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To help the reader gain a better understanding of my role, I will begin by briefly describing the company where I work.
The Weartech company is the leading resource for hard facing surface technology, protective coatings, and custom alloys. Companies of all sizes throughout the world rely on them for consumables, components, and turnkey solutions.
In 1990, Weartech International, Inc. was established to manufacture hard facing alloys based on cobalt and nickel. The company has been providing technical solutions to customers facing wear problems for over 25 years. In addition to their headquarters in Anaheim, CA, they have a manufacturing facility in Port Talbot, Wales, which allows them to serve customers worldwide.
In designing Weartech, agility and responsiveness were key considerations. With a skilled production crew and technical sales team, they can solve challenges quickly and efficiently with a diversified inventory in stock, lab equipment, and manufacturing equipment available on premises.
Their passion to collaborate with customers and support their application development and implementation of the technologies makes them an integral component to comprehensive solutions, driving user value and satisfaction. Providing exceptional operational excellence and strong growth within Lincoln Electric Companies through innovation and employee commitment. This was sourced from Ayers, C. F. (2019)
 During the five years since I graduated from college, I have worked as a machinist under Weartech apprenticeship program.
I chose to write about a past project given to me by my company for my report. This project involved me developing a bracket that can hold up and support the upgraded electrical cables running along the Seven Tunnel from Cardiff to London. 
Also, I created a CAD drawing of said bracket based on the cables' weight and size.
To analyse the success of the project in an effective manner, I have decided to divide this report into 3 sections.
 In the first section, I give an overview of the problem I faced and how I came up with a solution. As well as discussing the key requirements the design must meet to be successful and effective, it will discuss how Weartech representatives influenced the design. 
It will also outline the materials I was considering using and key features in the design I created. 
Lastly, a stress analysis test will be conducted to determine whether the bracket will withstand the weight of the wires and the tunnel conditions.
 The results of the stress test will be used to make any necessary adjustments to the design before construction begins. Once the design is finalized, the bracket will be fabricated and installed in the tunnel.
 

THE ISSUE
Creating a bracket to hold up and support the upgraded electrical cables that will run from Cardiff to London along the Seven Tunnel was my challenge. The first thing I did was create a product specification for the bracket. Through the Seven Tunnel, the product will secure and carry 1 main power cable and 8 smaller signal cables.
As I look back on the project, I found that incorporating the following features enabled me to start narrowing down my design choices. In summary, there are the following features:
· Suitable for mounting on walls.
· Must be able to withstand the tunnel conditions.
· Affordability
· Work Equipment Regulations (PUWER) must be followed.
· Cables of varying lengths can be carried.
For me to visualize what I wanted the bracket to look and perform like. As a guideline, I followed the following requirements:
· The bracket must be able to support a total weight of 41480 kg/km.
· The individual weight of the cables is:
· Power Cable is 24200kg/km.
· 1 signal cable is equal to 2160 kg/km.
· The bracket must have enough room to fit the power cable. The power cable has an overall dimension of 116.1.
· The bracket must also have enough space for the 8 signal cables which have an overall dimension of 43.5 mm per cable.
So now that I had the details of the cables, I made sure that the bracket could be wall mounted when creating my PDS (Product Design Specification) and design sketches. Because of this, my design was influenced most by the fact that if I didn't include sufficient mounting area, the bracket could fall off the wall. Rather than just placing the cable holders in a certain area of the bracket, I decided to drill 4 holes evenly spaced between them so that the whole bracket would be mounted to the wall. 
Making it cost-effective was the next requirement. As a result, my design was influenced by what material I would be able to use that was not too expensive to purchase and would be easy to manufacture. Additionally, I was encouraged to consider the most economical way of making the bracket. When I looked at this, I immediately thought of stainless steel or galvanized steel. The choice of galvanized steel over stainless steel came down to cost and ease of use. 
The galvanized steel I chose was able to meet all the requirements at a lower cost than the stainless steel, making it the most cost-effective choice. The galvanized steel was also easy to work with and could be formed into the desired shape quickly and accurately.
My next step was to figure out how I was going to carry all the cables in one bracket. As a result of the design brief, I made sure I understood the exact size of the cables and if placing them too close together would affect one another. Putting the signals above and below the power cable in two groups of four was the idea I came up with. Thus, all cables would be spaced evenly on the bracket, preventing interference between them.

