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Introduction 
The purpose of this report is to document the design changes need to the gripper claw to allow for operational use, ease of manufacturing and any other essential point of this end effector. This report will contain manufacturing process selection, the design for ‘X’ consideration/evaluation tools, product life cycle consideration and the use of FMEA.
The Report will also use the design tool Solid works to show design changes comparing the old model and new model side by side. There will be a final design where there will be screen shots of how the latest model operates.

Executive summary:
In this report it has been recorded that the original design of the gripper would not work, through analytical tools the errors were exposed. Using problem solving techniques and other tools the design flaws were corrected and built upon to produce a design suitable for manufacture and assembly. Through the use of the tools previously mentioned the gripper meet the expectations of the client; a cheap and effective end effector gripper, able to be integrated with a cobot system at a rate of 1000 a 
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Concept Design Appraisal
Engineers and engineering in modern society
The common public perception of engineering as whole is complicated, there are many fields of engineering which a person might not know the difference between two different types of engineers. However, its commonly known that engineers fix issues which arise in private and public domains. Cases of engineers are civil engineers for roads and bridges and mechanical engineers which fix issues in industries. (he Royal Academy of Engineering , 2007)
As a synopsis for engineering, it is the use of an individual’s knowledge within a specific industry in order to make things work and solve problems, whether this be with transport, medicine, entertainment, space or the environment. Engineering has is used in all parts of life, for example a mug, an engineer would design, decide the material, test and cheaply construct the mug for public use. Other examples of well-known engineered items are: cars, trains, makeup, shoes etc. (Glouster engineering training, 2021)
In a modernisation of engineer the role of engineering is to not only do all the things previously mention but in today’s standard must consider, cultural standards and ever updating environmental regulations. in recent years governments have pledged to not selling petrol cars in the next 20 years and being carbon neutral by 2050. These are integrated into all engineering task from recyclability to completely sustainable products.
Engineers also have the role of safety in society, everything must be made for safety of use. In this aspect safety features can not fail. An item can only fail up to 99.999995% of times to be deemed safe to use by the general public. 
In terms of the 3-pronged gripper claw there are environmental and safety factors which need to be considered regarding its design. The claw would need to environmentally suitable; this would be justified by having a long tool life. There also factors such as wasted material in the manufacture of the part, the design needs to consider using the most effect manufacturing methods for each part to reduce waste. 

Critique of original design
The design in its current state would not work, this is due to several features such as parts overlapping, parts not being joined by fasteners and no tolerances given to where parts meet. the design also has many areas where excessive material is in use and area where parts should not be exposed. The ends also come to a stop with a small gap in between each of the prongs, parts could be smaller than this gap which would render the design incapable of use. 
Aesthetically it is very rigid with many corners on the gripper prongs; the prongs are held to the gripper body with external box shapes. The drive plate also has the same problem of incorporating this box shape design. The worm is visible which isn’t ideal aesthetically or design wise; this device is to be used with a cobot system a motorised rotatory object should not be exposed from a health and safety standpoint.
These design concerns will be addressed further in the report with appropriate solutions and design altercations to the final model. 

Design for customer and end user needs
The design of the product needs to meet certain parameters for customers buying and for end users. These need to appeal to their needs and wants to increase the sales for the customer and to ensure the end consumers want to buy more when using the machines. The objective is to supply quality products to increase future sales in the market. 
Design for customers:
There are different needs of consumer and there are also wants which would need to be addressed, some of the needs which need to be achieved are: 
· Compatibility with the cobot system, to allow proper use of the machine.
· Tight fitting to the system to stop dust and other particles damaging the system.
· The machine needs to operate as intended without any impedances.
· Can be used in multiple processes for more end user buyers. 
· Easily attachable.
· Ability to change gripper prongs to allow variation on uses.
· Customised colour to suit the cobot system.
· Lighter body 
Design needs for end users:
· Able to grip parts without the parts falling through.
· Grip the parts without damaging parts.
· Speed at which the motor opens to have more cycles.
· Number of cycles before the part wears 
· Easily serviceable
· Ability to change grips themselves with own grippers.
· Able to adjust pressure of the grippers.














