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1. [bookmark: _Toc508724523]Features of Non-traditional machining method 
Generally, non-traditional machining method refers to the processing method of removing or adding materials by using energy such as electric energy, thermal energy, light energy, electrochemical energy, chemical energy, acoustic energy, and special mechanical energy. Compared with the traditional machining which is mostly based on removal of materials using tools that are harder than the materials themselves, non-traditional machining methods have the unique characteristics:
· No mechanical energy, independent of the mechanical properties of the machined object, some machining method are not limited by the mechanical properties and physical properties of the material. 
· No contact processing, tools may not be required and some use tools but are not in contact with the workpiece.
· Micro machining, have a high quality of the surface of the workpiece, it can also obtain high-precision and extremely low-roughness machined surfaces
· Can easily machining the complex modules
· Simplified the machining processing

In conclusion, for a modern components manufacturing company, it is a very wise choose a non-traditional machining method.

2. [bookmark: _Toc508724524]Type of non-traditional machining
As we all know, traditional mechanical processing has played a major role in promoting human progress and social development. It improves machining accuracy and surface quality, and also improves productivity and automation. For the company, in order to product a variety of components, I would like to introduction these two method: Abrasive water jet cutting and 
2.1 [bookmark: _Toc508724525]Abrasive water jet cutting
Water jet technology is a new technology that has rapidly emerged in the past three decades. Its understanding should be due to the scouring effect of water.[1] In turn, it is applied to the mining industry. With the promotion of this technology, people realize that increasing the pressure of water can significantly improve the mining effect, so people began to study high pressure water jet technology. Until the 1980s, abrasive water jet technology is further developed. It push the high pressure water jet technology to a new stage. The high-pressure abrasive water jet can cut all kinds of materials precisely, and does not produce thermal deformation, and no residual thermal stress. It has been widely used in the industry. [2]
Abrasive water jet cutting systems are grouped by the following subsections:[image: IMG_256]
(1) Hydraulic system: The hydraulic system is mainly composed of hydraulic section and auxiliary equipment, and its main function is to provide stable high-pressure water.
(2) Showerhead: The main component of the nozzle is the jet. Using the jet of different shapes and sizes, the jet velocity, target distance (distance from the jet to the target), and the shape of the jet (such as cylinder jet, fan jet, etc.) at the nozzle outlet can be changed.
(3) Auxiliary agent supply and control system: Its role is to add a certain amount of abrasive or chemical additives to the jet to improve jet performance and cutting efficiency.
(4) CNC system: Control the relative movement of the workpiece and the showerhead so that the cutting movement will follow a given path.
(5) [bookmark: _GoBack]Waste liquid recovery processing system: Recycling waste liquid to recycle abrasives and chemical additives so as not to pollute the environment.

