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Executive Summary

The purpose of the report is to demonstrate a design proposed for the UR3 Robot which will intergrate with the Festo cyber physical production system. The report will cover important factors such as the Design for Manufacture and Design for Assembly principles which look into how a design can be kept low cost while maintaining a high quality. The ease of manufacture and how a Design should aim to reduce the components used by as much as feasibly possible. 
A Product Design Specification lays out the foundations for the desired Product which is a Gripper capable of picking up a mobile phone from Location A and moving it to Location B via means of being attached through an electronic robot arm. The robot arm is a UR3 model which is intended to be integrated into the production system. The goal is for the robot arm and Designed Gripper to successfully pick up the mobile phone from the Output Station, then proceed to take it to the next step of the process via an Autonomous Guded Vehicle. 
The report will look at the Failure Mode and Effects Analysis to better determine potential failures of the design and how they can be mitigated through a scoring system determined through a Risk Priority Number. The greater the Number the higher the potential for failure.
This reports looks at the materials which have been chosen for the components within the Design of the Gripper and the reasoning behind why they have been chosen through expertise of the Design team. Additionally, the report considers how the components will be manufactured and the process steps required to achive the desired components.
A 3D SolidWorks CAD model has been designed of all components used within the Design, the full assembly of the components to create the Gripper. The 3D CAD also indicates how the gripper will look when integrated with the UR3 Robot Arm. (Colours used on assembly drawings are purely for ease of viewing and should not be considered as the final appearance of the design. 
Finally the report is concluded to summarise everything within the report and give an overview of the positive and negatives of the design.
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Introduction  

As explained in the Brewing Green British Beer & Pub Association's Case study (2021): Budweiser Brewing Group UK & Ireland is a proud part of AB InBev, the world's largest brewer, employing around 170,000 people worldwide and over 1,400 people in the UK. We are a proud British brewer with a strong presence in the UK. In addition to our head office in London, our breweries are located in Samlesbury in Ribble Valley, established in 1972 and will be celebrating 50 years next year, and our Magor brewery in South Wales was established in 1979. Our other breweries in Camden Town and Enfield are craft brewing innovators.
In the UK, we produce global and internationally recognised brands, including Budweiser, Stella Artois, Bass, Boddingtons, Corona and Becks and No and Low Alcohol Beers such as Budweiser Zero, Stella Artois Alcohol-Free, Becks Blue and Bud Light and Franziskaner Alkoholfrei.
The following report looks at Industrial control and automation manufacturers Festo and their 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
The Engineering team at Budweiser Brewing Group were tasked with designing a suitable robot gripper for the application, while applying appropriate Design for Assembly and Design for Manufacture principles. The designed gripper is to be attached to the UR3 Cobot Arm and work co-operatively with it. The gripper should be actuated by mechanical means. The final design of the gripper should be appropriately designed for the consideration of high volume manufacturing. The gripper must also robust enough to undergo repeated movements to withstand sustained use in a production environment.
To further aide in the design of the gripper, it is to be designed as a 3D CAD Model using the SolidWorks software by using the dimensions of the robot arm, the dispatch section and the mobile phone. There are alternative ways in which a gripper can be utilized for this design. 











Design and Manufacturing

In order to design an Engineering tool such as a gripper it is important to consider the problems prevalent in product manufacturing. In order for a product to be designed and made there must first be a reason behind it. For example, a customer demand for the product, or a demand for the product which the design aides in manufacture. It is important to translate the customer needs into the final product design. Organizations which manufacture require a constant evolution in the processes for production. This is called Design for Assembly (DFA). DFA ensures the manufacturer can continue evolving in order to meet the consumers growing demands. The concept of DFA is to simplify a product, this can be by reducing the required components and minimizing the number of operations required for assembly.
Design for Manufacture (DFM) on the other hand is the engineering practice of designing products in such a way that makes them simplistic in their manufacturing processes. It is essentially a way of creating the best quality product at the lowest possible cost. Roozenburg, N.F. and Eekels, J., 1995. Product design: fundamentals and methods.

Design for Assembly

Design for Assembly aims to simplify the design of a product through the reduction of parts while maintaining functionality. Thus reducing costs and increasing ease of assembly. DFA is used as a cost-effective solution helping product design teams to improve upon a products design prior to its production. This allows more time to focus on the functionality of the product and ease of assembly. Less parts means less time to produce which means a lower cost to assembly. So to summarize, DFA is used to reduce the cost as much as possible and reduce the number of components required for assembly.
Design for Manufacture

Design for Manufacture aims to design parts, components or products for ease of manufacturing with the goal of creating a higher quality product at a lower cost. This is achieved by optimizing, simplifying and refining the design of the product. DFM can be examined further through Five key principles. These include: Process, Material, Design, Environment and Testing/Compliance. Some of which will be further explored within the report.







