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summary

The main aim of this assignment paper is to provide a company two nontraditional possible process that can improve the surface quality and produces aluminum alloy helicopter cockpit floor,then compare the advantages and disadvantages of CNC milling machines.
Introduction

Based on considerations of various methods for improving surface quality and modern methods, precision, etc., I finally chose Ultrasonic machining (USM) and Selective laser melting(SLM).

Ultrasonic technology can realize the connection of low-melting materials such as magnesium alloy and aluminum alloy, which are difficult to weld by traditional welding methods, and its outstanding advantages .

The SLM technology is a technique in which metal powder is completely melted by the heat of a laser beam and solidified by cooling. SLM is a selective laser melting. As the name implies, the laser is used to completely melt the powder during the processing. No adhesive is needed, and the precision and mechanical properties of the molding are better than those of SLS.

3.Body
1.The process

(1) Ultrasonic machining (USM) 
Ultrasonic plus Liquid is the use of ultrasonic vibration on the abrasive medium in the abrasive or dry abrasive to produce abrasive impact, polishing, hydraulic shock and cavitation removal Material, or a machining method in which ultrasonic vibration is applied to a workpiece in a certain direction to perform vibration processing, or ultrasonic vibration is used to join workpieces. Ultrasonic processing technology is a kind of machining technology that involves wide-ranging and fast update. Combining with the development of ultrasonic processing technology in recent years, the research progress of ultrasonic vibration system and the ultrasonic processing technology in deep hole processing, drawing die and cavity mold grinding and polishing, processing of difficult-to-machine materials, ultrasonic vibration cutting, ultrasonic composite processing are reviewed. The latest application of the other aspects, and expounded the development trend of ultrasonic processing technology.
Ultrasonic processing is the result of the comprehensive erosion of the abrasive particles in the abrasive suspension, the impact, the polishing and the cavitation under the ultrasonic vibration (mainly due to the continuous impact of the abrasive particles).
The brittle and hard material is more susceptible to damage by impact, so it is especially suitable for ultrasonic machining.
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(2) Selective laser melting (SLM) 

  The SLM workflow is such that the printer controls the laser to selectively illuminate the powder over the laid powder, and the metal powder is heated to complete melting to form. The piston then lowers the table by a unit height, a new layer of powder is spread over the formed current layer, and the device transfers the data of the new layer section for laser melting to bond with the previous layer. Cycle through layers until the entire object is formed. The entire process of the SLM is carried out in an inert gas-protected processing chamber to avoid oxygen in the metal at high temperatures.

Powder materials that can be used in SLM technology are mainly classified into three types, namely, mixed powder, alloy powder, and elemental metal powder.
1. Mix the powder. The mixed powder is a mixture of a certain proportion of different powders. Existing research shows that the mechanical properties of components formed by SLM are affected by density and molding uniformity, and the density of mixed powders needs to be improved.
2. Pre-alloyed powder. According to different compositions, the prealloyed powder can be divided into nickel-based, cobalt-based, titanium-based, iron-based, tungsten-based, copper-based, etc., studies have shown that the pre-alloyed powder material can produce components with a density of more than 95%;
3. Elemental metal powder. Generally, the elemental metal powder is mainly titanium metal, and its formability is good, and the density can reach 98%.
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2.Compared with CNC milling
(1)Ultrasonic machining (USM) 

Advantages：

The machining precision is high;

The cutting temperature is low and the workpiece is kept at room temperature;

No built-up edge, small deformation of the workpiece, no burrs;

Low roughness, close to the theoretical roughness value;

"Rigidization" of the machined part, that is, equivalent to the rigidity of the workpiece compared with ordinary cutting;

The processing process is stable, effectively eliminating flutter; 

The cooling of the cutting fluid, the lubrication effect is improved; 

The durability of the tool is increased several times to several tens of times;

The surface of the workpiece is in a state of compressive stress, and the wear resistance and corrosion resistance are improved.

Disadvantages；micro-ultrasonic processing also has shortcomings, such as insufficient processing area, low efficiency, and it is difficult to accurately control the surface roughness and processing accuracy. For some tough metal processing, it is not able to achieve good processing results. It is even impossible to process; at the same time, the overall size of the tool head used is small, and the abrasive wear on the tool head is relatively large, which has a great influence on the machining accuracy and surface roughness of the workpiece.
 (2) Selective laser melting (SLM) 

Advantages:
SLM molded metal parts have a high density of over 90%

Mechanical properties such as tensile strength are superior to castings and can even reach the level of forgings. 

