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[bookmark: _Toc34658259][bookmark: _GoBack] Introduction
In this assignment model files of a drill press unit were provided where its concept needed further progression to consider design for ‘X’ factor. A suitable design methodology was applied to the drill press unit in order to achieve design for ‘X’ and were implemented on the model files using SolidWorks. The main design for ‘X’ chosen in this assignment was the serviceability of the drill press unit where an additional component was added to allow the user to accurately drill a specified depth called the measure component. As well as the other existing parts, the new measure component had its material selected considering its manufacturability, assembly and sustainability using research. Furthermore, testing and evaluation was carried out using the Boothroyd and Dewhurst method and failure modes and effect analysis (FMEA) in order to carry out an estimate time to assemble, in addition to highlighting potential failures which could be rectified. Lastly, recommendations are considered for future re-designs before the drill press unit was manufactured.

[bookmark: _Toc34658260]Design Methodology
Points 1-3 and 6-8 in the design methodology listed below are used in this assignment which details critical steps to document, reflect and re-design a problem:
1. Problem Identification
2. Design Specification
3. Research
4. Developing Alternatives
5. Choosing Alternatives
6. Choosing a Solution
7. Model
8. Testing and Evaluating 
A suitable design methodology allows documentation of ideas and is a professional engineer’s daily and critical job as stated by Hollers (2017). This engineering process has advantages with Hollers maintaining it generates a comprehensive design with a focussed solution allowing possible innovation ideas through documenting, reflecting and re-designing. 

A design methodology is a reiterating and continuous process of improving and re-designing products. Testing and evaluating a product could highlight failures allowing the design process to be reiterated in order to obtain enhanced solutions against competitors and ensuring customer demands are achieved (Engineering Design Process 2019). This repetitive process is illustrated in figure 1 detailing a different design methodology where Hill-Cunningham et al (2018) states there isn’t a requirement to start at a particular point or follow a certain order.
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Figure 1: Engineering design process (Engineering Design Process 2019).
[bookmark: _Toc34658261]Problem Identification 
The drill press unit provided along with its’ listed parts is shown in figure 2 from SoildWorks:
[image: ]
Figure 2: Drill press unit from Solidworks.
This assignment looks at the drill press unit concept to apply further development to achieve a design for ‘X’. Production of the unit is forecasted at 500 units per week for circa 10-15 years at a target sale cost of £59.00. The main requirement of this unit is to drill a controlled and accurate hole that is perpendicular to the surface of a material sited on the base. The drill is attached to the sliding unit by a clamp and by pulling the lever down, the sliding unit and electric drill move down to drill the material. The sliding unit will return to its normal position against the top brace once the force on the lever is removed due to a spring connected between the two respective components.

The drill press however does not contain a feature that accurately drills into a material with a specified user depth. This would leave users to come up with a way of accurately drilling a user depth into the component which can lead to inaccuracies and frustration of under drilling the component depth or overdoing it. Thus, the drill press unit was developed further to design its’ serviceability by adding a new component that measures drill depths accurately. It is essential when adding and designing this new component that the manufacture, assembly and sustainability of the part is considered as well as the parts shown in figure 2 in particular to selecting materials.

[bookmark: _Toc34658262]Design Specification
A product design specification (PDS) was created for the drill press with the new measure component as shown in appendix A. Morgan (2019) states products with a detailed PDS were 3.3 times more probable to be successful. The PDS is way of documenting the design specification stage highlighting product design, issues in performance, market and capability that would be used to obtain a successful product in addition to cross-referencing the SolidWorks model to verify what was set out. Furthermore, the PDS was essential in identifying ‘market competition’ where similar products to the drill press were found, looking at the possibility of incorporating their advantages into the drill press design in addition to rectifying their disadvantages.

[bookmark: _Hlk1751018]Using the advantages and disadvantages highlighted in the PDS from the drill depth stop and the drilling guide it was essential to include a measure component to the drill press to accurately drill a hole to a required depth as neither competing products did this. Additionally, it was crucial to keep the cost of the drill press with the measure component as low as possible as its target product price of £59.00 was at least 295% higher to that of the other two competing products. The PDS was however incomplete as additional research was needed to find applicable codes and standards that the drill press must adhere too. Moreover, the components highlighted in figure 2 would require researching to find suitable materials to estimate costs in addition to considering their manufacture, assembly and sustainability. 

