Pick-and-Place Gripper Redesign
Contents
Introduction	1
Concept Design Appraisal	2
Product Design Specification	2
Performance	2
Economy	2
Target Production Cost	2
Quantity	2
Product Life Span	2
Environment	2
Size	2
Weight	2
Maintenance	3
Material	3
Ergonomics	3
Testing	3
Safety	3
Manufacturing Process Proposal	4

[bookmark: _Toc85727607]Introduction
The purpose of this design study is to determine the effectiveness of a three-pronged end effector design, determine whether it is fit for purpose, and to suggest solutions and improvements in order to increase the product’s effectiveness, reliability and value in the eyes of the customer. This analysis will be done with regards to the requirements of the customer in terms of function, form and price, as well as with regards to the company’s required profitability and available manufacturing and assembly methods.


[bookmark: _Toc85727608]Concept Design Appraisal
The core requirement of the design is the ability to function as a “pick-and-place” design, with a wide range of uses that would require it to be flexible and adaptable. For this purpose, the initial design seems ill suited; the primary holding area is a three-jaw device with each jaw ending in a sharp, flat edge. This prevents it from picking up very small components, and gives it a negligible gripping surface area in order to securely grip parts. Additionally, the initial design consists mostly of simple shapes and square edges; while this is only due to the design currently being in the initial concept stages, these features would make the product heavy and risk damage to items being manipulated and should be avoided on the final design.
[bookmark: _Toc85727609]Product Design Specification
[bookmark: _Toc85727610]Performance
· The product must be able to grip and support a range of items.
· The product must have sufficient grip strength as to lift heavy objects.
· The product must have as low a weight as possible so as to make manipulation easier.
[bookmark: _Toc85727611]Economy
· The product must be producible for as little cost as possible.
[bookmark: _Toc85727612]Target Production Cost
· The product must have a production cost of no more than £100, comparable to the combined cost of similar products available that could be used to construct and equivalent.
[bookmark: _Toc85727613]Quantity
· The product must be designed in a way to make production of up to 2000 units per week feasible.
[bookmark: _Toc85727614]Product Life Span
· The product must be operational for at least ten years.
[bookmark: _Toc85727615]Environment
· The product must be suitable to operate within a range of environments, both commercial and industrial.
· The product must be resistant to physical impact due to movement of other tools and materials during lifting and placing operations.
[bookmark: _Toc85727616]Size
· The product must be large enough to lift a range of items that would be comfortable moved by hand.
[bookmark: _Toc85727617]Weight
· The weight of the product must not exceed the maximum safe lifting weight for any user (25kg for an adult male, 16kg for an adult female).
· The target maximum weight of the product will be 10kg.
· The product will be built to have as low a weight as possible.
[bookmark: _Toc85727618]Maintenance
· The product must be designed such that all elements of it can be easily accessed to allow them to be repaired or replaced if damaged.
· All bespoke parts of the product must be simply produced from as inexpensive materials as possible, to allow for replacement parts to be easily and affordably constructed.
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· The product must be constructed from sufficiently robust materials as to withstand accidental impact during operation.
· The product must be constructed from non-hazardous materials so as not to present a health risk to operatives within the environment.
· The product must be constructed from cost-effective materials to keep the project expenditure to a minimum.
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· The product must stand at a comfortable height for a standing human to operate.
[bookmark: _Toc85727621]Testing
· The product must be tested to ensure that it fulfils its purpose and performs well, lifting items quickly and reliably.
· The product must be tested to ensure that it does not break during regular use, and is resistant to damage in the event of an accident.
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· The product must be designed for safe operation; no sharp edges must be present on the final product and no materials should be used in its construction that will present a hazard to the end user.
· The product should be designed such that its manufacture uses no materials hazardous to the manufacturer. Any hazardous materials that are necessary should present as little hazard as possible and should be controlled so as to minimise the risk of injury or ill health.
· Safe operating instructions must be mentioned clearly in all relevant literature.
· All relevant legal requirements will be observed, such as the Health and Safety at Work Act and the Provision and Use of Work Equipment Regulations.


[bookmark: _Toc85727623]Manufacturing Process Proposal
The primary concern of the business is that the design of the product is able to be manufactured and assembled with as great a profit margin as possible, and with speed enough that up to 2000 units can be produced per week. It therefore stands to reason that commonly available and inexpensive materials will be preferred, as well as manufacturing processes that are fast and are not energy intensive. Similarly, push-fit parts or rivets will be highly preferable to threaded parts and screws, as cutting a thread takes significant time.
The current design of the parts could be easily produced via milling and turning processes; however, it also seems possible to produce most of the components via die-casting, which would greatly increase the production speed by comparison, with only minimal drilling or machining necessary afterwards. Most of the connections between components of the product are joints that can be externally accessed; this makes riveting an ideal solution for connecting parts togethers, as they are quick to fit and act as an axle to allow the parts to rotate around.
Design and Development Work Undertaken
The first stage of design work undertaken was to fit rivets to all flexible joints in the assembly. This turned up some interesting flaws in the current design, such as one of the moving arms for one of the jaws being on the reverse side and the mounting points for the jaws having incorrect through holes. These were corrected.
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Rivets were deliberately positioned facing in the same direction, and with smaller moving component being loaded onto the rivet before larger components are. This reduces handling necessary when assembling the part and reduces the chance of dropping a part from the rivet when attempting to fit it. As these rivets are only 2mm in width, they should be easy to fit by hand with a hand pressure operated rivet gun.
The next stage of the design development was to improve the grip of the jaws. This was done first by closing the gap in the jaws by adding an extra section with a slanted interior. To retain a good surface area for gripping, a flat bevel was added to the gripping surface of this interior. To further improve the grip, grooves were cut into the surface. Consideration was made to the idea of instead having a replaceable grooved rubber pad, for better frictional characteristics and lower risk of damage to delicate components; however, these would need to be loaded from the rear of the jaw in order to prevent them from slipping out during lifting of heavier components,, and so would require a much greater range of jaw motion than the current design allows in order to access the jaw from the rear.
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Finally, to mimic the design of the chosen manufacturing method of die-cast aluminium, the part was shelled to a 1.5mm thickness and all edges filleted to either a 1.5mm radius for the exterior walls or 0.5mm radius for internal edges; these dimensions were chosen to improve the structural properties of the part, removing sharp deflections from the exterior wall that would be bearing pressure where such feature might present fault lines, and keeping the points of articulation attached directly to the exterior walls. To model this, the gripping groove detail had to be removed and simplified; this heavily suggests that the manufacturing process will require the grip detail to be milled after the main body of the part has been cast.
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Conclusion
The outcome of this report is that the pick-and-place gripper design has evolved to include considerations based around the materials, manufacturing method and assembly methods used, in order to create a successful design for the jaws and actuation mechanism that allows the product to more fully fulfil the requiresments set by the Product Design Specification; the jaws are lighter, with a better gripping surface and a reduced gap between them allowing smaller parts to be lifted, while sharp edges have been minimised.
Further development of the design is possible and should be undertaken; it seems obvious at this stage that the cylinder that holds the bottom hinges for the jaws can be significantly improved.
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