Product Design Specification

Performance
The gripper must be fully operational and be capable of picking up the phone.
The gripper should have no issues picking the phone up and retaining an appropriate grip on the device.
The gripper should be durable and capable of withstanding minor knocks. 
Environment
The gripper is in an open area where people may be present, and it may require handling from time to time for maintenance. Therefore there should be no sharp edges.
Needs to be able to withstand the environment it is in and not succumb to corrosion. (likely cleanroom environment)
Life in Service
The gripper should be capable of repeating its process steps indefinitely with the appropriate maintenance.
Target Costs
The gripper should be as high quality possible at the lowest cost possible.
Life in Service
5.5 The gripper must be made of high-quality durable material for prolonged use.
Maintenance
The gripper joins should be lubricated from time to time and a visual inspection carried out to assess any wear which may be prevalent through repeated use.
Size Restrictions
The gripper must be compatible with the UR Robot arm 
The gripper must be compatible with the Dispatch station’s Finished Goods location.
Aesthetics
The gripper should appeal to the eye and draw interest in what the robot is doing. (Marketable)
Design
The gripper should follow the Design for Assembly and Design for Manufacture principles by creating a gripper which is easy to produce, of high quality and low cost.
The gripper design must be so that it can work around the limitations of the dispatch stations finished goods. 
Health & Safety + Specifications and Standards
HASAWA 1974 (Health & Safety at Work Act)
BS7671 (Electrical Wiring Standard)

Failure Mode & Effects Analysis
The Failure Mode and Effects Analysis tool is a structure used to discover the potential failures that can exist within a design of a product. In this instance it is the gripper being designed. As explained by Stamatis, D.H., 2003, the Failure Mode is the ways in which the designed product can fail. The Effects are the ways in which those Failures can lead to defects or waste in production. The FMEA is designed to identify, prioritize and limit the Failure Modes which may be prevalent within the design.

Severity Scale		Occurrence Scale		Detection Scale
5	Critical Concern		5	>1 in 2	Very High		5	Almost Uncertain
4	High		4	1 in 5	High		4	Low
3	Moderate		3	1 in 10	Moderate		3	Moderate
2	Low		2	1 in 50	Low		2	High
1	Minor Concern		1	1 in 100	Remote		1	Almost Certain


Part	Potential Failure Mode	Potential Effects	Severity	Potential Cause	Occurerence	Controls	Detection	RPN
Gripper Hooks	Hook Broken through use	Reduction in grip on the phone	2	Normal Wear	2	Replace plastic hook (Wear Part)	1	4
Springs	Tension Loss	Unable to grip device	4	Normal Wear	2	Replace Springs as part of maintenance schedule	1	8
Hook Brackets	Bracket no longer moving gripper hooks	Unable to move gripper hooks preventing device from picking up the phone	5	Brittle material used for bracket	2	Use strong material for bracket	1	10
Complete Gripper Assembly	General Wear	Leads to breakdowns and broken components	3	Lack of Maintenance	2	Have a Maintenance plan to lubricate and visually inspect Gripper for damage and wear on a regular basis	1	6


Materials proposed for the Product

The materials used for the gripper need to be divided into components. The Components can be seen within the Designs and Drawings section of the report.
Part 1 – Robot Connector Frame – This is the main part ofn the structural design for the gripper. It is the main connector to the UR3 Robot and requires a sturdy material in order to function. The material suitable for the job is Aluminium. Aluminium is a lightweight material suitable for the UR3 Robot Arm. Aluminium is corrosion resistant and relatively cheap for manufacturing with. 
Part 2 – Frame Base Plate – The base plate is connected to the Frame and should also be made from Aluminium. Due to the nature of the product being picked up a recommendation of a soft fabric or rubber is placed on the underside of the component to prevent any damage to the phone. The aluminium piece could be easily manufactured and at a relatively cheap cost too.
Part 3 – Tapered Shaft – The Shaft should be made from Stainless Steel to prevent wear through use as Aluminium would wear down at a faster rate than Stainless Steel. Additionally, Stainless Steel is a strong and stury material which is also relatively cheap to buy and manufacture with.
Part 4 – Slotted Shaft Bushing – The Slotted Bushing should be made Nylon. Nylon plastic is a self lubricating plastic with low friction and a low rate of abrasion wear. Nylon is easily cast or machined and relatively inexpensive.
Part 5 – Hook Retainer and Tapered center – This component should also be made from nylond due to properties previously stated, It is a low wearing part with minimal a small amount of abrasion through use. Due to the nature of the design it will undergo little abrasion due to the springs reducing the resistance caused by the tapered shaft.
Part 6 – Slotted Hook – Due to the slotted hook being placed within the slots of the mobile phone, it would not be ideal to use a metal which could potentially cause scratches and damage to the product being produced. The material should be ABS plastic as it is a material which can be easily manufactured at a low cost. ABS is a relatively sturdy material and for the task at hand and would be an ideal material to use. ABS is used for 3D printing as the components could potentially be made as so.
Part 7 – Spring – For a Spring it is required that it undergoes repeated stresses through deformity. Therefore a higher grade material is required such as High-Carbon Steel which is capable of those repeated stresses as it will have to expand and contract on a repeated basis. This component could be manufactured, however it is a relatively cheap item to buy and costs of manufacture in comparison to demand would have to be looked into in order to make a full evaluation on if it should be made in house or externally sourced.

