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Introduction
I have been tasked to undertake a design study to develop a 3- jaw gripper. The gripper will be intended to be used in the robotic systems industry. It is intended that the 3-jaw griper will be flexible and adaptable in order that it will be used for its end purpose of picking and placing operations. I have had a concept design given to me and I am required to undertake further development work to optimise the manufacturability of the 3-jaw gripper.
Below is a detailed report about the design activity along with design documentation. I have split these up onto the following sections:
· Introduction
· Appraisal of original system
· Manufacturing process proposal
· Design and work undertaken
· Manufacturing process design 
· Conclusion




Appraisal of original System
Lucas Method DFA
The Lucas DFA method was developed in the early 1980's. Different to the Boothroyd-Dewhurst method, the Lucas method is done on a point scale which gives an insight of how difficult it could be to assemble. The method is split into 3 separate parts. These are best described as:
1) Functional Analysis – This is where all components of the assembly are looked at and determines whether they are essential or non-essential to the assembly
2) Handling analysis – This is where there is a point score on each component.
3) Fitting analysis – This is where there is a point score on each component. 
[image: ]1) I used a component appraisal chart sheet to carry out this step because they are very useful in the design process. It goes through each individual component and it can determine if an individual component is essential to the design and it’s what it’s intended to do. It could also determine a component to be non-essential and therefore they may deem to be useless or even a hindrance on a design. That may not be the case for all designs, even though it may be an essential component the designer may still want to alter or even remove the component for the original proposed design.  
 Here is the table for the Functional analysis part of Lucas method. I have gone through each individual component to determine which essential parts are and which non- essential parts are. As you can see there is a serious of questions in regards of what each individual component functions. There are Yes and No answers and by analysing them you should be able to determine essential and non-essential parts. Here are my findings and what I think they are:
· Motor – essential
· Shaft – essential
· Drive plate – essential
· Worm – essential
· Cylinder – non essential
· Grippers – essential
· Join - essential

2) A Handling analysis scores each individual component on the basis of performance in these areas:
· Size and weight of part
· Handling difficulties
· Orientation of part
· Rotational orientation of part

3) A Fitting analysis scores each individual component on the basis of performance in these areas:
· Part Placing and fastening 
· Process direction
· Insertion
· Access or vision
· Alignment
· Insertion force

[image: ]
Here is the table used for scoring the handling and fitting analysis of each individual component. As you can see for every action there is a score associated to it. This is useful because if the score is relatively high then that means you are probably likely to redesign the component or the assembly so that it is easier and more functional for the end user.  I have gone through each individual component and here are my results:
[image: ]
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Here are my results and as you can see the grippers have a very high Manual Fitting Analysis with a score of 9. This is something that I will have to re-design as the score is simply too high. With the re-designing of the jaws I will hopefully be able to get the score down for the joins. Even though the score for the drive plate is relatively low with 3.3 I will still be re-designing that component.  



FMEA
FMEA or failure mode effect analysis for its terminology is a very useful tool that is used by designers for identifying potential problems or failures that can occur on a product or a process. The method of doing so in usually done within a spreadsheet and is there to help detect on what might go wrong with a process with in the product. This is also used to help possible causes of the failures that may occur and the possibility of failure before they occur. It is also one of the best ways to detect the potential failures early on in the manufacturing process making it easy for manufacturers to take action and help eliminate the failures early on. If you were to find potential failures later on in the manufacturing process then you could be delaying the whole process by failing to meet required schedules and also adding cost. It is critically important to meet the required schedules and not to delay the manufacturing process because customers have high expectations of manufacturers to deliver quality and reliability on time.
Below is a FMEA that I have produced using a spreadsheet in Excel. This is an FMEA of the original design concept. Here I have outlined potential failures that may occur during the manufacturing process of a 3-jaw gripper. It outlines the process function, potential failure modes, the potential effect of the failure, severity score, potential cause of failure, occurrence, current process control, detection, and recommended actions. 



	 FMEA of original Design
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Process Function
	Potential Failure Mode
	Potential Effect(s) of Failure
	Sev
	Class
	Potential Cause(s)/ Mechanism(s) of Failure
	Occur
	Current 
Process 
Controls
	Detec
	RPN
	Recommended Action(s)

	
	
	
	
	
	
	
	
	
	
	

	Grippers
	Grippers won't open
	Part will be stuck in grippers
	8
	 
	.motor ceased .screw stiff .rivet broken
	2
	No control
	3
	48
	process engineer

	 
	Grippers won't close
	Part stuck
	6
	 
	.motor ceased .screw stiff .rivet broken
	2
	No control
	4
	48
	process engineer

	 
	Missing jaw
	won't operate
	10
	 
	operator error
	3
	No control
	3
	90
	operator error

	 
	Over torque
	Picked damaged parts
	4
	 
	operator error
	3
	No control
	5
	60
	process engineer

	Screw/shaft/worm
	screw missing
	Gripers won't function
	7
	 
	operator error
	2
	No control
	4
	56
	operator error

	 
	worm not threaded
	Gripers won't function
	7
	 
	operator error
	2
	No control
	3
	42
	re-visit drawings

	 
	sitff turning
	.motor failure  . Damaged parts .Grippers unable to function
	4
	 
	.problem with shaft  .screw worn  .drive plate worn
	3
	No control
	5
	60
	process engineer