Micro Vickers hardness can be higher than forgings

Because it is completely melted during printing, the dimensional accuracy is higher;

Compared with traditional material reduction, a large amount of material can be saved.

Disadvantages:
First of all, expensive.

The molding speed is low, and in order to improve the processing precision, a thinner processing layer thickness is required. It takes a long time to process small-volume parts, so it is difficult to apply to large-scale manufacturing;

Equipment stability and repeatability also need to be improved: surface roughness needs to be improved;

The whole set of equipment is expensive, and the molten metal powder has no high energy consumption;

During the SLM process, the metal melts and solidifies instantaneously (cooling rate is about 10000 K/s), the temperature gradient is large, and great residual stress is generated. If the rigidity of the substrate is insufficient, the substrate is deformed. 

CNC Milling

Advantages：

High processing precision and high processing quality;
Multi-coordinate linkage can be performed to process parts with complex shapes;
When the machining parts are changed, generally only the NC program needs to be changed, which saves production preparation time;
The machine tool itself has high precision and rigidity, and can choose favorable processing amount, and the productivity is high (usually 3~5 times of ordinary machine tools);
The high degree of automation of the machine tool can reduce the labor intensity;
Mass production, product quality is easy to control; CNC CNC machine tools have low requirements for the quality of operators, and high technical requirements for maintenance personnel.
Disadvantages：

Processing route is not easy to control and is not as intuitive as a normal machine tool.
The maintenance is inconvenient and the technical requirements are high;
The process is not easy to control.

3.Some precautions or advice with company management
Ultrasonic machining (USM) best and suitable condition

Conventional welding methods are often used to weld such alloys, but the strength of the welded joints is insufficient, and the welds are prone to defects such as gas, slag, cracks, and the like. Ultrasonic welding technology can realize the connection of low-melting materials such as magnesium alloy and aluminum alloy, which are difficult to weld by traditional welding methods, and its outstanding advantages such as energy saving, environmental protection and easy operation. The optimum process parameters for ultrasonic welding of aluminum alloy are: welding time 120ms, welding pressure 17.5MPa, surface with ethanol treatment. Under the condition of the process, the mechanical properties of the welded joints are optimized, wherein the maximum peeling force reaches 136.478N, and the hardness of 53.6HV is 1.31 times higher than that of the matrix material. In addition to the surface of the test piece plus ethanol treatment, other surface treatment conditions have little effect on the performance after ultrasonic welding. Under the same process conditions, the weld surface of the sample treated with ethanol on the surface is flat and the interface is tightly combined; as the distance from the surface of the sample to the position of the weld increases, the hardness increases.
The optimum process parameters for ultrasonic welding of aluminum alloy are: welding time 120ms, welding pressure 17.5MPa, surface with ethanol treatment. Under the condition of the process, the mechanical properties of the welded joints are optimized, wherein the maximum peeling force reaches 136.478N, and the hardness of 53.6HV is 1.31 times higher than that of the matrix material.

In addition to the surface of the test piece plus ethanol treatment, other surface treatment conditions have little effect on the performance after ultrasonic welding. Under the same process conditions, the weld surface of the sample treated with ethanol on the surface is flat and the interface is tightly combined; as the distance from the surface of the sample to the position of the weld increases, the hardness increases.

 (2) Selective laser melting (SLM) status and different from selective laser sintering (SLS)

SLS is laser sintering. The metal material used is a mixed powder with a low melting point metal or polymer material. During the processing, the low melting point material melts but the high melting point metal powder does not melt. First, the lamp is heated to a temperature exceeding the crystallization temperature by a lamp heating or a metal plate heat radiation, which is about 170 degrees Celsius. The formed material is bonded by the melted material, so the pores exist in the solid body, and the mechanical properties are poor. When some parts are used, they are subjected to high temperature remelting.
  SLM is a selective laser melting. As the name implies, the laser is used to completely melt the powder during the processing. No adhesive is needed, and the precision and mechanical properties of the molding are better than those of SLS. However, because the SLM has no thermal field, it needs to heat the metal from a normal temperature of 20 degrees Celsius to a melting point of thousands of degrees. This process consumes a huge amount of energy.
4.Conclusion

Although ultrasonic machining and SLM are the two methods I chose, perhaps their price and other factors are not the most suitable for a company. I still think they must be viable especially in improving surface quality.
   I believe that in the future, along with our progress and technological development, these two methods will become our feasible mass production of modern high-precision technology.
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