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appendix 
learning outcomes 
	EA4b
	Achieved through redesign using system of techniques 

	D1
	End user requirements evaluated 

	D2
	Health and safety discussed , environmental issues discussed 

	D4
	Problem solved by redesign using various advanced techniques 

	D5
	Cost drivers discussed 

	EL6
	Health and safety discussed 

	P3
	Applied design techniques in solidworks 
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Introduction 
The purpose of this report is to detail the redesign process of a 3-Jaw gripper. Through utilising various design techniques and theories, it is possible to make improvements to existing products to make them more efficient to manufacture without degrading the functionality of said product. In this example a concept design of a 3 jaw gripper has been provided and the task is to refine the design from a manufacturing stand point in order to efficiently produce 1000-2000 units per week. The manufacturing process that will be chosen will have a large influence on the alterations that can be made to a design to achieve the goal. 
Concept design appraisal
In order to appraise the concept design it is important to first define its end user needs and then consider how well it meets these requirements. To do this it is helpful to understand the expected customer of the product, by doing this the more relevant features of the product can be highlighted. 
One example of an expected customer would be the manufacturing industry. The gripper could be deployed to remove defected parts from a high paced production line. In this instance pace and precision is key. Due to the gripper being designed for a range of operations ie. A range of different sized parts, it has a relatively large stroke, this could cause issues when picking small parts of around 10-20mm as the long stroke results in a longer time for the jaws to close, this could cause issues if used on a high pace production line. Also, this large stroke means that the gripper is not very compact, this could cause issues if the parts on the production line were densely packed together as the jaws could interfere with unintended parts. To further develop the concept design the stroke length could be reduced once the size of the parts that will be picked is determined. 
An example of an alternative customer would be the arcade/entertainment industry as the grabber could be used in a “claw machine” where consumers would pay to operate the grabber in hopes of winning a small prize. In this instance aesthetics is far more important as the gripper needs the be appealing to passing customers and entice them to play. In order to achieve this further development is required of the concept design as the design is far too industrial looking with jagged edges and bulky parts. Further development to make the design more appealing would be required.
The size of the parts the gripper is able to pick is limited by the diameter of the jaws. The maximum opening in the jaws is roughly 60mm, this allows for picking part up to 50mm in diameter. Clearance is required to allow the jaws to surround the part so this gripper could be appropriate for production lines involving small parts or potentially even a fruit sorting line. Any parts larger than 50mm would not be appropriate for this gripper and modifications would need to be made to accommodate this. The concept design has industrial aesthetics and would not look out of place in a factory setting. Whilst aesthetics I not a major factor in an industrial setting, it is relevant as the customer needs to perceive the product to something that can fulfil their requirements. 
Functionality is a major requirement of the product. It needs to “perform a range of pick and place operations”. The mechanisms in the concept allow for grab and release to be performed for a range of small components measuring up to 50mm in diameter. So the concept certainly satisfies these criteria although the concept is far from refined. There are no fixings connecting the jaws to the drive plate, thus allowing the jaws to pivot from the fixing holes and closing to perform the grab motion. There are no clearances modelled into the design so there would be far too much friction for the jaws to pivot. (Spacey, 2018)
From a manufacturing standpoint there is a lot to be desired with various components. They have been designed with little to no consideration of the manufacturing methods. The cylinder and drive plate in particular would be very tedious to machine using lathes and milling machines. The sharp edges and overhangs provide a sub optimal machinability. It may be difficult to produce the high volume of parts required as time per part is substantial with these unfriendly features. Further development of these parts is required to achieve a reasonable machining time. For this the parts will require slight redesigns to improve their ability to be machined effectively and efficiently. Maintaining circular profiles where possible is one such way to make the parts more lathes friendly. 
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Design Specification 
General 
	Material 
	Mixture of mild steel and nylon, higher durability materials to be used for threaded components 

	Assembly 
	high volume, easy assembly required 

	Production volume 
	2000 units per day 

	Cost 
	£295 per unit 

	Size 
	110mm x 55mmDia



Function 
	capabilities
	Needs to be able to pick hold and release a variety of small parts.

