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[bookmark: _Toc165230655]Introduction
This assignment is split into  two halves, both consisting of roughly 2500 words.  The first task will  be referred as the Robot gripper redesign and the second task will be referred as  Design for additive manufacture (DfAM).
[bookmark: _Toc165230656]Task 1
[image: A blue and silver mechanical parts

Description automatically generated]Task 1 requires the redesign of a supplied robotic gripper. This redesign needs to focus on ease of manufacture and fabrication for mass production. Design for X (excellence) will be utilised along with a variety of techniques in order to logically redesign the gripper to be fit for purpose in regards to an outlined specification whilst also being designed with efficient manufacture in mind. The manufacturer aims to produce 1000+ units per week. (Below is a picture of the Robot gripper assembly)

[bookmark: _Toc165230657]Task 2
Task 2 requires the redesign of a component of choice using DfAM techniques . This will involve choosing a component, explaining the choice, forming a design specification for the component and then redesigning the component  for additive manufacture  whilst also considering the material selection and type of additive manufacture.

[bookmark: _Toc165230658]Task 1
[bookmark: _Toc165230659]Concept Design Appraisal 
[bookmark: _Toc165230660]Customer requirements
[bookmark: _Toc165230661]Functionality 
The robotic gripper has four main areas that are required for the design to retain full functionality. These areas are: the contact area of the gripper, where it actually grips things, this contact area needs to be unchanged in dimension, at least on the contact face. Another area is the degrees of rotation for the gripper from closed position to open position. This needs to remain the same or greater in order to not reduce functionality. Another area is the servo housing, the design for this can be changed/adjusted however there needs to be space for the servo to sit and interact with the gripper as well as the servo controller. The final main area required for functionality is the harness on the rear end of the gripper which allows it to be coupled with a robotic arm. This connector needs to be able to still be gripped properly in order to retain full functionality.
[bookmark: _Toc165230662]Volume of Production
One of the requirements set by the customer in the brief was the aim of being able to produce 1000+ units per week. This is roughly 200 units per day for a 5 day week or 143 units per day for a full 7 day week. Most  manufacturing companies will be producing 7 days a week. With this requirement of 143 units per day the total fabrication time for these components will have to be as low and efficient as possible. This can be achieved through a few means, such as less individual components overall, different manufacturing methods utilized and a lower amount of material used to name a few methods.
[bookmark: _Toc165230663]Costs
The manufacturer is producing these robotic grippers and then selling them on. The importance of this is that whilst better manufacturing methods and smarter materials can be utilized to reach the required functionality and speed of manufacture, if the cost is not kept low the company will have a lower profit margin and thus the change from the smaller scale complicated design to a larger volume simplified design will be less effective in terms of increasing the size of the company and increasing the profit produced from the gripper.
[bookmark: _Toc165230664]Initial Design Specification
[bookmark: _Toc165230665]List of required functions
-Correct mounting solution for robotic arm
-Contact area of the gripper
-Degrees of rotation
-Correctly dimensioned servo housing
-Ease of manufacture

[bookmark: _Toc165230666]Robotic Mounting Requirements 
In order to retain the ability to mount the gripper properly and securely to a mount, certain dimensions need to remain unchanged on the design. As seen in the figure below, the four main dimensions are the diameter of the holes at the bottom centre of the plates, the diameter of the rods connecting the plates towards the top and right edge, the length of the rods and the relative distances of these rods and holes from each other. These two rods, with correct diameter and length, plus the two holes with correct diameter and depth need to be present in the final design.
[image: ]To the right is a sketch showing the dimensioning of the component, this will used a reference in the redesign in order to make sure the relative positioning of the rods and holes are correct for proper hold with a robotic arm.
Also to the right is a diagram showing the required rod length for this component is 22mm.
[image: A metal object with holes

Description automatically generated][image: A drawing of a rectangular object

Description automatically generated]Finally there is a picture showing the initial 3d model of the component.






[bookmark: _Toc165230667]Contact face of gripper
[image: A blue tool with screws

Description automatically generated][image: Blue plastic tongs with teeth

Description automatically generated]In order to not reduce the functionality of the gripper, the gripping face needs to not be reduced. This means the contact face stays the same shape and retains the same dimensions. The dimensions to be kept in the redesign include: The vertical height of the teeth, the depth of the gaps between the teeth, the distance from peak to peak of teeth, the oval gap between the two sets of teeth, the distance of the teeth from the pivot radius and all the surfaces where the teeth contact items or other teeth will remain the same.

