading of customer’s needs. Another benefit is it is customer focused which is good as you satisfy your customer bringing more business to your company. It is very much teamwork orientated so staff will work well making everything within the business run better. With all these benefits the company will improve and the products will improve. This is because you are gaining the actual customer wants and can design and base your product off these wants.
The requirements are produced by the customer as sort of a specification for their needs and wants. The business will then have to meet those requirements otherwise it will lead to customer dissatisfaction. 
House of Quality is normally used by a Product development team or a Research development team before the first stage of QFD.  

House of Quality - 
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The house of quality is a matrix that is the most common which is used to measure the customer’s satisfaction with the businesses service or product. Also, then as you can see in the image below this is how the matrix would look when filling in all the information you record from your customers. 
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As you can see in the image above the symbols are put in to each category on whether they are good or bad.  
QFD Phases - [image: Diagram
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QFD has four phases these are design, product, process and control. The first two phases are working out the requirements needed and designing the product for the customer. Then next is the process that the business will undertake to complete that product to the requirements. The last process is control, this is when you watch and keep an eye on the process you made to make sure that all products are meeting requirements. 

Development of Design Specification 
A design specification provides a clear understanding of what the products intent is and how it should perform. Design specification can range from tolerances or how a product should be tested. It provides all information on the requirements needed. A design specification can run along side a design brief. This comes before the specification and details the problem that needs to be solved and what the outcome needs to be after the problem is solved. Below are examples of a design brief and a design specification that have been used on a different product. 

Business Name: AD Connectors 
Client Contact: David Clark (ATL Machine Tools)
Contact Number: +44(0)118 986 7099
Due Date for Completion: 
The start of the design was 01/02/2021. 
We had a completion date for the end of April 2021 allowing time for the supplier to provide our tools. Also, it gives us time to trial and get the new tooling up and running before the project end of 22/05/2021. 
Review Date: 
We had many meetings with the supplier and many meetings with the engineers internally in our business. These meeting we discussed the design and the project. This allows us to keep track of where we are at in the project. See attached Record of Meetings and Gantt chart in the appendices that show our review dates. 
Budget: 
Our Budget was £3,500. This is shown in the CEA that is attached in my appendices. 
Product/Service/Brand Name: 
The product we are making is a “Traction” product. The brand within the Traction product is a “Heat Shrink Adaptor”
Key Objectives: 
The key objectives of the design and project were to reduce the cycle time of the product we are making. This would increase capacity on our machines. It would also improve efficiency. 


Regulatory Issues: 

The regulations that could impact our design would be that the serrations on the connector need to be to spec and drawing. The serrations on our connector will then fit into a back shell. These serrations act as a locking mechanism, because as the train moves there will be a high rate of vibration. These serrations need to ensure vibration capabilities so that the product is not impeded. 
Scope: 
The whole scope of the project is to improve the current process of how we produce serrations on our Heat Shrink Adaptor Shells. The current process produces one tooth at a time using a slot milling cutter. In our Heat Shrink Adaptor range we have many sizes from 10 to 40. Our most common connectors are a size 18, 22, 28 and a 40. The cycle time for the serrations vary between them most common sizes from 36s to 90s. The final product and final cycle time estimate should be between 15-26 seconds per cycle time for all of them connector sizes. So, the project is expected to deliver an all-round better cycle time. This then improves capacity, efficiencies and saves the business money. 
Purpose and Function:
The purpose and function of the tool would be explained to the operator that will be using this tool. We will also ask the operator on their approach and if they have any better ideas that they could add and help the project.  When purchased we would need to fully train and conduct trials of the new tool with the operators. The training will include how to use the new tool. It will also include how to set this tool in our machines. We will also then take in comments and feedback from the operators and take them into account. 
Format:
When sending the supplier drawings or models we need to ensure they are in a format that they can open and view. 
Design Project Plan: 
The project plan is stated in the Gantt chart that is attached in the appendices. 
Attachments: 
All drawings, models and sketches are attached in the appendices. 
Measures of Success:
The measure of success will be controlled through trials and after the project is completed. The measure of success will be if the new cycle times of the serrations are quicker than the current cycle times. Another measure of success would be if the current cost of the connector decreases in price due to the new cycle times on the serrations. Meaning we can stay competitive within the rail industry by lowering our cost. This gives us more capacity and can bring us more work with a better profit margin. 
Design Specification 
· Needs to meet our company’s serration specifications. Referred in 
· Needs to be able to create 16 - 70 serrations on a connector. Number varies due to size of connector.
· Round shank of the tool needs to be a diameter of 16mm and a max length of 80mm to fit into our tool holders.
· Needs to machine “Aluminium Alloy to B.S.4300/5 FCI TF”
· Needs to meet our “Angular tolerance of ±2⁰”
· Needs to meet our “All Decimal Places tolerance to ±0.1⁰” (Subject to setup)
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1. Target Product Cost 
· Meet our Budget of £3500

