


Contents
Introduction	2
Functional Requirements	2
Current Manufacturing Method & Material	3
Process	3
Material	3
New Proposed Method	4
Process	4
Advantages	5
Material	5
Bibliography	6


[bookmark: _GoBack]

[bookmark: _Toc31899507]Introduction
This report will look at the current manufacturing processes behind ball valves and what materials are created with. The current processes and materials will be discussed and then compared to additive manufacturing methods and different materials to determine the benefits of using additive manufacturing as opposed to the current methods. Before the manufacturing processes are discussed the functional requirements of a general ball valve will be identified a diagram is included to show the general make up of a ball valve.
[bookmark: _Toc31899508]Functional Requirements
· Ball valves are used to isolate fluid or gas within pressurised pipes or hoses
· The valve must meet the user’s requirements for maximum operating pressure and temperature range
· A ball valve is intended to be used where the pressure is the same between the flanges or fittings each side
· The ball valve must be opened and closed by a turn operation and following EN ISO 5211.8 regulations the handle must be turned in a clockwise rotation to close the valve. A notch located on the spindle square indicates the current position of the ball
· The ball valve must be operated by either a handle or actuator
· [image: Isolation Ball Valve Diagram]A quarter turn stop must be present to prevent the handle being turned too far causing it to reopen/close.Figure 1 - Isolation ball valve diagram

These are just general functional requirements of a ball valve and leave a lot of variables unanswered that may affect the manufacturing process and what materials are used such as operating pressures etc. 
In TATA steel we use ball valves in high pressure, high temperature mains like different gasses, water, oil and steam so it is important when choosing what material valve is chosen to ensure they sit within the specifications of where they will be used.
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Typically ball valves are made from brass and manufactured by casting into the mould of the valve. Although there are other materials that can be used, I’m going to focus on just brass as it accounts for the largest percentage of valves manufactured. 
Once the specification from the customer is received the valve design with its complete engineering specification is prepared by the company who is manufacturing the valve. The first stage of the valve production would be to create the mould for the valve. Brass is then melted down and poured into the casting mould. This is also done for the ball that sits in between the two halves of the valve.
Once the casting has been completed valve bodies are then delivered to automatic lathe stations for machine including tapping in holes and making external threads, this is followed by the first quality control inspection. 
After checking measurements all semi-finished products are transported to the assembly shop where the ball will be fitted between the two halves along with rubber seals and tightened together using nuts and bolts. After assembly and checking for leak resistance the valves are sent to the finished product store and then shipped to the customer. 
[image: different parts of sand mold ]
Figure 2 - Cross Section of Casting Setup 
Casting comes with the potential to cause various defects on the product. Such as flash from the material due to excess material. The valve will then need to go to a lathe to remove excess material which leads to increased production times and the waste material doesn’t tend to be recycled. Another disadvantage of this is you can get surface defects on the finished product and potential pinholes that may affect the leak resistance of the valve. Casting can also result in a lower strength product as opposed to using forging for example. 
Casting also isn’t a great process for mass producing products as it’s a slow process from start to finish especially if the mould needs to be changed because the customer isn’t happy. A whole new mould would need to be produced which adds to the lead time of the product.
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As mentioned earlier the typical material used for ball valves is Brass which is a copper alloy, and this makes it stronger than PVC or plastic valves. This is typically why they are preferred for most plumbing applications despite them being slightly more expensive than plastic.
Brass is generally a mixture of copper and zinc but sometimes other metals. It is a very soft metal; and can resist corrosion quite well. Brass is also able to absorb more heat and withstand higher temperatures than plastic.
One drawback of using brass is they can contain small amounts of lead and if they are being used in a food industry or within a drinking water system they cannot be used unless they are approved and certified lead free. 
Typically, brass ball valves have a pressure rating of up to 3000 psi and can be used in situations where the temperature under 200°C. Anything higher in terms of pressure and temperature then another material would need to be used in order to be sufficient for practical use.
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Through new technology there are new ways in which products can be manufactured and for the new proposed method I have chosen Direct Metal Laser Sintering.
[image: ]Direct metal laser sintering also known as DMLS is an additive manufacturing technology that creates metal parts directly from 3D CAD data without the need for tooling. DMLS can utilise a variety of metal and alloy materials such as stainless-steel, titanium etc. to create strong durable parts and prototypes of products. DMLS is a very good choice for functional metal prototypes, high temperature applications and end use parts. A simplified diagram of this machine can be seen in figure 3Figure 3 - DMLS Machine 

The DMLS process typically starts in the same way as other layer additive manufacturing technologies. A specialist program takes 3D CAD data and mathematically slices it into 2D cross sections, each of the new sections will act as a blueprint which tells the DMLS machine exactly where to sinter the metal material and the data is then transferred to the DMLS equipment to begin printing. 
The DLMS machine then takes metal material from the powder supply to create a uniform layer over a base plate, then a laser draws a 2D cross section on the surface of the build material permeating the material. Once a single layer is complete the base plate of the DLMS machine is lowered slightly in order to make room for the next layer to be sintered. More material is raised from the powder dispenser and shuffled so that it is even on the previously centred layer to ensure it prints accurately. The DMLS machine continues to centre the laser layer upon layer building from the bottom up as the part is built. 
Once the lasering is complete then it is removed from the base plate and treated with a heating process in to further harden the part. Depending on the specification this is also when the part will be coated with different surface treatments or polished. 
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By using DMLS over the casting method discussed earlier there a numerous advantages such as:
· Design Freedom – This method of additive manufacturing allows the production of complex metal parts that typically cannot be produced using older methods
· Reduction of Tooling – Due to the accuracy and method the part is manufactured you get ready made parts which do not require post processing, or if they do it would be severely reduced
· Reduced Cost – By using DMLS there will be a reduction in cost because there is no wasted material, any of the powder that isn’t sintered will simply be used for the next part. It also allows for more complex parts to be produced without the increase of costs which would be seen by older methods
· Lightweight Design – DMLS can utilize topological optimization which older methods cannot. Topological optimization is a mathematical method of optimizing the layout of your products material within the given design specification. 
· Single Process Manufacturing – Rather than having numerous production steps it could be possible to reduce this down to one thus increasing lead times on products
· Rapid Prototyping – New prototypes can be created easily by using DMSL compared to older manufacturing methods. This allows for companies to alter and try out new designs before they are put to mass production
· More Durable – Parts that are manufactured using the DMSL method tend to be extremely durable and their strength to weight ratios are high. You can use materials such as stainless steel, titanium and Inconel etc. 

[bookmark: _Toc31899515]Material
For the new manufacturing method, I would suggest using a stainless-steel powder as stainless steel has a few advantages over brass. 
Whilst being more expensive than brass, due to the new proposed manufacturing method of almost zero waste, I feel like using this material would be justified for its functional properties. Stainless steel is often seen to be more difficult and expensive to shape and form where these problems have been eliminated. 
Stainless steel ball valves have a higher pressure rating of up to 10,000 psi and they can be used in environments of up to 900 °C. The corrosion resistance of stainless steel is also better than that of brass so in environments where corrosive chemicals are used it would be more durable and would last longer.
I think it’s worth mentioning in certain extreme cases titanium could be used for its extreme resistance and durability. Titanium was rarely used for its difficulty to be cast whereas DMLS would climate this roadblock and allow manufacturing of titanium valves.
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