	Motor
	Motor doesn't turn on 
	No power unable to use gripper system
	5
	 
	Motor ceased
	3
	No control
	3
	45
	process engineer

	 
	Motor speed  to slow/fast
	Damage to parts
	4
	 
	could be issues with worm also Motor overload
	3
	No control
	5
	60
	process engineer







Manufacturing Process Proposal
The original concept design in all is a pretty good design but there are some changes that I would make to the original concept design. First of all I would change the grippers.  I feel that the grippers are not the best made as in that they terminate at a point and I believe that’s not ideal for the picking and placement of the item it is intended to do so. Also with the original design the joins/hinges seem to be coming together due to the lack of clearance permitted so I would alter them, not eliminate them but move them to a different position.  With the re-design of the grippers that would also mean I might need slightly larger joins as well as the standard ones originally in the design. I would also make alterations to the drive plate mainly the 3 blocks on it. They would not be required in my new design that I would be proposing and also in the original design they would need to be altered anyway as they are overhanging over the drive plate itself.  I would keep the motor as it is because it’s there for its intended purpose and I believe it doesn’t need to change. I would also keep the shaft but I’m unsure about the cylinder at this stage and would have to consider this when re-designing my gripper weather I should include it or not in the final design. At the moment the only part I would eliminate would be the worm.
In regards to manufacturing processes there will be differences. I propose that we will buy in the motor itself. I would also buy the joins but with that I will buy 2 different size joins but with the same standard size hole on them. With that I can then buy rivets or whatever fastener I will use, that have a standard size so that they will fit both joins. I will also be purchasing the worm. The other components grippers, cylinder, and drive plate I have decided to machine. There are a couple of reasons for my choice to do this. First of all I will be re-designing the grippers and also the drive plate and because of this I propose manufacturing both of these parts in work. Another reason is if we are making them for production for example 10 a month it makes more sense to manufacture the components ourselves in work. 
· Investment Casting – best for design flexibility, close dimension control, cost savings
· Centrifugal -  is used to produce high integrity densely structured, cylindrical components
· Sand Casting – to produce large components in small batches
· Vacuum Casting - used for alloys where tight compositional control and low inclusion counts are required
· Hot Isostatic pressing - forms pore free bars or tubes with a ﬁne grain

Grippers/Drive plate 
The material I would use is an Aluminium alloy. I have chosen this material because it is lightweight, corrosion resistant, excellent electrical and thermal conductivity, ductile and has strength in low temperatures.
Casting proposal – I would propose to use Investment casting to produce there gripper for the end product. There are a few reasons why I have chosen this method. Factors such as design requirements, cost, and feasibility to manufacture help decide which casting process is most suitable to manufacture. With Investment casting it produces precise components while minimising material waste, energy and some machining practises. This casting method makes it quite useful to design engineers.

First of all we would create the pattern that we require. We would make that pattern from wax using a metal injection die. One the wax pattern is produced it is assembled with other wax components also multiple wax patterns may be used on a single tree. This is then dipped into a ceramic slurry and allowed to dry, this is done in cycles until the desired thickness is created and when dried it is strong enough to retain the molten metal during casting. The mould is then preheated to a specific temperature and filled with the molten metal creating the casting. The final stage is to break away the mould shell from the casting after cooling. (Investment Castings | Which Materials Are The Best?, 2020), (Olsen, 2020)
Why use Investment casting  
· Size Range
· Versatile shapes
· Accurate and smooth finishes
· Dimensional accuracy
· Quality 
Cylinder
The material I would use is an Aluminium alloy. I have chosen this material because it is lightweight, corrosion resistant, excellent electrical and thermal conductivity, ductile and has strength in low temperatures.
Casting proposal – I would propose Centrifugal casting, Horizontal centrifugal casting to be precise to manufacture the cylinder. This is the best process in my opinion for large cylindrical components. Some centrifugal casters produce only horizontal castings where the die rotates about the horizontal axis. This is a cost-effective method for producing high-quality cylindrical components. This process is especially suited for cylindrical parts where the casting length is significantly longer than its outside diameter. A long casting mould is spun at high speed while positioned horizontally. The rotational speed of the mould is high, to offset gravitational forces. Covers are fixed at each end of the mould to contain the molten metal and a pour funnel is used to deliver a specified weight of metal inside the mould. The interior dimension of the mould determines the outside diameter size of the part, while the amount of metal poured into the mould determines the inside diameter size.
Why use Centrifugal Casting
· Greater strength 
· Increased product purity
· Better cost – efficiency
Machining proposal – I propose first of all a rough turning operation for the cylinder.  As it is a large casting I believe that rough turning before CNC lathe operation will benefit because there is a lot of material to come off and by rough turning it gives you larger dimensions before being machined precisely. After rough turning I would use a CNC lathe. I would use a facing operation to machine required length. I would then also finish it off with an O/D operation and an I/D operation.  Again I would also cut the slits out by using an Electro-Discharge Machining wire cutting operation.  (Olsen, 2020)
  






