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Optimization of Finish Cutting Condition of Impeller with Five-Axis
Machine by Response Surface Method
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Abstract

An impeller is a important part of turbo-machinery. It has a set of twisted surfaces because it
consists of many blades. Five-axis machining is required to produce a impeller because of interference
between tool and workpiece. It can obtain good surface integrity and high productivity. This paper
proposes finish cutting method for machining impeller with 5-axis machining center and optimization of
cutting condition by response surface method. Firstly, cutting methods are selected by consideration of
operation characteristics. Secondly, response factors are determined as cutting time and cutting error for
prediction of productivity. Experiments are projected by central composite design with axis point.
Thirdly, regression linear models are estimated as single surface in the leading edge and as dual
surface in the hub surface cutting. Finally, cutting conditions are optimized.
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Table 1 Primary finish cutting conditions
. Feedrate | Spindle
Cutting part | Type of tool .
(mm/min) | (RPM)
Leading edge [Tapered ball @3 150 2700
Hub surface |Tapered ball @3 350 4000
Blade surface |Tapered ball @3 250 2700

Fig. 4 Measurement region for cutting error
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Fig. 5 Tool path in the leading edge
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Table 2 Parameter level for leading edge cutting

Table 3 Cutting time in the leading edge

Level Leading edge (min)
Parameter -2 -1 0 1 2 No | & T2 Simulation time |Real cutting time
Feedrate(z;) (un/min) | 100 | 125 | 150 | 175 | 200 1 1 1 5.7 4.87
No of tool path (z,) | 16 | 19 | 22 | 25 | 28 2 | - 1 78 6.25
3 0 0 5.9 4.88
4 0 0 5.9 4.88
Table 3 Parameter level for hub surface cutting 5 0 0 5.9 4.87
6 1 -1 44 3.60
Level
Parameter 7 -2 0 8.5 6.85
2 | -1 ] 011 |2 8§ | 2 0 45 3.88
Feedrate (x3) (an/min)| 200 | 275 | 350 | 425 | 500 9 0 0 5.9 496
Tilting angle (z4) ()| -5 [-25| 0 | 25} 5 10| 0 2 7.4 5.90
S[epover (1;5) (%) 20 30 40 50 60 11 0 0 5.9 4.85
12 0 -2 4.3 3.85
13 -1 -1 6.0 5.18
Table 2 QoA 7}FoA 5572 XA 14 ] 0 0 5.9 4.88
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Table 4 ANOVA for regression model of the leading
edge cutting time after pooling

S ) \'i Fy P
Model 10.4352 2.60880( 987.63 0.000
Linear 10.0570 5.02848( 2000.00|  0.000
Square 0.3682 0.36823| 139.40| 0.000

Interaction 0.0100 0.01000 3.79 0.084

Residual 0.0238 0.00264
Total 10.4590; 13

HIEIINIES

Table 5 ANOVA on coefficient of model of the
leading edge cutting time after pooling

Coefficient T P
Constant 4.8760 300.013 0.000
[ -0.7417 -49.989 0.000
Ty 0.5367 36.172 0.000
x% 0.1187 11.807 0.000
TyTy 0.0500 1.946 0.084
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Table 6 Cutting time in the hub surface cutting
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Table 7 ANOVA for regression model of the hub
cutting time

S ¢ v F P
Model | 829.0621 92.118 5.24 0.015
Linear 549.596 216.532{ 1231 0.002
Square 172.289 57.430 3.27 0.080

Interaction 7.177 2.392 0.14 0.936

oofw|w|w]|wv

No| z3 | z, | g | Fub surface cutting time(min) Residual | 140.690 17.586
3 Simulation time| Real cutting time Total 969.752] 17