	Mounting 
	Needs to be mountable to a surface of another part (that will move the gripper)

	capacity
	Has to accommodate parts of up to 50mm in diameter 

	Force 
	Grip with 100N of force 

	Closer speed 
	Jaws close in 0.5s 

	payload
	Max 10kg 



Aesthetics 
	Appearance 
	Must be aesthetically pleasing 

	
	Must appear to be durable and well produced

	Colour 
	Cylinder painted at customers request




Safety 
	Finish 
	Free from burrs 

	Materials 
	Made from food safe/ non toxic materials 

	Emergencies 
	System linked to emergency stop 

	Electrics 
	wires well protected/ no exposed wires 



Quality 
	Grab function 
	Grippers should release parts without it getting stuck

	
	Grab/hold/drop function needs to be repeatable 

	durability
	Product life span of >5 years required 

	
	Jaws need to resist corrosion from repeated use 

	
	Threaded parts need to made from hard wearing material 

	
	Build to withstand small impacts 



Environmental 
	Sustainability 
	Excess material kept to minimum 

	
	Waste minimised 

	
	Made from mostly recyclable materials 

	
	Efficient manufacturing process 


(Johnson, 2014)








Manufacturing process proposal 
Given the fact that up to 2000 units per week are required it is important to select appropriate manufacturing methods that will allow the target to be easily attainable. Furthermore the methods selected must be cost effective and allow for the products to be produced on budget.  The primary cost drivers that will influence the manufacturing process proposal are as follows.
1. How will the components be produced? 
	Machining methods 
	Cost of equipment 

	
	Running costs of equipment 

	
	Breakdown/maintenance costs 

	
	Labour cost to run equipment 

	Materials used 
	Cost per Kg 

	
	Waste (KG)



2. How will the components be assembled?
	Labour 
	Cost of labour to assemble parts

	
	Cost of systems that organise components for assembly (ie.stores system)

	Standard components 
	Cost of standardised components produced out of house ie (fixings)
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The “jaws” and the “join” are essentially “2D” components that have been extruded. They are each used 3 times to produce 1 gripper. This means that to produce 2000 units per week, 6000 units of each component is required. Due to these high volumes and the fact that the design of the parts are essentially 2D, an appropriate method of manufacture would be to use a laser cutter. 
Laser cutters are extremely versatile and can be used on a wide variety of materials ranging from hard steels to plastics and natural materials. Furthermore they can be used to cut varying thicknesses of material. 
The Jaws and Join are 5mm and 2mm respectively. Through other means of manufacturing this could have costly and timely implications such as different tooling setups required. This would incur a cost and would take time for operators to make tool changes. However a laser has “no need to replace or modify tooling.” so multiple thickness and materials can be used with no negative effect to the efficiency of production. 
By efficiently nesting parts on a given sheet, waste can be kept to an absolute minimum. Furthermore parts can be designed to be nested in a way which minimises the gaps in between parts. Resulting in a high percentage sheet utilisation. By minimising waste, the cost per part is reduced significantly. 
Additionally, this method of cutting only consumes roughly 10kW of power which is a big saving when compared to alternative methods of cutting which can use up to 50kW of power. Therefore the running costs associated with power consumption is drastically lower than alternatives. 
As these components are vital to the mechanics of the pick and place operation, a suitable material to use would be mild steel. The strength and durability of mild steel is required to ensure the product life span of 5 years is achieved. Alternatives such as plastics would be cheaper to produce however may lack the strength to grab heavier payloads and would typically wear faster than metallic materials. 
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The drive plate and worm both feature threaded features. As this is the case a process that achieves high accuracy is required to ensure that the threads operate as intended. Additionally a material which allows for high precision machining is required. Furthermore the material needs to be durable enough to maintain the thread over the life span of the product. 
Due to these factors an appropriate method of manufacture would be to use a live tooling lathe. Lathes are able to turn components with high efficiency which will aid production in reaching the 2000 units a week target. The worm is ideal for turning as it features only circular profiles. Live tooling can be used to bore a hole into the end of the rod. 
The drive plate requires further development to optimise it for mass production. However the circular profiles and threaded hole are achievable on a live tooling lathe with a high degree of accuracy. 
As these components are threaded it is suggested to use mild steel for the material to ensure the integrity of the threads over the products life span. 
Live tooling lathes allows parts to be machined in ways which traditional lathes are not able to. Along with turning, addition operations include milling, drilling and tapping. This allows parts to be machines using various operations without ever handling the part, thus saving time. 
As the part is never moved in-between operations, the datum is maintained. This saves time as an operator does not need to spend time finding the datum on another piece of machinery. 
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Similarly to the drive plate, the housing is a good candidate for a live tooling lathe once further development is undertaken to make it more lathe friendly. 
This component is large and the machining process would produce a significant amount of waste. An appropriate material choice for this would be nylon. A cheaper alternative to mild steel, the durability of nylon is more than adequate for the housing.  
Standard parts 
The motor, shaft and fixings can be comprised from standard parts, manufactured out of house and brought together for the assembly process. 
Part standardisation is useful for reducing costs and boosting production efficiency. If every nut and bolt were to be made in house. Large investments would be required to produce the various parts. Not to mention the time taken to do so.
By purchasing standard parts from suppliers. Parts can be attained for small costs without having to make substantial investment.  Additionally parts are available on demand and require no production time to produce. Therefore streamlining the production process and booting efficiency. 
Design and development work undertaken 
Design changes
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· Redesign of jaws to allow for removal  of jaws 
· Redesign of cylinder to improve machining efficiency 
· Redesign of drive plate to accommodate new jaw design 
· Development of drive plate to improve machining efficiency 
· Remove excess length from worm 
· Add clearances slots in cylinder 
· Shorten cut-out depth in cylinder 
· Add clearance to fixing holes 




