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The G.O.S Engineering have been asked to design and create a new railroad vehicle for Quattro Group. The machine that will be used is Doosan’s new DX210W-7(Doosan Group, 2021). In this time the machine will be stripped, welded, fabricated, shotblasted, painted and equipped new parts to suit Quattro’s specification. As stated on the G.O.S website, there are multiple options for optimal equipment available for the customer to choose (G.O.S Tool and Engineering Services LTD, 2014) such as:
· Extra hydraulic services 
· Additional long reach dippers
· Fire suppression systems
· Rear facing CCTV
Throughout the production of this Railroad Vehicle, health and safety factors are an important measure to take to ensure the workers are always safe, as well as considering environmental effects such as producing greenhouse gasses and correct disposal of used hydraulic oil.
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To undertake this task, these departments will be needed:
· CAD Design team
· Machine shop
· Fabrication and welding shop
· Shotblast facility
· Paint shop
· Rail shop (fitting)
The engineering team will be expected to follow a code of conduct with four main criteria, as stated on the Institute of Mechanical Engineers, Code of Conduct Explained.
· Act with competence and awareness.
Meaning to maintain a professional way of work and limit risks in a controlled manner.

· Show reliability and have respects towards other members.
Avoid misbehaviour and consider other people’s opinions without conflict nor let others be misled due to your actions.

· Be responsible towards the environment.
Following environmental health and safety regulations and consider the impact it may cause if not done so correctly.