Shaft
I would propose using a nickel alloy because it has high strength, high toughness, corrosion resistant and good temperature properties.
Casting proposal – I would propose Hot Isostatic pressing casting. The production process from the melt to the finished product takes place in three stages. Powder is produced by inert gas atomisation. The powder is canned in sheet metal capsules, giving the product the desired shape. The capsules are then solidified into full density under high pressure and temperature by hot isostatic pressing.
Why use Hot Isostatic pressing
· Mechanical properties – tensile strength and ductility
· Quality cost
· Manufacturing costs
Machining proposal – because of Hot Isostatic pressing there in not much machining required. I would propose putting the bars/shaft through a centreless grinding process to achieve a surface finish and also hit the dimensions needed. After that I would out them on a lathe to put chamfers either end. (European Powder Metallurgy Association (EPMA) - Hot Isostatic Pressing, 2020)
Coefficient of friction 
As I am proposing using 2 different materials for the worm (mild-steel) and the drive plate (aluminium) there will be a coefficient of friction. The coefficient of friction is the value which describes the ratio of force between 2 materials and the force pressing them together. There are 2 different kinds of coefficients. You have static and kinetic. Static is the coefficient of friction in where objects are motionless. Kinetic is the coefficient of friction in where object are in motion. You determine the coefficient of friction by using the following formula:
μ = f (friction force) ÷N (normal force)
These are the my results for the 2 material will be using for static and kinetic 
Static coefficient = 0.61
Kinetic coefficient = 0.47
(What is the Coefficient of Friction? - Universe Today, 2020)









Design and Development
As previously mentioned there some alterations that I was going to make to the original design. To do so I decided to use the Solid Works Application. Solid Works is a 3D CAD Software tool. So here are my re-designs of some of the components.
Grippers
I had undertaken the choice to redesign the grippers as I wasn’t happy with the way the terminated at a pint and for me I didn’t think they were sufficient for the purpose of picking and placing of all types of objects.  This is the design that I have carried out on Solid Works.
[image: ]




[image: ]
Here is what I have done in the re-designing of my grippers. So as you can see I have made them more flat like an “r” shape with the grippers angling in. I feel that these are better than the ones in the original design for the placing and picking tasks it will be carrying out. I believe that they are able to grab all varieties of different shapes and sizes. Another thing I have done is that I have cut out pockets. I have done this because with my drive plate being altered and for the joins that I am going to re-position.









Drive plate 
[image: ]I have altered this component due to the re-designing of my grippers. The original design wouldn’t fit with the new grippers that I am proposing. 













[image: ]











I haven’t changed much to the original design. First of all I decided to get rid of the 3 blocks as they were a hindrance; they weren’t useful or benefiting to me. I decided to have 3 “arms” coming off the drive plate itself so that it supports the joins so that they connect to the grippers themselves. Again I cut slits for the joins.
[image: ]Here are both of my re-designs together. I feel that these are more efficient for the purpose it is intended for. You have clearance between the grippers and joins and the drive plate. With the redesign I believe that you can grip objects of all different shapes and sizes. The next step for this would to put the slightly larger joins at the back of the gripper and then connect it to the cylinder.  
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Manufacturing Process Design
With my new re-design produced I decided to again go through its design efficiency and calculate the efficiency using the Lucas method like I did in the appraisal of the original design. I can then compare them both and we will see if the efficiency/score is better or worse.
[image: ]Majority of the components are a similar score but there are 2 in which the score has been lowered. They are the grippers and the joins.
[image: ]

So with my-new proposed design the score of these 2 components have been lowered. Previously the grippers had a score of 9, and now they are a 6.8 with the re-design. Also the joins were previously a 7.4 but now they score a 6. So with this benign looked at I believe my proposal is more efficient than the original proposal.




Conclusion
This concludes my report. I believe I have achieved what was set out and have come up with a good design for the 3-jaw gripper concept. I have looked at some theories for example Lucas method and boothroyd-dewhurst method. I have also used techniques and documentation like FMEA and Solid works to carry out the documentation and re-designing of the 3-jaw grippers. I have also stated good casting and machining proposals to carry out and complete this project.  All in all I believe that the new design and manufacturing proposals will achieve the goal that was set out from the beginning. I hope this report gives the reader the understanding of what concepts and techniques I have used to achieve my target. 
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