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2.0 Introduction									
The purpose of this report is to investigate applications of optimisation as part of a design process. 
A concept design of a drill press unit (DPU) as shown in figure 1, is used as a basis. The materials for each component have been detailed in the appraisal. The intent of this report is to determine an effective strategy in order to produce an optimised model. 
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Figure 1: Drill Press Unit

Assumptions
· A general assumption during an optimisation process is that less material reduces overall cost.
· The intended use of the DPU, is a low-cost option for hobbyists.
· An average weight for a 9.6v hand drill is 1.6kg (Snyder, 2019). It is assumed that the DPU excluding the iron components, is the same weight (this includes lever pressure and any anomalies). Thus, 3.2kg of force is applied to the main shaft.







3.0 Appraisal
The purpose of the drill press unit is to improve the functionality of a hand drill by converting it into a low-cost drill press. The improvement achieved, increases the accuracy of bores created into a project material. (Snyder, 2019)
To determine how the concept can be optimised, an appraisal of each components design has been carried out. (Morse, 2000)
3.1 Component Function
· Base
· The purpose of the base (see appendix A4) is to provide a weight balance for the overall product; provide mounting options and to provide a stable surface to work on. The base is to be manufactured from a malleable cast iron. 
· Main Shaft
· The main shaft (see appendix A7) is a hollow cylinder. It is the backbone of the sliding unit. It enables the mounting of the sliding unit, top brace clamp, and clamp. The main shaft needs to support the entire weight of the sliding unit plus the weight of mounted hand drills. To aid in stability, the main shaft is manufactured from malleable iron.
· Sliding Unit
· The sliding unit (see appendix A8) is a block with a 3 vertical orifices: 1 for mounting of the main shaft, 1 to attach a spring mechanism and 1 to insert the guide shaft; it has a clamp region, intended for the mounting of the hand drill; and 3 horizontal bolt locations are provided for supporting external components. It is the primary operator. It enables the hand drill to be mounted and connects to the lever arm via the arm link to enable the unit to reciprocate as the user applies pressure to the lever arm. 
· Top Brace Clamp
· The top brace clamp (see appendix A3) is a block with 3 vertical orifices for the purpose of mounting on the main shaft, inserting the guide shaft and attaching a spring mechanism. This provides an anchoring for the sliding unit to push from. A medium density polypropylene is applied as a cheap material and manufacturing method.


· Guide Shaft
· The guide shaft (see appendix A2) is a solid cylinder, it serves the sole purpose of improving stability of the sliding unit, as it reciprocates. A medium density polypropylene is applied as a cheap material and manufacturing method.
· Arm Link
· The arm link (see appendix A6) provides pivoting locations for the lever arm and the sliding unit. A medium density polypropylene is applied as a cheap material and manufacturing method.
· Lever Arm
· The lever arm (see appendix A9) enables the user to apply a leverage force to move the sliding unit downwards. A medium density polypropylene is applied as a cheap material and manufacturing method.
· Support Clamp
· The support clamp (see appendix A5) provides an inhibitor, restricting how low the sliding unit can move to. A medium density polypropylene is applied as a cheap material and manufacturing method.














3.2 Decision Gate
A decision gate, shown in figure 2. Has been used to help identify non-critical components, with the aim of designing them out where possible and focusing the optimisation efforts.
[image: ]
Figure 2: Decision Gate

The data collected on table 1, show that 50% of the design components are non-essential.
[image: ]Table 1: Decision Gate Results





3.3 Appraisal Evaluation
During the appraisal it shows that 50% of components are non-essential. These could potentially be designed out.
The iron components: base and main shaft, are not to be modified. They will provide a constraint for the remaining components.
The top brace clamp contains a high volume of material. It is expected that the component material could be reduced, whilst maintaining the same minimum structural properties.
Although the sliding unit is an essential component. It is, however, a high volume of material which could be optimised. It is expected that the material use could be reduced.






















4.0 Informed Literature
Structural optimisation consists of applying mathematical methods to determine the best material distribution within a defined volume / boundary. (Osvaldo M. Querin, 2017)
Throughout the optimisation process, there are a variety of structural optimisation and analysis that can be performed, to help guide the design process. (Osvaldo M. Querin, 2017) (Gdoutos, 2019) (Altair Engineering.inc, 2014)
The following descriptions are identified methods applicable to the current design concept.
4.1 Types of structural optimisation
· Topology
· Topology optimisation is a general method. The user can supply a block of material, define the constraints and apply various loads. The method then determines what material is critical for the application and what can be discarded. This is a useful technique for informing the design process. (R. Setchi, 2014) (Altair Engineering.inc, 2014)
· Sizing
· Sizing optimisation focuses on optimising the dimensions of a component. This is useful when the developer knows what the design needs to look like but requires guidance on the thickness distribution. This method uses 1D or 2D finite elements to define the model. However, to simulate something useful it requires parameters. Sizing is similar to Topometry, however, sizing focuses on an entire surface layer, whereas Topometry focuses on individual element thickness and how that corresponds to neighbouring elements. (Osvaldo M. Querin, 2017).
· Shape
· Shape optimisation is used, where the shape or boundary may not be suitable. This helps to manipulate the design to a realistic concept. This is ideal if there are multiple components which fit together, as it helps to identify how other components must conform to the changes. (R. Setchi, 2014)
· Topometry
· As stated, Topometry focuses on optimising the dimensions of a component. Similar to sizing, it applies thickness layers to 1D (line elements) and 2D elements until a suitable 3D model has been determined. This method requires parameters to define how each element thickness interacts with its adjacent elements. This method I useful when various thickness levels is essential for the design. (Gdoutos, 2019) (Altair Engineering.inc, 2014)
· Topography
· This method allows the geometry to transverse into a new plane, allowing smooth inclines and declines of a surface. This is useful when applying certain conditions, such as aerodynamic properties or simply reducing material usage whilst reinforcing the design. (R. Setchi, 2014)
5.0 Methodology
The various types of optimization described, can be applied to into the different components for different purposes.
The following details how each component could be optimised and the expected outcome.
As stated, the base and main shaft will remain unchanged.
· Sliding Unit
· First the topology method will be applied. The purpose is to determine how much material is non-essential. To do this, the model would need to be split into element groups, consisting of the clamp area for the drill mounting; the mounting orifice for the main shaft; and the bulk material in between. These categories have specific properties and should be dealt with independently. The sliding unit will be fixed at the back orifice, this will represent it being mounted to the main shaft. Next, a load will be applied to the front region, this will represent a drill being mounted. The middle group will not undergo any constraints.
· The front group will then use topology methods to determine how the clamp region could be reinforced, whilst reducing some of the material.
· The back region will be constrained to the dimensions of the main shaft and must not be altered.
· The middle section will be optimized for reducing material waste.
· Finally, the new design will be optimized as a single component, to determine how much change is required to obtain suitable results.
· Secondly, a shaping method will be applied to determine if the boundary of the new model could be modified to further improve stability and reduce material waste.
· Thirdly, topography will be applied, to provide a more organic look, to further improve the stability by rounding off sharp edges.