Jaws
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The most significant change in the design occurred in the jaws. The jaws were redesigned so that the join was completely eliminated from the part. The jaws now extend to the drive plate and a slotted fixing point allows the jaws to open and close while eliminating the join as a part. This design change is made with Design for assembly in mind. There are 3 fewer components required for the final assembly. Less parts results in a simpler build which makes the assembly process faster and more efficient. 
The shape is still able to be cut on a laser cutter as intended in the proposal but with this slight modification the laser cutter is only required to produce 6000 parts a week instead of 12000 parts per week in the concept design. 
The same jaw is used 3 times in this product. This is called modular design. Modular design in products is massively beneficial as minimizing the number of unique parts helps reduce cost of the overall product.  It is much faster to repeatedly produce the same part as there is no variation in the production process.  Furthermore it is easier for an operator to produce the same part repeatedly as there is simply less to learn. 
While the points discussed have clear benefits to the manufacturing of the product. There are also distinct benefits for assembly when using modular design. When assembling the jaws it is not possible to use a wrong component in a wrong place as there is only 1 type of component. If the jaws were to differ from one another then extra time would be required when assembling and incorrectly assembled grippers would be far more frequent. 
[image: ]
By adding a ridge above the fixing hole, it is impossible for the jaw to be assembled upside down. This is known as poka-yoke.
The aim of poka-yoke is to eliminate defected by products by making them difficult if not impossible to assemble incorrectly. In this instance, the incorrect assembling of the jaws would not result in wasted materials as the fixing could simply be taken back out, however this mistake does still produce waste in the form of time. Every inefficiency in the assembly process directly relates to wasted time. 
 

