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[bookmark: _Toc75198401]Introduction
The task is to undertake a design study to develop a 3 jaw end effector for use on a collaborative robot. The end effector needs to be flexible and adaptable to conduct pick and place operations. A conceptual design has been generated.
[bookmark: _Toc74604002][bookmark: _Toc75198402]Aims
The aim of the project is to undertake development work to consider and optimise the manufacturability of the system, initial opportunity specifications and market research have suggested production volumes between 1000 and 2000 units per week will be produced so the design will need to meet these manufacturing volumes.
[bookmark: _Toc74604003][bookmark: _Toc75198403]Objectives
To meet the objectives, a variety of design techniques will be used, firstly analysing the conceptual design and full understanding the customers desires, end user needs, public perception and aesthetics. Design methodologies used to include Quality Function Deployment and Design Specification shapes the design to meet manufacturing targets and the customer wants.
A manufacturing process proposal will be made to meet the predicted volumes, offering an explanation and justification for the manufacturing process selected.
Document the design and development work undertaken, this will include design for X considerations and risk management tools like Failure Modes Effects Analysis. Considerations around the environment and product life cycle ensuring company standards are met. 
Manufacturing Process Design will detail the manufacturing layout ensuring lean principles are adopted removing all non-value adding processes.
[bookmark: _Toc75198404]
Conceptual Design Appraisal 
The current conceptual design that has been produced has some excellent design features, the 3 pin gripper will offer great versatility ensuring better stability and offers the ability to pick up a range of items, It’s operation naturally self-centres on the object and it’s operation where the parts move together provides a secure grip making it suitable to carry large payloads. The 3 Jaw Gripper in comparison to a 2 Jaw Gripper offers in addition to increased reliability and accuracy can also carry larger objects. (Bélanger-Barrette, 2016)
Despite the conceptual 3 jaw co-bot end effector functionality offering good grip and stability the design could be improved, some obvious areas include;
· No clearance between components
· Protruding parts on cylinder and drive shaft
· Sharp edges
· Small gripping area on jaws
· Excessive fixing
To ensure better success and understand the customer needs and desires, a House of Quality chart has been produced, this design methodology also known as Quality Function Deployment or QFD will ensure the voice of the customer is integrated into the product development, by using this will give a clear indication of what the customer needs and then use these needs to develop product goals. 











[bookmark: _Toc74604005][bookmark: _Toc75198405]Quality Function Deployment (QFD)
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[bookmark: _Toc74604006][bookmark: _Toc75198406]QFD Analysis
Some of the key desires of the customer have been highlighted in the QFD, the design will need to be altered to suit, the customer looks to want a low maintenance product that doesn’t damage components when operational, smooth reliable operation is also a key point. 





[bookmark: _Toc74604007][bookmark: _Toc75198407]Design Specification
In completing a design specification will improve the success of the design, it will achieve this by anticipating ways in which the product will fail. It will set minimum targets to avoid failure.
[image: ]
This design specification follows a company meeting where a design brief was produced and agreed by the team the design specification has given us a series of targets we must achieve.





[bookmark: _Toc75198408]Manufacturing Process Proposal
To manufacture the 3 Jaw Co-bot end effector the company should look at the volumes required and choose a suitable method to meet the demands. There are many manufacturing methods available but not all will suit volumes ranging up to 2000 units per week. If for example 3D printing was selected then it would struggle to meet the volumes required as it is a slow process. Casting may be suitable however it is prone to imperfections causing porosity in the material and structural cracks due to stress form the cooling process and certainly affects the products quality. It is important that the manufacturing process suits the company needs and maximises cost drivers, it is not simple to select a suitable process as there will always be trade-offs.
[bookmark: _Toc74604009][bookmark: _Toc75198409]Injection Molding
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[bookmark: _Toc75198450]Figure 1: Injection Molding
The current conceptual design has not been designed for manufacture and design changes will need to be implemented to suit the process, the aim will be to redesign the product to suit manufacturing process. Injection molding meets the high volumes needed, this process produces high strength components with little waste and excellent repeatability and dimensional accuracy. Removing the need for secondary operations it produces components to fine tolerances with a variety of high quality surface finishes. The sintering process produces components with high mechanical strength with no waste which further boosts the companies lean manufacturing principles with the benefit of giving the customer a product with excellent durability and long service life. (Red Stone Manufacturing, 2020)Further to this injection moulding will increase the material options available to us, high temperature alloys including nickel, titanium and iron based metals can be used without damaging the tooling. Alternative materials including polymers with low melting temperatures and fast cooling are also available with injection molding.
Adjustments to the design will need to meet the injection molding process this will ensure speed of operation and quality of product is maximised, a simple fix that will make a substantial difference is filleted/rounded edges, this is so the component avoids sink marks and can easily be removed from the mould with no damage (Zhang, 2019). The design needs to reduce wear and stress on the tooling. In order to achieve minimum damage, it is recommended that a minimum of a 2˚ draft is added to vertical walls for ease of removal. (Shlieper, 2012)
[bookmark: _Toc74604010][bookmark: _Toc75198410]Die Casting
[image: Die casting [SubsTech]]
[bookmark: _Toc75198451]Figure 2: Die Casting
Die Casting also suits the manufacturing process however it significantly limits the material available, material needs to have a low melting temperature which allows the material to flow through the die cast evenly, popular materials for this process include, zinc, magnesium, aluminium and lead. There are high costs associated with the die cast and tooling, the die casts can be used many times but will suffer fatigue cracks and eventually need replacing. Despite this, high pressure die casting produces parts approximately 30% cheaper than injection moulding. (Kopeliovich, 2012) However this method often results in imperfections that are difficult to detect, porosity and premature cracking due to residual stress in the cooling process. (Red Stone Manufacturing, 2020)
 