The PDS would be refined to include the information researched showing that the PDS is also an iterative process like the design methodology as stated by Childs (2014). Notably the PDS assumes that no similar products to the drill press exist and therefore prior to continuing the design methodology Patents should be checked as stated by Reed (2019) and to conform to the Patents Act 1977 (Legislation 2019).

[bookmark: _Toc34658263]Research 
The PDS required further research to look at applicable codes and standards that may be applied to the drill press with the additional measure component. One notable regulation is section 6 in the Health and Safety at Work Act 1974 which ensures general health and safety to personnel that use articles at work where information and instructions must be provided for safe use (Hughes and Ferrett 2011). Any buyers of the product including employers must know this information in order to inform their employees of any health and safety hazards who would use the product in addition to information for safe use. Furthermore, it is essential that all products have the letters ‘CE’ if goods are placed in the UK or EU until 1st January 2021 showing the product meets EU safety, health or environmental regulations, complies with EU legislation and allowing free movement within the EU. The PDS was amended to include both legislations to ensure compliance (GOV 2012). 

Furthermore, research was carried out to find suitable materials for each component in figure 2 and the new measure component considering the manufacture, assembly and sustainability of each selection. Selection of materials and reasons for choice are on based on their functions and are stated in table 1 below:
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Table 1: Material selection for drill press components – Pros and Cons. (Materials UK 2020), (Metal Supermarkets 2020), (Flynt 2019), (Rogers 2020), (Bold 2020), (JASH Metrology 2020), (Hargreaves Foundry 2015), (Comar 2017) and (Creative Mechanisms 2016).
Each component had its material successfully selected so it was recyclable to ensure sustainability and to lower the carbon footprint of each component. Furthermore, the materials Aluminum grade 2024, cast Iron, PET and ABS were picked as they had excellent machinability to ensure manufacture of some components complexity were possible in addition to being relatively cheap. Aluminum grade 2024 was used for the components column, sub-column, lever and link arm as these were areas where low density would be required to reduce the mass of the product and where high strength was required in addition to making it easier for user to move the lever. In addition, the lever and link arm would be subject to constant cyclic loading and thus susceptible to fatigue that Aluminum 2024 has high resistance too. However, like cast iron it would require a coating to protect its substrate against the corrosive atmosphere. 

The main advantage of using the cast iron in some of the components was its effectiveness at damping vibrations i.e. from the electric drill although its high density contributed to most of the drill press weight. The sliding unit required high strength to weight ratio due to moving the electric drill and accommodating its weight while the measure component used ABS due its long lifespan, low density, hardness and sturdiness. Both ABS and PET however are made from oil therefore being less sustainable to other materials selected.
[bookmark: _Toc34658264]Choosing Alternatives
As stated previously, steps 5 and 6 from the design methodology were excluded in this assignment and thus it is recommended that these steps should be carried out in future to obtain a variety of solutions that would potentially be an improvement to the one chosen in this assignment. The measure component chosen in this assignment was designed in Solidworks as a part to reflect table 1 materials and such that the drill press could be used to accurately drill to a defined depth. This design is shown in figure 3 below along with dimensions shown in figure 4:
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Figure 3: Measure component from Solidworks.
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Figure 4: Measure component from Solidworks with dimensions.
The measure component was designed to minimise any re-design to existing parts or assembly except for the top brace clamp. The top brace clamp was extruded to accommodate a 6mm fastening to fix the measure component to the drill press where the 0mm line was aligned with the top of the sliding unit. Thus, as the lever is pulled down along with the electric drill, the measure in depth could be accurately carried out up to 65mm by looking at the top of the sliding unit against the measure component therefore accomplishing the problem identified, the PDS and making a design for serviceability improvement. 

[bookmark: _Toc34658265]Models
An assembly model of the combined drill press with the measure component could now be undertaken using SolidWorks. Assembly in SolidWorks was carried out using the tool ‘mates’ to create relationships between parts and faces which will function like fastenings; fastenings are not included in this model. The existing parts were re-designed by cross-referencing and implementing chosen materials in table 1 into SolidWorks. The drill press assembly is shown below:
[image: ]  

Figure 5: Drill Press Assembly with the new measure component and selected materials.
Figure 6 below illustrates how the measure component can be used to measure a drill depth when the lever has been pulled down:

[image: ]
Figure 6: Reading off the measure component.