Quality Function Deployment
There are many variables which both customers and end users desire and many which overlap. To aid in the concept design appraisal the use of a HOQ will be used. A HOQ is an engineering tool which used to explore the technical attributes of a product which contribute to customer/end user needs. It weighs the aspects of the design feature to customer/end users requirements, this influences the design in different ways to better the design of the final product. 
Below is a table showing links between functional requirements and customer requirements:
[image: Diagram

Description automatically generated]
Design specification:
	Project requirements 
	Design requirements
	Design specifications

	Must function as intended
	Must grip part without chance of faulting
	10kg at most 

	Must be affordable
	Keep costs low
	£100 for each gripper

	Must be easily maintainable
	Easily replaceable parts 
	Modular design 

	Must be safe 
	Needs to keep to the standards of the cobot system
	Ensure not entrapment or sharp points 

	Needs to be compatible with the cobot system
	Ensure that the motor can work with cobot system
	Specification for the motor need to align with that of the cobot 

	High demand volume
	Production need to be efficient and quick to produce parts 
	Several machines will need to be used to construct the parts




Business consideration in production
Public perception:
There are many variables which make up public perceptions such as: 
· Quality
· Ethical impacts
· Environmental impacts
Quality
There is a business need to construct products to the best quality as reasonably cheap as possible. Quality products to consumers show the company delivers on its promises, it is important to keep our customers as to not lose to competitors. Quality of parts dictates the public perception of the company, not meeting the quality expectations has an impact on future sales. 
Ethical impacts
The company needs to source material and labour force in a culturally acceptable way. The outsourcing of labour has in recent years has negative stigma due companies using cheap labour, with companies not providing basic needs or protections to their workers. Regarding material, steel and other raw materials extracted could be with cheap labour. The extraction of these materials needs an environmentally friendly way of production. 
Environmental impacts
There has been a huge culture shift in the last decade to make more sustain able ways for producing goods. This could be source resources nearer to the point of manufacture, using less material for producing good, recycling unused materials and minimising waste. 
Cost drivers: 
A cost driver is the direct cause of a cost and its effect is on the total cost incurred. There are many factors which add the cost drivers these things like the number of: set ups, machine hours, labour hours and orders packed and delivered. It is important to keep cost drivers low, the main area in which costs are kept low is when in design of the product. Depending on the use of: material, machines, engineering techniques and by other means the product can be manufactured as cheap as reasonably possible. 
The company can design the process to reduce ‘waste’ or losses. Types of ‘waste’ include:
· Talent – utilisation of talents
· Inventory – excess of materials not being used.
· Motion – unnecessary movements.
· Waiting – time wasted waiting for the next stage of the process. 
· Transportation – unnecessary movement of products and materials. 
· Overproduction – producing more than what is required.
· Over processing – higher quality than what is needed by the customer. 


Manufacturing process selected for production.
The Gripper is made up of several which all need to be manufactured in the easiest and cost-effective way. Different parts require different methods of manufacturing as each part has different levels of complexity. Below is a table of how the parts will be manufactured and why. (Booker, 2013)
	Part Name
	Method of manufacturing
	Justification

	Jaw
	Laser cut
	Due to the shape of the jaw, it would be ideal to use a laser cutter for manufacture. The Jaws has a linear shape, the shape is congruent through its width. The Jaws are also thin allowing for the laser to quickly cut through either aluminium or steel. The jaw would have a higher number of parts to produce than the rest of the parts requiring a quicker process for manufacturing.

	Cylinder
	Milled
	The shape is complex and has internal features as well, it would be unsuitable to turn this part, the part would need to be cut in two different cycles, to the outer body work of the cylinder and a second to do the inner dimensions Due to their only needing to be 1 part per gripper it would be ideal to set a machine up to produce the part.

	Drive plate
	Turned
	This part could be turned or milled, however as production on a milling machine would be longer it would be more ideal for the part to be turned. 

	Motor
	Outsourced 
	The motor would be a multi process construction and not suitable to be manufactured in house due to both mechanical and electrical nature of the device. 