[bookmark: _Toc75198411]Design and Development Work Undertaken
[bookmark: _Toc75198412]Design for Excellence (DFX)
DFX will give a systematic approach to achieve a targeted objective, in order to be successful in the marketplace it is important to meet customer expectations, continuous feedback mechanisms will help understand and solve these demands. Areas to consider; cost, recyclability, reliability, and Quality.
There are several changes that will reduce cost improve reliability and quality of the product. High manufacturing volumes mean that even the smallest of changes will make a significant difference. 
Cost – In order to reduce costs parts may be outsourced, this will reduce the need to manufacture, saving time and expensive tooling. The part that will be outsourced for the end effector is the motor. It is important to reduce the number of components where possible, the worm and shaft will be manufactured as one, the join will have quick release fasteners to reducing the bill of materials.
Reliability – Improving reliability will increase customer satisfaction, filleting sharp edges will not only improve the molding process but will offer protection to cables and operators as sharp edges harm or cut when operational. To improve reliability when gripping the tips of the jaws have been altered to improve grip with serrated and flat edges will increase surface area improving this significantly.
Quality – To increase the quality the cylinder/drive plate will be modified to have no protruding edges, this will improve the appearance and also performance, these edges will induce stress. The recesses above the jaw have been shortened to improve the strength of the cylinder whilst allowing the jaw to move freely. 
Recyclability – Materials used should be 100% recyclable, this philanthropical approach will improve out market base by doing what is right for the environment and becoming an ethical company.
[bookmark: _Toc75198413]Design for Manufacture/Assembly (DFMA) 
Design for manufacturing aims to improve the manufacturing process by making a high-quality component with reduced manufacturing costs, the design can be optimised to improve manufacturing and assembly. Areas for consideration is material, environment, tooling and tolerances.
Material – When designing for manufacture material selection is arguably the most important factor. Sometimes the material selection provides the solution and other times the design must fit the limitations of the material. From the HOQ, the customer wants indicated the end effector should not damage or mark objects when operational, it was also noted that they desire a product that is noncorrosive, resistant to chemicals with good grip and low maintenance. For this reason, the jaw and fixings will be manufactured out of a strong and durable polymer material - Polyoxymethylene (POM) this material is very strong, tough and ridged with good chemical resistance (Williams, 2020). While the cylinder, drive plate and worm will be made to last using Robust 316 stainless steel alloy, this strong durable material that doesn’t corrode, with excellent mechanical properties will ensure the product lasts many years. 
Environment – The material selection and manufacturing process must support the environmental targets set out, the components are all easily recycled and can be recycled indefinitely. The polymers low melting point promotes a low energy solution to manufacturing while the stainless-steel components will outlast the life of the end effector. 
Tooling – Tooling can be expensive and time machining components amounts to significant costs, to reduce this outsourcing the motor should be explored, this will save time and reduce the need for skilled engineers. The bill of material has been reduced by attaching the worm and shaft creating a one-piece item. The joining arms and jaw have been fitted with quick release components which will simplify assembly and further reduce bill of materials, this will also ensure the customer can replace the jaw without the need for any tools.
Tolerances – The end effector has been designed without tolerances in mind, in its current state the end effector wouldn’t operate smoothly and would be difficult to assemble with this in mind it is important to allow for tolerances between moving parts. Injection molding has excellent repeatability and can make components to fine tolerances. Tolerances can add significant cost to the manufacturing process for this reason tight tolerances should only be included if necessary. Geometric tolerancing aim to improve the Fit, function and manufacturing of the part, the drawing below give an idea of geometric tolerances associated with manufacturing the Jaw.
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[bookmark: _Toc75198452]Figure 3: Geometric Tolerances of Jaw













