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[bookmark: _Toc33627736]Summary
In this report a drill press design is appraised and reviewed with Design for X tools with a view of simplifying manufacturing & assembly as well as reducing costs. Environment factors are also reported such as material selection, life cycle and recyclability. It was determined that the number of parts could be reduced and those remaining could be simplified as well as made more cost effective.
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[bookmark: _Toc33627737]Introduction
Design for X is a based upon the use of various tools with lean methods considered. ‘X’ can be defined as manufacturability, assembly, maintenance, cost & environmental factors.  The model to be appraised is a spring counter- weighted vertical drill press shown in figure 1 below.  The overall objective is to re-design individual parts of the assembly in order to simplify manufacturing of each part and to streamline the assembly process as well as retaining the functionality whilst not incurring unnecessary costs. 
Traditional DFX would focus heavily on design for quality however modern DFX exercises give a higher consideration to environmental issues such as waste, life cycles and safety which will be explored. (Kuo, 2001)
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Figure 1 - Drill Press Concept Model
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[bookmark: _Toc33627739]Evaluating essential & non-essential parts
Reducing the number of parts is critical is design as simplifying an assembly is the best opportunity to reduce costs. A reduction of parts will result in less engineering, less material purchases and a reduced overall lead time on manufacturing. 
The Bothroyd-Dewhurt method of evaluation design for assembly is widely used and a flow chart is shown below in figure 2: 
[image: ]
Figure 2
Each part of the assembly can be evaluated using the above criteria to separate induvial work pieces into ‘A’ essential and ‘B’ non-essential parts.  Table below shows an evaluation of the provided drill press.
[image: ]
From this a design efficiency can be calculated by dividing the number of essential parts (A) by the total amount of parts (B)

 x100 = 50%
Based on the results, design changes could be made to eliminate the support clamp, guide pin, linking arm and lever with a view to improving the design efficiency. 
Replacing a sliding unit with a rack and pinion style adjustment could allow elimination of some of these parts. The link arm, lever arm and guide pin would be unnecessary as the vertical drive would be from a geared adjusted wheel. The main sliding unit would remain, but would no longer slide, it would drive down a rack fixed to the main column as shown in the image below. Further to this some parts previously designated as essential can also be removed, for example a top brace is no longer required as there is no upper support requirement. Doing this reduces the net amount of parts required and would give a degree of simplicity to the assembly.
 In total 4 parts and their associated fittings such as threaded bolts (and the need to machine the holes) have been eliminated in place of teeth fixed down the column and a rotary handle. 
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[bookmark: _Toc33627740]Multi-functionality
The lower supporting clamp highlighted below in blue can become multi-functional when combined with an element of the base. Utilising the same rack as the main unit, the lower support can be re-designed to incorporate a jig fixing table will in turn allow simplicity in manufacturing the base as discussed later on. The 2 functional elements of this part are now to fix jigs on to and to also provide a stop-depth distance for the main travelling unit.
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It is beneficial to re-calculate the design efficiency at this point to see if the design changes have a quantifiable improvement. 
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 x100 = 100%
Redesigning elements of the assembly as well as adding multi-functionality has resulted in only ‘A’- essential parts being used.
[bookmark: _Toc33627741]Manufacturability
Focusing on the base unit of the assembly, there are multiple ways this could be manufactured such as stamping, pressing, casting or machining from block material. Using a die cast method would give many advantages such as design flexibility, surface finish, high production rate as well as dimensional stability.  On the assumption that the base is die cast into steel die which is machined using CNC it would be advantageous to reduce the complexity of the part which in turn simplifies the tool making process and therefore the machining cycle complexity and time.
It can be argued that the majority of costs associated with die casting is within design and making of tools & dies. Simplifying the part geometry would mean a less complex die and therefore costs would likely reduce. Less machining cost factors such as tool life, cycle time and material consumption create a large percentage of the overhead costs incurred. 
Not having to account for any unnecessary tolerance’s, flash, concentricity of radii features and draft of these specific features at the tooling stage will greatly reduce costs in tool making and these cost savings can be passed onto the final part as profit.
 Considering the functionality is to support to column and retain the upright structure there needs to be structural strength, however by bolting down to a workbench using the provided holes on each corner, means little weight is required and therefore basic net shell could be used to fix the assembly. By using a hollow shell for structure, material consumption can be reduced and also complexity of the tool is reduced as only a simple shape is required to create a through-bore instead of machining the die to shape multiple holes and slots to cast into the design .Removing the grooves near the back of the unit will also have the benefits mentioned above. Any lost functionality id re-gained in the redesigned support clamp above.
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As per the base, if the main sliding unit is to be die cast then there are large cost savings to be made by using a less featured design.  The dimensional accuracy in die casting a will also eliminate most secondary operations such as flash reduction and only simple removal of gates and cavity clean-up would be required. 
The circled features in blue below are eliminated as per the redesign and no longer need to be included in the design of tooling. By using a rack and pinion style design in the main unit, these features  are no longer required and can be replaced by a single hole for a wheel to fit into the internal gear which would again reduce complexity in manufacturing both tooling and casting.
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Another advantage for both components would be that a larger more aggressive milling tool could be used when any additional machining of the final part takes place rather than having to program in tool various changes and the associated costs of wearing/ replacing multiple tools, as well as reduced cycling time. 




