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[bookmark: _Toc33061901]2.0 Introduction.

The drill press in question is a concept design where in figure 1 you can see that this concept is a push handle to gain pressure as the drill will slide up and down the main shaft. 
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   Figure 1 – Concept drill press design.

This design concept must be put forward for a target order length of approximately 10-15 years range and approximately 500 units to be manufactured a week. This report will be addressing three factors to be considered:
1. Design for Manufacture
2. Assembly
3. Sustainability Factors
This report will also be based on a different design concept to add onto the drill press in the form of a Rack & Pinion, this will improve the design and overall component to go forward into the manufacturing process and from a sustainability prospective.


3.0. [bookmark: _Toc33061902]Design for Manufacture

As shown in figure 2, there is a handle to apply force when carrying out the drilling application. The issue with this method is there can be a significant amount of play when the drill comes into contact with material and the precision of the drilling may not be to the preferred tolerance the user desires. 
The original lever system on this drill assembly will be replaced by a rack and pinion mechanism for a number of factors: 
· To simplify and reduce number of parts.
· To make the whole mechanism more robust.
· The make the parts generic and easily replicable.
The rack and pinion reduces the applied force when operating the drill and thereby minimises strain on the part of the operator when operating the drill. The rack and pinion are also more precise when carrying out the drilling operation. 	Comment by Richard Morgan (Engineering): Reduces
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Figure 2. Push Handle drill press.

(Sims, 2018) States “Gear racks are utilized to convert rotating movement into linear motion. A gear rack has straight teeth cut into one surface of a square or round section of rod and operates with a pinion, which is a small cylindrical gear meshing with the gear rack. Generally, gear rack and pinion are collectively called “rack and pinion”. There are many ways to use gears. For example, as shown in the picture, a gear is used with the gear rack to rotate a parallel shaft. To provide many variations of rack and pinion. If the application requires a long length requiring multiple gear racks in series, these are described as “gear racks with machined ends”. When a gear rack is produced, the tooth cutting process and the heat treatment process can cause it to try & go out of true. There are applications where the gear rack is stationary, while the pinion traverses and others where the pinion rotates on a fixed axis while the gear rack moves. The former is used widely in conveying systems while the latter can be used in extrusion systems and lifting/lowering applications”.
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Figure 3. Rack and Pinion assembly.

There is only one degree of freedom on this entire drill press assembly as shown in Figure 2. This is the unit sliding up and down the shaft which is controlled by the operating handle. (Ellenberger, 2014) States “A degree of freedom can be described as how much information is needed to describe a system. For instance, in a system with one degree of freedom, such as a single spring in a constrained environment so that it can only move vertically, the position can be described by one dimension—the distance from a fixed point to a point on the spring”. This will create a lot of play as the components wear over time, then the sliding component of the shaft will need to be replaced/repaired. 

In order to reduce the number of parts as seen in Figure 1, for the new design it has to be established and the parts already in use need to be evaluated. The handle will no longer be required and the spring system also the current fasteners that are in place will be removed. (Wang, 1998) States “Less parts implies less purchases, inventory, handling, processing time, development time, equipment, engineering time, assembly difficulty, service inspection, testing, etc. In general, it reduces the level of intensity of all activities related to the product during its entire life. This new design will require less parts by machining a flat on the main shaft and then attaching the rack and the pinion mechanism to the drill holder to ensure minimum wear and play and securing the components more effectively. There will also be a standardisation in parts, instead of having unique parts that will need to be manufactured in a special process the rack and pinion will be standardised off the shelf gears and racks so they are easy and time saving the manufacture. This in turn will also save a lot of time as these will be generic and the same on all assemblies. This will not only require one SOP (standard Operating Procedure) for the process it will standardise the whole operation and have an easier assemble with parts reduction.

The current design as previously stated there will be a considerable amount of wear after continuous usage, the system needs to be more robust. (Xianfu Cheng, 2015) States “Robust performance is the most important concern in the design of any product, especially in system design stage that precedes parameter design, because it actually determines the attainable level of product robustness in the parameter design phase”. To make this new design concept more robust there will be gear teeth from the rack and pinion intertwined, it will act as a self-clamping mechanism to reduce movement and slip when carrying out the drilling process. 

