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Background introduction

The mission required the production of an aluminum helicopter cockpit floor. According to the task description, we can see that this is a piece of plate, and the size is medium (50.8×33×2.5cm), the thickness is thin, the processing precision is required to be ±0.0127cm, and there are certain requirements on the surface quality of processed products. Therefore, after considering the above processing conditions, I proposed two other processing methods different from the CNC milling processing technology originally used by the company for reference, namely the Water jet cutting process and the SLM (Selective laser melting) process. 

CNC Milling

2.1. Introduction of CNC Milling

The CNC milling process is based on ordinary milling process and combined with the characteristics of CNC machine tools at the same time. (Wen, 2006) It can not only complete the entire milling process, but also complete processing steps which can not be finished by the ordinary milling process, and set the processing steps by itself. (Xu, 1994) CNC milling processing equipment mainly includes CNC milling machine and machining center, which can carry out plane contour milling and surface contour milling of parts, as well as drilling, expanding, twisting, boring and threading.  (Bao, 2011)
2.2. CNC Milling Process Analysis

In general, the milling can reach the machining precision of IT7-IT8, and the surface roughness is controlled between 0.8μm and 6.3μm. (Li, 1995) When it is applied to the machined parts in this case, for the size of 508mm, its machining tolerance is 70-110μm. For the size of 330mm, his machining tolerance is 57-89μm, and for a size of 25mm, his machining tolerance is 21-33mm. (Lv, 2017)  
According to Chinese standards, the Figure 1 is the part of standard tolerance table for basic dimensions 10-500mm,IT4 to IT13.

	
basic dimensions

	tolerance


		IT4

	IT5

	IT6

	IT7

	IT8

	IT9

	IT10

	IT11

	IT12

	IT13


	More than

	Equal to

	µm


	10

	18

	5

	8

	11

	18

	27

	43

	70

	110

	180

	270


	18

	30

	6

	9

	13

	21

	33

	52

	84

	130

	210

	330


	30

	50

	7

	11

	16

	25

	39

	62

	100

	160

	250

	390


	315

	400

	18

	25

	36

	57

	89

	140

	230

	360

	570

	890


	400

	500

	20

	27

	40

	63

	97

	155

	250

	400

	630

	970



	Figure 1


Water jet cutting

3.1. Introduction of Water jet

The water jet cutting technology is a kind of plane cutting processing technology which combines the ultra high pressure water jet generator and the two-dimensional numerical control processing platform. It raises the pressure of the water flow to a high enough level (above 200 MPa), which makes the water flow have great kinetic energy, can penetrate chemical fiber, wood, leather, rubber, etc. If a certain proportion of abrasive is mixed in the high-speed water flow which also be named abrasive water jet cutting. (Hou, 2000) Technology, the water can penetrate almost all hard materials such as ceramics, stone, glass, metal, alloys and so on. At the same time, under the guidance of the two-dimensional CNC machining platform, the high-pressure water can flow starts or ends the machining at any position of the material, and moves at an appropriate speed according to the set trajectory to realize the plane cutting processing of any graphic. (Shen, 1992)
Abrasive water jet cutting machine has the advantages of low working pressure, simple structure, convenient design and manufacture, high cutting efficiency, good slitting quality, small dimensional error of product, narrow slit (about 1 mm), high material utilization rate, etc.The cutting section is flat and smooth, without defects such as burrs, slag, chipping, sag and no heat deformation, (Yang, 2003) and can realize intelligent cutting of complex work pieces. It is cutting various metals and non-metals, especially cutting aluminum, copper and titanium. And it is he ideal equipment not only for heat sensitive materials, but also the preferred equipment for cutting difficult materials such as glass, ceramics, concrete, marble and granite. (Cai, 2000)
3.2. Water jet cutting feasibility analysis

According to research, abrasive water jet cutting technology has good processing performance. First, the abrasive water jet cutting technology can achieve a machining accuracy of 0.005 inches, which is about 0.127 mm, which meets the processing accuracy requirements of this task. Second, the work piece processed by the abrasive water jet cutting technology has good slit quality, and the slit is smooth and flat without burrs, and no secondary processing is required. Thirdly, in the aspect of improving the surface quality of the work piece, the surface polishing treatment can be carried out by using an abrasive water jet, and after polishing, the surface quality of the work piece can be greatly improved. Therefore, it is considered that the work piece of this example can be processed by abrasive water jet cutting technology.

