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[bookmark: _Toc502816754]Introduction
Increased customer demand has resulted in the need for improvement in the manufacturing process. Currently the volume of units per week in very low volume hence parts are manually machined, however the volume is set to increase tremendously to 500 units per week. The growth in volume has driven the need to upgrade the manufacturing process; however the redesign must ensure the component cost results in profitable sales. Other costs saving efforts must be considered throughout with the target of reducing the price per part, reducing raw material, reduce cycle time by process efficiency improvements etc.
This report summarises the concept design improvement for the Drill Press Assembly however despite multiple part changes this report will fixate mainly on the following only; the Main Sliding Part (affected part highlighted green).


[bookmark: _Toc502816755]Design Development Concept
[bookmark: _Toc502816756]Previous design 

[image: ]· Manually machined – estimated labour 3.5 hours per part
· Estimate machining technician wage – £25 per hour

∴ hours x wage = 3.5 x 30 = £87.5
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· Material – polymer
· Area for machining block – X=197.00mm, Y=100.00mm, Z=53.00mm
· Estimated cost for raw materials 
= £5 per block 







The volume of the original Main Sliding Part is 283,000 cubic millimetres after machining however the area of the raw material block which who need to be purchased ready to machine is a much larger volume at 1,044,100 cubic millimetres (197.00mm x 100.00mm x 53.00mm)
The surface area of the machined part is 56,000 square millimetres. 




[bookmark: _Toc502816757]User Requirements 
The product must continue to be a manual press process which only allows the operator to press to a set lower limit and also must spring return to a home position naturally. The user requests that the Drill Press Main Sliding Part must remain ergonomic and have no sharp edges or burrs. The part must be of a strong material and be capable of functioning fully under stress and high volume pressing. The Main Sliding Part must also contain a feature which is able to clamp a variety of drill necks. The customer demand expects a minimum of 500 units per week which equates to an annual volume total of 26,000 parts. The changes to the manufacturing process must not increase the product purchase cost. 

[bookmark: _Toc502816758]Manufacturing Material and Method 
[bookmark: _Toc501464089][bookmark: _Toc501464241][bookmark: _Toc502665228][bookmark: _Toc502816759]The most suitable manufacturing method for producing the Main Sliding Part from a polymeric material of this medium volume is injection moulding. Injection moulding is when “Plastic material in the form of granules is melted until soft enough to be injected under pressure to fill a mould.  The result is that the shape is exactly copied.  Once the plastic moulding has cooled sufficiently to harden the injection mould opens releasing the part.  The whole injection moulding process then repeats. The plastic injection moulding process produces large numbers of parts of high quality with great accuracy, very quickly.” (Rutland Plastics)
Injection moulding the Main Sliding Part has many advantages. The mould tool is capable of producing parts too high tolerances that are repeatable and reliable. The output part will be produced with a good surface finish within a very short cycle time. Injection moulding is an automated process therefore operators are not exposed to dangerous material melt by default, unlike other manufacturing processes such as sand casting; the process is very safe. Injection moulded parts commonly have very low cycle times due to the rapid automated process, consequentially resulting in a process which has the potential to produce huge volumes in a much shorter period of time than the comparative machining alternative. As per every manufacturing process in addition to advantages there are disadvantages too.
High upfront costs are associated to introducing an injection moulding process due to many aspects. Firstly the moulding part is often of complex geometry due to draft angles, wall thicknesses, cavities etc. which results in a substantial time designing. Mould tools can be very expensive dependant on the material they are made of; aluminium is cheaper solution than steel however due to the metals harness properties the aluminium tool would wear faster and have a shorter lifespan. Injection processes require thorough testing and primarily frequent parameter tweaks until the process is fully refined. Due to the complex tooling, there is also maintenance costs associated to ensure the tool is in optimal working condition and extend the tools lifespan.
The required material for this injection moulding process must be a thermoplastic. As defined by (Kristoff, 2017), “A thermoplastic polymer is a type of plastic that changes properties when heated and cooled. Thermoplastics become soft when heat is applied and have a smooth, hard finish when cooled”. 
The thermoplastic polymer chosen for the new injection moulding process is ABS.  “ABS, or acrylonitrile butadiene styrene, is a synthesized plastic that combines styrene and acrylonitrile. This safe thermoplastic is used in many consumer products that humans come in direct contact with, such as cell phones, toys, microwaves, and other appliances.” (Stack Plastics Inc.). Manufacturing the Main Sliding Unit out of ABS is perfect due to the material being “ strong, light, versatile, and tough” (Stack Plastics Inc.).