[bookmark: _Toc165230668]Degrees of rotation
[image: A blue pliers with screws

Description automatically generated]In order to not reduce the functionality of the gripper, making sure that no freedom of movement is lost is important. Each jaw of the gripper opens 26 degrees from centre (closed) to edge postion (open) so a total opening of 52 degress from the centre of rotation. 




[bookmark: _Toc165230669]Servo housing
[image: A blue and silver mechanical device

Description automatically generated]The redesigned gripper needs to be able to house the servo properly for the gripper to actually open and close so there needs to be a correctly dimensioned slot for the servo to fit in order to control the gripper whilst also having access for the servo to connect to the controller for the gripper.





[bookmark: _Toc165230670]Ease of manufacture
The brief set by the manufacturer requires that the product be fabricated and assembled in large quantities and so methods need to be taken in the design process to make sure that as little material is wasted as possible and the machine time is as efficient as possible. Also, a design efficiency test will be conducted in order to avoid the manufacture of excess components which will elongate the manufacture time.




[bookmark: _Toc165230671]Design & development
[bookmark: _Toc165230672]Initial design
[bookmark: _Toc165230673]Design efficiency 
The design efficiency of the initial design supplied will be calculated using the Lucas method  in order to give a baseline efficiency to compare against the final design.
[image: A table with numbers and symbols

Description automatically generated]The table to the right shows a functional analysis of all the parts minus the standard component fixtures. A suggested minimum for the design efficiency is about 60%. The table shows that even without the extra fixtures, the efficiency is almost half the minimum. 
After looking at this data its clear that one of the first steps in the redesign is to consolidate or remove the non-essential parts. Many of the main parts of the gripper are simply separate components that connect other components together. These either could be replaced with standard fixtured to lower manufacturing costs and time or redesign into less complex assemblies. 
[bookmark: _Toc165230674]Designing in regards of life cycle
This gripper will see automated, constant use in a factory or industrial setting once bought by the client. This will mean that through the constant cycles the gripping implements or other active parts of the assembly can degrade through use or break. Thus in order to increase the overall life time of the product and minimize waste, certain parts of the assembly will be made with modularity in mind. This allows a technician to swap out broken parts and increase the working life of parts that if bonded, would have to be recycled with the damaged part.
Also as the gripper uses a servo for gripping, through the constant use of the servo, the motor can deteriorate and break thus being able to replace the motor would increase the product life time and allow the client to swap for a stronger servo if required.








[bookmark: _Toc165230675]Parts redesign
[bookmark: _Toc165230676]Jaw redesign
[bookmark: _Toc165230677]Simplifying the design
[image: A blue tool with screws

Description automatically generated]As stated in the design brief, when reworking the jaws (Part 3) it is important to retain the contact dimensions in order to not lose any functionality of the gripper. In the redesign, following the efficiency analysis, Parts 3 and 1, and Parts 3 and 2 are going to be combined into a single component. This will remove the use of 4 bolts and 4 nuts, lower the number of individual parts that require fabrication and save material, lowering the cost and manufacturing time. 
[image: A blue and black tool

Description automatically generated][image: A blue tool with a handle

Description automatically generated]To the right, there is a diagram of the initial design of the gripper, and also the two redesigned jaws. The jaws have kept the same contact face dimensions as required by the design specification. They are of a simple design which could be easily milled from a block of aluminium. This metal is easy to work, if it breaks or degrades enough to require replacement, then the metal can be melted down and recycled easily. The new jaws kept the same gearing from the initial design in order to lead/follow the turn as having them co-dependent requires less fixtures.
[bookmark: _Toc165230678]Design for manufacture
These parts have been designed in a way that they can easily be machined out of an aluminium block. This makes them cheap, easy to work with, fast to cut and recyclable. Both jaws could tesselate with each other and be cut out of a single block of aluminium and the rest recycled or 10 of each jaw cut out of a larger block for better efficiency. Also as the jaws are held in place by 3 screws total they are easy and quick to replace in case of damage or need for a different jaw.






