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[bookmark: _Toc34728092]Abstract
This report applies multiple design and analysis tools and techniques for the purpose of improving a drill press design. Design for ‘x’ factors are considered and the drill press is developed accordingly. The improved design features are discussed and presented throughout the report. It is important to note that further development to the concept has the potential of delivering fruitful innovation to the manufacturing company.  
[bookmark: _GoBack]CAD and drawing documents are submitted separate of this report.
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[bookmark: _Toc34728094]1. Proposed Design
[bookmark: _Toc34728095]1.1 Introduction
The initial drill press design proposal comprises an assortment of parts which have evidently been designed to enable effective operation, and refined to a certain extent. Through parametric modelling, movement of the lever arm enables the raising and lowering of the main sliding unit which attaches to the drill. The proposed design is to be assessed for the purpose of identifying areas for improvement. Any modifications to the design will be aligned with the over-arching requirement of reducing overall production cost, whilst concurrently maintaining or increasing item quality wherever possible.   
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[bookmark: _Ref34506545][bookmark: _Toc34728115]Figure 1 - Drill Press Parts 

[bookmark: _Toc34728096]1.2 Assumptions
The following assumptions are made in regards to the proposed drill press design:
1. Lever arm and link arm are made from mild steel flat section, bright zinc coated.
2. Main shaft and guide bar are made from chromium plated thin wall circular tube.
3. Main sliding unit, top brace clamp and support clamp are made from cast aluminium, pressure filled centrally split dies.
4. The drill press base is made from cast aluminium, pressure filled cavity dies split below top surface to avoid marking the work holding surface. 
5. Adhesive bonded plastic lever grip.
6. All fasteners are ISO4017 standard; nut, bolt/socket screw, washer, spring washer configuration. 
7. A spring is present between the top brace clamp and the main sliding unit to provide a returning motion for the mechanism.
8. Machining of all aluminium die cast components to achieve required design.
9. Painting of all aluminium die cast components to protect against oxidisation, improve aesthetics and contribute towards company branding. 
[bookmark: _Toc34728097]1.3 Failure Mode and Effect Analysis
The FMEA method is applied to the operation parameters of the drill press design to develop an understanding of how the components interact and highlight any areas for improvement. The Reliability Engineering Resource (2020) defines FMEA as being “designed to identify potential failure modes for a product or process, to assess the risk associated with those failure modes, to rank the issues in terms of importance and to identify and carry out corrective actions to address the most serious concerns.” 
The completed FMEA worksheet is shown in Figure 2: critical elements of the design are identified and their failure mode is based upon a defined operation. The failure modes of the drill press design are not limited to the completed FMEA, although it has captured the most likely problematic areas for non-industrial use. The following recommendations are compiled from the results:
1. Make better use of the invested material.
2. Improve the rigidity of the lever mechanism through additional features or a change in fastener style.
3. Simplify the assembly process through reduction or standardisation of fasteners.
4. Include ancillary items to improve the overall operation by the user; the scraper seal, the adapter collar and work clamp device. 
Any proposed improvements are detailed as the responsibility of the designer and are required to be completed pre-manufacture; which complies with the widely accepted design manufacture methodology which recognises that 70-80% of a product’s cost are set at the design stage (Donato, 2020).
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[image: ][bookmark: _Ref1849319][bookmark: _Ref1849311][bookmark: _Toc34728116]Figure 2 - FMEA (Nandini, 2012)

[bookmark: _Toc34728098]1.4 Design for Assembly
A Lucas design for assembly analysis[footnoteRef:1] has been completed to identify essential and non-essential parts for the drill press, shown in Figure 3. The listed components are those shown in Figure 1, with the addition of a return spring and the fasteners as a general item. A design efficiency of 50% is calculated; Chan and Salustri (2005) state that an efficiency of 60% should be the target for initial designs. Reducing the non-essential components is the go-to answer to increase design efficiency; however, reducing those in the drill press may negatively impact the smooth user-operation. The feeding and fitting ratio recommended values are 2.5, they are 2.52 and 7.84 respectively. Further analysis reveals that the screw fastening and spring attachment operations have high index values and are significantly impacting the overall efficiency.  [1:  Analysis based on DFA value tables shown in Appendix 1] 

