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Introduction.
Considering Design for Manufacture and Assembly (DFMA), involving a review the current design of the Drill Press. The sales forecast is for 500 units per week with a predicted product life time between 10 to 15 years, therefore the total volume is 390,000 units. The construction of the Drill Press is relatively simple. The only moving components are the lever arm, the link arm and the sliding unit which slides vertically on the main shaft. Cost and relaibility are key to the longevity of this product, which is a critical factor that all companies need to consider. Market returns need to be a minimum and the customers need to be satisfied with the product. The drill press target price is £59.00 each, with a total revenue of £23 million over the product life minus any returns. All parts will be reviewed to conclude what the potential changes are required to minimise or remove costs, with no impact to the reliability of the product, and confirmation of the sustainability of the product during its life cycle.

Drill press.

Figure 1: The Drill press.
Product review.
Main Shaft and Guide Shaft:
Both the Main shaft and Guide Shaft are manufactured by converting flat steel into a tube, joining the sides by either welding or a seamless pipe technology. The technology of both methods dates back to the early 1800’s, naturally this process has developed over the years and today millions of tons of steel pipe are processed every year (How Products are Made, 2020). The steel pipe is then chrome plated which was developed by C. G. Fink and C. H. Eldridge, in 1923. The plating is required for an aesthetic point of view, improving the surface finish, increasing hardness on the surface and has a low coefficient of friction and prevent oxidisation (Svenson, 2006). The manufacturing process converting the steel pipe with chrome plating, into the Main shaft and Guide Shaft will be classed as a significantly low-cost part. The investment required to manufacture these parts will be minimal as tooling would not be required as they are standard diameters. 

Lever Arm and Link Arm:
Both the Lever arm and Link arm are manufactured by metal press machines, products from all sectors of travel utilise pressed parts from Space travel to riding a Bicycle. The manufacturing process from press machine’s manufacturing the Lever Arm and Link Arm will be classed as a significantly low cost part. Metal press tools require some capital investment as tooling is made from hardened steel, which is more difficult to machine due to hardness up to 55HRC (Misumi, 2020). However, the Lever Arm and Link Arm are moving parts are considered to be a risk therefore sustainability is a concern.

Sliding unit & Base:
Both the Sliding unit and Base are manufactured by Aluminium Die-casting, forming aluminium products by injecting molten material into the die. This was developed for the automotove industry in 1884 (Encylopaedia Britanica, 2020). Although the manufacturing process is well proven and mature, the Sliding unit aand Base unit in comparison to the other parts are significantly higher costs. Also, the sliding unit is a moving part but not considered a risk and the base has a potential weakness with the design which is a concern regarding sustainability within the product life.



Support clamp:
The support clamp is manufactured by extruded aluminium, typically the process is suitable for high volume production, the costs are insignificant in comparison to the sliding unit and base. Although the support clamp requires additional machining to create a slot enabling the part to to close on fitting the bolt, it also requires a drilled hole and thread to be machined. The manufacturing process is well proven and mature, however the additional machining requirements signicantly increases the cost of the Support Clamp. 































Design for Manufacture and Assembly (DFMA).
Initial activities of DFMA dates back to the late 1960’s and early 1970’s (Brogue, 2012). DFMA, refers to the manufacturing of a product or or assembly to another product. Boothroyd (1994) states that the DFMA encourages both the design team and the manufacturing team to communicate and cooperate, thus improving the product and removing and reducing costs throughout the process (Boothroyd, 1994). In addition to removing costs from the product, it also reduces the time to market which is key to the product success and a companies competitiveness. Careful consideration of manufacturing and assembly is required at the start of the design cycle as its widely accepted that 70% of the product cost will be determined at this stage (Boothroyd, 1994).



Figure 2: DFMA, “Who cast the Biggest Shadow” (Boothroyd, 1994).

Whereas Brogue (2012) has an holistic viewpoint of DFMA, stating that it  provides a systematic approach for analysing a potential design, considering  the manufacturing, assembly process removing and reducing costs throughout the process and reducing time to market (Brogue, 2012.) As can be seen below in figure 3, the benefits are many which is crucial for the company enabling them to be more sucessful.


Figure 3: DFMA guidelines and benefits (Brogue, 2012).

