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 Due to the rapid growth of manufacturing industry and increased competition among companies, the 
need to produce parts with free-form surfaces with lower cost and higher accuracy is felt. Nowadays, 
besides  all  of  the  great  benefits  of  5-axis  CNC  machines  the  use  of  3-axis  CNC  machines  is  more  
common in industry because of the high capital investment, high operating and maintenance cost, the 
low dynamic stability and their complex programming in 5-axis machining. Therefore it is preferred 
that 3-axis machines be used in industry where possible. Due to the inability of machining some 
complex parts by 3-axis machines, the 3+2-axis machining technology has been proposed. In this paper, 
a new method has been used to determine the tool appropriate orientation for 3+2-axis machining. In the 
proposed method, visible and invisible points of the surface and the shortest tool length are calculated 
for the workpiece and surface partitioning is finally performed. The minimum number of tool 
orientation results from this method reduces overall machining time and the boundaries between 
machining partitions to improve the surface quality. A 3+2-axis machining of an impeller is performed 
and the efficiency and surface accuracy are evaluated by the use of a coordinate measuring machine. 
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Fig. 1 3+2-axis machine 
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Fig. 2 Cutter Location and Cutter Contact Points 
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1 Cutter Contact Point (CC-Point) 
2 Cutter Location Point (CL-Point) 
3 Hoppe 
4 k-Nearest Neighbor 
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Fig. 3 Cutter Location 
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Fig. 4 variety tool orientation for machining point (1) 
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Table 1 machinability of cutter location points 

P 0  45  90  135  180  
1  1  1  1  0  0  
2  1  1  1  0  0  
3  1  1  1  0  0  
4  1  1  0  0  0  
5  1  1  0  0  0  
6  1  1  1  0  0  
7  0  0  1  1  0  
8  0  1  1  1  0  
9  0  1  1  0  0  
10  0  1  1  0  0  
11  1  1  1  1  1  
12  0  0  1  1  1  
13  0  0  1  1  0  
14  0  0  1  1  0  
15  0  1  1  1  0  
16  0  1  1  1  1  
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Fig. 6 calculating of permit tool length minimum 
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Fig. 7 the sample of impeller to machining 
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Fig. 8 cutter contact points and normal vectors on this points 
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Fig. 5 flowchart for calculating of BMT table 
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Fig. 9 machining limits. a) first tool orientation b) second tool 
orientation 
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Fig. 10 Impeller machining. a) first tool orientation b) second tool 
orientation 
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1 Coordinate Measuring Machine (CMM) 
2 CMM (Hexagon) CWB-450 
3 CHIEN WEI PRECISE TECHNOLOGY 
4 CAPPS DMIS 
5 TP20 Standard Force 

  
Fig 11 workpiece during measuring by CMM  a) horizontal probe 
b) vertical probe 
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Fig. 12 Boundary between two workpiece setups (1,2) and path of 
measurement CMM 
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Fig. 13 distance between measured points and workpiece model on 
illustrated two paths in Fig 12 
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Fig. 14 paths of measurement between two workpiece setups. a) first 
setups b) second setups 
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Fig. 15 distance between measured points and workpiece model on 
illustrated three paths in Fig 14 
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Fig. 16 path of measurement on root of the blade 
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Fig. 17 distance between measured points and workpiece model on 
illustrated path in Fig 16 
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Fig. 18 two paths of measurement on root of blade 
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Fig. 19 distance between measured points and workpiece model on 
illustrated two paths in Fig 18 
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Fig. 20 machined impeller by 3+2-axis machining method 
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