3.3. Comparative analysis of Water jet cutting and CNC Milling

Compared with CNC Milling, Water jet cutting has the following advantages:

(The work piece does not heat up during cutting. Abrasive water jet cutting is a wet high energy cutting. Due to the cooling effect of abrasive water, the work piece does not produce thermal deformation and heat affected zone. It is especially suitable for the cutting of heat sensitive materials such as aluminum, copper, titanium, zirconium and their alloys. Especially in oil production platforms, oil refineries, large oil and gas storage tank areas, and oil and gas transmission pipelines, etc., safe cutting. (Cai, 2000)
(Good environmental protection. Abrasive water jet cutting is a wet high-energy cold cutting, which does not produce toxic gas and dust pollution. In addition, the abrasive water after the cutting operation is collected by the collecting tank, and can be recycled after being purified by filtration and deforming. The same abrasive can be reused many times after being dried and sieved, and will not pollute the environment. (Cai, 2000)
Compared with CNC Milling, Water jet cutting has the following disadvantages:

(The quality of the cut surface is poor. In this case, the thickness of the aluminum floor is 25mm, which is not a very suitable size for Water jet cutting. It puts high demands on the water pressure and flow rate of the abrasive water jet, and is easy to produce water jet lag (Picture 1) during the processing, even may affect the surface roughness of the machined section. (Tosun, 2013)
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Picture 1
(Processing accuracy is low. Due to the limitation of machining accuracy of Water jet cutting, the tolerance of 0.127mm is only the IT8-IT9 level when processing the size of 330mm, which is lower than the machining precision of CNC milling machine. When the machining size is 25mm, its machining accuracy will even make the machining quality worse.

(Processing costs are high. Since this task requires the cutting of aluminum and is relatively thick, there is a high demand for a machine for abrasive water jets, and because of the need to add a certain amount of abrasive to the water stream, the production cost of the work piece is also increased. So it is difficult to carry out mass production.

Selective laser melting

4.1. Introduction of Selective laser melting

Selective laser melting technology is an additive manufacturing technology that utilizes metal powder to be completely melted under the action of the heat of the laser beam and solidified by cooling. (Chen, 2016) Under the action of high laser energy density, the metal powder is completely melted, and after cooling by heat, it can be synthesized with solid metal metallurgy. Selective laser melting technology accumulates the layers to form a three-dimensional rapid prototyping through this process. (Agarwala, 1995) Selective laser melting technology is suitable for processing a variety of complex shapes, including cavities, three-dimensional mesh and other products that cannot be processed by traditional machining processes. It can obtain solids with non-equilibrium supersaturated solid solution and uniform fine metal micro-structure. The density can reach almost 100%. The mechanical properties of SLM parts are comparable to those of the forging process. If a laser with high power density is used, the metal is processed with a laser beam with a small spot size, so that the processed metal parts have high dimensional accuracy (up to 0.1 mm) and good surface roughness value (Ra = 30 um ~ 50um). (Zhou, 2009)
4.2. Selective laser melting feasibility analysis

After analysis, it is completely possible to process the products in this task by using Selective laser melting technology. First of all, Selective laser melting use the technology of layer-by-layer additive manufacturing can fully realize the complex shape processing in this task; (Du, 2014) secondly, in terms of processing precision requirements, due to the Selective laser melting technology processing precision can reach 0.1mm, it can meets the tolerance requirement of ±0.127mm in the task. Finally, in terms of surface quality, the surface roughness of Selective laser melting can reach 30um~50um, which is the semi-finishing level of CNC milling machine.

4.3. Comparison analysis of Selective laser melting and CNC Milling 

Compared to CNC Milling, Selective laser melting has the following advantages:

(Processing samples is quick and easy. Selective laser melting is a rapid manufacturing technology that can directly form dense metal parts with high complex structure, high dimensional accuracy and high surface quality, reduce the process of manufacturing metal parts, and provide more for product design, testing and production. It can also speed up product market response, product design concepts update and production cycles.

(The machinable structure is more complicated. Selective laser melting is a 3D printing technology whose machinable shapes are more abundant than CNC milling machines. The original CNC milling technology is more suitable for drilling and surface treatment of the part, while Selective laser melting can directly generate the complex part. (Fu, 2016)
Compared to CNC Milling, Selective laser melting has the following disadvantages:

(Precision machining accuracy is slightly lacking. In precision machining, the finishing of CNC milling machines can increase the surface roughness to 0.8-1.6um, which is much higher than the 30μm of Selective laser melting. Even in SLM molded parts with pulse and its recoil working mode, the surface roughness is only 10-30μm.

(Processing costs are relatively high. Due to the processing quality requirements, the purity of aluminum powder is very high in the process of Selective laser melting, close to 100%. At the same time, if the processing precision and surface quality requires high, a small spot and a high power density laser should be used. This puts new demands on the price of the equipment and the consumption of electricity, and also increases the difficulty of cost control.

Summary

In summary, this paper recommends two new processing techniques for reference, which have certain processing advantages in some aspects, but their disadvantages are also obvious, and they have the same defect that the processing cost is difficult to control. The traditional processing technology Although it is necessary to go through more processing steps, such as casting, forging, cutting, turning, milling, grinding, etc., then the production of one part can be completed, but cost of the massive production is relatively low. And the new technologies are more suitable for the production of samples and models.
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