 My next consideration was a critical requirement, which also contributed to the bracket's cost-effectiveness. The bracket had to be resistant to the tunnel's conditions. As a result, galvanized steel was chosen extensively because it is corrosion resistant and can withstand the different temperatures along the tunnel, such as the colder temperatures at the mouth of the tunnel than at the centre. Hence, I came up with galvanized steel as a material that could withstand both cold and warm temperatures.
My attention was then drawn to the requirement that related to securing the bracket to the wall with wires attached. Due to this, I designed my bracket to feed/place the cables through/on it. However, after reviewing the design I think it's not that practical, so I may have to make changes to how the cables are to be placed in the brackets either before or after the brackets are attached to the tunnel wall.
 As I reflect, I am considering alternatives such as using a clamp to secure the cables to the wall without brackets. The alternative would be to use a cable management bracket designed specifically for this purpose.
PUWER (Provision and Use of Work Equipment Regulations) compliance was the last major requirement of my bracket design.  In order to gain a better understanding of the issue, I used the UK government (2012).
During the design process, I took into consideration whether workers could hold the bracket by themselves or if they would need a piece of machinery/equipment to hold it. Furthermore, I designed the bracket so that it can be handled by hand as well as used on a machine or piece of equipment.

Affected parties.
To ensure the project progressed and hit the targets and requirements successfully, I kept the following people involved throughout the entire process. Among those I considered were:
· Clients
· The fitters
· Manufacturers (those who make brackets)
Throughout the project, I was aware that keeping the customer informed was of utmost importance. In this way, they can plan out when they can begin to install the brackets based on the overall plan. The design process should also be demonstrated to them so that if any changes need to be made, they can be made at the beginning instead of at the end when the prototype has been produced, which could cause the project to be delayed.
As I look back, I realize it is important to show the manufacturing companies the design once it has been roughed out so they can give their input, which will help to develop the design further by ensuring that it is feasible to manufacture.

My next step would be to inform the team of fitters about progress. It is important that they follow the regulations and guidelines set out by PUWER and LOLER and learn how to fit the bracket safely and securely.
Communication with the interested parties was conducted using the following applications:
· Teams on Microsoft
· Zoom
[image: ]Both of these applications let me host and join conference calls. I was able to share images and documents during the conference call. Also, I had the opportunity to meet face-to-face with customers, fitters, and manufacturers if possible. Therefore, I created a detailed plan using a Gantt chart, which allowed me to keep track of where I was during the project and which key tasks are milestones that must be completed.

 

 

 

 



As shown in the Gantt chart above, I took the necessary steps to achieve the bracket I wanted. I concluded that all phases of the design process need to be completed on time for the project to be successful. 
Without completing all the steps, for example not asking the buyers if it is possible to source the materials for a prototype, I wouldn't be able to successfully test it. If I had not asked the buyers, I would not have been able to get the parts to make the prototype. Ultimately, this would have led to a delay in the project and could have caused it to fail.