Potential improvements include:
1. Alternative method for securing the main shaft and guide bar.
2. Alternative method for attaching the lever mechanism.
By nature of the return spring material, size and location it is shown to be problematic in all of the assessment criteria; a concession may be required for this case as the cost of an alternative component is likely to outweigh the assembly benefit. As an example, a small gas strut would likely be handled and fitted with less complexity. However, the cost issue will render this option unviable- a small gas ram would be a hundred times the cost of a conventional spring of the same functionality (SGS, 2020).
Dochibhatla, Bhattacharya and Morkos (2017) investigate the interactivity between the Lucas and the Boothroyd-Dewhurst methods for analysing design efficiencies; concluding, both “methods can work in tandem with each other to provide insight into: how many functional parts are there in a product and how long it will take for it to assemble”.
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[bookmark: _Ref34506483][bookmark: _Toc34728117]Figure 3 - Design for Assembly Lucas Analysis (Chan & Salustri, 2005)
[bookmark: _Toc34728099]1.5 Boothroyd-Dewhurst 
A Boothroyd-Dewhurst assembly analysis[footnoteRef:2] has been completed to quantify the manual handling operation timings associated with assembling the drill press, shown in Figure 4. Each operation is defined in terms of the component and where it attaches; the fit and handling complexity is considered and compared with the values table to establish specific timings. The entire assembly operation is calculated at 1 minute and 40 seconds. The handling, locating and tightening of screws is a tedious operation to that it is reflected in the high time consumption values, the spring ends attachment is also highly time consuming when compared to the values of parts which simply drop into place.  [2:  Analysis based on Boothroyd-Dewhurst timing values shown in Appendix 2] 

The Boothroyd-Dewhurst and Lucas methods have concurrently identified the screw fasteners as the highest demand on assembly resource. Innovative connections between components such as, snap fit joints and living hinges are a far superior method of joining when compared with traditional mechanical fasteners; assembly costs can be managed more efficiently and quality can be improved due to the removal of torque setting uncertainty (Creative Mechanisms, 2016). Farr (2015) discusses the importance of designing out non-essential components through good practise and standardisation.
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[bookmark: _Ref34521046][bookmark: _Toc34728118]Figure 4 - Boothroyd-Dewhurst Analysis (Nawawi, 2014)

[bookmark: _Toc34728100]2. Design Improvements
[bookmark: _Toc34728101]2.1 Intention
Several identified areas of the design have the potential to be re-worked in order to improve manufacturing and assembly of the drill press. The following factors will be included in the re-design for the purpose of increasing design efficiency. Components will have appropriate tolerances applied to features that will specifically reduce the need for securing fasteners, the remaining fasteners will be simplified and component material optimisation will be carried out.
[bookmark: _Toc34728102]2.2 Main Sliding Unit Optimisation 
A combination of static stress analysis and topology is applied to reduce the amount of die cast aluminium used during manufacture. The component is placed into a stress analysis study; constrained rigidly about the main shaft location hole, and loaded with 1000N about the drill collar in the upwards direction to represent the forces applied when the drill press is in operation. 
The topology process is setup as follows:
Objective- To maintain stiffness of the component.
Constraint- To preserve 30% of the original material.
Variable- All unstressed elements. 
Results of the initial stress analysis show only few areas that are stressed up to the yield strength material half value; it is worth noting that these highlighted areas are located at the component edges, profiled edges would improve the stressing in those areas (Murakami, 2019). All other areas show no significantly stressed elements; justifying the removal of unnecessary material. Shown in Figure 5.
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[bookmark: _Ref34594388][bookmark: _Toc34728119]Figure 5 - Main Sliding Unit Stress Analysis
The stress analysis results are fed into the topology solver, the solution is based upon the previously stated objective, variable and constraint. The locations of the critical load paths are clear to see and the concept of an organic, optimised component becomes apparent. Shown in Figure 6 
[image: ]
[bookmark: _Toc34728120]Figure 6 - Critical Load Path