[bookmark: _Toc165230679]Keeping range of motion
[image: A drawing of a giraffe

Description automatically generated]The 2 chassis plates have been shortened as shown later in this report. The impact of this on the jaws is that the turning arm needs to be adjusted to keep the 26 degrees of motion on each jaw without the servo arm hitting the robot mount. On the diagrams below you can see the orignial design for the turning arm on the left and the redesign on the right. The connector from the turning arm and the servo arm has also been adjusted in order to satisfy the range of motion required.
[image: A drawing of a cow head

Description automatically generated with medium confidence]


[bookmark: _Toc165230680]Mounting solution redesign
[bookmark: _Toc165230681]Simplifying the design
[image: A metal object with screws

Description automatically generated]The original mounting solution consisted of many different components and fixtures. As seen on the diagram on the right, the mount uses 6 screws initially, 2 bolts for a robot to connect to and then 4 bolts into spring housings which interfaces with the rest of the gripper. 4 More bolts are then used on the gripper to secure the chassis plates to the mount. The first step of the redesign is to lower the number of fixtures whilst keeping as much modularity as possible.
In the redesign, the mount now directly interfaces with the chassis plates. The slots in the mount plates have been lengthened to add structural support whilst not extending to far to the rear as to leave ample room for the mount to interface with the robotic aperture is has to connect to. 
[image: A blue and silver device

Description automatically generated]The only fixtures present in the redesign are the 2 bolts for mounting and a single bolt at the front of the chassis plates for more structural strength and there is a hollow rod between the plates which the front screw goes through so that the chassis plates at the front don’t get bend inwards from the pressure of the screw. The dimensions of the bolts and hole at the bottom of the design have been unchanged in order to not remove the mounting functionality as that was a must have in regards to the design spec.

[bookmark: _Toc165230682]Design for manufacture
The mounting plates will be manufactured out of aluminium as it is cheap, strong enough for purpose and easy to machine. The shapes of the plates has been left in a very easy to mill form. Both mounting plates are identical and so can easily be swapped out in case of damaged and be easily machined in large quantities.

[bookmark: _Toc165230683]Chassis plates redesign 
[bookmark: _Toc165230684][image: A grey object with holes

Description automatically generated]Simplifying the design 
The initial design of the chassis plates is a single plate which can be used twice in the assembly with the same design. However this plate system makes use of 6 bolts, has a convoluted method of interfacing with the mounting system and uses an inefficient method to house the servo.



[image: A blue and silver device

Description automatically generated]In the redesign the plates now directly interface with the Mounting plates through a large slot on the mounting plate and a large protrusion on the chassis plate. As both components are aluminium, a relatively light but strong metal, the slots will be sufficient to hold the weight of the assembly without issue. The two bolts that are used to connect the mount to the aperture are also utilized to hold the mounting plates together. This compression force and precise measurements of the slots and protrusions are what keeps the chassis plates and mounting plates connected. This removes the use of 6 bolts. 4 of which held the chassis to the mount and 2 which held the chassis plates together.

[image: A blue and silver object

Description automatically generated with medium confidence]A single new bolthole and bolting solution has been added at the front of the plates in order to add structural support to the design and lessen the load on the contact of the slots and chassis plates.
This bolt also holds in place a hollow rod which supports the structure.
[bookmark: _Toc165230685]Design for manufacture
The biggest setback of the redesign is that the two chassis plates are not identical. However, the design can tessellate and be milled. These plates are also aluminium. Also, the processes of milling required to fabricate this part are simple are very achievable.



[bookmark: _Toc165230686]Jaws to Chassis solution
[bookmark: _Toc165230687] Simplifying the design
[image: A blue and grey mechanical tool

Description automatically generated with medium confidence]In the initial design, the jaws attach to the chassis plates with 2 bolts. These bolts in combination with some washers, hold a bearing in place that sits within the inner diameter of the hole in the jaws.
In the redesign, instead of 2 bolts going all the way through the plates, a hole is bored to only go half way through each plate (2.5mm). This means that a small rod can act in place of the bolt to hold the bearing in the correct position and support the structure. The benefits of this are less fixtures, simpler design and easier assembly.
In the design for each jaw, 2 (1mm thick) 2.5M washers are required and 1 (1.5mm thick) 2.5M washer is required. These add support and help locate the bearing and jaw correctly.
[image: A blue and grey plastic object

Description automatically generated][image: A blue and grey object with a grey strip

Description automatically generated with medium confidence]







[bookmark: _Toc165230688]Design for manufacture
These parts have been designed with milling as the process for fabrication. The rod is aluminium and the washers and bearing are standard iso components. 