Lastly the parts have been modified so that they can be nested more efficiently in the laser cutting process. This minimised the waste generated which reduces material cost, material handling costs and is beneficial to the environment.
Cylinder 
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One key difference of the cylinder is the elimination of overhangs to allow for efficient production on a live tooling lathe. By turning the shell of the cylinder can be achieved, maintaining a constant wall thickness the centre of the cylinder can be easily bored. Before the live tooling can perform a milling operation to produce the slots required for the moving parts. 
The simplicity of this design allows for high volumes to be produced per week as the time per part has been drastically reduced. This will allow the target of 2000 units per week to be achieved. 
The depth of the slot surrounding the jaws has been reduced so that only the necessary clearance is used. This reduces machining time due to less material being removed. Furthermore the additional material improves the strength of the part which is a welcome by product since this part is being produced with nylon. 
Clearance has been added to the slots to allow the jaws to move freely once fixed to the cylinder. Clearances are required to account for tolerances in the manufacturing process and to aid the assembly process. Allowing for tolerances results in less parts being rejected due to difficulties when assembling. 
Additionally no clearance would result in a significant amount of friction which could hinder the movement of the jaws. 
Drive plate 
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Similarly to the cylinder, the drive plate was modified to allow for easy production on a live tooling lathe.  The circular profile can be turned before separate operations remove the material to allow for the slots to be created and the centre hole to be tapped. 
A reasonable modification was made to allow for the new jaws design to be fixed to the drive plate. Due to this part being machined using mild steel which has reasonably high strength, the wall thickness is able to be relatively thin and still maintain adequate strength to support the forces it will experience. This allows for the jaws to maintain their original design thickness of 5mm. In order to thicken these walls, thickness would need to be removed from the jaws which would be detrimental to its performance. 
Fixings 
Standard fixings are to be used to connect the jaws to the cylinder and drive plate. BSI pins and retaining clips are to be used to allow for easy assembly. The same length and width pins will be used for both fixing holes on the jaws. This removes the possibility that the wrong pin will be used for the wrong fixing hole, thus removing any wasted time associated with making this type of assembly mistake. 
There is a small clearance designed into the product to further aid the assembly and allow for the pins to be easily inserted into the fixing holes. 
Failure modes and effect analysis
Failure modes and effects analysis is a risk management tool that allows weaknesses in the manufacturing process to be identified in the design stage in order to deal with these problems wither by solving them directly or making preparations in anticipation of problems. 
FMEA and risk management in general is a useful practice that can benefit a project in various ways.  Through brainstorming possible failure modes, it is less of a surprise when they occur and a solution for them has already been pre determined, ensuring that the project stays on track. 
In the case of manufacturing and assembling the gripper. FMEA can be used to identify ways in which these processes can go wrong, and aid in the prevention of these failures. By identifying possible failure modes steps can e taken to minimise the chance of these failures occurring. Thus preventing inefficiencies in the manufacturing process as well as rejected parts. 
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Manufacturing process design 
In order to achieve a high level of efficiency in the assembly process a SOP (standard operating procedure) can be developed. A SOP is essentially a set of working instructions that aim to make the assembly process as clear as possible. By doing this employee training time can be reduced drastically. New employees will always have a copy o the SOP to refer to, saving time and money as the employee can get up to speed as quickly as possible.  
Furthermore SOP’s are an excellent way to maintain consistency among employees as they will all be producing work with the same instructions. 
By removing guesswork and ensuring all instructions are clear, the occurrence of errors is drastically reduced. This boosts efficiency by eliminating wasted time. Moreover less rejects means that the overall cost of the operation is minimised.
SOP
	1. Place motor on bench bottom side down 
	[image: ]

	2. Place rod into outlet of motor 
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	3. Slot worm onto rod 
	[image: ]

	4. Slot cylinder over worm and fasten to motor using m4 screws 
	[image: ]

	5. 
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	6. Screw Drive-plate onto worm clockwise 5 full turns
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	7. Fasten the base of 1 jaw into the drive plate using a 5mm pin and securing clip 
	[image: ]

	8. Fasten the slot of the jaw to the cylinder using a 5mm pin and clip 
	[image: ]

	9. Repeat steps 6 and 7 for remaining two jaws 
	[image: ]



Conclusions 
Through various design techniques it is possible to develop products to improve their ability to be manufactured in high volumes whilst maintaining high quality. Techniques such as design for X allow for improvements in target areas. In the case of this grabber, the target areas were manufacturing and assembly. 
By designing for manufacturing, parts can be optimised to increase production volumes whilst maintaining the function of the part. 
Through design for assembly techniques, assembly times can be made considerably smaller as assembly becomes less complex and more reliable. 
The revised design of this gripper displays vast improvements from the original design that will allow the target of 2000 units per week to be achievable.  
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