A rack and pinion as seen in figure 3 is a type of linear actuator consists of a cylindrical gear (which is the pinion), this is engaged with a linear gear (the rack) which instead of only rotational movements it changes into linear movement. This means that instead of a typical gear (pinion) staying in the same spot but rotating the teeth are intertwined and it will create movement along the rack to move for example a milling machine where you use the Z axis. (Nice, 2018) States “Rack and pinion gears are used to convert rotation into linear motion. A perfect example of this is the steering system on many cars. The steering wheel rotates a gear which engages the rack. As the gear turns, it slides the rack either to the right or left, depending on which way you turn the wheel. Rack and pinion gears are also used in some scales to turn the dial that displays your weight”. Manufacturing gears are split into two processes, the Forming process and then the machining process. The forming application can either consist of casting directly, extrusion, drawing or moulding of teeth in softened materials. The machining process with then consist of rough cutting and finishing cutting operations with a fine finishing cut. (Broach, 1987) States The forming ·of gear teeth has traditionally been a time-consuming heavy stock removal operation in which dose tooth size, shape, runout and spacing accuracy are required, this is true whether the teeth are finished by a second forming operation or at shaving operation”.

To finish the teeth the gear cutting can be done on a milling machine, this process would consist of a form cutter which would pass through the gear blank and form the tooth gap. (K.Karthic, 2017) States “Gear Milling: This is one of the initial and best known and metal removal process for making gears. This method requires the usage of a milling machine. It is also to be noted that this method can produce nearly all types of gears. The method involves the use of a form cutter, which is passed through the gear blank to create the tooth gap. This method is right now used only for the manufacture of gears requiring very high dimensional accuracy”.

There are other methods of supplying rack and pinion drills and this is to have an external supplier for the rack and pinion, fit it to a manufactured drill assembly and it is still at a reasonable price.
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Figure 4. Rack online guide.

[image: ]
Figure 5. Online Gear Guide.
Manufacturing a pillar drill assemble base and main shaft would be simple machining which will be carried out on a Lathe and Milling machine. The supply of material would be a block of mild or silver steel and a bar of 25mm cylindrical bar of silver steel, these would be at a relatively cheap price to then machine the components needed for this assembly. This would still work out cheaper than the £59 guide price that these components will be sold for. This gear and rack manufacturing process will be avoided so the machinery errors would not be costly for this company eliminating waste.

[bookmark: _Toc33061903]4.0. Sustainability Factors.

To make a design sustainable first the weakest parts of the design need to be established. The weakest and the parts that will be changed include the handle and the fasteners connecting the handle to the drill adapter. These fasteners and adaptors will wear a lot quicker once force is exerted on them, and the threads will be under tightened, under tightened or cross thread deeming them useless all together.  The rack and pinion has a longer life cycle than fasteners on general as they are gears on a track and the material is hardened steel to endure these products have good use. These parts can be bought in off the shelf which will also make these parts standard and not custom made. This will ensure sustainability in the production phase and make these parts easier to use which in turn will reduce the production footprint.


[bookmark: _Toc33061904]5.0. Conclusion.

The changes made to this design was to overall make this process easier for the company by making the production process generic. There have been standard parts and off the shelf parts brought in. the rack and pinion is more sustainable than the current design as the current design has only one degree of freedom but after wear the current design with have a significant amount of play which could turn into more degrees of freedom. The rack and pinion will be stronger and not be subject to this play in the same timeframe as the manual handle. This new design will also have generic parts which will reduce the overall parts and make them easy and cheap to replace should there be wear after time. This will make the product more sustainable and more attractive to customers in time due to the ease of the parts access and no customisation replacements.
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\ RS PRO Steel Gear Rack,
500mm Long , 160 Teeth,

10mm Face Width

£18.36
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RS PRO Steel 60 Teeth Spur Gear, 60mm
Pitch Diam. , 14mm Hub Diam. , 6mm Bore
Diam

In Spur Gears

RS Stock No. 8787926
Brand RS PRO

£16.22
Each
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