2. Product Life Span
· Knurl lasts between 2,000 – 5,000 connectors 
· Tool Holder lasts several years with just normal wear & tear. 

3. Spare Parts Cost 
· Spares cost to be between £200-£300
4. Machine Capabilities
· Must not run on a Y Axis 
5. Cycle Time 
· Needs to meet a cycle time of 20-30s for all connector sizes.
6. Capacity
· Needs to meet a quantity of around 120,000 connectors

7. Working Environment
· Within CNC Turning Centre 

8. Maintenance
· Lubrication with good quality grease

9.  Shipping & Transportation 
· Courier when order and complete to ship

10. Standards & Specification 
· Conform to Mil Spec 5015
· STD ISO for tool 
· Knurls to BS 1789

Manufacturing Process Proposal
The business needs will be to design and manufacture a working product that will meet customer needs and will bring customer satisfaction. The business will want to produce an innovative, aesthetically pleasing and well design product that meets all functions and performs to the design specification. 
A cost driver is what drives the cost of the activity. It is the reasoning on why a cost occurred. For example, all the parts needed to be produced will have there own cost driver. Choosing the right manufacturing process will help lower the cost and help select the correct cost driver. 
Jaw  – When reviewing the process injection moulding and CNC machining were the 2 option chosen. The chosen option was CNC machining. CNC machining offers many benefits and machines plastic with ease. It is also a lot easier to convert a design straight to the machine using CAD CAM. Using metal tool tips on plastic parts will also keep cost down as the need to change the tips will be less frequent. CNC machining was chosen as this will be used for a lot of the other parts so it would make sense to keep the manufacturing process the same throughout. 
Cylinder – The cylinder is made from Alloy so a CNC machining method will be better. With the CNC machine a 6-axis machine will offer the best performance and easiest speed to machine. When machining the cylinder, it can turn and drill the holes but also mill out the slots in one process. This is very beneficial to meeting the 1000-2000 production volume. 
Drive plate – A 6 axis CNC machine would be used for the drive plate. Due to the drive plates complicated design a 6 axis will be able to machine this with ease all in one process. Using 3 axis process you will need to use a lathe and a mill to produce this part.  A 6 axis machine will rapidly improve efficiency and will also increase machining volume. 
Motor – A 6 axis CNC machine to be used as it has an intricate design. Injection moulding is another option but due to material and other parts being machined on a CNC a 6 axis will be a better option. As it has the benefits of CAD CAM. 
Join – This is a very simple piece that could be injected moulded. The prices to outsource this part might be cheaper than making it in house on the CNC machine. Research would need to be undertaken to find the costs to CNC machine or injection mould. 
Shaft – The shaft could be purchased in the correct dimensions and put straight into the assembly. Or the correct diameter bar would be purchased and would be cut off on a standard lathe or 3 axis CNC machine.  
Worm – A CNC machine will be the best option as it will have left a very good finish on the thread. 
Design and Development Work Undertaken 
When looking at a design change or a feature change there are techniques that can be used. Design efficiency is a technique often used. [image: Diagram
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When looking at these parts you decide whether it is a ‘A’ Essential part or a ‘B’ part that has the potential to be designed out. Conducting this technique on the 3 jaw Gripper gave the results of. Following the image above the 7 parts were given a essential or non-essential value. 
Jaws – A
Cylinder – A
Drive plate – A
Motor- A
Join – B
Shaft – A
Worm – B
After completing this technique there is room for design improvements on these parts. This should be looked into and changed before the product goes into full production. 
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Taken from Lecture PowerPoint
Lucas DFA Method is very useful and makes the thinking of how the part goes together very easy. 
[image: ]Using this technique there are a few changes that should be made. A big change if for the jaws.  