	Joint
	Laser cut
	The Joint has the same shape from a birds eye view and is easily cut on a laser cutter. The joint also would have a higher number of parts to produce than the rest of the parts requiring a quicker process for manufacturing.

	Shaft
	Turned 
	The long cylindrical chape of the part makes it ideal for turning, it is easy for the machine to turn the part down to the ideal diameter and cut of the part needed. Due to there only needing to be 1 part per gripper it would be ideal to set a machine up to produce the part.

	Worm
	Turned
	The worm is a long cylindrical item which is threaded, it is the easiest to turn the part and adding the thread on via turning. Due to there only needing to be 1 part per gripper it would be ideal to set a machine up to produce the part.



Due to the milling machines being slower at their operation the numbers of machines recommended for this process are 4 milling machines, 2 turning machines and 1 laser cutter. This would effectively allow for the products to be manufactured at the same rate, discounting a bottleneck in the process. 
The table does not contain process finishing as they all overlap with one another, these will be deburring, anodising, assembling and others. 


Design and development
At current, the basic design of the for the gripper does not function in several different ways, the several components require modification to optimise the parts to allow functionality and to meet standards. To break down the issues Scamper was used on each part. Scamper (substitute, Combine, adapt, modify, put to another use, eliminate, reverse) is using a series of question related to the mnemonic of scamper to brainstorm for answers. (Eberle, 1997)
See appendix for Mind Map
Through using SCAMPER several questions arose which could be applied:
1. Does the Worm and shaft need to be in two separate parts or would it be more efficient to combine them into the same part?
a. This is a good way to lessen the number of parts and fix a potential future issue of how to connect the shaft to the worm, if the worm and shaft had to be connected then fastenings would need to be used which would drive costs
2. Does there need to be more joints connected between the jaws and the drive plate to create a more stable and secure grip?
a. As the gripper is used there maybe wear in the joint due to the only being one side of support, there should two joints on each side of the jaw as support
3. Is modification required to cover exposed moving joints behind the drive plate?
a. There are health and safety concerns with the leaving rotatory parts exposed, modifying the plate to cover the exposed area would be easy to do.
4. Does the length of the worm and shaft need to be shorter and the length of the drive plate need to be longer?
a. This is required as it would aid in the health and safety as the is a chance for material to be trapped behind the plate.
5. Can the Jaws be attached to the other sections with standardised fastenings?
a. Using fastenings from a standardised source will reduce production time and cost for the company
6. Do modifications to the jaw need to be undertaken to allow for better grip on the parts?
a. Relying on the pressure alone to hold the part could lead to damage to parts and Damage to the Jaws










Design for manufacturing and assembly
For manufacturing purposes, the development of product needs to be simplified, this is done by: 
· designing a product which facilitates the manufacturing process.
· reducing manufacturing cost.
· considering the type of raw materials.
· optimising all manufacturing functions.
· other factors relating to product.
Simplify design.
To simplify a design it must have the number of components reduced, reduced number of components reduces manufacture time and assembly time.
In the case of the gripper reducing the number of parts would simplify the design. Combining the Worm and shaft into one part would allow for a be the best way to manufacture time. The two parts would need a method of fastening together and require two separate machines for manufacturing. Reducing the number of parts needed for manufacture from 7 down to 6.
Likewise, by buying in suitable motors and outsourcing its production to another company would eliminate huge design issues. There would need to be knowledge of how to design a motor, there would be a need to bring in a specialist to consult on the design. In assembly and manufacture the parts maybe outside the company’s ability. Outsourcing the motor is the best way to handle the part. This reduces the number of parts needed for manufacturing from 6 to 5.
Modular designs
	This is a way of using the same part for multiple uses. Instead of designing a part several times for a different position the more effective use of software package is to reuse the original design.
The design already has modular design incorporated in the jaws and the joints. Modular design allows the manufacturing process to ‘recycle’ the design and use it in several spots. There would only need to be a change in the design of one of the parts to then copy the design and replicate it, there is no need to redesign every jaw or joint.
Standardised components
Components such as fastenings have already been produced by other companies cheaply, these are known as standardised parts and are easily affordable. 
The gripper will also make use of standardised components, this will be in the use of fastenings. Between the Jaw, joints, drive plate and Cylinder there will need to be fastenings to hold the gripper together. In this instance Selleck pins will be used to hold together the gripper. This would not use a thread, but the force exerted from the pin will push against the gripper whilst the joints will have clearance of 0.2 of a millimetre, this will allow for free movement of the gripper.


