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I’ve been asked to take a look at a 3-jaw gripper design to see if I can develop it further using industry standard techniques. These techniques include appraising the design using industry recognised methods such as the Lucas method and an FMEA. This report will take you through the steps I have taken to try and improve product functionality as well as increase the design efficiency. I will speak about various types of manufacturing techniques I can use to produce the final assembled part using knowledge I have gained in the industry. Also included will be a breakdown of the redesigned components with the changes I have made and a material and manufacturing suggestion to go alongside them.  
Appraisal of the Original System 
At first glance the concept design has been done quite poorly. Straight away you can see a number of issues with the design. To make sure I was correct I decided to prove my doubts by appraising the concept design. The most commonly used industry approved methods are Boothroyd-Dewhurst method and Lucas method. The Boothroyd Dewhurst Method involves systematically looking at the part geometry and how they're fastened to estimate a time to put the different parts together. Then, adding it up and comparing it to a theoretical minimum part count (what's the fewest number of possible parts you could have to build the product). You will then get a ratio of the two to get an overall design efficiency. The actual number does not matter as it's intended as a benchmarking tool; as you improve the design you have some benchmarks or some comparison points so you know this design is better or worse than that your previous design (Miller, 2020). The Lucas DFA method was developed in the early 1980's by the Lucas Corp. in the U.K. Unlike the Boothroyd-Dewhurst method, the Lucas method is based on a "point scale" which gives a relative measure of assembly difficulty. The method is based on three separate and sequential analyses. These are best described as part of the assembly sequence flowchart (ASF):
1. Specification
2. Design
3. Functional analysis (this is the first Lucas analysis)
4. Feeding analysis (this is the second Lucas analysis)
5. Fitting analysis (this is the third Lucas analysis)
6. Assessment
7. Possibly return to step 2 if the analyses identify problems (DFA: The Lucas Method, 2020)
The method I decided to use was the Lucas method because as it’s only a concept design I don’t have the actual parts in hand to time the assembly as is required in the Boothroyd-Dewhurst method. Also, I believe the Lucas method is slightly easier to use and less time consuming.
Functional analysis
The first analysis tool in the Lucas method is the functional analysis tool. It assesses if all components in the design are essential by asking a set of yes/no questions which will lead to it either being an ‘A’ part which is an essential part to the design or a ‘B’ part which is a non-essential part and should be considered for designing out. Below is the chart I used to assess the components:
[image: ]
The first part you use in the design must be essential so I used the motor as the first part as the gripper wouldn’t work without it. Then I took each component through the chart to reveal if it was an essential or non-essential part. Below are my results:  
[image: ]
As you can see, the chart revealed that three of the parts and also the fasteners are deemed non-essential and can be considered for designing out. To work out the design efficiency you take the sum of essential parts and divide that sum by the total number of parts and multiply the answer by 100. In the case of this design the efficiency would be 6÷24 x 100 = 25%.
Feeding analysis
The second tool is the feeding analysis tool. It assesses the handling of each component in 4 different categories, such as the size and weight and any handling difficulties that apply. It’s based on a point scoring system, so you run the component through each category giving it points for each feature that applies and add them up to give you a total score. Once you have a total for each component you can see which ones you should consider for redesigning if you can by the highest scores. Below is the table I used to score each component and the resulting scores for each: 
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As you can see from the results, the two components that have a higher score than the others are the jaws and the worm. These are the components that the tools are suggesting that I consider redesigning or eliminating all together.
Fitting Analysis
The third and final tool is the fitting analysis tool. It assesses the difficulty of fitting each component in 6 different categories, such as the alignment, insertion, access and any fitting difficulties that apply. It’s also based on a point scoring system, so you run the component through each category giving it points for each feature that applies and add them up to give you a total score. Once you have a total for each component you can see which ones you should consider for redesigning if you can by the highest scores. Below is the table I used to score each component and the resulting scores for each:
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As you can see from the results, there are three components that have a much higher score than the others. These being the drive plate, the jaws and the join. These are the components that the tools are suggesting that I consider redesigning or eliminating all together. 