To preserve the functionality of the original component, preserved regions are added to the topology study. An area contour of 1mm is added to any preserved feature, highlighted in purple. Shown in Figure 7.
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[bookmark: _Ref34595166][bookmark: _Toc34728121]Figure 7 - Preserved Region

The updated result shows a more practical component optimisation. The density allocated about the critical load paths has been increased to better represent a component of suitable stiffness. Shown in Figure 8.
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[bookmark: _Ref34595564][bookmark: _Toc34728122]Figure 8 - Topology Result to Reduce Mass

The topology result has been merged with the original design, along with a consideration for the casting process to produce a lightened component of acceptable strength under normal operation parameters. The main material saving areas are shown in Figure 9.
[image: ]
[bookmark: _Ref34600433][bookmark: _Toc34728123]Figure 9 - Topology Informed Re-design
The redesigned component is re-assessed for suitability to normal operation. The main stressed region has increased in size; however, the value has not exceeded 9x107 Pa which is equal to the original stress value. Shown in Figure 10. Deflection displayed by the component is negligible and considered acceptable. 
Mass details:
Original component, 769g
Optimised component, 579g
Difference, 190g
Material Saving, 24.7%
[image: ]
[bookmark: _Ref34602191][bookmark: _Toc34728124]Figure 10 - Design Validation



[bookmark: _Toc34728103]2.3 Base and Main Shaft Tolerances
A slight interference, location tolerance is applied to the main shaft connection hole in the drill press base; so that the shaft can be fitted by rubber mallet and secured without need for the original fastener (Coban, 2020).
The main shaft is supplied at: Ø 25mm ±0.05mm (equipashop, 2020). The ISO 286 (2010) standard for metric mechanical tolerance states a 0.054mm deviation for the k8 fit; to achieve the slight interference a H7 fit is specified for the hole. The hole diameter may be 21 microns larger than the stated 25mm to achieve fit in relation to the shaft size. Datum A is established from the typical central position of the casted boss. From the datum, a 0.1mm positional tolerance for the required hole is stated to ensure equal cast wall thickness is preserved. The 0.025mm deviance for cylindricity is appropriate for the diameter and selected fit. A 1mm chamfer has been added to assist in centralising the shaft during assembly, shown in Figure 11.

[image: ]
[bookmark: _Ref34651673][bookmark: _Toc34728125]Figure 11 - Main Shaft Hole Tolerance
[bookmark: _Toc34728104]2.4 Main Sliding Unit Tolerances
To remove the original fastener which secures the guide bar; the same approach as previous is applied, shown in Figure 12.
The guide bar is supplied at Ø 10m ±0.025mm (F.H. Brundle, 2020). 
An F8 fit is applied to the main shaft hole to allow steady free running of the unit along the shaft with good accuracy. 1mm chamfers have also been added to both holes.
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[bookmark: _Ref34661104][bookmark: _Toc34728126]Figure 12 - Main Sliding Unit Tolerance
[bookmark: _Toc34728105]2.5 Fasteners 
The two lower lever mechanism fasteners have been changed for detent clevis pins; removing the requirement to torque nut and bolt assemblies (Pivotpoint, 2020). For the detent clevis pin ball bearing to secure in the main sliding unit; a 1mm radius groove has been added to the boss hole in place of the original thread, shown in Figure 13. The ball bearing is free to secure against the other side of the lever body on the central pivot location. It is not possible to use the same fastener for the upper loaction due to the requirement of providing a clamp force about the shaft. The upper fastener system is now specified as: ISO 4162 M6x55 flanged bolt and ISO 4161 M6 flanged nut- removing the need for separate washers, shown in Figure 14.
A render of the re-design is shown in Figure 15.
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[bookmark: _Ref34660966][bookmark: _Toc34728127]Figure 13 - Boss Groove Section View
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[bookmark: _Ref34659550][bookmark: _Toc34728128]Figure 14 - Lever Mechanism Fasteners
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[bookmark: _Ref34683233][bookmark: _Toc34728129]Figure 15 - Final Render