Design for ease of fabrication 
This is when the design suits a specific manufacturing process, this minimises the overall cost for manufacturing. 
As previously discussed, there are manufacturing methods which have already been decided, these are the most cost-effective methods for the parts. All the parts would need deburring and cleaning. The cylinder would need to be anodised as it would be on display for the customers and would not serve much of a role in the operation. 
Provide tolerance
Each manufacturing process has the inherent ability to maintain a certain range of tolerances and to produce a certain level of surface roughness. Maintaining inside these tolerances will keep scrap down anything which goes passed the tolerances needs to be scrapped. 
There are several instances where whole tolerance needs changed on the drawing, the areas in which the joints, grippers, drive belt and Cylinder all require tolerance input. There needs to be a gap between parts when designing, this is to allow for deviations with the manufacturing process. The manufacturing process isn’t perfect and some parts are manufactured to large or too small and they will not fit together.
Below is after of the design alteration to the gripper before and after using Boothroyd and Dewhurst table.
[image: ]
 giving an efficiency of 71%
[image: ]
Giving an efficiency of 80% for the new model
(Geoffrey Boothroyd, 2010)
Poka yoke
To measure the tolerances quickly the manufacturing process can use poka yoke to measure the dimensions. Poka yoke is the ambition of adding quality to a process it is a to check the parts for defects as they are being produced. For the gripper’s, gauges can be used to check the dimensions of the holes, these are checked for over sizing or under sizing. (Nikkan Kogyo Shimbun Ltd, 1989)

Risk management assessment 
Below is the FMEA for the gripper production process failure modes and how it could fail in on the production line to stop potential problems in the field. 

[image: ]

FMEA’s are quality tools used to fix issues problem solve quality problems. FMEA’s also improves the quality, reliability and safety of products and processes in a proactive manner. They also help customer satisfaction, by proactively addressing failures that keep us from meeting critical customer requirements in processes or products. (Stamatis, 1997)



Product life cycle

The parts will be manufactured in a way to allow for easy disassembly of the gripper head, the fastener pin heads are easily moved out of positioned if need be by taking off end caps and pushing the fastener pin with a pointed object. When the grippers become worn replacements can be sent out to replace the old ones. This is a brilliant way to help the environment as instead of needing to throw away the entire unit only the grippers would need replacing. Like wis the is possible with any component. 
(Gupta, 2009)

Manufacturing Process Design


Standardised and outsourced components arrive 
Material in for milling components
Material in for laser cutting Jaws and Joints.
Material in for laser cutting Jaws and Joints.





Components checked for quality issues 

Kitted 



Machine set up
Machine set up
Machine set up





Part manufactured
Part manufactured
Part manufactured





Process finishing
Process finishing 
Process finishing




Anodising




Assembly





Packing 



Dispatch

Conclusion 

The product will be made mainly in house, relying on external buyers for Standard consumable parts such as the fastening pins and the motors. The parts produced inside the company will be manufactured in 3 different processes laser cut, milling and turning. The parts will all be manufactured quickly with extremely fast cycle times. Once the manufacture of the parts has been completed the can be easily quality checked with poka yoke equipment before being sent to assembly. The parts are easily assembled, there is no need to use a spanner or other tools. The fastening pins will allow for easy assembly of the gripper.
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Component ID A essential  B non essential

Shaft 0 1

Worm 1 0

Cylinder 0 1

Jaw 1 0

Motor 1 0

Joint 1 0

Drive plate  1 0

Total 5 2
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Component ID A essential  B non essential

Worm 1 0

Cylinder 0 1

Jaw 1 0

Joint 1 0

Drive plate  1 0

Total 4 1
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