To further expand upon the material choices for each component. It is possible to create a Character Selection Matrices and compare different materials for the component. This was not used for this report and instead the knowledge gained through Chris Wyatts Materials Lessons was utilised!

Manufacturing Method of the Product

The manufacturing methods used for the gripper need to be divided into components. The Components can be seen within the Designs and Drawings section of the report.
Part 1 – Robot Connector Frame – The components material choice is Aluminium. For this design a sand cast manufacturing method would be ideal. Then the product can be buffed up to remove the dull look created by the sand casting in order to give the aluminium the shiny appearance. To prevent corrosion it should either be coated or remain in a climate regulated environment. The holes would be drilled on a CNC Machine. 
Part 2 – Frame Base Plate – The components material choice is Aluminium. For this design it would be made from a block of aluminium and for mass production purposes could be made in a CNC machine where a program will carry out the machining work.The component can then be drilled in the CNC Machine after a quick adjustment.
Part 3 – Tapered Shaft – The components material choice is Stainless Steel. For this design it can be made in the Lathe for the diameter and the taper. Then for the flat surface it can be milled or CNC Milled depending on what is available. 
Part 4 – Slotted Shaft Bushing – The components material choice is Nylon. For this design the Inside Diameter would need to be be cut on the lathe as the diameter is more critical for the shaft. The rest can be done in a CNC machine as the outer dimensional tolerances are not so important. The flat surface in the center would have to be done on the CNC machine. 
Part 5 – Hook Retainer and Tapered center – The components material choice is Nylon. For this design it would be best anufactured in the CNC machine. For this component it should be made as a double component. As two are required it can be made from one piece of Nylon and mirrored. The drilling and chamfering would then cover the components manufacture twice in one action.
Part 6 – Slotted Hook – The components material choice is ABS Plastic. The design is very simplistic and could be manufactured using a 3D Printer. Several can be made at once using a 3D printer and they can be made relatively quickly and inexpensively. The 3D design has already been made so it would easily translate to a 3D Printer.
Part 7 – Spring – The components material choice is High Carbon Steel. The design means that it would have to be made with a special type of machine. The machine would have to turn the metal wire on a shaft in order to create the coil. Once the size has been reached it would be parted off and the next spring continuing to be made.






Design and Schematics

 Part 1 – Robot Connector Frame

Part 2 – Frame Base Plate 
 Part 3 – Tapered Shaft
Part 4 – Slotted Shaft Bushing 
 Part 5 – Hook Retainer and Tapered center – x2













Part 6 – Slotted Hook – x4
Part 7 – Spring – x4
Full Assembly – POV1
 Full Assembly – POV2
Full Assembly – POV3
 Full Assembly – POV4


Full Assembly – Simulated 























Conclusion 

The design of the gripper is not the most simplistic of designs due to choosing to pick up the mobile phone from the four slotted locations. This however is as simplistic as it can possibly be for the intended purpose of picking up fron the slots. It is likely other designs will touch the top and bottom of the device. This however means it is touching the screen of the phone which is a more delicate component susceptible to smashing, cracks and scratches. The four hooked slot design takes away the issue of touching the front or back of the phone and instead picks up from the allocated slots.
The tapered shaft is not a fully integrated feature. The design is purely of the gripper and not the additional parts that may be required for it to function. The shaft is to be connected to a pneumatic  piston cylinder to enable the open/closing action of the hooked slots. The pneumatic system would have to be electronically linked into the UR3 Robot arm and taught what it must do. Additionally it will require a coordinate based system in order for it to function perfectly. The gripper relies on the precise accursacy of the machine prior and that the phone will be in the exact same location every time. In this way the tolerance is very small and would require complete accuracy when producing the mobile phones. 
The Gripper features a range of materials and manufacturing processes. The materials chosen are not highly expensive and mostly made from parts which can be easily manufactured should a breakage happen. Nylon was used as a self lubricating option for the shaft. Due to the process not undertaking any fast movements the Nylon will not wear down quickly over time and most components should last the majority of the products life. The components which may require changing are the ABS hooks as they could snap or break, the springs as they may deform over time and the hooked retainer and slotted center which is a very small component but again, easily manufactured should it be required. 
Due to the components being of high quality and inexpensive material it is possible to create spare parts and even create more grippers if the company wanted to create a market for the product. The product could also be adapted to suit future products. We see over time people want larger phones so the ABS hooks could be 3D Printed to be longer overall creating a sustainable design solution.
Overall the Gripper is an excellent design which has taken into account the Design for Assembly and Design for Manufacture Principles withought having to miss out on quality.
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