[bookmark: _Toc75198414]Design FMEA
To maximise the success of the design and improve customer satisfaction it is important to conduct a design failure mode effect analysis, this risk analysis tool helps to gain an understanding of potential failures withing the design before they have happened, the design can be altered to improve quality and reliability of the end effector.
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[bookmark: _Toc75198453]Figure 4: DFMEA




[bookmark: _Toc75198415]Process FMEA
To ensure successful production and avoid failure in the process it is essential to conduct a Process Failure Mode Effect Analysis (PFMEA), This design feature will help identify systematic and process faults before they have happened. It is a really important tool which will give a tactical advantage. Below is a table which was produced with all relevant departments offering input to the PFMEA, Identifying possible failures and identifying solutions to reduce the severity occurrence and detectability, promoting successful manufacture. (Copar, 2018)This is a live document, and a further meeting will be arranged to check all actions have been completed, reducing the RPN value.
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[bookmark: _Toc75198454]Figure 5: PFMEA
[bookmark: _Toc75198416]Environmental
As a global manufacturer we have role to play in reducing carbon emissions and a duty to protect the environment, taking a philanthropic approach will encourage customers and suppliers further increasing the stakeholder share. The material chosen should last beyond the life of the end effector motor, this material is easily recycled and can be recycled indefinitely. To encourage customers to return there will be an option for customers to return unserviceable end effectors for discount against new end effector, this will not only encourage customers to return with the benefit of discounted products but will benefit the environment, the unserviceable product can be stripped and repurposed or material recycled. To reduce paper user guide and instructions will be downloadable and all packaging will be made out of cardboard reducing single use plastic.
The manufacturing method chosen has environmental benefits of its own injection molding gives us the option to use plastic over metal with far lower melting temperature requires less energy to produce parts, it also reduces waste to zero making it an extremely efficient process.
[bookmark: _Toc75198417]Product Life Cycle Features
To ensure product longevity in the market it is important to continuously develop design ideas, design tools such as QFD will help us meet the demands of the customer but we must look to develop this further and exceed customer needs, new features such as quick release attachments and suction cups making it easy to attach the end effector, we could boost future sales by developing attachments and new products, items like longer jaws, jaws with different materials to suit different purposes and attachments to fit a variety of other Co-bot manufacturers would give the customer high satisfaction and keep the sales high.
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[bookmark: _Toc75198455]Figure 6: Re-designed End Effector


[bookmark: _Toc75198418]Manufacturing Design Process
The process layout will be beneficial to the efficiency of the process by arranging equipment according to functionality, the production line aims to eliminate waste by identifying non value adding processes, this will ensure a continuous flow of production, while reducing material handling. There are many advantages in controlling the process layout including;
· Maximise space.
· Gives a visual control of the layout.
· Removes bottlenecks in the system.
· Environmental benefits.
· Efficiently uses labour.
· Promotes good communication between departments.
This is a diagram of the proposed layout of the manufacturing facility, all parts and fixings will be made within the facility with the exception of the motor which will be difficult to manufacture and will require highly skilled workers. The benefit of producing all parts and fixing will reduce costs and remove delivery times from third part suppliers.
A common criticism of this layout is that the work can be monotonous for staff, especially if they are involved only in one stage of the process. This criticism can however be eliminated if the staff are rotated to different departments (involving different processes) thus developing a multi-skilled body of staff.
[image: ]
Figure 7: Process Layout
Process Layout has been designed to flow with raw materials entering the facility at one end and fully assembled and tested end effector leaving at the rear, this process is designed to ensure continuous flow with minimal waste by reducing movement between sections. A description of each step is noted below.
Material Handling – Raw material including powdered metal and plastic will be received and then processed ensuring fine grain to flow through the injection mold.
Injection Molding – The Injection mold facility will consist of two systems, machines will be capable of handling both metal and polymer feedstock, to allow for redundancies or maintenance periods. When fully operational one will polymer components while the other will produce metal.
During this process the parts will go through a variety of stages before completion
· First stage the metallic powder is mixed via the compound mixer with a thermoplastic binding agent which forms a feed stock.
· The injection molding machine injects the feedstock into the molds and forms a green part, the part is cooled and then ejected.
· The next stage is a process to remove the binding agent, this de-binding process removes the thermoplastic binder while maintaining the parts integrity, it is achieved using a catalyst, solvent, and thermal furnaces, this stage forms what is known as a brown part.
· The final stage the part is heated to sinter the powder and create a robust net shape part, there will be shrinkage at this stage and the part can lose between 15% to 30% volume.
[image: See the source image]
Figure 8: Metal Injection Molding Process
Quality Assurance – The processed product will be checked autonomously for size variations and imperfections inn the molding process before being fed to the assembly teams.
Assembly Lines – Three assembly teams will fully assemble the co-bot end effectors, All parts will be placed into individual trolleys and fed to each team, the use of quick fit components removes the need for tools, all equipment will be available including jigs to hold components for assembly. To boost team ethos and productivity teams will compete for monthly prizes against, quality of product assembled and amount produced, daily targets will be implemented and driven by team leaders. Team leader will oversee housekeeping ensuring everything runs smoothly but will be available to support team if required.
Quality Assurance (Testing) – The assembled end effectors will be checked for functionality at this stage, batch testing will be needed due to volumes, every aspect of the effector will be checked movement, grip pressure, and material quality.
The Logistic & Shipping – Components will be packed and stored until volume is reached ready for shipment, careful planning to ensure stock levels don’t exceed the desired amount, this will reduce waste and ensure a reliable flow, this stage forms what is known as a brown part.