[bookmark: _Toc502816760]Functional Design Specification
The part must be designed for manufacturing via injection moulding machines. The improved Main Sliding Part mould must be created slightly larger than the desired outcome to account for the shrinkage of the polymer upon cooling. The designed part must have no sharp corners, this will ensure the best flow of the polymer melt within the mould. The Main Sliding Part must have draft angles, these draft angles will allow easy removal of the part from the mould. Hot runners will be introduced into the tooling to heat the tool to improve polymer flow, but also cold runners to ensure the part cools evenly to prevent sinks or weld line. The tool will incorporate ejector pins to ease the removal of the part from the tool. Further evaluation work will be conducted to determine the best location for the sprue to ensure the best output part.

[bookmark: _Toc502816761]Redesign of Main Sliding Unit
The redesign of the Main Sliding Unit part geometry is especially tailored for the manufacturing process injection moulding. Researching and design guides supported these part improvements. (GE Plastics, 1997) facilitated the introduction of the necessary design characteristics to  injection mould, whereas (P.Groover, 4th Edition) provided guidance for the best practices for tooling split lines.

[image: ]
· The minimum wall thickness of the part is 10mm to encourage good flow of polymer melt



· All sharp edges have been smoothed with the ‘Fillet’ feature, again to encourage good polymer flow. 




[image: ]· Draft angles have been introduced to in the direction of the tooling split cavities.




· The part has had the feature ‘extruded cut’ used to reduce the volume of polymer melt needed and improve the cooling process and reduce the likelihood of sinks/voids.



	The Main Sliding Part As Part Of The Assembly. 

	[image: ]
	[image: ]




[bookmark: _Toc502816762]Injection Moulding Tooling Split
[image: ]The design shown in section 2.5, needed several modifications to refine the geometry and prefect the design to improve the mould flow, as well as ensure the part removes from the tool with ease. It was decided for this part that there would be three core in additional to the cavity – see the figures below; 
[image: ]
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[bookmark: _Toc502816763]Cost reductions
[image: ]The volume of the redesign Main Sliding Part is 240,000 cubic millimetres, which is a reduction 15% of the original part material volume and an enormous 75% reduction of material of the original machining block. 
The surface area has only reduced slightly from 56,000 to 54,000 square millimetres; however keeping this large surface area will ease cooling of the part and therefore contribute to reducing the cycle time.
[bookmark: _GoBack]The cycle per part has reduced immensely from 3.5 hours per part to machine (12,600 seconds) to an estimate of 60 seconds – that is less than 5% of the original time to manufacture one part. 
The price per part has been reduced due to the reasons stated above; lower volume of material required, faster cycle time etc. however tooling expenses have increased. The mould tool is made using an expensive metal, steel. Steel was chosen due to customer demand being high. The steel tool will tolerate 26,000 per year, for many years without showing signs of wear as long as it is correctly maintained. 
The injection moulding process is automated therefore there is less need for operator interaction. Time and resource will be saved resulting in an operator’s time being utilized elsewhere. 

[bookmark: _Toc502816764]Conclusion
To meet customer demand the Drill Press Unit must be redesigned and reintroduced with improved engineering techniques to result in lower manufacturing costs and higher efficiencies. Despite injection moulding processes having high initial upfront costs to cover the redesign of the part, flow analysis studies, prototyping, tooling, equipment, DOE studies and validation; long term there are huge cost reductions. Cost reductions via reduced material volume, reduced waste material, reduced cycle time and reduced time and resource required long-term due to automation possibilities. For a business to survive and remain competitive they must strive for continuous improvement each and every day. 
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	AISI
	American Iron & Steel Institute

	DOE
	Design of Experiment
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