	
	 DESIGN FOR MANUFACTURE






This assignment evaluates the factors that need to be considered from a design for ‘X’ perspective when assessing a conceptual design of a drill press as seen in Fig 1 below with a view to making recommendations as part of design development.

Fig 1
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Introduction
The conceptual drill press design will be looked at using the following design for ‘X’ factors;
Design for manufacturability
Design for assembly
Design for recyclability/reuse
When looking at the design and considering the potential forecasting of 500 units per week along with a  predicted longevity of between 10 to 15 years sales lifetime for the drill press then the set up costs for tooling and materials to be used need to be considered around the potential gross earnings of in excess £23,000,000 should the forecasts be correct.  





















Design for Manufacturability
When considering the design of components for manufacture consideration needs to be paid to the reduction of manufacturing costs, the raw materials to be used and in what form materials are required along with availability and time required for the production stages. For the purposes of the drill design the materials to be chosen will be mild steel owing to the low cost, durability, availability along with the ease of welding, cutting and drilling being easily accomplished using CNC machines which should lead to rapid production of component parts once the programming has been developed with limited human resource at this stage.
Alternative materials were considered as part of this analysis such as aluminium, galvanized steel, cast iron and stainless steel but these in the main tend to be more expensive, more difficult to fix using welding methods and in the case of stainless steel and aluminium not as robust as the material chosen being mild steel. The main draw back with regards to mild steel is that it is susceptible to rust so therefore some kind of coating needs to be considered to protect the steel from the environment it will be operated in.  
Consideration will need to be paid at this stage as to whether or not the drill press production company should invest in the required machinery and technical expertise if not already available or some of the component part production could be outsourced to companies that have the machinery and expertise already. 
Consideration should also be paid to whether the company are currently making similar products and whether or not they are able to use some of the parts as a standard across a variety of designs, whilst also looking to reduce total number of component parts following a reduction methodology.


Fig 2.1 Demonstrates some of the above considerations 
Based on the conceptual design and undertaking a detailed evaluation has led to the reduction of some component parts and fixings versus the concept design which will reduce material and processing costs along with processing time, make assembly easier and again thereby reduce resource costs.
The parts to be removed due to the redesign will be the Drill press support clamp, the drill press link arm which in turn will reduce the fixings required by three and allow standardization of fixings. 
The drill press link arm can be removed by attaching the drill press lever arm directly to the drill press main moving assembly (see figs 2.2 and 2.3).
 
Fig 2.2							Fig 2.3
To enable the removal of the drill press link arm then a modification will be required to both the main moving assembly and lever arm. The lever arm currently has two holes drilled through it to enable it to be connected to the link arm and top brace clamp with both now being eliminated, in place of the two holes a single hole will be required in the center point as depicted in Fig 2.3 for attaching directly to the main moving assembly via the use of a set bolt into the body of the main moving assembly.
To enable the removal of the drill press support clamp the drill press main shaft will be fitted too and welded directly into the drill press base, see Fig 2.4. The welding can easily be accomplished by a CNC welding machine or using a skilled welder depending on the availability and/or investment in either the machine or availability of the skilled craftsperson. 
The choice of material being mild steel offers a variety of advantages as briefly described above, however the weight of the materials and propensity to allow rust attack need to be factored in so there is a potential that coating of the finished articles needs to be considered via painting or powder application to prevent this and give rise to a longer lasting drill press along with better presentation.
See Fig 2.5 for the new drill press design in 2D only highlighting the main areas of change around the link arm and support clamp removal.

Fig 2.4

Fig 2.5 New drill press design
 

Design for Assembly
In the main the considerations and factors looked at in the design for manufacturability section of this document lead into and play a part of the design for assembly process. When looking at the reduction of component parts simplification of assembly was also considered with the Design for Assembly component appraisal chart being consulted to aid with the decision making for part reduction / elimination.
 