[bookmark: _Toc34728106]3. Evaluation
[bookmark: _Toc34728107]3.1 Design Analysis
To evaluate the impact of changes made to the original design; the updates are fed into the Lucas and Boothroyd-Dewhurst analysis tools. Notable changes in the manual fitting analysis include reduction of index values due to, the removal of the need to secure components via screwing, shown in Figure 15. The design efficiency has increased to 70% (50% original) through the designing out of non-essential components (Farr, 2015). The assembly time has decreased to 1 minute 11 seconds (1 minute 40 seconds original), this is mainly from the removal of fasteners. The change from a nut and bolt assembly to a detent pin has reduced that particular operation by 6.5 seconds, shown in Figure 16.
[image: ]
[bookmark: _Ref34665700][bookmark: _Toc34728130]Figure 16 - Evaluation DFA Lucas
[image: ]
[bookmark: _Ref34668825][bookmark: _Toc34728131]Figure 17 - Evaluation Boothroyd-Dewhurst 

[bookmark: _Toc34728108]3.2 Cost
The implemented design changes will evidently impact the overall manufacturing costs. Based on the forecasted production volume of 500 units per week for 10 to 15 years; it is assumed the drill press will be manufactured alongside many other products and the plant operation overheads can be represented as a percentage of the unit cost. A speculative approach has been taken when estimating costs associated with the drill press manufacture, shown in Figure 17. Initial design costs are shown on the left hand side, any changes to the design in the centre and revised figures on the right.
Assuming a 48-week production year and a 15-year production run:
Initial design- Total margin & profit

Profit 	 (Initial setup, design, machinery repayments)
Re-design- Total margin & profit

Profit 	 (Initial setup, design, machinery repayments)
Between both designs there is a £789,120.00 difference in potential profit.
(Accounting Coach, 2020) (Manufacturing.NET, 2020)

[image: ]
[bookmark: _Ref34679758][bookmark: _Toc34728132]Figure 18 - Manufacturing Cost


[bookmark: _Toc34728109]4. Conclusion
This report has successfully captured the steps taken towards improving the drill press design. Analysis tools of assembly and operation have provided valued insight into improvement areas and priorities. FMEA has been effective in identifying potential shortcomings in the initial design by visualising the drill press within operational parameters. The combination of FMEA and DFA tools provided guidance in terms of defining the most important areas to focus on: removing time-consuming fasteners assembly and optimising the design.
From a single topology optimisation study, it was possible to make a 25% material saving on one component without negatively impacting the strength. An essential consideration for the future would be to continue with the topology optimisation on the whole assembly; attempting to remove as much material as is practicable for the purpose of cost saving. The application of objective based tolerancing has allowed for parts to be fitted through interference fit, removing the need for fasteners. Geometric dimensioning and tolerancing has enabled a precise definition of the required interference providing features. Fastener simplification has been possible through reviewing the way in which the components of the assembly need to interact to facilitate the intended operation. Self-securing fasteners have been used where possible, this has reduced the amount of screwing operations needed during assembly. The advantages of conducting design improvements are clear to see; across the 15-year production run a potential profit increase of circa £790,000 is realised. 
The consideration provided throughout the report has been with specific regards to design for manufacturability and design for assembly; aimed at simplification and the reduction of costs. The factors of product reliability and maintainability have not been directly considered. However, as advancements have been made to the overall design it is reasonable to state that those factors have benefited- accurate tolerancing to mitigate wear for example. With regards to recyclability and sustainability; both the steel and aluminium are recyclable at the end of life stage. Depending on the process, currently 50% of typical aluminium die casting material is obtained from recycling (Premier Die Casting Company, 2017). Some aluminium window frame manufacturers are able to utilise 100% recycled material for their products, this is due to the fact that the old window frame grades are known and sorted accordingly (Schüco, 2020). As materials technology develops there may be the possibility of uniquely embedding individual components with their grade specification; effectively, enabling autonomy at the end of life stage.  
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Design for Assembly Analysis: The Lucas Method
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Boothroyd-Dewhurst Assembly Timing.
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Design for Assembly Analysis: The Lucas Method

