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ABSTRACT

Two rotational motions of the 5-axis machine tool maximize the degree of freedom of the tool axis vector,
which improves tool accessibility; however, this lowers feed speed and rigidity, which impairs machining
stability. In addition, cutting efficiency is lowered when compared with a flat end mill because typically, the
ball-end mill is used when machining by rotational motion. This study increased cutting efficiency by using a
comer radius flat end mill during impeller roughing. Furthermore, we proposed a fixed controlled machining
of the rotary motion using geometric shape information to improve the feed speed and machining stability.
Finally, we proposed a finishing tool path generation method using a vector net to increase the convenience
and practicality of tool path generation. To verify its effectiveness, we compared the machining time, shape
accuracy, and surface quality of the proposed method and an existing dedicated module.
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Table 1 Experimental condition

Item Proposed Dedicated
method module
CAM S/W CATIA HyperMill
Rotating control Fixed Simultaneous
Corner radius Taper ball
Tool (JJtools) endmill endmill
Roughing (26-0.5R) (®4'5V )
Spindle (rpm) 5300 8000
Feed (mm/min) 2120 3200
D.0.C (mm) 1 1
Step over (mm) 3 1
CAM S/W CATIA HyperMill

Rotating control Simultaneous

Tool (JJtools)  Taper ball endmill (54-5 )

Finishing Spindle (rpm) 8000
Feed (mm/min) 3200
Scallop height 0.1 (Semi-finishing)

(mm) 0.01 (Finishing)

Machine tool : Mytrunnion-5 (Kitamura) Work piece : AL6061-T6
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Fig. 1 Schematic of impeller and S5-axis machine tool
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Fig. 5 Roughing

tool-path generation and
cutting simulation by proposed method

Fig. 6 Tool path generation and cutting simulation
by dedicated module
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(a) Stock simulation (b) Machine simulation
Fig. 10 Cutting simulation using NC data

(c) Roughing and finishing by dedicated module

Fig. 11 S-axis machining and processing result

Table 2 Measuring result of machining time

Proposed method,
Item cutting time(min)

Dedicated module,
cutting time(min)

Simulation Real cut Simulation Real cut

Roughing 43.2 83 113.6 245
Semi-finishing 24.8 67 17.6 42
Finishing 44 166 51.2 168
Sum 112 316 182.4 455
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(a) Measuring element

(b) Measuring scene
dy(1)  dy(i) dy(i)

DIM LOCT= LOCAT ION OF POINT PNT1  UNITS=MM

AX NOMINAL +TOL -ToL MEAS
X 25.022 0.000 0.000 25.037 015 ~~——-—->
Y -15.358 0.000 0.000 -15.350 0.008 --——-—->

z 36.337 0.000 0.000 36.304 0.033 <-—m-—n-

DIM LOC2= LOCATION OF POINT PNT2  UNITS=Md
AX  NOMINAL +TOL -ToL MEAS DEV ourToL

X 23.700 0.000 0.000 23.717 0.017 0.017 -——-—->

Y -19.398 0.000 0.000 -19.391 0.007 0.007 --—--—->

z 34.464 0.000 0.000 34.440 -0.024 0.024 g

DIM LOC3= LOCATION OF POINT PNTS  UNITS=Md

AX NOMINAL +TOL -ToL MEAS DEV ourToL

X 22.410 0.000 0.000 22.435 0.025 0.025 --——-—->

¥ -23.293 0.000 0.000 -23.287 0.006 0.006 --——-—->
0.026 ¢—-—-~

Z 32.315 0.000 0.000 3.289 -0.026

(c) Measuring result
Fig. 12 Measurement of machined shape precision

Table 3 Measuring result of machined shape
precision by 3-D CMM

Proposed method, Dedicated module,

fem deviation(mm) deviation(mm)
d(1) 0.037 0.108
d2) 0.030 0.089
d@3) 0.036 0.079
d(30) 0.051 0.045
Mean 0.042 0.048
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(b) Measuring result
Fig. 13 Measurement of surface roughness

Table 4 Measuring result of surface quality by
surface roughness tester

Proposed method, Dedicated module,

Ttem Ra(um) Ra(pm)
01 3.012 3.884
02 4.187 2.991
03 3.216 4.019
04 3.836 3.240

Mean 3.56 3.53
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