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summary

The main purpose of this 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 such as energy saving, environmental protection and easy operation.

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) 
An ultrasonically vibrating mill consists of two major components, an electroacoustic transducer and a sonotrode, attached to an electronic control unit with a cable. An electronic oscillator in the control unit produces an alternating current oscillating at a high frequency, usually between 18 and 40 kHz in the ultrasonic range. The transducer converts the oscillating current to a mechanical vibration. Two types of transducers have been used in ultrasonic machining; either piezoelectric or magnetostrictive: 

Piezoelectric transducer: This consists of a piece of piezoelectric ceramic, such as barium titanate, with two metal electrodes plated on its surface. The alternating voltage from the control unit applied to the electrodes causes the piezoelectric element to bend back and forth slightly, causing it to vibrate.

Magnetostrictive transducer: This consists of a cylinder of ferromagnetic material such as steel inside a coil of wire. Magnetostriction is an effect which causes a material to change shape slightly when a magnetic field through it changes. The alternating current from the control unit, applied to the coil, creates an alternating magnetic field in the magnetostrictive cylinder which makes it change shape slightly with each oscillation, causing it to vibrate.[image: image1.png]Crystalline Young's Modulus | Static Hardness | Fracture Toughness | Cutting Rate
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(2) Selective laser melting (SLM) 

  The process starts by slicing the 3D CAD file data into layers, usually from 20 to 100 micrometres thick, creating a 2D image of each layer; this file format is the industry standard .stl file used on most layer-based 3D printing or stereolithography technologies. This file is then loaded into a file preparation software package that assigns parameters, values and physical supports that allow the file to be interpreted and built by different types of additive manufacturing machines.[citation needed] 

With selective laser melting, thin layers of atomized fine metal powder are evenly distributed using a coating mechanism onto a substrate plate, usually metal, that is fastened to an indexing table that moves in the vertical (Z) axis. This takes place inside a chamber containing a tightly controlled atmosphere of inert gas, either argon or nitrogen at oxygen levels below 500 parts per million. Once each layer has been distributed, each 2D slice of the part geometry is fused by selectively melting the powder. This is accomplished with a high-power laser beam, usually an ytterbium fiber laser with hundreds of watts. The laser beam is directed in the X and Y directions with two high frequency scanning mirrors. The laser energy is intense enough to permit full melting (welding) of the particles to form solid metal. The process is repeated layer after layer until the part is complete.[citation needed] 

The DMLS machine uses a high-powered 200 watt Yb-fiber optic laser. Inside the build chamber area, there is a material dispensing platform and a build platform along with a recoater blade used to move new powder over the build platform. The technology fuses metal powder into a solid part by melting it locally using the focused laser beam. Parts are built up additively layer by layer, typically using layers 20 micrometers thick. [image: image3.jpg]DEPOSITION OF POWDER LAYER LASER MELTING OF POWDER
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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；The biggest disadvantage is expensive 

The environment: Scrap material cannot be recycled. 

The economics: Suitable for low production rates only. 

Special tooling required for each job. High tooling costs.

Multiple cuts required for progressively better finish. Tool wear is a problem requiring frequent changes.

 (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)

Selective laser melting or additive manufacturing, sometimes referred to as rapid manufacturing or rapid prototyping, is in its infancy with relatively few users in comparison to conventional methods such as machining, casting or forging metals, although those that are using the technology have become highly proficient. Like any process or method selective laser melting must be suited to the task at hand. Markets such as aerospace or medical orthopedics have been evaluating the technology as a manufacturing process. Barriers to acceptance are high and compliance issues result in long periods of certification and qualification. This is demonstrated by the lack of fully formed international standards by which to measure the performance of competing systems. 

The use of SLS refers to the process as applied to a variety of materials such as plastics, glass, and ceramics, as well as metals[citation needed]. What sets SLS apart from other 3D printing process is the lacked ability to fully melt the powder, rather heating it up to a specific point where the powder grains can fuse together, allowing the porosity of the material to be controlled[citation needed]. On the other hand, SLM can go one step further than SLS, by using the laser to fully melt the metal, meaning the powder is not being fused together but actually liquified long enough to melt the powder grains into a homogeneous part. Therefore, SLM can produce stronger parts because of reduced porosity and greater control over crystal structure, which helps prevent part failure[citation needed]. However, SLM is only feasible when using a single metal powder. 

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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