Furthermore figure 7 shows a dimension overview of the drill press which can be crossed referenced with the PDS:
[image: ]
Figure 7: Drill Press Dimension Overview.
Figure 7 reveals that the dimension overview of the product is within the PDS that was set out at the start. Furthermore, after assigning materials to each part as per table 1, SolidWorks analysed the mass of the drill press with the measure component as 3.5 kilograms (kg) which also met the PDS in being a light product. It is important to note the mass does not include any fastenings and is essential to be included for future developments in addition to being designed and assembled to allow a prototype to be created. Additionally, if a prototype is to be created further drawings are required like figure 4 for all parts showing design dimensions.

[bookmark: _Toc34658266]Testing and Evaluating 
[bookmark: _Toc34658267]Costing and Assembly Analysis
From the model, estimated purchase material costs were carried out to compare against the PDS target cost of £59.00 for one unit and is shown in table 2 below along with estimated time to assemble components using the Boothroyd and Dewhurst method (shown in appendix 5.2):
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Table 2: Material cost for drill press components and estimated time to assemble (Wicks Aircraft Supply 2020), (LKM Recycling 2020), (Plasticker 2020) and (Dir 2020).
De Laveaga (2020) argues that the Boothroyd and Dewhurst method is an effective tool in highlighting inefficiencies in products and therefore allowing the design process to be repeated in order to improve those efficiencies, decrease assembly time and money spent. The method has its disadvantages as it assumes all parts are available to assemble, the person assembling is experienced, and the environment is suitable to carry out the assembly.

The estimated total material cost of one drill press unit was calculated to be £20.32 which is below the PDS target cost of £59.00. However, the true cost of one unit must take in account the design, manufacture, packaging and overhead costing to reflect a true value which table 2 does not. Furthermore, using the Boothroyd and Dewhurst method, the time analysed to assemble the drill press with the measure component was 16.44 seconds suggesting efficient components have been designed due its short duration. However, the assemble timings exclude fastening which must be included for future references and realistic assemble time. Assuming the procurement of materials and manufacture of components were carried out in advance, the projected production of 500 units per week should be achievable.

An additional analysis of the products manual handling and fitting was completed using the Lucas Method (shown in appendix 5.3) in table 3 below:
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Table 3: The Lucas Method on the Drill Press.
Like the Boothroyd and Dewhurst method, the Lucas Method is an effective tool highlighting if a products requires re-designing if components are difficult to handle or to fit together. It has a disadvantage in that tool relies on interpretation of the user determining values. Table 3 however highlights the drill press has a high design functional efficiency with a value of 89. Finally, table 3 also reveals low handling and manual indexes of 12.7 and 61 respectively suggesting the product is fairly easy to handle and fit together thus re-design on this aspect is not required.  

[bookmark: _Toc34658268]Reliability Analysis 
Prior to creating a prototype it is highly recommended that a finite element analysis (FEA) should be carried out on the drill press model especially for where the drill is clamped to the sliding unit and fastenings used; these are likely points to fail due to relative high loading and stress concentrations. Carrying out FEA would highlight any areas that could fail under normal loading and if so, re-design would be required to improve the reliability of the model. 

After assessing the reliability of the drill press model, it is imperative a prototype is constructed assuming all fastenings were designed, and drawings made available in order to fully test and evaluate the drill press with the measure component. The PDS should then be cross-referenced with the prototypes to confirm if the design specification is met in particular to the drill press accurately drilling a hole to a certain depth. In addition, a fatigue test could be completed to ensure further reliability. By manufacturing a prototype, more accurate costs for one unit could be made where assumptions in table 2 assumed no design, manufacture, packaging or overhead costing in addition to calculating more accurate timings for the whole process to produce one unit. 

Lastly, FMEA was carried out on the drill press detailed in appendix 5.4 where Najafpour et al (2017) states this is an effective tool to identify, evaluate and prioritize possible failures with a product or procedure. The ‘risk priority number’ (RPN) is a way of prioritizing a possible failure in order to focus more in mitigating or eliminating the risk of failure and is equal:



Carlson (2009) argues FMEA has its disadvantages as a failure that is high in severity with a low occurrence would result in a low RPN value. This could leave the failure to be low in priority and neglected however its high severity potential must be reduced or eliminated. Three potential failures highlighted were the electric drill encountering the base, the user cutting themselves by sharp edges and component/fastening failures with RPN’s values 378, 336 and 108 respectively. Hence, this FMEA analysis was used to reduce these RPN values by proposing to re-design the drill press to restrict the lever/fit an alarm, rounding off sharp edges and labelling the product to show its life expectancy to give new RPN values of 36, 36 and 4. 

