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1. [bookmark: _Toc505330611]Executive summary
[bookmark: _GoBack]This report will show the manufacturing process of a Drill Press Sliding Unit, including material selection and designing the unit on SolidWorks software package. It will give a brief introduction of a drill unit and the uses for them. It will show the improvements made to the unit made and what could be done in future designs of this product.  
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2. [bookmark: _Toc505330612]Introduction

This will report will show the design and manufacture of a Drill Press Sliding Unit. The current unit is fit for purpose but can be modified to be easy to manufacture in batches, cheap to produce, while keeping the integrity of the product and maintain the critical points of specification for the customer. Manufacturing process of the Drill Press Sliding Unit will be critiqued as the customer requires 500 units per week from a production source. The material of the product will then be analysed for cost, physical characteristics, compatibility with batch production and the manufacturing process chosen. 


3. [bookmark: _Toc505330613]Drill Press Sliding Unit BackgroundImage 1 - (ScrewFix, 2018)


The Drill Press Sliding Unit allows users to drill square and safely, with more control over the drill. It also allows the user to set the depths of the holes needed to be drilled. These sliding units often fitted with a clamping device that can clamp on the drill to locate it securely before drilling can take place. Spring returns are also common on a drill press, this allows the drill to return to a safe position without cutting any unwanted material from a component. Image 1 shows a drill press with a sliding unit attached, which is sold and produced for mass market. 

Image 2 – Original Design of Drill Press Sliding Unit













The original design of the Drill Press Sliding Unit in Image 2 has been given as a base design to improve. 
The functional requirements of this design are as follows;
· Clamping device for mounting drill securely. This is stop movement of the drill and for safety of the operator while drilling.
· Hole to attach to main shaft of press and ability to slide.
· Be able to attach a lever arm to the part, which will allow the sliding unit to move up and down the main shaft and be controlled by the user.
· Have a function that allows the sliding unit to return back to its original position. This feature stops unwanted material being cut away if user loses control of lever arm.
· A hole where a guide shaft can attach which will stop the moving side to side while drilling. This stops oversized holes from being created.
· The shaft going through this hole also can be set as a stop to set the depth of the hole being drilled. 
· The part must be strong enough withstand the pressure created while the drilling is being carried out. Material selection and manufacturing process will evaluate this.



3.1. [bookmark: _Toc505330614]Product Design Specification of Drill Press Sliding Unit

1. Performance
· Clamp drill square to the base of drill unit. Being able to drill holes correctly and accurately.
· Be able to slide freely up and down main shaft of dill unit.
· Have function of non-assisted return to starting position of Drill Press Sliding Unit.
· To have a guide to ensure the drill does not stray when drilling preventing oversized holes.

2. Life Service 
· It will be used indoors mainly, so material must be able to work at variable temperatures.
· It will be strong enough to withstand pressure of drilling and being used multiple times a day.
· Durable material low wearing. This is so the clamping of the drill never becomes slack enough to cause safety concerns to the operator.
· Function of product will not change in its life expectancy.

3. Cost of Product
· Cheap to produce without compromising vital specifications of product.
· Be able to make in batch of 500units per week.
· Product to be simple enough to lower amount of tooling needed to produce 500units per week. As research has shown tooling of parts is very expensive.

4. Aesthetics 
· Drill Press Sliding Unit must possess draft angles for easy of production. Shown below is the manufacturing process and draft angles are essential for this.
· Designing on SolidWorks must reduce amount of material needed for part, therefore lowering cost. Without compromising performance of part.
· Sharpe corners reduced 

5. Ergonomics
· The Drill Press Slide must be able to slide up and down the main shaft with ease. No unwanted force should be exerted by user when drilling, as this is a precise process where accuracy is needed.
· Spring return needs to work as this adds an element of safety and to stop unwanted material being cut by the operator.  

6. Quality and reliability 
· Needs to work time after time and not break after a single use.
· Each Drill Press Unit must be the same within the aloud tolerances, then there is a ‘standard’ making the product more attractive for sales.

7. Timescales
· Drill Press unit must be designed and tested before batch production takes place. This ensures product is fit for purpose. This can be done from machining a billet of material in a day, or if technology is available 3D printed.
· Once prototype is tested start a batch process, building up to 500units per week.

8. Safety 
· Will not hurt the operator while in use.
· The pressure on the Drill Press Unit must be easily taken by the material.
· Withstand head of Drill when being clamped.







3.1.1. [bookmark: _Toc505330615]Material Selection 

A range of different materials can be used for the Drill Press Sliding Unit. The main material used by competition on the market today is a form of thermoplastic (Bayer, 2000). 
Types of Thermoplastic materials used in Injection moulding process;
· ABS (Acrylonitrile, Butadiene, Styrene)
· Polyethylene
· Polycarbonate
· Polyamide (Nylon)
· High Impact Polystyrene 
· Polypropylene
 (MidStateMold, 2018).

