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Introduction.
This report aims to assess 2 different machining processes for a company who want to incorporate modern machining processes into their arsenal. There are many different advantages and disadvantages to the incorporating these processes, which will be assessed and analyzed in this report.
With current production methods such as casting and molding; a finished product cannot be produced and requires further machining or ‘finishing’, this could increase costs and production times drastically. With modern advancements in machining processes, there are certain processes that are accurate enough to where a fully finished product can be produced in a single step or a product that requires less ‘finishing’ steps.
Machining a product usually involves the removal of a very specific amount of material and at very specific angles which are critical to the use of the part throughout its ‘life span’; therefore, tolerances must be maintained and controlled.


Traditional and nontraditional machining processes.
Machining typically consists of using a tool made of a harder piece of material to remove a certain amount of material, the tool piece in this case would penetrate the workpiece and cause plastic deformation and form a chip at a certain pace and at a certain angle to start the generation of our ‘finished product’ (Kharagpur, 2008). If certain parts of these machining methods are not apparent in the process; it can be classed as non-traditional. 
[image: C:\Users\okah1\AppData\Local\Microsoft\Windows\INetCache\Content.Word\traditional tool removal.png]
Figure 1 typical traditional process (chipping) (Kharagpur, 2008)

Normal machining processes typically remove material by chipping, abrasion and friction. Advanced machining processes now tend to utilize chemical, electrical, high-energy beams, and jet cutting. some of these processes are widely used in industry, whilst some of them aren’t traditionally used in large scale production.


Abrasive Jet Machining 
Over the past 10 years abrasive jet machining has been on the up rise and is still today on the rise into industries all over the world, but this machining process is considered a nonconventional process; due to not using a tool to chip away at the surface of the work piece. 
In abrasive Jet machining a narrow stream of abrasive material is ejected from a nozzle at high pressure by a ‘carrier’ gas, this is used to impinge the surface of the work material (Singh, 2007). Once the stream hits the work piece it will move at a ‘flow rate’ and ‘pace rate’ this is completely dependent on the intricacy and material of the piece. The stream would cause ‘controlled impact erosion’ (micro-cutting and brittle fracture) due to the abrasive stream (Shukla, 2013). This process is similar to sand blasting but differs in the intensity, much higher pressure, the abrasive material used in the stream. (Rout, Panigrahi, & Pradhan, 2014)

How Abrasive jet machining works.
At the beginning of the process, a gas supply is opened into the system; (usually nitrogen or carbon dioxide), the gas is usually supplied at a pressure of between 2 to 8 kg/cm2. (el-hofy, 2005) The gas passes through a filter into a regulator to ensure correct pressure flow and no unwanted residue in the gas being used; it passes into a mixing chamber where is it mixed with the abrasive material; (usually aluminum oxide or silicon carbide) (Prasad & Chakraborty, 2014), the abrasive is being vibrated to make it airborne so that it mixes with the high-pressure gas. It then travels through high pressure pipes through to the nozzle jet and creates the abrasive stream (T).



[image: C:\Users\okah1\AppData\Local\Microsoft\Windows\INetCache\Content.Word\AJM.PNG]
Figure 2 diagram of AJM



Material removal conditions.
The removal rate/flow rate can be affected in numerus different ways, altering the gas and abrasive ratio, distance of the nozzle, the shape and size of abrasive being used, and pressure. So, for the optimal cutting formula specifically for AJM we can use this formula:
[image: C:\Users\okah1\AppData\Local\Microsoft\Windows\INetCache\Content.Word\AJM formula.png]
Figure 3 formula for removal rate of AJM (el-hofy, 2005)
[image: C:\Users\okah1\AppData\Local\Microsoft\Windows\INetCache\Content.Word\AJM formula meaning.png]
Figure 4 description of each element (el-hofy, 2005)
The 2 main factors that affect this is the flow rate and abrasive size, the larger the abrasive the more material it will remove. Also, a higher/lower flow rate can decrease the performance of the abrasives by spacing them too far apart and not allowing them to cut in the manner they are supposed to. Increasing the nozzle pressure may result in better/faster cutting but can damage and reduce the ‘life span’ of the nozzle (Ohlsson, 2004).