Project: Drill Press 2

Date: Mar 2020

Prepared by: J Mowbray

Descriptors Manual Handling Analysis Manual Fitting Analysis
Component Sub-Parts ESIEICTRE || o st | P | G| P oy || P ientt | eS| | A || e | PR ||
Essential Component Difficulties Orientation & Fastening | Direction Vision Force
Drill Press Base = A 1 0 01 02 13 1 0 0 0 0 0 1
Main Shaft| _Endcap A 1 0 01 0 11 13 0 0 0 0 06 | 19
Guide Bar| _ Endcap B 1 0 0.1 0 11 13 0 0 0 0 06 | 19
Main Siiding Unit|_Clamping Bolt A 1 0 01 02 13 2 0 0 0 0 0 2
Top Brace Clamp A 1 0 01 02 13 2 0 0 0 0 0 2
Lever Arm| _Plastic Grip A 1 0 01 02 13 13 01 0 0 0 0 14
Link Arm Brace A 1 0 0 02 12 13 01 0 0 0 0 14
Return Spring| A 1 06 0 0 16 13 16 07 15 07 06 | 64
Support Clamp| Clamping Bolt B 1 0 01 02 13 2 1 0 0 0 0 5
Fasteners| B 1 0 0.1 0 11 4 0.1 07 0 0 06 | 54
Total Index | 12.6 Total Index| 28.4
Design Functional -0 Total Essential Feeding Ratio 18
Efficiency Total Non-Essential Fitting Ratio 405714
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Boothroyd-Dewhurst Assembly Timing.

Project: Drill Press 2 Date: Mar 2020 Prepared by: ] Mowbray
Operation Fitting Orientation Time.
No. Component Attachment to: a B 3 Seconds
1 Base Assembly work surface 360 360 720 5.6
2 Mainshaft Base support boss 180 0 180 41
4 Supportclamp  Main shaft 360 360 720 195
5 SocketScrew Support clamp 360 0 360 8
6  Mainslidingunit  Main shaft 360 360 720 195
7 SocketScrew Main sliding unit 360 0 360 8
8  Spring (lowerend) Main sliding unit 180 0 180 7
9 Guide Bar Main sliding unit 180 0 180 113
10  TopBrace Clamp  Main Shaft & Guide Bar 360 360 720 273
12 Spring (upperend) Main sliding unit 180 0 180 7
13 LinkAm Main sliding unit 180 180 360 15
14 DetentPin Link Arm/Main Sliding unit 360 0 360 15
15 LeverAm Top Brace Clamp/Link Arm 360 360 720 195
16  Flanged Bolt & Nut Lever Arm/Top Brace Clamp 360 0 360 8
17 LeverAm Lever Arm/Link Arm 360 0 360 15
18 Adhesive Grip 360 360 720 635
19 Grip Lever Arm 360 180 540 257
Total Time 70.83

(Min, Sec) 1min 11sec
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Manufacture Costs