The last thing I decided to do to appraise the original design was to conduct a FMEA on the design. A FMEA looks at the potential failures that could occur. It then gives them scores based on their factors of severity, occurrence and detection. It multiplies the scores for each category to give you a risk priority number (RPN). The situations with the highest RPN are then targeted to improve. This can be achieved by an improvement in any of the three categories. Here is my FMEA of the original design with pictures to illustrate some of the potential failures:
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Manufacturing Process Design
The changes I make are going to be based on the Design for Manufacturing (DFM) and Design for Assembly (DFA) principles. Design for Manufacturing (DFM) and Design for Assembly (DFA) are the integration of product design and process planning into one common activity. The goal is to design a product that is easily and economically manufactured. The importance of designing for manufacturing is underlined by the fact that about 70% of manufacturing costs of a product (cost of materials, processing, and assembly) are determined by design decisions, with production decisions (such as process planning or machine tool selection) responsible for only 20%. The heart of any design for manufacturing system is a group of design principles or guidelines that are structured to help the designer reduce the cost and difficulty of manufacturing an item. The following is a listing of the principles I’ll be trying to achieve:
Reduce the total number of parts - The reduction of the number of parts in a product is probably the best opportunity for reducing manufacturing costs. Less parts implies less purchases, inventory, handling, processing time, development time, equipment, engineering time, assembly difficulty, service inspection, testing, etc. In general, it reduces the level of intensity of all activities related to the product during its entire life. A part that does not need to have relative motion with respect to other parts, does not have to be made of a different material, or that would make the assembly or service of other parts extremely difficult or impossible, is an excellent target for elimination.
Use of standard components - Standard components are less expensive than custom-made items. The high availability of these components reduces product lead times. 
Design parts to be multi-functional - Multi-functional parts reduce the total number of parts in a design. Some examples of this are parts that besides their principal function have guiding, aligning, or self-fixturing features to facilitate assembly, and/or reflective surfaces to facilitate inspection, etc. 
Design for ease of manufacture - Select the optimum combination between the material and fabrication process to minimise the overall manufacturing cost. In general, final operations such as painting, polishing, finish machining, etc. should be avoided. Excessive tolerance, surface-finish requirement, and so on are commonly found problems that result in higher than necessary production cost. 
Avoid separate fasteners - The use of fasteners increases the cost of manufacturing a part due to the handling and feeding operations that have to be performed. Besides the high cost of the equipment required for them, these operations are not 100% successful, so they contribute to reducing the overall manufacturing efficiency. In general, fasteners should be avoided and replaced, for example, by using tabs or snap fits. If fasteners have to be used, then some guides should be followed for selecting them. 
Minimise assembly directions - All parts should be assembled from one direction. If possible, the best way to add parts is from above, in a vertical direction, parallel to the gravitational direction (downward). In this way, the effects of gravity help the assembly process, contrary to having to compensate for its effect when other directions are chosen. 
Maximise compliance - Errors can occur during insertion operations due to variations in part dimensions or on the accuracy of the positioning device used. This faulty behaviour can cause damage to the part and/or to the equipment. For this reason, it is necessary to include compliance in the part design and in the assembly process. Examples of part built-in compliance features include tapers or chamfers and moderate radius sizes to assist insertion. 
Minimise handling - Handling consists of positioning, orienting, and fixing a part or component. To facilitate orientation, symmetrical parts should be used whenever possible. If it is not possible, then the asymmetry must be exaggerated to avoid failures. (Chang, Wysk and Wang, 1998)



















Manufacturing Process Proposal 
There are several different types of manufacturing processes that can be used to manufacture components. The following processes are the main ones I’ll be using for my components. Each one has its own advantages and disadvantages in terms of accuracy, weight, cost, time and ease of manufacture. Here’s a description of each process with the advantages and disadvantages of each:
Moulding
A popular type of moulding is casting. Materials such as plastic and metal are poured or injected into pre-made moulds. They are then left to cool and set in the mould. The mould is then removed leave the cast component. The advantages and disadvantages of moulding are that it keeps a fairly accurate component tolerance (within a mm) but not precision accuracy. Plastic components can be cast slightly more accurately than metal ones. Cast metal components are strong and durable but also heavy and can be expensive to produce due to the cost of the material. Plastic injection moulds are lighter and a lot cheaper to produce but don’t hold the same strength and durability characteristics as their metal counterparts. The processes can also be time consuming for one off parts, but you can do repeat batches with the moulds which can save you time in the long run for a repeat production component. Finally, surface finishes can vary with moulding depending on how good the moulds have been made.
Machining
Machining is also known as subtractive manufacturing. Machining consists of taking a raw material and using a range of machines such as lathes, grinders and milling machines to remove material to create features using tools and other cutting methods. Features include but aren’t limited to; holes, slots, grooves, chamfers, radii, threads and tapers. Machines are generally split into two categories, manual machines and computer numerical control (CNC) machines. CNC machines are the more accurate of the two and are quickly becoming the norm in industry over manual machines. CNC machines take longer to set up than manual ones, and programs have to be written for them using coding. Once a CNC is set up its just a case of putting the parts in the work holding device and letting the machine cut the component to the sizes specified in the program. Manual machines don’t require programs to operate and the operator must use the features of the machine to create the features required for the component. Machining can give precision accuracy when it comes to component tolerancing (within microns) and as you are removing material you make the components lighter, even if sometimes it is marginally. You can achieve a much higher quality surface finish than a cast component when material is machined. The big downside is that the cost to machine material is quite high when you factor in the cost of tips and drills for the tools, operator wages and the initial cost of the machines. The set up and program writing can be time consuming but once that is done, the machine can run numerous parts off in relatively quick succession.         