1 -1 -1] -1 15.8 32.56
20 1] 1] -1 11.8 26.95
EM 1] -l 158 34.45 Table 8 ANOVA on coefficient of model of the
4] 1| 1] 1 10.6 25.37 hub cutting i
5| 1] 1] 1 10.0 2242 ub_cutting time
6| 1] -1] 1 6.6 13.65 Coefficient T P
A 9.8 25.50 Constant 15.841 7.820 0.000
81 11 111 6.6 15.87 4 4432 4227 0.003
9 2] o o 16.4 28.23 - o1 — e
10 21 o] o0 7.2 9.32 4 - . :
Tl ol 21 o o1 318 , -4.534 4325 0.003
2] 0| 2] o 9.1 24.42 z? 1.470 1.638 0.140
13({ 0] 0] -2 18.8 27.50 22 2.602 2.898 0.020
4| o] o] 2 6.6 12.17 >

1.735 1.933 0.089
5] 0] 0] 0 9.8 1437 nd B
e 0T o o 9% 250 T,T, -0.541 -0.365 0.725
17] o o] o 9.8 14.68 z,Tg -0.464 -0.313 0.762
18] 0] 0] 0 9.8 14.22 T3, 0.624 0.421 0.685
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Table 9 Cutting error in the hub surface

-9 9

Table 11 ANOVA on coefficient of model of

No| z zy Average cutting error(mm) cutting error after pooling
1| -1 -1 -1 0.0761 Coefficient T P
HREENE 0.0581 Constant 0.100083 16.081 0.000
311 1| - 0.0634 T3 0.001139 0.270 0.793
4| 1 1| 0.0668

T 0.000689 0.164 0.874
st | - 1 0.0697
A 1 0919 5 0.014566 3.457 0.007
71 2 1 1 0.0921 .’Eg -0.006045 -1.767 0.111
8] 1 ! ! 0.0894 z3 -0.008113 2372 0.042
°1 2 1010 0.0829 T3, -0.000816 -0.137 0.894
of 2 ] 0| o 0.0881

T,y 0.004647 0.780 0.456
11 0 -2 0 0.0777
o o T3 T o 00758 Ty 0.002620 0.440 0.671
13 o [ 0 | 2 0.0658
14 0o | 0 | 2 0.1416 do] fo3ld ad 2 AMEEGch 38 AT
Bl ogjogo 01116 FAM i fosA] ¥AW, olg EYEE B
i LA A 0.0 Q9 feldol 90% W9l oz olum AH
17 o | 0 | o 0.1216 . .

Az IA Ziso adE AREso oln

18] 0o | 0 | o 0.0892

Table 10 ANOVA for regression model of cutting
error after pooling

s 6] Vv F, P
Model | 0.005684] 8| 0.000711] 250 0.097
Linear | 0003423 3|0.001141] 4.02[ 0.046
Square | 0.002028] 2| 0.001014] 357 0072
Interaction | 0.000233| 3/ 0.000078]  0.27] 0.843
Residual | 0.002556] 9] 0.000284
Total | 0.008241] 17
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Table 12 Average and maximum error pressure in
the surface and suction surface

Pressure surface Suction surface

Average error 0.04112 0.01838

: Maximum error 0.05921 0.07412
) Average error 0.04463 0.02129
Maximum error 0.05721 0.08525
Average error 0.05138 0.02023

3 Maximum error 0.07369 0.06597
4 Average error 0.05662 0.01630
Maximum error 0.07712 0.07111

Table 13 Estimated optimum cutting condition in the
leading edge cutting(Target value : 3min)

Estimates Cutting condition
Feedrate (mm/min) 2.00000 200
No of tool path -2.00000 16
Cutting time (min) 2.598
Desirability 1

2 . / S cutting time

Number of tool path (No)

-1 1] 1
Feedrate (mm/min)

Fig. 9 Contour plot on response surface of cutting
time in the leading edge cutting
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Table 14 Estimated optimum cutting condition in the
leading edge cutting(Target value :8min, 0.1mm)

Estimates Cutting condition
Feedrate (mm/min) 1.61561 471.17
Tilting angle (°) -0.06947 -0.174
Stepover (%) 0.63948 23.20
Cutting time (min) 9.85166
Cutting error (mm) 0.10000
Desirability1 0.93142
Desirability2 1.00000
Total desirability 0.96510

Fig. 12 Final impeller after finish cutting
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