Fig 3.1 DFA Component Appraisal Chart (Source Design for X lecture slides)
When considering the removal of the drill press link arm the following process was followed;
Does the part move relative to all parts which have already been analysed? – YES
IS the movement essential for the product to function? – NO
Is the part of a different material to all parts already analysed, with which there was no relative movement? – NO
Is the part separate to allow for its in-service adjustment or replacement? – NO
The outcome was the part was considered as a ‘B’ part so therefore non – essential. Removing the link arm in turn also removed the need for three fixings, however one new fixing will be required to connect the drill press lever arm to the main moving assembly. 


When considering the removal of the drill press support clamp the following process was followed;
Does the part move relative to all parts which have already been analysed? – NO
Is the part of a different material to all parts already analysed, with which there was no relative movement? – NO
Is the part separate to allow for its in-service adjustment or replacement? – NO
The outcome again was that the part was considered as a ‘B’ part so therefore non – essential. Removing the support clamp also additionally removes one fixing, however this can only be done by the addition of a welding step to weld the main shaft directly to the drill press base.
The removal of the drill press link arm, along with the support clamp and smaller fixings will make the product assembly simpler and more efficient particularly when being considered against the Lucas DFA method for both manual handling and fitting analysis tables as seen in Fig 3.2 below.

Fig 3.2 Lucas DFA method table (Source Design for X lecture slides)
When further considering the assembling of the individual finished parts to form the complete drill press then this should be made as easy as possible by again applying the methodology from the above Lucas DFA tables with analysis of this being undertaken with the following results;
Fixing lever arm to moving assembly – Manual handling analysis - 1.5 + 0 + 0 + 0.2 = 1.7, Manual fitting analysis – 6.0 + 0 + 0 + 0 + 0 + 0 = 6.0
Fixing guide bar to main sliding assembly – Manual handling analysis – 1.0 + 0 + 0.5 + 0.2 = 1.7, Manual fitting analysis – 4.0 + 0 + 0 + 0 + 0 + 0 = 4.0
Main sliding assembly to main shaft – Manual handling analysis – 1.0 + 0 + 0 + 0 = 1.0, Manual fitting analysis – 1.0 + 0 + 0 + 0 + 0 + 0 = 1.0
Top brace clamp to main shaft – Manual handling analysis – 1.5 + 0.1 + 0 + 0.2 = 1.8, Manual fitting analysis – 6.0 + 0.1 + 0 + 0 + 0 + 0 = 6.1
The above could be further simplified by using the error proofing approach of Poka Yoke which in turn means that the part will only fit one way with little orientation required, however this could prove to be expensive on a small drill press but could be easily achieved on the main components of the base, main shaft and main sliding assembly by adding a flat edge to the back of each component. Adding the flat edge would also improve accuracy of the drill press when in use at the end user as there would be little option for the main sliding assembly to move around the round shaft, further consideration here could be paid in line with ongoing product development which in turn may well lead to the removal of the guide shaft. In paying consideration to the guide shaft being removed the tolerances of the remaining main components would need to be tightened so this would need to be traded off as a cost against the saving of the guide shaft removal and reduction is assembly steps. 



 














Design for Recyclability/Reuse (Environment)
When considering any product for the marketplace sympathy needs to be paid to the environment so therefore the materials used should either where able come from a recycled process or be able to be recycled/reused once the item is at the end of its serviceable life, see Fig 4.1 for an example of how this can be applied.

Fig 4.1 
With regards to the drill press design, design for the environment has been considered by putting in place a robust design meaning that failure in service provided that the press is used in line with operational recommendations is quite limited, however should the press or a component fail then the likelihood is that it can repaired by potentially replacing the failed component or in the event that the press fails catastrophically the components can be readily recycled in most areas and regions that the press will be sold in. Recycling has become a part of everyday life in most countries around the world based on the ongoing concerns relating to the environment which in turn puts pressure on companies producing goods to ensure that they are doing so with a level of responsibility. 
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