Additive manufacturing
Additive manufacturing is the process of creating an object by building it one layer at a time. Technically, additive manufacturing can refer to any process where a product is created by building something up, such as moulding, but it typically refers to 3-D printing. To create an object using additive manufacturing, someone must first create a design. This is typically done using computer aided design, or CAD, software, or by taking a scan of the object someone wants to print. Software then translates the design into a layer by layer framework for the additive manufacturing machine to follow. This is sent to the 3-D printer, which begins creating the object immediately (Additive manufacturing, 2020). The advantages of additive manufacturing are that you can choose the density of your components, meaning you can save weight on a component if you think it’s going to be too heavy. Speed is another advantage as you can design and 3D print a plastic component in only a few hours. Dimensional accuracy and surface finish vary with the type of material used for printing, so users would have to research prior to manufacture. The downside of additive manufacturing is that you’re restricted with the materials you can use as not all metals and plastics can be temperature controlled enough to allow printing. 3D printing is a static cost unlike more conventional techniques like injection moulding, where large volumes may be more cost effective to produce. While the initial investment for 3D printing may be lower than other manufacturing methods, once scaled up to produce large volumes for mass production, the cost per unit does not reduce as it would with injection moulding (What are the Advantages and Disadvantages of 3D Printing?, 2020).
  














Design and Development Work Undertaken
Here are the changes I made to the design. The components from original design are on the left hand side in the pictures and the redesigns that I have done are on the right hand side.
Jaws
[image: ][image: ]
The jaws have been made slightly wider to accommodate the new joins. This would have reduced the gripping ability for smaller objects. To combat this, the point of the jaws have been tapered to allow a closer grip. A small flat has also been added to remove the sharp point, which was a problem with the original design. To try and increase the gripping ability even further I have inserted small ridges on the gripping face, this should help to stop picked objects slipping down the face while being moved. Various radii have been added to the sharp edges to make it easier to handle and to avoid injury when assembling. The through holes have been eliminated to remove the need for fasteners such as bolts, pins and rivets. They have been replaced with a circular tab on the outside and holes on the inside of the slot for the tabs on the joins to fit into. The slot has been inserted so that the component has the capability to flex inwards so that the tabs can fit into the holes on the cylinder. My manufacturing process suggestion for the new design is to 3D print the component out of polypropylene, which is tough and flexible. These are the two qualities needed for the jaw to function. 3D printing would be ideal for the process as the component wouldn’t need to be solid to perform its intended purpose so it could be printed with honeycomb structure inside the component so that it could retain its rigidity but also save on weight, material and time to produce. Also, the tolerancing would need to be reasonably accurate but not precision for it so no machining would be required.    





Joins  
[image: ][image: ]
The Joins have been redesigned with the purpose of eliminating all the previous joins that were required to hold it in place. The through holes have been removed to take away the need for fasteners such as bolts, pins and rivets. They have been replaced with a circular tab on the outside. The slot has been inserted so that the component has the capability to flex inwards so that the tabs can fit into the holes on the cylinder. As with the jaws, my manufacturing process suggestion for the new design would be to 3D print the component out of polypropylene, which is tough and flexible. These are the two qualities needed for the joins to function. 3D printing would be ideal for the process as the component wouldn’t need to be solid to perform its intended purpose so it could be printed with honeycomb structure inside the component so that it could retain its rigidity but also save on weight, material and time to produce. Also, the tolerancing would need to be reasonably accurate but not precision for it so no machining would be required.
Cylinder
[image: ][image: ]
The cylinder has had two design changes. The first being the blocks with clearance holes for the fasteners have been removed. The holes for the tabs have been placed in the clearance slots. To accommodate this, I had to make the wall thicker by making the inner diameter slightly smaller. This means that there will be more material required to produce the component, but it removes the need for fasteners which I believe is a fair trade. The second change as you can see below is that two out of the four holes for fasteners between the cylinder and the motor have been eliminated. There isn’t any need to have four fasteners as two is more than enough do the intended purpose, which is to hold the motor and the cylinder together. My manufacturing process suggestion for the new design is to use polyamide (nylon) in a thermoplastic injection moulding process. Polyamide is known for its electrical properties, toughness, wear resistance. Nylon has a high level of stability (helps with strength) and is resistant to many external factors like abrasion, impact, and chemicals (Mold, 2020). By using plastic over metal, we can ensure a slightly better dimensional accuracy and we can also make the component lighter. The main benefit in this case of plastic over metal is that it will be a lot cheaper to produce the component due to the price of the material.