The process of abrasive water jet cutting is a process of energy transformation. The principle can be summarized as follows: the mechanical energy output from the engine is converted into pressure energy by oil pump and water pump. The pressure energy of the oil is convert into water pressure energy by a supercharger, so the pressure of the water is greatly increased, water (adding abrasive or additives) passes through the jet, and ejects a high-speed jet, the pressure energy is converted into kinetic energy. When the high-speed jet impacts the material to be cut, the kinetic energy is converted into pressure energy again. The material is cut when the pressure exceeds the breakdown strength of the material. 
2.1.1 The advantages of the water jet cutting
Water jet cutting technology can achieve rapid development due to its advantages over other processing methods.
(1) The working medium is water, not only rich and convenient, but also does not produce arc, dust and toxic gases in the cutting process, the operating environment is clean, and it is compatible with the environment;
(2) Water jet cutting is a kind of cold processing method. There is no heat in the processing itself. The organizational structure of the cutting material department will not change, there will be no thermal stress, no change, no residual stress;
(3) The water jet cutting force is concentrated in the jet direction, the lateral force is very small, so there is almost no mechanical stress, the slit will not be deformed, and the notch gap is also small (abrasive jet cutting is generally below 0.25 mm). No need for secondary processing, no cracks, no trimmings, no dross, and the cutting quality is excellent;
(4) The wet will not wear and tear and has a small radius and can process a small arc with a sharp contour;
(5) The pressure and the flux of the water jet is easy to control. The working conditions are easy to change to adapt to different jobs.
(6) The jet is small in size and also small in recoil force. Easy to move and convenient to realize intelligent control.
(7) The water jet has the function of cutting chip and does not have to be equipped with chip removal equipment.
(8) Water jet cutting has no choice for materials, and it means that it can not only cut rigid metal sheets, but also cut soft cloth sheets, commonly known as “universal cutting”.
(9) Larger processing angle allows cutting of workpieces with an angle of less than 30 degrees between the direction of the water jet and the normal to the workpiece surface.
(10) The noise is low.
2.1.2 The disadvantages of the water jet cutting
Although there are many advantages of water jet cutting technology, there are still many problems
(1) The required power is large and the total efficiency is low; for example, the jet power of one millimeter’s jet at the pressure of 200MPa is nearly 50kw.
(2) When the water jet cuts, the splash of water droplets not only affects the visibility of the working environment, causes a waste of energy, but also poses a threat to the safety of the workers.
(3) The life of the jet is not long enough. For example, the abrasion-resistant ceramic jet for abrasive jet cutting can only use 20~100 hours.
(4) The speed of abrasive jet cutting is slow.
2.2 [bookmark: _Toc508724526]Ultrasonic machining
Ultrasonic machining is using ultrasonic vibration tools in abrasive liquids medium or dry abrasive, abrasive impact generated into grinding, hydraulic shock and the resulting cavitation effect to cut materials, and the use of ultrasonic vibration to make the work mutual combination processing method.The early ultrasonic machining relies mainly on the tools for super audio vibration, make suspension of abrasive obtain impact energy, thus removing the workpiece material reach processing purpose. But machining efficiency low, and with the increase of depth of process and significantly reduced. For more than twenty years, foreign adopt the sinter or plating GangShi advanced vehicles, make already super audio vibration, and at the same time with 1000 - around itself axis 5000r/min of high-speed rotary ultrasonic rotating machining, than is commonly ultrasonic machining has more efficiency and the depth of the hole processing, and straight sex good, dimension precision, tools wear small, besides processing hard brittle material outside, still can be processed carbide steel, carbon dioxide steel,two ferric oxide and boron epoxy composites, as well as stainless steel and titanium alloy laminated materials etc. At present, we have used in aviation, atomic energy industry, good effect. [3]
[image: ]
It is the main body of the ultrasonic machine. It consists of the two main sections:
(1) Ultrasonic generator: The function of the ultrasonic generator is to convert power frequency alternating current into ultrasonic frequency oscillation with a power of 20-4000W to supply the tool face with reciprocating vibration and remove the energy of the workpiece material.The ultrasonic generator circuit is composed of an oscillation stage, a voltage amplifier stage, a power amplifier stage, and a power source.
(2) Ultrasonic vibration system: Ultrasonic vibration systems mainly include transducers, horns, and tools. The function is to convert the high-frequency electrical signal output by the ultrasonic generator into mechanical vibration energy, and make the end face of the tool make small-amplitude vibration of high-frequency through the horn to finish ultrasonic processing.
2.2.1 The advantage of ultrasonic machining
Ultrasonic machining can also achieve rapid development due to its advantages over other processing methods.
(1) Less limitation of the materials, ultrasonic machining can process various hard and brittle materials such as conductive and non-conductive materials.
(2) Since the material of the workpiece mainly depends on the instantaneous local impact of the abrasive particles, the macroscopic cutting force on the workpiece surface is small, so the cutting heat is small. And the chemical/electrical properties of the workpiece surface are not changed due to deformation and burn, so the processing accuracy and the processing surface quality is better and the roughness of the surface is low.
(3) Generally, the structure of the ultrasonic machining equipment is simple and convenient in operation and maintenance
2.2.2 The disadvantage of ultrasonic machining
(1) The harder the material or the greater the strength and toughness, the more difficult it is to process.
(2) High tool wear in the process
(3) Repair should be necessary.
(4) It is difficult to machine deep holes, as the slurry movement is restricted.
(5) Low machining rates are achievable as compared to the conventional machining process.

3. [bookmark: _Toc508724527]Comparative analysis
The application of machining are influence by the workpiece shape and size to be produced like holes, through cavities, pocketing surfacing and special application.
The company manufactures a variety of components such as fastenings, fixings and tension, torsion and compression spring. For comparison the following parameter are considered: material removal rate, power consumed, the accuracy of the components, surface finish and etc.
These are some pictures about the comparative of USM and AJM.
[image: ]
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Follow these pictures, we can easily compare the abrasive water jet machining method with ultrasonic machining method. To machining the components, we may probably use some kinds of alloys, from picture five, it’s obviously choose abrasive water jet machining method. When we come to the environmental protection, it is that ultrasonic machining method is much dominant. For the accuracy of the component, the products that ultrasonic machining manufactures are finer. The surface roughness is also lower than AJM. But it is very approximation. Considering the cost, the cost of AJM is much higher than ultrasonic machining. Generally, I think the company can choose ultrasonic machining.
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Comparative Performance

Approximate  Relative capital
unit power  equipment cost
Metal removal (specific cutting per unit material

Process rate (cm'/s)  energy) (G)/m’)  removal rate
Edge-tool machining 14 3 1
Abrasive machining 8 30 2
Plasma jet 15 10 -
ECM 10 500 60
EDM 0.10 150 40
Ultrasonic machining 0.005 150 600
Electron beam 0.001 1,500 40,000
Abrasive jet 0.0001 10,000 -
Laser 0.0001 150,000 160,000

"Adapted from Wager [18],
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