After any required re-designs from testing and evaluating analysis, the prototype should be tested and evaluated again, and if successful, would then be allowed to be manufactured as per PDS producing 500 units per week at a target cost below £59.00.

[bookmark: _Toc34658269]Conclusions 
Model files of a drill press unit were successfully re-designed to consider design for serviceability using a suitable design methodology and using SolidWorks. An additional component was successfully added to allow the user to accurately drill a specified depth called the measure component. In addition, as well as the measure component, all other existing parts had their materials carefully chosen to consider their manufacture, assembly and sustainability. The Boothroyd and Dewhurst method and Lucas Method showed that the drill press had efficient components and were easy to handle and fit together even with the new measure component. Additionally, FMEA highlighted future improvements to be made to the drill press. It was further found that the target production cost of £59.00 and units produced per week of 500 were achievable based on several assumptions. It is recommended all assumptions are taken into consideration to reiterate the design methodology of the drill press in addition to rectifying any recommendations throughout the assignment in order to produce a prototype. Mass production should be completed if the prototype satisfies the PDS and successfully passes testing and evaluation.
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Figure 6: Reading off the measure component.
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Product Design Specification Document

Drilt Press Unit with incorporated measure component

A. Product design & performance issues

Expected prodiuct sise and weight: <500mm x 250mm x 150me in dimensions and weight <
Ske,

Expected prodiuct performance requirements: Dl a controlled and accurate hole
‘perpendicular to the material surface with a specified drill depth defined by the user. Must be
Hght and suit a range of drillcoltar sizes.

Loadings likely encountered: Spring load, user load particularly on the lever and own load.
Expected product service environment: Drill vibrations and dust.

Subject to shock loading: If drill encounters a void before correct depth reached or drill
contact with base.

Product be exposed to dirt or other contaminanis: Poteatial dit from material surface being
drilled.

Anomalies in power fuel available for ths product: No.

Product impact on environment: None, provided its metal and/or plastic component parts are
secycled at it end life.

Expected product safety requirements: Easuse components are fastened together with reliable
‘materials, loadings on drill clamp and other components considered using finite clement
analysis (FEA), 2nd adequate protection when in contact with surface. Additionally, ensure no
sharp edges.

Potential sources of product liabilty ltigation: Ensure to include safety information with the
‘package regarding poteatial sources of product liabiliy liigation. This is making the user
‘aware of risks such as sharp edges, getting fingers trapped and coming iato contact with the
electric drill. It is important to monitor any safety issues with the drill press and rectifying any
new problems.

Potential operator hazards: Sharp edges. Fingers trapped. Electric drill contact. Drill press
failure that exposes electric dril

Potential manfacturing and assembly hazards: Fingers trapped upon assembly and any
‘potential sharp edges.

Potential for misuse/abuse: User could overload the drill clamplever and/or other
‘components to its tended use causing failure. User could drillthrough material component
‘beyond is thickness into the base of drill press.
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light,relizble and low cost.
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recycled accordingly
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plastic used.

Applicable codes andstandurds 10 be chacked Must comply with the Health and Safety
Work act 1974 section .
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B Market Issues
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depth control, interal collt rips the shanik to prevent the stop from slipping under pressure,
accept il bits fom 2mum to 10mm diameter, ight weight and suitable for any dril collar
size. The il guide has it” advantages as well ncluding controlled and continous drilng
depth,accuracy in caying out perpendicular hole depths, can securely fx onto curved wood
Srom s integral V" groove, ight velght and nor-resrcted drll diameter.

‘The lowest costof each component was found o be under £20.00 which is spproximately
6% less than the target il press price of £50.00. It was therefore essentil that i the drill
press was more than the crll stop and ariling guide that it poses greate advantages. Thus,
e drillpress vith the measure component should be designedre-designed to nclude as
many strengths/pros of both the drill depth stop kit and drill uide and to rectify 2s many of
the wealmesses/cons of both giving it a competitive advantage.

* Target prodiuctprice: £59.0.

* Turget prodiuction volume and market share: 500 wnits per week circa 10-15 years
production. The nev design targets several srengths from existing products L. accurately
rllng with control, must be ight and must't be resricted to dril diameter. As an
advantage, the il pess is designed to accurately il a desired depth, allow a certain range
of il olla sizes and to be user frendly. There i a continuous market for electrc drlls and
with the addition of a component that accurtely drlls 2 defined depth s invaluable

* Expected product disribution environment: To be checked prior to manufactre,

* Company constrainis on prodiuct design, mamfacture, and distribuion: To be checked prior
to mamfactre.