· Top Brace Clamp
· The top brace clamp will be fixed at the rear orifice. This will simulate the component being mounted to the main shaft. As there isn’t much material volume available for reduction, due to the 3 orifices. A shaping method would be used to determine the required boundary. Followed by a sizing method, to determine the material thickness surrounding the orifices.
· Guide Shaft
· The guide shaft has little material volume to reduce. It is also a non-critical component. The guide shaft would be designed out of the product. No optimization needed.
· Lever Arm
· Although there is little material optimization that can be conducted. There are options to improve functionality by evaluating ergonomic design to allowing less force for more work.
· Support Clamp
· The support clamp will be designed out of the product, it is non-critical and can easily be replaced.
With the use of these optimization methods, the design can then apply the recommended changes. It is then down to the designer to determine if the changes are suitable for the manufacturing processes and if there are any potential anomalies which could affect product performance.
As some components could be designed out and others changed to suit manufacturability (i.e. adding ejector sites and draft angles) the optimization process may need to be repeated to further optimize the designs.








6.0 Conclusion
Structural optimization is typically used as part of the design phase. It provides guidance for the designer. Throughout the appraisal, it showed that 50% of the components are non-critical. However, the optimization methods also provide a new aspect, rather than stating if a component is critical or not, it states how can the component be improved. 
It is assumed that when the material of a product is reduced, that the cost also reduces too. The expectations of the intended optimisation, is to first improve stability, this would be achieved by producing rib structures in the design rather than solid materials and the topography helps to remove any weak points such as sharp corners; secondly reduce waste material, this would be achieved using the topology method to remove non-critical material and the use of shaping method further reduces the overall size of the component.
To further improve the recommended design changes, a range of structural analysis would also need to be conducted. This would include stress analysis of the main shaft to determine the rate of deflection under the assumed weight of 3.2kg. Buckling analysis would also be required for the clamp region where the drill mounts, this is due to the risk of creating torsional deflection, which could result in the formation of cracks.
This report shows that optimization methods can be applied in different methods, to achieve different objectives. The progression and competitiveness of the modern industries, tools like the optimization methods are critical to the survival of a business. However, it is evident that the tools should be used as a guide only and not relied upon as a perfection in design.
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8.0 Appendix
Appendix A1 – DPU Concept Model
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DPU Concept











Appendix A2 – Guide Shaft
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Appendix A3 – Top Brace Clamp
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Appendix A4 – Base
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Appendix A5 – Support Clamp
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Appendix A6 – Arm Link
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Appendix A7 – Main Shaft
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Appendix A8 – Sliding Unit
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Appendix A9 – Lever Arm
[image: ][image: ]





















image3.png
Decision Gate

Does this part move relative
to all parts which have

Is the movement
essesntial for the

Must the part be
separate to provide

already been analysed? production? ’I:> the required ’rxj>
movement?
No No

8-

!

Is this part of adifferent
material to all parts already
analysed, with which there
was no relative movement?

Is a different
material essential
for the product to

function?

Must the part be
separate to satisfy the
different material
requirement?

uesy

8

No

No

L

|enUassa - Led ,

Is the part separate to allow
forits in-service adjustment
or replacement?

Is the adjustment
or replacement
essential?

Must the part be
separate to enable
the adjustmentor

replacement?

=)

.

.

.

Design Efficiency

50%

Part- non-essential





image4.png
Part Gate Result
Guide shaft NNYN B
Top Brace Clamp NNN B
Base NNN B
Support Clamp NNYYY A
Arm Link YYY A
Main Shaft NNN B
Sliding Unit YYY A
Lever Arm YYY A





image5.png




image6.png




image7.png
225

|25 |




image8.png




image9.png
—

=





image10.png




image11.png
55

77.50

|

127.50

o

30)





image12.png




image13.png
42.50

P

=

€e

£l

Sl





image14.png




image15.png
€,

(13

18

20





image16.png




image17.png
500

497





image18.png
TRUE R4





image19.png




image20.png




image21.png
&2,

20





image1.png
Prifysgol Cymru
¥ Drindod Dew Sant

J University of Wales
Trinity Saint David




image2.png