[bookmark: _Toc165230689]Servo redesign
[bookmark: _Toc165230690][image: A mechanical device with a blue handle

Description automatically generated]Simplifying the design
In the initial design, the server is connected to the top chassis plate via 2 small screws. Then a bolt connects the servo arm to the turning arm which then uses a large bolt to connect to the turning arm of the lead jaw.
[image: A green and grey blocks

Description automatically generated]In the redesign, instead of using screws to hold the servo in place, the chassis plates have been adjusted to fit snugly either side of the edge of the servo top plate and the top chassis plate has a face shape which closely resembles the servo top cover which will prevent the servo from moving. This removes the need for 2 screws.
[image: A green circle with a red and black circle

Description automatically generated]





[image: A blue and silver metal piece

Description automatically generated with medium confidence]In regards to the arm which attaches to the servo arm and the bolt that connects to the turning arm of the jaw, this has been shorted by 7mm in order to keep the turning radius to fit with the design specifications.







[bookmark: _Toc165230691]Assembly
Start with the bottom chassis plate, insert both jaw holding rods and servo. Place 1 large washer on each rod, place bearing on top of washer, place jaw hole around the bearing, add the other 2 washers on top of the bearing. Place the second chassis plate on top, it will only fit one direction due to the face shape of the servo. Place a mounting plate either side of the chassis plates, putting the protrusion into the slots on the mounting plate. Use the 2 bolts in their holes on the mounting plate. Slide the Chassis bolt hollow rod into place (concentric with the front hole on the chassis plate, slide the chassis bolt through the top of the upper chassis plate, through the hollow rod and out the bottom, use the nut to hold it together. 
Screw the servo arm into the servo and connect the servo arm to the turning arm. Connect the turning arm to the turning jaw hole using the bolt. Tighten all screws. Assembly complete

The assembly is fully modular and so any parts can be easily replaced.







[image: A mechanical arm with a clamp

Description automatically generated][image: A drawing of a tool

Description automatically generated][image: A close-up of a mechanical device

Description automatically generated][image: A drawing of a mechanical device

Description automatically generated]







[bookmark: _Toc165230692]Task 2
[bookmark: _Toc165230693]Component for redesign 
The component selected for redesign is a drinks can holder for 4 cans. This can either be for industrial packaging usage or in a consumer basis for safe transportation of canned beverages.
The exact component for redesign is the “ChasBete Portable Soda Can Organizer” (3) developed by ChasBete euro and sold on amazon. Below is a product picture.
[image: A group of soda cans in a plastic holder

Description automatically generated]This product can be used for safe transportation of cans or for organised storage of cans. 

(4) – ChasBete can organizer



[bookmark: _Toc165230694]Breakdown of component
[image: A transparent object with holes

Description automatically generated]This product can hold 4 cans side by side. The cans are held in place on 3-4 sides by the outer plastic housing which in development has been designed to the specific size of these cans to appropriately fit them. This avoids the cans easily slipping out and being held too tight.
There are multiple holes on the bottom of the product for drainage in case of a break in one of the cans or some other issue causes liquid to pool. This is important as if a sugary liquid stayed pooled in the plastic for a long time, it would be a strong breeding ground for bacteria, would make the product and cans sticky and could stain the plastic.
The outer form of the product follows the shape of the cans contained within and so is not overly bulky and is space efficient. On one side is two horizontal strips of thick plastic so the product can be effectively squared up against a flat surface. This is useful in the case of fridge storage where being space efficient is necessary. On the other side of the product, there is a handle along the vertical side of the product. This acts similarly to a draw handle, so the user can easily reach into the back of a storage container such as a fridge and slide the product closer, instead of trying to find grip on the smooth plastic. The handle has a low profile as another measure to be space efficient.