[bookmark: _Toc33627742]Recyclability & Disassembly
Design for recyclability can first focus on using the same material wherever possible. Reducing the need for separate materials will reduce dissembling operations as compatible parts can be recycled together. 
Reducing the need for component separation will give a cost effective and quicker recycling when the product comes to its end of life cycle. 
[bookmark: _Toc33627743]Material Selection.
Manufacturing the column and base from a similar metal means that the main structure – and majority of material can be recycled together and only separation of the peripheral components is required. 
Given the small size and ‘home-use’ design it can be assumed that no great deal of torque is to be transferred through the structure and only small sized drills are to be used therefore using relatively good strength aluminium such as AL6063- usually used in construction tubing due to a good strength to weight ratio would satisfy the demands of the application. Stronger- more expensive aerospace aluminium’s are available but would not be financially viable for the given production demand.
Being a relatively light material compared to steel means less transport costs of scrap and will also be less energy intensive to re-melt than steel. Both of these are factored in as critical elements of the life cycle as shown below. The re-use of extruded aluminium such as the main column of the assembly is common and can reduce the need for recycling however recycled aluminium continues to circulate and reduces the need of disposal plus the mining for aluminium containing minerals and the resulting processing. 
According the  it costs 95% less energy to recycle aluminium than to re-produce new and around 75% of all aluminium produced is still in circulation due to no loss of properties on recycling.
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[bookmark: _Toc33627744]Maintainability
Standardising parts where possible will increase maintainability and extend the product life. For example using the same size and style fasters for the base, support clamp, drill clamp and main unit will simplify replacing and also reduce the need of sourcing and purchasing various fasteners. 
Using a relatively common m6 cap head bolt to fasten all parts where required- including fixing the rack to the column will have added benefits such as less complexity of inventory spares, along with increased compatibility and interchangeability. Further to this no specialised tools are required for the end user. 

[image: ]
Having the rack bolted to the columns via a front facing bolt will also allow the teeth to be replaced via easy access to the fastening points and give a degree of modularity to the assembly. This will mean that should a tooth break or wear, then a replacement can be easily fixed, rather than a complex repair that wouldn’t justify the price of the product. 










[bookmark: _Toc33627745]Conclusion
Overall the part has been re-designed with a focus on simplification to aid the manufacturing process of both individual components as well as the overall assembly. Re-designing the individual components to add multi-functionality has meant that specific parts are now cheaper, quicker and less complex to manufacture which in turn had aided the assembly process by reducing number of un-essential parts.
Process selection has been considered to retain quality, functionality and production rate requirements as well as considering material suitability for the given process.
Environmental factors such as sustainability are explored within materials selection by focusing on assembling with the same material where possible which in turn will aid the overall product life cycle.
Considering all the above factors at the design stage is a critical element of engineering and this ‘starting’ phase of the process has a major influence on the transformation process from raw materials through to end use.
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