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ARTICLE INFORMATION ABSTRACT

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 11 workpiece during measuring by CMM a) horizontal probe
b) vertical probe
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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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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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op dduy S9) 2 xS0l s 16 S

39 9 0339,5 dwlze 18 JSo [0 oo o0ls yLiS e 90,0 s ol
Ll 00 00l yLas 19 S

oetle gy aabib e oad (6eSejlal s olis & 45 L

a Janks olas e o s i (CMM) Slake 6,505l

wsl) )0 i b g Bl (S 5 ankd s @ Sod 3l 65 e

il yts 68 ntle gl Gl skl a4 S Il e

a5 Sy sociond oolos a4y 5l s Sl sl Lo 4y 9925 ! b

85

g Ol Sl g0 50 Slaite (6 S0l oKiws lawgi (510 ol
B2 oo (LaS ) ayely Co g (g050e

15 2 S 5 on ol s (s 39 o 5, 50 b
S35 29 50 ol Sib o o b (e el oad atine ilat g0
ooly 5las 13 IS 50 g 00,8 dwlee 12 JS o oud o0ld Ll e
don iy g b alsl e saims lad 13 Ko jloged sl oo
ol 5 (aaksd ont ol e ) o (g uSejlasl blis GSk3] e
Bl gs (550 42U

bla aib e dol azkd Joo sacmolas 13 Ko o a8] jgme
bl 5 b alal ol blis Silo jyme ool Vb 55 oad s ,uSojladl
2 Bl G a8 wile (bl Sl jeme ol 50 0ad (S esll
RO LI SRR P

3 Slatwe g u5o5lal olKiws 5l posls slo e 14 S5 o
5 9% a5 4 bgsye (1) s sl i 5 asedin olas 99 (s (s
&5y 2 B3 Olie atien Jsl 0ol @ bsie (3) 5 (2) (sl e
() b aw ;o sl op ad ;5 914 S )0 o ools ylis (gl yauno
el 00 o0ls Lis 15 JSs 58 g 08 5 dlxa (2) 5 ()

30 5 00u0,8 dulze 16 S o oad ools lis e o Uas 5
ol 00l ools Las 17 S

: Boundary
First P
Satups o

P two satups

Path of
Measurement
Fig. 12 Boundary between two workpiece setups (1,2) and path of
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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. 19 distance between measured points and workpiece model on
illustrated two paths in Fig 18
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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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