[image: A brown bottle with a blueprint

Description automatically generated]The product is mainly designed for 330ml cans however greater 500ml cans would also fit just as well but would have more can sticking out the top. It would also balance less effectively with taller cans. Standard UK 330ml bottle can fit as they are close in size to the cans. A can has an outer diameter of 60mm and a bottle 62mm. 
(5) – Standard UK 330ml bottle
The specific polymer user for this is cast PP plastic.


[bookmark: _Toc165230695]Areas for improvement
The first area to improve through DfAM is the compatibility of container the product can hold. The product has best results with 330ml cans and is capable of holding 500ml cans and 330ml bottles less effectively. The redesign of the product will be better suited to holding a larger ranger of beverage containers and it will hold them more effectively.
Another area to improve upon it’s the modularity of shape. The product comes in a 1x4 orientation and this can work in a lot of storage configurations however also being able to store the product in a shorter, fatter 2x2 configuration would increase the capability range of the model.
Another area to improve is the ergonomics of the handle. The gap between the handle and body of the product is quite small and a side effect of moulding plastic is non rounded or sanded edges can be sharp and uncomfortable to hold.
A final area to improve upon is the fit tolerance. There are multiple negative reviews (6) about how fit of cans into the product. In the redesign a solution will be found to increase the effectiveness of the fit and lower the tolerance range between units.
The major benefit of using additive polymer manufacture in this project will be potential for a more complex shape whilst retaining the required strength.










[bookmark: _Toc165230696]Iterative design
[bookmark: _Toc165230697]Version 0
[image: A transparent object with holes

Description automatically generated]The first step of the iterative design process was to 3D model the product as closely as possible in SolidWorks. This will be a base to work off to generate new designs and can be used for simulations such as Finite Element Analysis (FEA) in order to compare the structure against future designs.
The material used for this model is PP (polypropylene) as this is what the original product is made out of.
[image: A blue object with holes

Description automatically generated]From doing a FEA simulation using SolidWorks Simulation Xpress, a model was generated to show where the greatest stress acts on the product if it were full of full 330ml cans, (0.330 * 9.81 * 4 = 12.9N) with a force of 13N. 
As the diagram on the right illustraights, the highest stress currently centres around where the handle connects to the body.


[bookmark: _Toc165230698]Version 1
[image: A group of red and clear containers

Description automatically generated]Changes to design.
This design focuses on improving two main areas, the strength of the handle, ergonomics and the ability to choose to store the organiser in a 2x2 or 1x4 configuration. 
[image: A close up of a device

Description automatically generated]The handle has been thickened and had finger grooves added. The thicker area where the handle meets the body means there is less pressure and a stronger tensile strength. The finger grooves make holding the product more ergonomic and removes the sharp edges present on the initial design.
A set of grooves and slots have been added along each of the two 2x1 can holders. 2 grooves on one side of the body with the handle and 2 slots on the opposing side of the body without the handle. These grooves and slots fit together snuggly with a small lip the at the bottom of the grooves. The friction of the fit plus the lip at the bottom of the grooves keeps the bodies connected.
There are also 2 slots on the handle body on the opposite side to the handle. These are longer groves with a bigger lip, and on one side of the 2x1 no handle body, there are 2 longer slots. The grooves and slots are longer for more contact area and more friction due to the greater moment from the handle.
Design analysis
This design solved two of the outlined issues well, the badly designed handle and the ability to store the cans in a 2x2 or 1x4 configuration. However, the slots and grooves added to the design, to help connect the two 2x1 bodies, have a very un-aesthetic appearance and won’t hold up to long term use due to the contact faces rubbing against each other and wearing away the material which will decrease the friction and over time remove material, making the fit looser.
Going forward a better connecting method will be designed in addition to designing with aesthetics in mind.
[bookmark: _Toc165230699]Version 2
[image: A wireframe of a computer case

Description automatically generated with medium confidence]Changes to the design
[image: A close-up of a black and white drawing

Description automatically generated]The design developed significantly further than version 1. One of the areas of focus was tessellation of the bodies for storage efficiency and connectivity. The shape of each can chamber was changed from a circle to a hexagon. This allows for better tessellation, better modularity and allows the product to hold more types of beverage containers. The inner diameter of the body hasn’t changed so the fit is still appropriate.
[image: A computer tower with many windows