Alternative material choice
As mentioned above, galvanized steel was my material of choice. On reflection, I may have made a better choice by using aluminium instead.
Aluminium also boasts a number of advantages, including its lightweight and a third of the weight of steel. By examining Liang, E., E.L (2020), it is easy to see that gravity die casting improves dimensional accuracy, reduces secondary machining, and results in smooth cast surfaces. Under hotter conditions, the aluminium bracket will be severely weakened and will be more susceptible to dents and scratches.
In contrast to aluminium, steel is a lot heavier, which has some implications for installing brackets, but it's also stronger, and it becomes corrosive resistant when galvanized, so it will perform well in tunnel conditions. Furthermore, steel is less prone to warping or bending due to weight, force, and heat. As a result, I chose galvanized steel due to its high strength capabilities and its corrosion resistance.
In addition, I investigated cost-effective manufacturing processes to produce the brackets. My first thought was to use CNC (computer numerical control) machines to produce the brackets. The process produces accurate parts and good finishes, so it is a good manufacturing technique. The downside of this manufacturing process is that you are limited to how fast you can make parts based on the tools you are using and the number of brackets you need to make.
According to Cast, N. (2019), it is possible to manufacture galvanized steel through hot-dip galvanization by casting steel into bracket shapes and then galvanizing them. By applying zinc over the base metal, this method of galvanizing makes it extra corrosion resistant. Once the mold has been made, the casting process only requires one mold. Adding more molds will speed up the shaping process.
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As part of this section, I will discuss my design and its advantages, as well as the software package I used and how I made my decision. I will also compare my product to ones already out to see how it competes.
In order to create the design, I explored different CAD/CAM software options.  First of all, in computer aided design, computers are used to design components, to optimize a design, and you can turn your design into a machine program that can be run on a CNC (computer numerical control) machine if you also have CAM (computer assisted manufacturing).
A wide variety of computer-aided design (CAD) software is available for use by anyone or by any company. Among the most popular CAD software programs on the market are:
· Solid works
· Autodesk Inventor 
· AutoCAD
· Catia
It was important to me that I picked a program that I was familiar with and easy to use so that I could get the best design possible. As a result, I looked into Autodesk Inventor.
The Autodesk Inventor software is among the best software available. It is widely used by architects, engineers, students, etc. Designing products, simulating, visualizing, and documenting are the main purposes of this software.
It offers a lot of advantages such as, using parametric modelling, you can build a 2D or 3D model by using an intuitive user interface as you design it. In addition, you can assemble multiple components and lock them in place with constraints, so you can see what it would look like assembled. Additionally, the component can be used to simplify and speed up the process of creating engineering drawings.
Using design automation, you can assemble all of the components together and test their strength using different tests. Besides designing sheet metal products, it can also manufacture them.
In modelling, you can add any necessary information, such as tolerances, sizes, and diameters, to the 2D/3D model. Models of screws and different parts are already available in the content centre. A model of a component can be made in a few different ways, for example, you can use direct modelling, which draws the lines when you enter the exact dimensions. This mode is also easier to rescale and rotate. The model can also be drawn using freeform modelling, allowing points, faces, and edges to be moved freely.
A CAM package add-on allows you to turn your model into a machine program. By inserting the stock size and adding the tooling information, you will be able to start a computerized machining process. As a result, machinists get an idea of what the tool is going to do and where it will go, how deep the tools go, and if the tool holder or chuck will hit the job. In addition, the model can be quickly analysed for things like stress on the component when a weight is applied to it.
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Description automatically generated with medium confidence]After deciding on my software, I thought I could check on the market for brackets to get a better idea of where to begin. I found a company that offered such products that had been tested and proven during my research. This company produced electrical cable brackets for use in the tunnels of the tube system in London, and their name was Pegasus. Therefore, I knew they had a proven bracket that could also be used in similar conditions.  
(FIRST DESIGN)

 

 






The purpose of this design was to figure out how to securely attach this bracket to the wall. In order to ensure a secure attachment to the wall, I chose to add four 25mm diameter holes. My next step was to decide how I could safely separate the eight signal cables from the one power cable. The two sets of signal cables are divided into two groups of four and the power cable is placed in between them, a safe distance from both groups of signal cables. 
For the cables to sit safely in the bracket, I designed the holes to be 0.5 to 1 millimetre larger than their size. My design has 116 millimetres of power cable holes and 44 millimetres of signal cable holes. Nevertheless, after carefully examining the design, I concluded that the bracket is not practical because it will be difficult to secure the bracket to the wall before the wires are in place.


In my second design, I looked at how I could safely attach the bracket to the wall. To equal out the support, I added two 25mm holes to the bracket, which will allow you to secure it safely to the wall at the top and bottom. My next step was to figure out how to safely space out the eight signal cables from the single power cable. As a result, I split the signal cable into eight separate holes. In this case, they will surround the power cable. 
To allow the cables to sit safely in the bracket, the holes were designed to be 0.5 to 1 millimetre larger than the cable size. I designed 116 millimetres-diameter power cable holes and 44 millimetres-diameter signal cable holes. However, after carefully examining the design, I realized that the bracket is not feasible since the wires will have to be threaded though before the bracket [image: ]can be attached to the wall. In addition, there is not enough space between the signal and power cables to make it practical.	
(SECOND DESIGN)