* Scihedule requiremenis: To be checked prir to manufactur.
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Parts are easy to grasp and manipulate Parts present handling difficulties (1)
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Parts can be grasped and

manipulated by one hand
without the aid of grasping tools

Groups 1 & 2 are further sub-divided into categories representing the amount of
orientation required, based on the symmetry of the part.
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Tables for the Lucas DFA Method

Lucas DFA method - Manual Handling Analysis

Lucas DFA method - Manual Fitting Analysis

Handling Index = A+B+C+D

A. Size & Weight of Part
One of the following

Very small - requires tools 15
Convenient - hands only 1

Large and/or heavy 15
requires more than 1 hand
Large and/or heavy 3

requires hoist or 2 people

B. Handling difficulties
All that apply

Delicate 0.4
Flexible 0.6
Sticky 05
Tangible 0.8
Severely nest 0.7
Sharp/Abrasive 03
Untouchable 05
Gripping problem / slippery 0.2

No handling difficulties 0

Fitting Index = A+B+C+D+E+F

A. Part Placing and Fastening
One of the following

Self-holding orientation 1.0
Requires holding 2.0
Plus 1 of the following

Self-securing (i.e. snaps) 13
Screwing 4.0
Riveting 4.0
Bending 4.0

D. Access and/or Vision
One of the following
Direct 0
Restricted

C. Orientation of Part

One of the following:
Symmetrical, no orientation req'd 0
End to end, easy to see 01
End to end, not visible 0.5

D. Rotational Orientation of Part
One of the following
Rotational Symmetry 0
Rotational Orientation, easy to see 0.2
Rotational Orientation, hard to see 0.4

B. Process Dire:
One of the following
Straight line from above 0

E. Alignment
One of the following
Easy to align 0

Straight line not from above 0.1| Difficult to align 0.7
Not a straight line 1.6
C. Insertion F. Insertion Force
One of the following One of the following
Single 0| No resistance to insertion 0
Multiple insertions 0.7 || Resistance to insertion 0.6

Simultaneous multiple insertions 1.2
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FAILURE MODE AND EFFECTS ANALYSIS

tem: Drill Press with measure component. Responsibility:
Model: Prepared by: George Wright Page :
Core Team: FMEA Date (Orig 07.0320 Rev:
o ) Responsi Action Results
Potential Cause(s)/ | ¢ Current e| R pon e""
Process Function Potential Failure Mode | Potential Effect(s) of Failure Mechanism(s) of | © Process. t | P |Recommended Action(s)| 2" '2r9 s|o
" Completion "
Failure u Controls e| N Actions Taken elc
Date
v c vie
Instructions should state clearly
IRe-design dill press so
|Lever is pulled down with the | Abrupt contact of the electric ILever is allowed to be ';:;::e"m": ::";}ﬁ:’im that the lever is only pulled
Lever pulled to move | electric drill clamped onto the  |drill into the base causing bulled down to the g Qsl o0 10 cuit the dril |down to the desired user
electric il towards  [slding unit, and could potentially [damage to both the diil press, exentatwhichthe | 7 0% SIS0 SRR T |6 | 978 |dagth. In acdition ft alarmn T8C T8C 92
material and base. e pulled down to where the diil[the electric dril and possibly the | [electric dril could make| lon base to detect any
lever is pulled down the diil
Ihits the base of the diil press.  [user. |contact with the base. lchanges in resistance i..
ldoes not make contact with the
materia loss
base.
e e e |ComPonents faiure including [AbruPt contact o the clectric e o iretiuctions shoud state deaty [Ensure drl press has
fenings to 2sSemble 1 tonings under loading and/or (01 MO another component or |components an: o [the lfe duration ofthe dril press | ¢ | 105 |,jc i tagisticker stating ts | TB.C T8C 92
il press with measure (= " the user causing damage [fastenings exceeding land stating when maintenance iy
component together. o lUnable to use diil press a all their e duration |should be carred out.
[Components not
Used materials that does not
User using Drill Press User hurts theseves as a resut | ¢ |designed to be rounded IRound of all components tol
|Components have sharp edge: 8 [aflect afety 7|33 T8C T8C 1|2
with measure component| 0 PO""S 128 SN AGES. | g the measure quard. loff and instead left e “s:"e health and safety of lensure no sharp edges
sharp.
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