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Polymer Injection Moulding used to manufacture new concept design of a Drill Press Main Sliding Unit. This is due to its cost effective and easy to manufacture process compared with a casting. The Polymer used to manufacture is Polyetherimide, this is due to its Heat Resistance, Strength and Stiffness. This will support the use of a drill when attached to column. Design changes in the concept from the customers to modification, was to remove the sharp edges and to replace with 2mm radius fillet to support the material flow.
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This report follows the development of designing a Drill Press Main Sliding Unit. The report looks in to the value of a concept design provided by the customer with a view of modifying to ensure the most lean and agile process when manufacturing using Polymer Injection Moulding. A specific material is required to ensure that the manufacture of the Drill Press Main Sliding Unit is fit for purpose, making sure it’s strong and durable.

[bookmark: _Toc1757517]Drill Press Main Sliding Unit Project
On reviewing the concept design provided by the customer it was clear there was a potential for improvement on the design. If the Main Sliding Unit was manufactured out of a casting there wouldn’t be much issue as the body is essentially square in shape therefore easier to manufacture. However, the customer has specified a requirement that the Main Sliding Body is to be made from a polymeric material. This is due to the cost effectiveness and production capacity requirements. Main Body Unit is to manufacture by Polymer Injection Moulding, however, the main body design will need to be modified with a suitable material the provided the strength and durability required. 
[bookmark: _Toc1757518]Customer Concept Design
Figure Number 1 below is of the concept design provided by the customer.
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Figure No.1


The issue currently observed with the Main Sliding Body is that there’s sharp edges. This can lead to high stresses, which in turn can result in failures. This will more than likely occur due to insufficient material being applied to the corners of the main body. Another issue possible in this area is the fact that cooling rates of the polymer will be quicker, resulting in unpredictable behaviour within the main body resulting in potential sink marks during solidification. (Hague R, Mansour S, Saleh N. 2004)
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Figure Number 2, as seen below is the prototype of the new Drill Press Main Sliding Unit. 
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Figure No.2


The design of the Main Body of the Sliding Unit has been considered and modified to what R Hague, S Mansour and N Saleh had advised as part of the guidelines for injection moulding. Sharp edges are to be replaced to avoid potential stresses that could result in failures. The sharp edges have now been replaced with fillets which measure 2mm in radius along with rounded corners. This should now allow for a more constant stream of polymer flow to be applied to the all areas and reduce for potential stresses and sink marks. (Hague R, Mansour S, Saleh N. 2004)

[bookmark: _Toc1757520]Polymeric Materials
There are several different types of materials that can be used for Injection Moulding. Material such as Acrylonitrile Butadiene Styrene, Polyethylene, Polycarbonate, Polyamide, High Impact Polystyrene, Polyetherimide and Polypropylene (Varotsis, A. 2019). The material considered for use is Polyetherimide. This is because of its Long-Term Heat Resistance, Strength & Stiffness, Dimensional Stability, Resistance to Environmental Stress & Cracking Flammability, Smoke Generation & Toxicity. (Stackplastics.com, 2019) 
	Property
	Minimum Value (S.I.)
	Maximum Value (S.I.)
	Units (S.I.)

	Density
	1.26
	1.28
	Mg/m3

	Compressive Strength
	144
	159
	MPa

	Elastic Limit
	73.52
	81.12
	MPa

	Hardness
	221
	243
	MPa

	Shear Modulus
	1.037
	1.091
	GPa

	Tensile Strength
	91.9
	101.4
	MPa

	Young's Modulus
	2.89
	3.04
	GPa

	Glass Temperature
	488
	490
	K

	Maximum Service Temperature
	434
	452
	K

	Specific Heat
	1475
	1534
	J/kg.K

	Thermal Conductivity
	0.0644
	0.0697
	W/m.K

	Thermal Expansion
	84.6
	100.8
	10-6/K


Below is the table of the Mechanical and Structure properties of Polyetherimide: -
Source from (AZoM.com, 2019)
Polyetherimide is found to have a higher density in comparison with Acrylonitrile Butadiene Styrene, Polyethylene, Polycarbonate, Polyamide, High Impact Polystyrene and Polypropylene. (Scientificpolymer.com, 2019)
[bookmark: _Toc1757521]Manufacturing Process - Polymer Injection Moulding
Polymer Injection Moulding is one of the most preferable and practicable process used for the manufacturing of polymers. This process is used due its highly flexible and diversity due to the differences in sizes and shapes of which material is manufactured from. Injection Moulding and its products from its inputs to outputs vary greatly due it sizes and shape. Various shapes can be formed as a result of injection moulding in short duration, clean and clear finishes and its cost efficiency. (Groover, 2010)
[bookmark: _Toc1757522]Simulation Software
[image: ]During completion of the material selection, the use of the simulation software on Solidworks was conducted to ensure the New Concept design was usable when Polyetherimide was injected in to the Drill Press Main Sliding Unit.  Please see simulation photo below: -
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Solidworks Simulation software also gave a report of the findings of the use of Polyetherimide as part of the Injection Moulding. The findings reported were that the part successfully filled with an injection pressure of 1.0 MPa. The injection pressure required to fill is less than 66% of the maximum injection pressure limit specified for this analysis.
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This report concluded that the original concept design issued by the customer was slightly of manufacturable processing. The customer had put too much sharp edges in its design which could result in un-expected stresses due insufficient filling, thus also potentially resulting in sink mark due to the rapid solidification. The new concept design inserted 2mm radius fillets to remove the sharp edges, this allowing for a better flow of material to fill the required body. To ensure that the Drill Press Main Sliding Unit was fit purpose, the selection of material was vital. The material chosen was Polyetherimide. This is because of its Long-Term Heat Resistance, Strength & Stiffness, Dimensional Stability, Resistance to Environmental Stress & Cracking Flammability, Smoke Generation & Toxicity. This will be essential when a Drill is inserted in to the column for use. To ensure the material was acceptable, the use of simulation software was used as part of Computer Aided Design, Solidworks. The software offers the ability for flow simulation of to ensure that the Drill Press Main Sliding Unit is sufficiently filled. 
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