I decided to see if I could get some inspiration from the Pegasus designs after much back and forth over my design. Thus, I discovered brackets that offered a branch-like support for cables, which allowed the cables to sit in the groove of the bracket, supporting it evenly along the surface. These branches could be used to secure cables without having to create or use clamping mechanisms. In addition to keeping the weight of my bracket low, this would also help keep it light. I came up with my final design as a result of this process.
[image: A computer screen shot of a blueprint
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I made my final design similar to my first design as you can see. To secure the bracket to the tunnel wall, I have drilled four 20mm holes in each corner. Using five branches, I was able to hold up the eight signal cables and the power cable. For each branch, I have made two grooves, which will allow me to place two signal cables. In order for the cable to sit comfortably in the groove, I have made the grooves 44mm in diameter, which is 0.5mm bigger than the cable.
In order to avoid interference between the signal cables above and the power cable below, the bottom branch is located at a safe distance away. The groove was also enlarged by 0.5mm to allow the cable to sit comfortably in it. To minimize the weight of the bracket, I added three large cut-outs. Besides adding ribs under each branch to support the cable weight, I also hollowed out the centres of the ribs to minimize the overall weight.
The following is summarised from the British Standards Institution (2017) and says that drawings were created following the BS 8888 design standard.
As a technical specification, BS 8888 defines the requirements for products and their components. The standard explains how engineering drawings outline and present these specifications and covers all the symbology and information that engineers and designers need to include on their drawings, whether they are produced in 2D or in 3D, created using CAD systems and 3D modelling.
Using the same processes throughout all engineering drawings would make it easy for their authors to understand them. The result may be that other engineers have an easier time interpreting the drawings properly. This could lead to less mistakes because it follows universal standards.
By following this standard, I ensured that another engineer could easily read and comprehend my technical drawing without any difficulty. Additionally, I considered the "London underground 1-085" specific standard when designing the bracket. Due to the similarities between the conditions found in the London Underground and this standard, I chose it.
This standard specifies how flammable a material can be, if there is a possibility of an explosion, smoke emissions, or toxic fumes, and the requirements that must be met. As a result of looking at this standard, I decided to use galvanized steel for my bracket. Galvanized steel is a non-flammable material that meets the requirements of the standard. It is also strong and durable, making it a good choice for my bracket.
I had some trouble transferring the drawings produced into the report without some of the information, so instead I took pictures of the drawings and included them in the report. This allowed me to provide all the information I needed without having to worry about transferring it all onto the report.
Additionally, I examined two more standards: BSI kitemarks and CE marks. Most products traded on the European Union's single market have the letters 'CE' on them.
EEA stands for European Economic Area. CE markings are required for many products.
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  As I discussed in section one, I addressed a number of requirements and proposed a design that would resolve the problem I faced. I will present a stress analysis that I conducted using Autodesk inventor in this section, which will provide the following information:
· Yield strength of the material
· Maximum stress
· Weight 
· Factor of safety
· Youngs modulus of the material
To start off with I will cross examine the PDS requirements I mentioned earlier in the report.
Affordability
The objective was to create a bracket that was effective, but not at a high price. Having looked at different materials which I stated in section two, I decided to use galvanized steel due to its strength and cost-effectiveness.
Tunnel-resistant 
This bracket had to be made from a material that could withstand the conditions at the mouths of the tunnel and in the centre of the tunnel. Based on the materials I stated in section two, I was able to achieve this. Through the use of galvanized steel, I have been able to meet this requirement. A galvanized steel is more corrosion-resistant than a bare steel.
Wall-mountable 
Ideally, the bracket should be able to be mounted to a wall effectively. As a result, I have used four 20mm holes to secure the bracket to the wall. Using galvanized bolts will ensure that they will not corrode.
Designed to carry a variety of cables. 
It must be possible to safely carry eight signal cables and one main power cable. My solution was to use 5 levels of supports, 4 for signal cables, and 1 for the main power cable. It is necessary to separate the signal cable from the power cable so that interference with the signal can be safely avoided.
The provision and use of work equipment must comply with PUWER (Provision and Use of Work Equipment Regulations).
My goal was to ensure that the workers followed a safe working environment when installing the bracket, as well as that the bracket could be handled safely by a person or with support equipment. It was important for me to make sure that my bracket complied with each body area's suggested weight limit. My suggestion is that the bracket be placed on the lower half of the wall by two people.