[image: ][image: ]
Drive plate      
[image: ][image: ]
The drive plate has been redesigned to accommodate the new joins. The previous blocks on the top have been removed to make it more aesthetic and to make manufacturing easier. In their place three slots have been introduced with holes either side for the tabs on the joins to be inserted into. The slot design also gives the joins a 180° rotation capability, which ensures no obstruction while the drive plate moves up and down the shaft. The diameter of the component has been increased to be able to introduce the slots with the correct depth for rotational clearance. This may be seen as a negative, but the additional material has already been negated by the removal of the blocks and the material saved by the introduction of the slots. The thread in the centre has remained as it is an integral feature of the component. My manufacturing process suggestion for the new design is to make an investment cast out of cast iron. The features would be cast in as well, leaving material on all features for machining except the holes for the tabs from the join. There would need to be machining operations as well the cast would need to be faced, turned, drilled and tapped. All of this could be accomplished on a CNC lathe relatively quickly. It would then need to be placed on a milling machine to remove the excess material from the slots to ensure dimensional accuracy for the joins. The main reason I chose cast iron for the drive plate will become apparent when I talk about the driveshaft. Aside from that, the other reasons I chose cast iron over other metals was that cast iron has good vibration damping, good wear resistance, good machinability and low notch sensitivity (casting and Iron, 2020). Finally, cast iron is cheaper than other options such as steel and aluminium.
Driveshaft
[image: ][image: ][image: ]
The driveshaft and worm have been redesigned to be a single component rather than being separate. This eliminates a component from the assembly, meaning that the design efficiency will greatly improve as a result. The driveshaft is now one solid bar with a larger diameter in the centre to stop the drive plate winding off the thread towards the motor. The thread has remained in the same position. The only new feature is a hole for a fastener at the jaw side of the shaft. This is to stop the drive plate winding off the other end as described in the earlier DFMEA. Even though I am adding a fastener to the design I feel it is necessary to avoid the product failing, as once the drive plate has wound off the thread it would need human intervention to be put back on. My manufacturing process suggestion for the driveshaft is to purchase a stock size cast iron bar and machine the bar to size including screw cutting the thread on a CNC lathe. The final machining operation would be to drill the hole for the fastener. This could be done on a pillar drill as the accuracy for the placing the hole wouldn’t be super strict as long as the correct size drill is used, and by doing it on a manual machine it would save some time during the manufacturing process. The main reason I have selected cast iron as the material for the drive plate and the drive shaft is that it has the lowest coefficient of kinetic friction when dry out of the plausible materials I could have used. This means less energy is lost from the motor driving the drive shaft through the drive plate which makes the process more efficient. The friction can be decreased even further by using lubricants. Cast iron on cast iron has a dry kinetic coefficient friction of 0.15μk, hard steel on hard steel is 0.42μk and aluminium on aluminium is 1.4μk (Coefficient of friction, 2020). Other combinations of easily obtainable metals don’t go below the cast iron on cast iron pairing, so this would be the best option.  
Fasteners
There are only three fasteners left in the design. Two to hold the motor and the cylinder together, and the one for the end of the shaft. The choice of fastener for the design is steel dowels. These can be bought in as standard sizes. This reduces the need to manufacture them and they are cheap to purchase. 














Conclusion
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After appraising the initial design using industry recognised appraising methods, I quickly realised that there were many issues that could be corrected and components that could be designed out. The initial design efficiency was 25%. I wanted to bring this up or over the industry recognised standard of 60%. The FMEA also pointed out several potential failures that could occur during operation.
Once I knew what components that needed improvement or elimination, I set about using solid works to design from scratch or alter the existing ones. I managed to eliminate one component completely along with 10 fasteners. This took the total components from 24 to 13. With the joins also turning from a non essential to an essential component this meant the design efficiency has greatly improved. The new design efficiency using the formula is 9 ÷ 13 x 100 = 69.23%. My goal was to hit over 60% design efficiency, and this greatly exceeds that.
I have also been able to reduce and eliminate some of the potential failures that the FMEA threw up. Some of these include the joins colliding and the drive plate running off of the worm.
I think the new design looks a lot more aesthetically pleasing which is a bonus. There are also fewer sharp edges which make it better from an assembly point of view. Also, by removing the blocks on top of the drive plate it now has a better rotational symmetry which improves its Lucas score. 
The manufacturing suggestions and material selections give a good balance of cost, production time and ease of manufacture. My experience in the manufacturing industry gave me an advantage when it came to doing this.
Overall, I am happy with how the new design has turned out as I have made a significant improvement in the design efficiency. The gripper should also have increased functionality as the jaws now have notches in them to help with grip and reduce slipping while transporting parts.  
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