Description automatically generated with medium confidence]In order to connect the separate bodies together, the groove – slot approach was dropped and instead a hook – slot method has been utilized. This performed better in the stress test as the force from the weight of the cans gets converted into pressure from the hook to body, as each connecting face has 2 hooks this means that when connected the pressure from the cans is distributed over the 4 hooks which is felt as a pressure onto the side of the body. This approach gives a strong and secure way to connect the bodies. 
Another addition to the design is an advance on the modularity of the product. More slots and hooks have been added to increase the potential holding capacity from 4 up to 8 if 2 handles are used.  The handle is now a separate body from the rest of the product which connects to the hooks and slot interface. This means that if the product is being used for pure storage purposes, such as in a fridge or cupboard, the handle can be removed to maximise space efficiency, or if the user wants to be able to carry 4 cans in one hand, the handle can be attached on anyone of the connecting faces. More than one handle can be used at once for better handling or heavier loads. 



Design analysis
The hexagonal redesign has solved numerous design problems, and such will be used moving forward. Currently, if the user is holding 4+ cans with one hand with one handle there is a strong chance that one or more cans could slip out from the top, in the next redesign this issue will be addressed.

[bookmark: _Toc165230700]Version 2.1
Changes to the design
[image: A transparent object with a white background

Description automatically generated with medium confidence]This design was a simple addition and improvement to the previous design. A better handle has been developed which consists of two bodies. One with female connectors and one with male. Each handle body has a set of protrusions which fit into the slots already on the can holder body, once the side slots have been engaged the handle teeth at the top can be interlocked and the squeezing of the hand holding the handle keeps is securely closed. 
This handle is a significant improvement over the previous iteration as is holds the product from above, instead of side on. This alleviates pressure from the wrist and is an overall more ergonomic design.
[image: A drawing of a transparent object

Description automatically generated]Another benefit of this handle is that if using UK standard 330ml drink cans, they cannot fall out when the handle is attached.
Due to the modular design of the handles, more than one can be used, for example if a user was trying to carry 6-10+ cans, using multiple bodies connected together, a second handle could be attached to add stability and ease the carry process.











[bookmark: _Toc165230701]Manufacturing + Material
This product was designed to be 3D printed from an industrial 3D printer. Initially, PP (polypropylene) was going to be chosen as the material but after some comparisons using the Simulations tool on SolidWorks, ABS (acrylonitrile butadiene styrene) performed the best. 
Abs is not only relatively strong but also very affordable and has a good surface finish. A negative of Abs is that is has slight dimension changes depending on the temperature of the surroundings however as the product is designed to be left in a fridge or cupboard for long periods of time, the temperature reliant tolerance issues should not cause issue. In order to combat this issue further, the tolerances of the product have been designed with slight expansion in mind in case of use In hot temperatures and lower bound tolerances to insure in the case of cold temperatures causing shrinkage, that the cans and other beverage containers can still fit properly.
Due to using Abs, there are many different coloured options available and so the product could be sold in a variety of colour options. 
The Abs can be finished with a chemical primer which would slightly chemically melt a thin section of the outer layer and prevent liquid getting into the plastic whilst giving the product a better finish.
Abs is a very cheap material and each component would cost around £1 on average with the larger hexagonal bodies going up to £1.2 and the handle costing around £0.50. This means that there are large profit margins for selling the product and that more money can be spent on quality of processing and equipment, whilst still selling for a profitable price.
The reason 3D printing was chosen for this design instead of moulding the plastic like in the original product is due to the tolerancing issues when moulding. Due to the function of the product with the slots and hooks, the tolerances need to be tight otherwise a proper connection of bodies wont be possible.



[bookmark: _Toc165230702][image: A blueprint of a computer device

Description automatically generated]Final design drawing
[image: A drawing of a handle

Description automatically generated]






[image: A blueprint of a building

Description automatically generated]
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Description automatically generated]1 – Initial design parts list
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Description automatically generated]2 – Final design parts list
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Figure 1: Robot Gripper Assembly Figure 2: Robot Gripper Assembly - Exploded View
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