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Abstract. In this paper I want to presents the process for manufacturing one complex parts made by 

aluminum alloy. For manufacturing this complex part I used CAD/CAM software, CNC milling 

machine and same special tools. Starting from the 3D model made in SolidWorks was manufactured 

this complex part, using new strategies for CNC milling. To be made this chain of pieces it is 

necessary to use smart software for this process.  

Introduction 

One of the most important methods used in manufacturing CNC parts it is milling technology 

used in industry of automotive and not only.  

It has various distinct advantages over the other cutting technologies, such as: high machining 

versatility, high flexibility and has been proven to be an effective technology for processing various 

engineering materials [1, 2]. 

In the manufacturing industry it is necessary to make 3D complex parts with are be processed in 

a short time, having good surface quality and high dimensional accuracy [3, 4]. Using CAD/CAM 

software it can make complex shape for all the industry [5,6]. In this software we need to have a lot 

of strategies to can process complex 3D shapes with small details [7, 8,12]. 

The analyze of 3D model 

In SolidWorks software it started the analyzing a 3D model of this parts. This is show in the 

figure 1. This piece is made from a special aluminum alloy for molds. This part was ordered by a 

private company, and this company has made the 3D model. 

 

                            
Fig. 1. The 3D model of the part 
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Tooling solutions and process parameters 

In figure 2 is presented the tools solution for roughing operation. This end mill is specially 

designed by Mitsubishi for aluminium alloy machining. The material of this pieces it is aluminium 

alloys very used in the industry of injection moulding. This type of material is not very easy 

machining with normal tools. By this reason is important to choose a special geometry of tools. The 

end mills used in this case was made from carbide, with 3 flutes at 37º and UWC coating. 

 

 End mill 12mm, code: C3SARBD1200N0400R100: 

o Rotation speed: 13000 [rev/min]; Feed Rate: 820 [mm/min];  

o Depth of cut: Ap=1[mm]; Width of cut: Ae=12[mm]. 

 

 
 

Fig. 2. The end mill with 12mm diameter  [9] 

 

To obtain the surface quality required was chosen a ball nose developed for finishing aluminum 

3D shapes. This tool was also made by Mitsubishi and it was made by carbide, with 2 flutes at 30º 

and UWC coating. 
 

 

Fig. 3. The ball nose with 6mm diameter [9] 

 The 6mm ball nose used on finishing operation has the code: DLC2MBR0600 : 

o Rotation speed: 10000 [rev/min];  Feed Rate:  3200 [mm/min];  

o Depth of cut:  Ap=0.3 [mm]; Width of cut: Ae=0.1[mm]. 
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Computer aided manufacturing 

 

For generation the CNC program for manufacturing was used a CAD/CAM software application, 

SolidWorks and SolidCAM. 

First step on computer aided manufacturing was setting the origin and defining of the work piece 

(as presented in figure 4).   

 

 
Fig. 4. The zero point 

 

For realization of the roughing operation was chosen from SolidCAM the Contour Roughing 

strategy. This strategy can reduce the cutting time by optimize the tool trajectories. On this roughing 

was used 1 [mm] depth of cut, 12 [mm] step over and for finishing was left 0.3 [mm]. The roughing 

operation was simulated to see if the tool trajectories are ok. This it is presented in figure 5.  

 
Fig. 5. The simulation of roughing operation 

 

The application High Speed Machining is a very powerful solution on finishing operation for 3D 

parts, aerospace parts, molds, tools and dies. 

This CAM software offers a wide variety of strategies for finishing, like as: 3D Constant 

Stepover, Spiral Machining, Constant-Z Machining or Radial Machining. This it is presented in 

figure 6. 

For choice which strategy is the best for our part were made simulations with all that strategy 

presented. 

In our case was selected Spiral Machining strategy because on this the surface quality and 

processing time were the best. 
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Constant-Z Machining Radial Machining 

  

Spiral Machining 3D Constant Stepover 

Fig. 6. Strategy of finishing operation [10] 
 

On this finishing was used 0.3 [mm] depth of cut, 0.1 [mm] step over. In figure 7 is presented the 

simulation of finishing operation and tool trajectories. 

 

 
 

Fig. 7. Simulation of finishing operation 

Experimental study 

The experiment was accomplished on Technical University of Cluj-Napoca Manufacturing 

Engineering Department. For machining was used CNC equipment in 3 axis, type HAAS VF2. 

On this study the workpiece was fixed with a mechanic - hydraulics vise like in figure 8.For 

beginning was taken the origin and was measured the tools. 
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Fig. 8. Clamping system and taking the 0 point Fig. 9. The tool measurement 

  

The part processing was started roughing operation. On this was used an end mill with 12 mm 

diameter at 12000 [rev/min] and 820 [mm/min] feed rate. On the surface it was left 0.3 [mm] for 

finishing. 

  

Fig. 10. Roughing operation 

 

  
 

Fig. 11. Finishing operation Fig. 12. The parts made on the study 

For obtain a good precision and a good surface it was made a finishing operation with a 6 [mm] 

ball nose. The processing parameters for this operation are: 10000 [rev/min] rotation speed and 

3200 [mm/min] feed rate. This process it is presented in figure 11. 
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In figure 12 it is presented the 3D part made on this experimental research. After manufacturing 

the part was scanned with a 3D scanner [11]. After measurements the maximum dimensional 

deviation from the 3D model was 0.02 [mm]. The surface roughness was measured Mitutoyo 

equipment. The roughness obtained was 0.87 [µm]. 

Conclusions 

The aim of this paper was an experimental study to make a 3D complex form by aluminums alloy 

using a 3 axis CNC milling center. 

The aluminums alloy it is often met on mold industry, because of his good mechanical properties 

and low weight. 

To obtain the company quality requirements must be used CAD/CAM software. 

To can realized good 3D parts by aluminums alloy it is necessary to use precise tools made for this 

kind of materials. 

To use this types of tools is needed a very precise and rapid CNC milling machine. 
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