Project: Drill Press 2 Date: Mar 2020

Prepared by: J Mowbray

Mass/ Mass)
Component Operation/item Multiplier/ |  Cost Comments / Changes Operation/item | Multiplier/ | Cost
Amount Amount
Drill Press Base |RSIEEEEEL 0.806kg | £2.50 Material [0.806ke] | o goc0 | g550
35561 35561
Exiig 15 £375 Catne] 13 £3.25
(@150% of mass) (@130% of mass)
Machining = v Machining = .
(@200% of casting) (@250% of casting)
i 04 £1.00 o 04 £1.00
(@ 30% of mass) (@ 30% of mass)
Waste Return 02 £0.50 Waste Return 02 _£0.50
(@ 10% of mass) (@ 10% of mass)
Main Shaft el oR2kE] 0562kg | £1.70 O 2kell | o s6oke [Me170
Chrome Plate Tube Chrome Plate Tube
Cutting, deburring = e Cutting, deburring | e
(@20% of mass) (@20% of mass)
Guide Bar RG] 0136 | £0.70 IR S £0.70
Plated Bar Plated Bar
Cutting, deburring - 50.14 Cutting, deburring | o
(@20% of mass) (@20% of mass)
Mein Siding | Material 0.770ks] o Material [0578ke] | -~ | . o
Unit 35561 35561
Catine] 15 £345 Catne 13 £247
(@150% of mass) (@130% of mass)
Machining 5 590 Machining s o1
(@200% of casting) (@250% of casting)
e 04 £0.92 b 04 £076
(@ 30% of mass) (@ 30% of mass)
'Waste Return 02 _£0.46 Waste Return 02 £038
(@ 10% of mass) (@ 10% of mass)
Top Brace Clamp | Material (0189:037kg] [ o, =1~ Material 0.18%ks] | o0 "2
& Support Clamp 35561 35561
Cating) 15 £1.05 Castng 15 £1.05
(@150% of mass) (@150% of mass)
Machining 5 e Machining 5 e
(@200% of casting) (@200% of casting)
il 04 £0.28 - 04 £028
(@ 30% of mass) (@ 30% of mass)
Waste Return 02 £0.14 Waste Return 02 £0.14
(@ 10% of mass) (@ 10% of mass)
Lover Material [0.3kg] o | s Material 03ka] | oo " | o oo
Mechanism Flat Stock Flat Stock
Cutting, deburring - o Cutting, deburring | o
(@20% of mass) (@20% of mass)
el 0.1 £0.09 ity 01 £0.09
(@10% of mass) (@10% of mass)
Stock Items M S thead 1504017 | £0.10 R el Niso%760¢ (WE0'09
(Support clamp) Head
MO Sodethead 1504017 | £0.10 R W Niso 27608 (W08
(Drill collar clamp) Head
M6 Boltinc. washers | =T Mox55Flange | o1 e
(Shaft clamp) Head
WIS 1504017 | £0.10 M6 Flanged Nut |\ 110 | go.11
(Shaft clamp) (Shaft clamp)
26 boltassembly |\ 00| oo 2M6 x 12 Detent ) o
(Lever mechanism) Pin
2 #M6 Grub screws
1504017 | £0.20 - - -
(Shaft & bar fixture)
Spring 16 x 50 E £035 Spring 16 x 50 - £035
Manufacturing Cost  £36.74 Manufacturing Cost ~ £34.25

Indirect costs (@10%)

£40.41

Indirect costs (@10%)

£37.67

Margin (Target - Total)

£18.59

Margin (Target - Total)

£21.33
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Tables for the Lucas DFA Method

Lucas DFA method - Manual Handling Analy:

Lucas DFA method - Manual Fi

ing Analysis

Handling Index = A+B+C+D

A. Size & Weight of Part
One of the following

Very small - requires tools
Convenient - hands only
Large and/or heavy
requires more than 1 hand
Large and/or heavy
requires hoist or 2 people

15

1.5

B. Handling difficulties
All that apply
Delicate 0.4
Flexible 0.6
Sticky 0.5
Tangible 0.8
Severely nest 0.7
Sharp/Abrasive 0.3
Untouchable 0.5
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

D. Access and/or Vision
One of the following

C. Orientation of Part
One of the following:

End to end, easy to see
End to end, not visible

Symmetrical, no orientation req'd 0

0.1
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

Self-holding orientation 1.0{ Direct 0
Requires holding 2.0 |Restricted 15
Plus 1 of the following
Self-securing (i.e. snaps) 13
Screwing 4.0
Riveting 4.0
Bending 4.0

B. Process Dire E. Alignment

One of the following One of the following
Straight line from above 0| 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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MANUAL HANDLING — ESTIMATED TIMES (seconds)
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