Additionally, my bracket was subjected to a stress analysis simulation on inventor to ensure its durability. Detailed information can be found here:
 Weight
Bracket weight is 39.6kg. While this bracket is heavy, its weight makes it stronger, increasing its safety factor.
Material's yield strength
Firdausi, A. (2020) says that a material's yield strength indicates the maximum tension it can tolerate before deforming. My yield strength was 207 Mpa as determined from the stress analysis report, which is good and indicates it will withstand the intense forces in the tunnel.
Stress at its maximum
The maximum stress determines the safety factor based on the force that was applied to the bracket and the yield strength of the bracket. According to the stress analysis test report, the bracket can withstand a maximum stress of 2.028 MPa, which is great because it means the cable force can be absorbed by the bracket.
Young's modulus of the material
Under the proportional limit, Young's modulus equals the ratio between stress and strain. Materials can be classified according to this property according to their stiffness or rigidity as described by Britannica, T. Editors of Encyclopaedia (2023). A stress-strain curve can be used to describe Young's modulus in terms of the slope of the curve within a linear proportionality range. Thus, the test results showed me that the young's modulus was 200Gpa, which is an excellent value.
Factor of safety
As a result of its load carrying capacity, the factor of safety determines the extent to which the product can withstand the load applied to it. Engineers use the factor of safety to describe the strength of a product as compared to the intended load it will receive this is stated from Safety Culture (2023). In my calculations, I found that I had 57 times more safety than I needed based on the test results. Considering these results, I have decided to place brackets every three meters, with a three-to-one factor of safety. Due to the strength of the bracket, I don't require a bracket every meter, so I've decided to place a bracket every three meters to reduce the amount of brackets needed. This will allow the cables to sag a bit. 
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According to these results, my brackets are strong enough to withstand the forces applied to them, and even if one bracket fails, the others won't fall down with it. This is relevant to the designs requirements since it proves that the brackets will withstand the forces applied to them. The results of my tests were very significant to me, and I felt it was important to share them with the people would be actively involved in designing and manufacturing the bracket. 
As a result, after looking at the PUWER guidelines, I told the workers installing the bracket that due to their weight, the brackets should be installed on the lower half of the wall instead of the top half. Furthermore, I recommend involving at least two or three people when installing the bracket. Due to its weight limit, they would need safety gear and possibly lifting aids to lift the bracket I also suggested the team install the bracket no more than 20 cm away from the edge of the wall. Finally, I recommended workers have someone watch them while working to ensure their safety.
[bookmark: _Toc136012200]CONCLUSION

Taking a look back at the project, I think I could have designed a bracket that was slicker and more appealing while still meeting the key requirements. All the while maintaining a high safety factor. My next project would be to design the bracket so that the back plate is smaller and thinner so that the bracket weighs less overall, and I would look into different sources that might offer more information on different designs. My biggest shortcoming was the weight of the bracket, which I felt was a big issue. Due to its massive effect on the bracket placement, I felt this was an important part of it. It went over the manual handling regulations guidelines of lifting an object by yourself, which I found shortcoming. For this reason, either you will need the help of another colleague or lifting equipment. Next time, I will reduce the weight dramatically by making the backplate smaller and lighter. 
As long as the bracket I designed meets all of the requirements, I believe that it will be successful in all seven tunnels. As a further improvement, I would include safety instructions in the manual to ensure everyone knows the regulations. To ensure that the bracket is safe and effective, I would test it in the tunnel before installation. Data from the tests will be recorded as well so that future designs can be based on it. In addition, I would provide my supervisor with a detailed report on the design and testing process. Before the bracket is used, I will also perform a final inspection to ensure it meets all safety requirements. As part of my training program, I will ensure that all personnel who use the bracket are trained as well. Last but not least, I would maintain and repair the bracket regularly to ensure its safety and effectiveness.
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0733787 Hpa
2316 MPa
SwessYZ |-18738MPa 0.292621 MPa

Stress 22 259431 MPa 1.80227 MPa
Displacement __|-0.000297214 mm 0.000283492 mm
isplacement |-0.00224717 mm 0.00131733 mm
2 Displacement _|-0.000186019 mm 0.00182503 mm
0.000016421 ul

1t Principal Strain |-0.0000000343719 ul X
3rd Principal Strain |-0.0000190104 ul
Strainxx |0

0.00000223156 ul
0.00000502976 ul
0.00000299565 ul
0.00000190204 ul
0.0000076971 ul

These different results that | have just found out are relevant to the designs requirements because it
shows that my brackets will be strong enough to withstand the forces applied on it and should any of
the brackets fail, the others wil not fall down with it
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