[image: ]On the end of each jaw a knurl or surface should be added to add more grip to pick up the parts. Without this grip being added the parts will just slide away. The best design would be to add these to the end of the jaws. 

By adding these it allows a quick change over when the grip wears overtime. This is very beneficial to the customer as when the jaws wear they will not need to replace the whole jaw. This will increase the products life. 

On the cylinder the side of the slot would be decreased. 
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The jaws are fitted at the top. To machine the slot that far down is a waste of material and time. By decreasing the size of that slot you would save machining time on all 3 sides. This would decrease machining time increasing volume. By decreasing that slot you will also increase the structural integrity of the cylinder as you have more material. 
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The thread on the worm should also sit flush. This is a waste of material and doesn’t need to be out as much. Decreasing the size will improve machining times and assembly times. 
Many designs for ‘X’ techniques were considered. When looking at these the assembly of the parts could be improved. Instead of holding and fitting all the parts together. A bench mounted jig where it would support the motor would be fitted. When the motor is placed in the jig the rest of the parts is then placed on top. For bolts or screws a telescopic linear torque arms screwdriver can be added to the bench. This electric screwdriver is very handy and very efficient to use. It will speed up assembly time which ultimately decreases the cost.
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https://www.series4.co.uk/product/telescopic-linear-torque-arms/ 
Risk Management techniques are a good way of spotting failures In a project or product. Risk management allows you to spot if a product is in trouble, takes a lot of the guess work out. Budgets also rely on less guesswork. One of the best risk management techniques is Failure Modes Effects Analysis. This helps to spot any failures that might occur in the design, manufacturing or assembly process. Below is the Failure modes effects analysis for the gripper. 
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After the completion of the FMEA can then use a RPN tracker to show the data. 
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The data shows that there are a few bad failure modes that need to be prioritised and investigated urgently before fixing the ones in the blue. By solving the initial urgent purples that cause serious problems you can then investigate the blues which have small problems and less consequence. 


A big environmental problem is plastic packaging. The most environmentally friendly packaging is corrugated cardboard. To send these grippers out to the customers we will use this material for our boxes. The metal material used could be switched so steel or iron as these are the most recycled materials in the world. Aluminium is also very easily reusable or recyclable. When recycling metals these will get processed and melted back down into metal bars again ready to be reused. With a new 6 axis machine the energy efficiency has improved massively over the years. They now have smaller and lighter parts that take up less space in a factory. 
Manufacturing Process Design 
The sequence and layout of the final manufacturing process. 
· Parts and material are received by the business.
· Material / Parts are given to stores or are booked out into locations next to the machines. 
· Shaft when bought in as the correct size will be passed to assembly to await full assembly with other parts. 
· Join also to be injected moulded by outside company. Upon receiving the part, it will go straight to assembly to await full assembly with other parts.
· All remaining parts will ne CNC machined and then brought to assembly.
· Parts will be inspected after machining. First and last off will need to be conducted on each part. 
· Assembly operators will assemble the parts using the Motor jig and bench mounted telescopic linear torque arms. 
· After assembly parts will be inspected. 
· Parts will be bagged and packed. 
· Parts sent out to customer. 

Conclusion 
To conclude the design study went well. When undertaking the relevant techniques needed in the study it makes it a lot easier to complete. Using techniques like Quality Function Deployment and House of Quality the end result of what the customer needs and wants is very clear. This helps then a lot in ensuring that the customer is always satisfied and happy with the performance and reliability of the product. Another very good risk management technique is Failure Modes Effects Analysis. This is very beneficial because it helped to ensure that all potential failure modes of the product are understood and then the correct measures are put in place to prevent these from happening. Overall, the sequence layout and the production process are easy and simple for the company. With using the 6 axis CNC machine and being able to import CAD CAM files to the machine it is very efficient and low cost for the company. With the 6 axes being more than enough for some of the metal parts it will also machine the plastic jaws with ease. When machining plastic you use less tool tips, this benefits the environment because the tool tips are having a longer life than usual.  This cuts down machining time and lowers cost. The study could be further improved by ensuring all parts are to the best design possible. Doing more research into ‘X’ evaluation techniques would help. Also creating more prototypes and testing and trialling certain parts would be beneficial. A material analysis and trialling different materials on how they machine or assemble would also improve the study. 
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