The Product Review section raised concerns regarding cost drivers of the Sliding unit and the Base, which are both aluminium die-casting and the Support clamp is extruded aluminium with additonal machining operations.
To achieve the best quality product and lowest delivered cost for both Sliding unit and Base there are two key aspects:-

Tooling: Firstly, the dies need to run and maintain a precise temperature and a constant cycle time. This will improve a prodcuts cycle time, thus increasing the output per hour, improving quality resulting in higher yields up to 1.5%, pushing costs down more and increasing tooling life by 10%. Potentially reducing the capital investment as less tools may be required within the products life cycle  (Kumar & Hariharan, 2009).
Product design: Secondaly, uniformed wall thickness is required to achieve the best quality product and cycle time, if there are thick sections these need additional cooling and will not cool at the same rate as thinner sections.Thus, the lower the cycle time, the lower the production cost, this is not just a piece part saving but can potentially reduce the capital investment as less tools may be required (Customerpart.net, 2020).

The Base has a potential weakness and a sharp edge that may cause an injury to the customer! The risk to the customer of the sharp edge is a fundamental error within the design, this may result in claims for cutting the customer and complaints within the market place damaging the reputation of the company. 


 		Un-uniform thickness, weakness 
and sharp edges which are a risk 
to the customer 


Figure 4: Section running through the Base, of original design.

There are problems of ununiform thickness of up to 7mm, no radius and draft angles which need to be corrected to ensure the production is efficient. The thinnest area is 3.5mm, therefore there is an opportunity to remove material if the base is strong enough. The mass of the original base is 2.3Kg.


Figure 5: 3D data of the base, 3.5mm thickness and modifications of adding a rib and additional support centrally to increase the strength of the base. 

The modified base (in figure 5) has a general wall thickness of 3.5mm, the mass of the modified base is 1.5Kg. Therefore a total saving of 0.8Kg, which is a saving of 35% on the base. 
The Sliding unit is a solid piece of aluminium, this will require complex tooling, a very long cycle time, extensive cooling and waste material significantly (Kumar & Hariharan, 2009).
 
Figure 6: 3D Sliding unit, original design.

The mass of the original sliding unit 0.283Kg.

Figure 7: 3D Sliding unit, is proposed material reduction. 

The mass of the modified base is 0.128Kg, therefore a total saving of 0.155Kg, which is a saving of 55% on the sliding unit. 
Moreoever considering the design, the line of draw of the tool would be running vertically in the direction of the main shaft. Also requiring two additional slides would be required to produce the holes for a screw and a bolt to clamp the drill. Regardless to the parting line the hole where the main shaft slides, would require a draft angle not enabling a constant dimension running through the diameter of the hole, this would create the sliding unit to rock back and forth which is unacceptable considering the operation of the drill press. Therefore, there is a concern with the design itself! One possibility would be to design the part that has two separate parts that rely on a hinge mechanism that on closing the two parts fit together secured by the screws. This would minimise material, minimise cycle time, remove the need for two slides, thus improving the tooling cost and life of the tool itself. To achieve an optinum cycle time, reduce defects, material thickness needs to be reduced and needs to be uniform. This saves material, processing time, reduces the overall product weight and reduces internal scrap (Customerpart.net, 2020).

Figure 8: DFMA recommendations for die-casting (Customerpart.net, 2020).

In addition to this, to improve strength, reduce stress, fractures and overall reduction of defects radius (at least the same the thickenss) and draft angles are required (1 degree for walls and 2 degrees inside cores) (Customerpart.net, 2020).



Figure 9: DFMA recommendations for die-casting (Customerpart.net, 2020).

DFMA has already been considered for the Drill Press, as the majority of parts are key to the operation of the product. However the Support clamp is not requirement, this part may be considered as to not be required as if it is removed the drill press can still operate as required. This part may be able to be removed, however before the part is removed its recommended a market review on the need for this part or not ensuring customers satisfaction is maintained.