Abrasive water jet machining. (AWJM)
Abrasive water jet machining is becoming more widely used, with its superior cutting power between the water jet and the abrasive additives. With harder materials (Titanium alloys, ceramics and concrete) being more commonly used, machining is becoming a challenge; using AWJM gives a solution to this issue (Borkowski, 2010).
With the demand for more environmentally friendly industries, this machining method addresses this issue, with little to no airborne dust, controlled residue and contained machining area (Shukla, 2013). 
This uses the same basic principles as abrasive jet machining; the pressure and abrasives used are dependent on the work piece. The intricacy of the piece and time taken for machining depends on the materials being used, that will determine the pressure, grit size of the abrasive and the ratio of water to abrasive.
How AWJM works.
AWJM typically starts with the water inlet leading to a water filter, this step is to remove any oil or dirt; after the water is filtered, it then passes through a pump at pressures as high as 6000bar (600MPa), an abrasive supply vibrates to add abrasive into a mixing chamber where it will be added directly to the high-pressure water stream. The water then exits the nozzle through a small diameter (ranging from 0.1 to 1.0 mm); the water can exit the nozzle at a velocity even over 1,000m/s. Underneath the work piece there is a tank/catcher that will accumulate the water and abrasives to contain the mess and particulate, this will serve as a reservoir that will allow the manufacturer to recycle and purify the abrasives once again. (Shukla, 2013)


Process applications.
Abrasive jet machining.
· Machining intricate shapes and holes into sensitive, brittle and hard to machine materials.
· Very good for deburring, this process is used a lot for the deburring of very sensitive parts that need a very smooth finish, it is used for deburring of hypodermic needles, and medical equipment and sensitive equipment. (also, capable of micro-deburring)
· This process can be used to machine heat sensitive materials such as silicon, and gallium because the medium acts as a cooling agent.
· Can be used to smooth surface finishes and trim edges on very small surfaces that there is no other way to reach otherwise.
Abrasive water jet machining
· Can be used to cut through thick hard to cut materials such as reinforced concrete, titanium sheets, ceramic blocks.
· Using this method allows us to machine materials that are prone to thermal damage, the water acts as a cooling agent and keeps the work piece cool and doesn’t affect the heat treating.
· This method can be used to clean piping and also be used in removing surface contamination/oxidation. 
· AWJM can machine material thicknesses from 1mm to 300mm.
· This method has become extremely apparent in the dismantling of nuclear plants.


Advantages and disadvantages. 
Abrasive jet machining.
	Advantages
	Disadvantages

	Because AJM is a cool machining process, it can be used for heat sensitive brittle materials.
	Material removal rate is slow.

	The mediums and abrasives used won’t react with the workpiece and damage it.
	Stray cutting cannot be avoided due to deflection upon impact.

	No tool changes are required.
	Taper effect will be apparent in larger and thicker work pieces. 

	No predrilled holes are required for this process, therefore reducing costs.
	Dust and debris must have a dust collection system.  

	This process can be used to machine thin materials.
	Soft materials cannot be machined.

	
	Area where the air intake is situated must be filtered air so no moisture and oils enter the system.

	
	Initial startup costs are high.


(el-hofy, 2005) (KUMAR & Mr. NEERAJ, 2015)


Abrasive water jet machining.
	Advantages
	Disadvantages

	This process has a very wide range of uses; from food to titanium sheets.
	When using this method, the thermal advantages are limited by the exit of the stream, with can cause roughness at the bottom of the stream.

	Virtually any material can be machined with this process without regard to thermal limitations.
	Cannot cut materials that degrade quickly with the presence of moisture.

	The thickness of a material to cut is virtually unlimited depending on the accuracy and surface needed.
	Surface finish degrades at higher cut speeds.

	Easy to increase the capacity of the cutting station by adding the required number of cutting head. (assuming sufficient water supply)
	The operation has high noise levels.

	With the addition of abrasive materials in the water jet stream it mimics the action of a small cutting tool, but constantly being renewed which maintains its cutting properties and doesn’t dull.
	Initial investment is high.


(el-hofy, 2005)  ( Dixit, Dave, , & Baid, 2015)  



Suitable process.
[image: Fastenings and Fixings]






For the following components in the picture, both processes would be suitable for the manufacture of these parts. Both processes have the means and capability to produce these parts. The fact that both processes have high initial costs, in the case that the machines are bought purely for the production of these components, the initial cost of both methods of machining are in the same range (assumption based on reading, but no cost reports or cost sheets found on start up and running costs). Therefore, with both of these processes they would be capable of production/manufacture of these parts.


Conclusion.

To conclude, with the increasing demand for stronger materials and harder to cut materials; abrasive water jet machining would be the preferred choice, it can do the job of the abrasive jet cutting and more. With the flexibility to be able to cut stronger materials in larger/thicker sizes at a higher rate could prove to be a useful asset to have for the company in case of incorporating a new product which AJM couldn’t accomplish. 
If abrasive water jet machining was to be incorporated, production of many more materials would be possible, therefore allowing the company to expand their market and customer range; the materials required in the modern automotive and aerospace industry requires very hard to machine materials to be at hand and ready. With the adoption of abrasive water jet machining it would allow the company to expand their products and appeal to different sections of the engineering industry, therefore increasing their overall demand and productivity which inevitably increases profits.
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A = constant
N = number of abrasive particles impacting/unit area
d,= mean diameter of abrasive particles, um
p.= density of abrasive particles, kg/mm®
H,,= hardness number of the work material
v=speed of abrasive particles, mls‘
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