The plastic that will be used for the manufacturing process in section 3.1.2. with injection moulding will be Polyamide, PA66. This material has high level of resistance to wear, which has a high thermal capacity and is ridged (Performance-Plastics, 2018). Other reasons for choosing PA66 is its capacity to absorb energy when colliding, this feature is important in a Drill Press Slide Unit because the slide may it parts at high pressures and loads at times. This thermoplastic also is strong and rigid, which is a performance criteria for accuracy of drilling  (Page, 2000).

The cost of PA66 ranges from $2000-3500/ton in pellets. 
As the batch requirements are 500units per week, placing orders per ton could save money, if relationships were made with sellers a ‘trade price’ could then be established. This would lower the price of the Drill Press Sliding Unit and make the unit cost cheaper.Reference: (Pentagon Plastics, 2018)

3.1.2. [bookmark: _Toc505330616]Manufacturing Process

The manufacturing process for the Drill Press Sliding Unit would be batch runs using Injection Moulding. Injection Moulding is able to meet the 500 Units a week demand from the customer with lower part cost. The drawback on Injection moulding is that the cost of the tooling is extremely high and there is a very long lead time on the tooling production (Productive Plastics, 2018).
To produce a prototype of the Drill Press Sliding Unit before going into batch run manufacturing is important so that the customer knows the design works. Tests can then be carried out on the prototype to make sure it is fit for purpose and is safe to use. Machining from a billet of PA66 would be the preferred method of manufacturing a prototype. This method is preferred because machining can keep high tolerances, produce this part in a shift, good surface finish and can produce directly from a drawing. Machining isn’t an option for 500units per week, as CNC machinery is expensive to buy and harder to provide maintenance to the machine, therefore increase cost per unit. Buying billets of PA66 is also more expensive than buying pellets for the injection moulding machine.
Another way of producing a prototype for the Drill Press Sliding Unit is to use a process called 3D printing. 3D printing is a relatively new technology, already used in manufacturing process such as sand casting. In sand casting the 3D printing is used to produce the mould for the molten metal, this then takes away a limitation of getting the pattern out of the mould. By producing the part with 3D printing it limits the amount of waste material as it produces the part in one piece. Downside to 3D printing is the lead time once the printer starts work on the part. This can be a lengthy procedure and often needs to be left for 12hours to a day.

Injection Moulding Process

Injection Moulding process injects molten plastic into tools at high pressure. The molten plastic then cools and takes the shape of the tool it’s been injected into (Bayer, 2000). 
[image: ]
Image - (Groover, 2010)



The ‘Mould’ otherwise known as a ‘Tool’ is separate to the injection unit. The tooling in injection moulding can be costly as more than one tool is often required for more elaborate designs. 
Tooling Cost - £8500 per tool (REX Plastics, 2018)
From the Image of the new Drill Press Sliding Unit there would need to be 3 tools for the manufacturing process of Injection Moulding. This would increase tooling cost above by three times. 


Image below  shows the new design of the Drill Press Sliding Unit. It clearly shows there is less material used but also crucial structural elements to keep the Unit strong, rigid, easier to manufacture and without losing any of the specifications required by the customer. 
Rib affect for strengthening of part
Clamp for Drill
Hole for lever arm fixing. (Operate Drill Unit)
Hole for Main shaft, freely slide









Holes for Guide rail and for spring return









The part is tapered from the clamping end to the hole for the shaft. This is to help the manufacturing process with draft angles.
4. [bookmark: _Toc505330617]Conclusion

The new Drill Press Sliding Unit will be able to produce 500units per week using the manufacturing process injection moulding. The material chosen PA66 is suitable for injection moulding and is readily available. PA66 is also suitable for machining from billet and 3D printing which is useful when prototyping and testing the performance of the Unit. In this manufacturing process, the prototype will be made from CNC as it is a faster process that 3D printing, does not take as much monitoring and with the only drawback of waste material.
To improve the new Drill Press Sliding Unit produced the design of the product will be changed. To keep the cost down on the product when designing the manufacturing process needs to be considered. For instance, the design of the product needs to be made so that the inject moulding process can be used but only with one or two tools. This therefore cuts the unit price of the part. To take in consideration draft angles as this will make the cycle time of the injection moulding process faster.
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Zytel* 70G30HSL BK039B is a 30% glass reinforced, heat stabilized, black nylon 66 resin for injection molding.

Identification
Resin Identification 1SO 1043 PA66-GF30
ISO 11469 >PA66-GF30<

1S0 527 187 (27.1) 124 (17)
1S0 527 3 45
Tensile Modulus 1S0 527 9900 (1440) 7000 (1020)
Notched Charpy Impact Strength 1SO 179/1eA
-30°C (-22°F)

23°C (73°F)
Unnotched Charpy Impact Strength IS0 179/1eU
[ Thermal

Deflection Temperature
0.45MPa 258 (496)
1.80MPa 250 (482)

Melting Temperature 18O 11357-1/-3
10°C/min 263 (505)

Electrical
CTI
3.0mm

Contact DuPont for Material Safety Data Sheet, general guides and/or additional information about ventilation, handling, purging, drying, etc.
1SO Mechanical properties measured at 4.0mm, ISO Electrical properties measured at 2.0mm, and all ASTM properties measured at 3.2mm.
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