Therefore, there is a need for minimising manufacturing and assembly costs by improving the product design, reducing the number of parts, the size, weight of the parts, the cost of the parts by utilising high cycle tools and reducing the time to assemble the parts. Thus, improving manufacturing efficiency has enabled automation, agility to thrive and create a flexible approach taking up the lean philosophy. The majority of the product costs are fixed by the design who need to challenge the design providing the functionality is maintained. Lee-Mortimer (2006) highlights that this provides significant savings, claiming to be 70% of the product cost (Boothroyd, 1994). These savings can counterbalance the threat of outsourcing to achieve the lowest cost through DFMA. While utilising DFMA enabling the company to achieve best cost internally, companies can avoid chasing low labour cost in Asia. More importantly removing the risks incurred by outsourcing, poor communication, frustration, delays in the development, long lead times, difficulties making changes, transportation delays and avoiding ongoing difficulty of managing these companies (Lee-Mortimer, 2006).
Furthermore, Research, Development and Design is more important now than ever before as competition is so severe on a global basis. Companies that do not invest in Research and Development (R&D) imitate others, naturally take less risk because they have a head start on knowing the current innovators product, enabling them to take a more effective approach learning by the mistakes of others. For example, the company Compaq with their lower priced computers against IBM, while IBM repeating the same against Apple computers (Business Dictionary, 2018). Nevertheless, by not investing in R&D, companies lose the opportunity to design the best product considering their operation and process leaving it to a third party.






















Sustainability of the Drill Press.
Although this is a low cost product, customer expectations for all products regardless to price is critical, therefore its key the product withstands its expected life failing that there could be a flood of returns which will damage the reputation of the company. Returns is one of the most complex and difficult challenges facing manufacturers, distributors and retailers in today’s increasingly complex global supply chain if there is the need to recall a product from the market. No product is immune from safety incidents that may result in a recall, during the past decade the automotive sector has suffered the vast majority of “serious” safety defects (Doherty, 2018)!

The Product Review section raised concerns regarding, that may cause problems within the market impacting the product sustainability:-

Moving parts of the, Lever Arm and Link Arm. 
Figure 10: Simulation of a 5N force on the Lever Arm.

On simulating with a 5N force on the lever arm, the maximum displacement is 1.54mm. Therefore, a minor risk of the failure of the Link Arm within the product life cycle of the Drill Press.




Considering the original base, with a restriction of 3.5mm thickness.

Figure 11: Simulation of the original base with a vertical 30N force on the base.

Figure 12: Simulation of the revised design base with a vertical 30N force on the base.
The modified base (as figure 5) with a general wall thickness of 3.5mm, there is significantly less stress. 
Conclusion.
To conclude, the drill press DFMA exercise deletion of one part the support clamp reduces the mass of the sliding unit by 0.155Kg, which is a saving of 55% of material and the base by 0.8Kg, which is a saving of 35% of material. Naturally this will drastically reduce the cycle time, removing more costs and potentially reducing the number of tools required within the product life. In addition, concerns raised with the lack of consideration of draft angles, radius, uniform thickness and most importantly safety of the customer.
Finally, Brogue emphasises that the importance of DFMA is fundamental to the success of the product launch, sales and the company itself (Brogue, 2012). DFMA software is utilised by Ford claiming overall savings of $1 Billion, also Sony Walkman used DFMA software for “vertical assembly” where a robotic system inserted components by a straight down motion (Brogue, 2012). 
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Guidelines

Benefits

Minimise the part count

Use standard, off-the-shelf parts rather than custom components

Minimise and standardise the use of fasteners/design for

efficient joining and fastening

Use as few dissimilar materials as possible

Minimise the use of fragile parts

Do not over-specify tolerances or surface finish

Design for ease of fabrication
Consider modular designs

Aim for mistake-proof designs
Design for

imple part orientation and hand
Design with predetermined assembly technique in mind

Consider design for automated/robotic assembly

Improved reliability, reduced purchasing and inventory costs, simplified assembly
Reduced costs, lower purchasing lead times, potentially greater reliability
Reduced costs, simplified assembly, improved reliability, simplified repair and
maintenance

Simplified jointing, need for fewer manufacturing processes

Cost reductions due to fewer part failures, easier handling and assembly
Easier manufacture and reduced fabrication costs

Cost reductions from the efimination of complex fixtures and tooling
Reduced costs due to simplified assembly and test

Cost reductions by eliminating need to re-work incorrectly assembled parts
Cost reductions due to non-value-added manual effort or dedicated fixturing
Cost reductions from use of proven/known techniques

Potential cost reduction over manual methods

Figure 2 DFA analysis: part characteristics dialogue
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Many of the above defects are caused by a non-uniform cooling rate. A variation in the cooling rate can be caused by non-uniform wall thickness or non-uniform die temperature.
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Design Rules

o Decrease the maximum wall thickness of a part to shorten the cycle time (injection time and cooling time specifically) and reduce the part volume
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e Uniform wall thickness will ensure uniform cooling and reduce defects
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