· Support and contribute to an issue or problem in a professional manor.
If an unmanaged risk occurs take responsibility and be aware of risk factors.
(Institute of Mechanical Engineers, 2021)
There are also many health and safety factors that will need to be taken into consideration, such as the environmental effects that could harm the environment, for example adding more weight to a machine will put the engine under more stress, thus producing more emissions. Consideration for the safe disposure of oil that we drain out of the machines hydraulic system is also extremely important for environmental safety. 
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There are many key features that will be needed for rail excavation, such as increased boom and dipper lengths for the railways area of work, as well as machine weight, maximum reach and the digging bucket capacity. It is important to take weight into consideration otherwise there would be serious consequences when lifting or working on a slant. To counteract this, hydraulic stabilizers will be used to prevent the machine from tipping. 
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To start, the CAD design team will need to take measurements for the new lengths for the boom, artic and dipper as well as taking weight distribution into consideration. By taking weight into consideration, heavier counterweights will be designed to ensure the machine stays planted when working on a slant. These weights will be placed around the lower half of the machine in an equal manner to ensure a lower centre of gravity and prevent the machine from tipping. 
Next the CAD team will send the schematics to the fabrication shop where plasma cutters will be used to shape the new metal. Furthermore, the new metal will be sent to the machine shop where CNC machining will take place. Here the metals are likely to be welded together to create new pieces such as a new dipper. Metals may also be used for turning, milling, etc. (G.O.S Tool and Engineering Services LTD, 2014). The dippers can be modified within fabrication to the customers spec too, such as greater digging capabilities and an increased range of movement. Larger counterweights will be used to decrease the effects that longer dippers may have on the machine. The dippers that are designed for extra reach allow customers to change from one to the other with ease. Extended hoses with hydraulic quick release ends will also come with this optional extra. (G.O.S Tool and Engineering Services LTD, 2014).
The new parts will be sent to shot blast. Shot blasting is the method of sending high velocity particles at the metal to eliminate any forms of contamination in the metal as well as creating a smooth surface in preparation for coats of paint. (Airblast LTD & Airblast Eurospray LTD, 2021).  The new products are then sent into the paint shop where a coat of primer, white, then colour will be applied. Finally, the parts are stocked in the rail shop ready for assembly on the machines.
 In the rail shop the machines will also have new pipework done by splicing into the machine’s existing pipework. This will be done by using schematics designed by members of the team. Valves will also be added, such as slow down blocks and motion cuts. These motion cuts will limit the movement when working in small areas, such as tunnel excavation. There will be access to a pipe cutting area with different lengths of hose, a crimping machine and hose ends. BSP, ORFS and Flange (SAE) fittings on the pipes will be used on the pipes that are fitted to the machine, including parker hoses. (Parker, 2021)
There will also be group of technicians that programme the new machine software, as well as adding parameter sensors that work along with the motion cut block to ensure the machine does not exceed the limit of the tunnels when excavating.
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To test the machines after assembly in the rail shop, it will be put on the rail track, in which we will use a short section of railway. Here the machine will be put through various tasks that include lifting and carrying different weights throughout various speeds. By doing this the welds will be tested to make it’s safe under stress and strain. Testing of the new pipework will also be conducted here to ensure there are no leaks and to check all valves are piped up correctly. If the machine piped up incorrectly it could result in severe damage. 
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There may be a fair number of issues and concerns that may be crossed here, these will vary across different departments. For example, fire hazards will be more of a risk in the fabrication department than the paint department due to welding and hot metals, but the paint department will have to wear paint masks for clean air due to the fumes circulating. Some of these risks include inhaling dust from the sanding discs or the dust from sanding body fillers, even if the dust doesn’t have any harmful substances within it, respiratory issues could still be developed such as asthma. (HSE, 2009) This dust could be made up of rust, lead etc that comes from sanding old painted surfaces.
There are many other risks involved when it comes to the working of these metals, including the shotblasting stage. These risks can include hearing loss due to the high impact of the abrasive materials creating a loud high pitch noise. In these situations, appropriate PPE should be worn, including appropriate hearing defenders and ventilation mask for high quality air (HSE, 2014).
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Appropriate PPE throughout the different shops is a standard. At the minimum workers would be required to wear steel toe cap boots, overalls, and in specific departments earplugs (HSE, 2014). Painters will be required to wear ventilation masks too. Welders will require welding mask for eye and face protection including a clean ventilation system. (HSE, 2021). Ideally, machine welding would be used for most welds that need to be completed. This is done to reduce the worker’s exposure to welding which could lead to skin burns. There are a lot of stages involved that will require a worker to weld safely, hence why important measures are put in place to protect the workers. 
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Description automatically generated]As shown in this image from HSE, the main reason injuries between 1998 and 2001 is due to handling and carrying (33%), which means the task was most likely done incorrectly and resulted in an accident. At 19% is being struck by falling object or machinery (HSE, 2009). This could be a big factor for the fitters and fabricators that work around the machines all day. All risks will be considered and safety precautions will be reinforced.  Figure 4.3.1: Injuries in engineering industries between 1998/1999 – 2000/2001 (HSE, 2014)
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Health and safety is one of the main priorities, as well as sticking to time schedules. There will be an equal balance of time schedules between departments to be as efficient as possible. 
There is range of machinery equipment available that can be used for extensive CNC machining and fabricating. The customers specification’s of products, such as dippers, are a main priority as the customer has to be pleased with the work produced. There are plenty of options available for the customer to spec the machine to their liking, hence the range of optional equipment available on order.
The team will also be expected to follow a code of conduct to ensure everyone keeps working in a controlled manner without any misbehaviour as well as respecting fellow workmates. The workers will also be expected to follow environmental health and safety regulations and consider the consequences if not done so correctly. All workers will also be expected to wear correct PPE, and though this may vary throughout different departments, the workers will be expected to wear steel toe cap boots and overalls as a minimum. Workers should also be wary of hazards and risk, welders for example would always need to be prepared for a fire to break out just in case spatter set fire to a rag.
The testing stage is one of the most important stages when it comes to assessing the machine before delivery to the customer. By doing this, a full diagnostic examination of the machine can be undertaken to look for any faults, as well as testing all lifting and carrying capabilities. When lifting heavy objects like this, our metals and welds will be tested to ensure safety for the customer.
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Health and Safety
Executive

Injuries in engineering industries as reported to HSE's Field Operations
Directorate and local authorities 1998/99 - 2000/01

Non-fatal

98/99 99/00 00/01
(provisional)

Total 15 267 15078 14 668
of which main cause involved:

Handling and carrying 5057 (33%) 4955 (33%) 4842 (33%)

Being struck (eg by falling 2826 (19%)  2872(19%) 2698 (18%)
objects, moving machinery)

Slipping and tripping 2318 (15%) 2386 (16%) 2349 (16%)
Machinery 1778 (12%) 1734 (12%) 1641 (11%)
Falls from height 935 (6%) 950 (6%) 910 (6%)
Workplace transport 331 (2%) 331 (2%) 360 (2%)
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