[bookmark: _Toc75198419]Conclusion
The conceptual design of the 3 jaw co-bot end effector has been improved using a variety of design methodologies, improvements surrounding the manufacture and assembly have been made with quality, cost and efficiency as driving factors. The component now has a smooth finish with no protruding parts with sharp edges rounded, this has improved the aesthetical appearance of the end effector whilst improving the ability to manufacture.
By redesigning the joining arm with quick release fixings has reduced the bill of materials and simplified the assembly process by removing the need for tools. the quick release satisfies the customer wants by providing a low maintenance solution and makes it easier for them to change over parts.
  [image: ][image: ]
[bookmark: _Toc75198456]Figure 9: Link & Quick Release Parts
Material has been reduced where possible, the cylinder body has been shortened and diameter reduced, this will not only reduce material but speed up the manufacturing process with material cooling faster and requires less machining.
To reduce manufacturing costs the motor will be bought in over manufactured in house, and another cost driver was standardising the fixing hole for the motor from 3.5mm to 3mm matching the shaft diameter.
The DFA, DFX process highlighted the need to reduce parts to ensure maximum efficiency in manufacturing, to reduce the current design further the 3 jaw end effector could be reduced to a 2 jaw end effector, this change could ease manufacturing by reducing the bill of materials. Reducing the number of jaws impacts the reliability and the stability of the pick and place operations so opted to keep the 3 jaw design.
The 3 jaw co-bot end effector has been improved, it is now designed with manufacturing and assembly in mind
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Designer: Mr C Petherbridge

Market Requirement Design Requirement Design Specification

Target price Competitive < £1400

Target cost Low cost maintaining quality < £200

Product performance Stabillity for accuracy Durable material with high modulus

Packaging Eco friendly packaging Recycled cardboard - zero plastic

Life in Service Design Requirement Design Specification

Reliability/ durability target Must withstand repetative actions 2 year warranty

Recycling requirements Must be recyclable Use material that is easily recycled

Removable parts Maintenance Removable arms 

Installation for use Instructions included Dowloadable Instructions

Production Requirement Design Requirement Design Specification

Target cost Low manufacturing costs < £200

Manufacturing volumes Suit high volume production Target 2000 units per week

Bought in over manufacturing Reduce costs by purchasing parts Purchase motor, worm and fixtures

Manufacturing preferences Must suit high volumes Process suits > 2000 units/ week

Conformance Requirement Design Requirement Design Specification

Company standards Quality assurance Scores 5* on QA checks

Industry standards Complies with safety standards Meets ISO 10218-2011

Testing requirements Must test preasure for accuracy Calibrated force and preasure testing

Product compatability requirements Compatable with a variaty of co-bot Component fits all major co-bot systems

Proposed Project:  3 Pin Co-Bot End Effector

Date: 10 June 2021
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You have been tasked with undertaking a design study to develop a 3-Jaw Gripper — end effector

which is intended for use on co-bot systems. It is intended that the end effector will be flexible and

adaptable in order that it may be used for a range of “pick-and-place” operations. A concept design

has already been generated (models provided on Moodle). You are required to undertake further

development work to consider and optimise the manufacturability of the system. Initial opportunity

specifications and market research have suggested production volumes of between 1000 and 2000
units per week will produced.
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Side View of 3 Jaw Gripper Assembly

©

You are required to detail your design activity, along with your final design documentation in your
report. This should include the following sections:
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