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Optimization of Endmill Cutting Condition for Nickel Base Super Alloy
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ABSTRACT

Parameter design of TAGUCHI METHOD is applied
to optimize endmill cutting condition for Nickel base
super alloy.

“Cutting as a presetting removal volume” has been
considered as fundamental function, and evaluated with
SN ratio.

As a result, about 60% decrease in dispersion of
cutting has been done with optimized cutting condition
by the parameter design, as compared with current
condition.
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QO : Measured data of
machined face

X : Substituted data of
unmachined face

O

Actual machined
mass, y

0
Calculated removal volume, M

Fig.1 Schematic of ideal function
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Table 1 Control factors and levels

Level
Factor 5 3
A | Tool maker 1 2
B | Error
C | Feed per tooth Low Middle High
D | Cutting speed Low Middle High
E | Width of cut Low Middle High
F | Depth of cut Low Middle High
G | Error
H | Error
Table 2 L18

EXp. Control factors Noise
No.|| A | B C D E F G | H IN1{N2
1)1 Low Low | Low | Low
2|1 Middle | Middle | Middle | Middle
3|1 High | High | High | High
4 |1 Low | Low |Middle|Middle
511 Middle | Middle | High | High
6 |1 High | High | Low | Low
71 Low |Middle| Low | High
8 || 1 Middle| High |Middle| Low
9 1 High | Low | High [Middle
10| 2 Low | High | High |Middle
11| 2 Middle| Low | Low | High
12 || 2 High |Middle |Middle| Low
13| 2 Low |[Middle| High | Low
14 | 2 Middle| High | Low |Middle
15| 2 High | Low |Middle| High
16 || 2 Low | High |Middle| High
17 || 2 Middle| Low | High | Low
18| 2 High |Middle| Low |Middle
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Fig.2 Machined test piece (No.5)

Fig.3 Machined test piece (No.13)
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Fig.4 Exp. result (No.5)

3.2.SN 0000

Table 3 Data of No.5
y (9)
3
M (mm) N1 N2
1 1289.217 11.10 10.49
2 2578.434 22.10 20.97
3 3867.651 33.08 20.97
Table 4 Data of No.13
M (mm?) y(9)
N1 N2
1 1285. 806 10.97 10. 89
2 2571.612 22.01 21.84
3 3857.419 32.95 32.79
7r 7r
e N1 o N1
6l [aN2 el [aN2
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Fig.5 Exp. result (No.13)
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Table 5 Data of No.5

5000000000000 v2My MmOoOooooOooQ
gboboooooboobobobooobooog

y2

M N1 N2
1 35.9057 3.3317 3.2389
2 50.778 3 4.7011 4.5795
3 62.190 4 5.7515 4.5795
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0 117.744800000 000 O0OsSNOOODOO0OO0O0O00D0O00D0O000O0OO0oog
ooo O00O0DOMmMSN O Tables DOOO OO Fig.6Od7
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oooooooo Table 7 SN ratio & S(sensitivity) of each experiment
S 0OS Exp. No. SN ratio (db) Sensitivity (db)
N N x B
11 716.027 32 633.632 8211 8 L 11.52 ~20.73
716.027 32 O . 00 117.744 2 16.83 ~20.70
0O 043880000 000 3 -22.19 -22.28
ooooon 4 9.85 -20.70
Se D s OSOS 5 -14.06 -21.19
e T U Sy 6 19.86 -20.70
0 05302000000 0100 7 13.38 ~20.73
000000000oO0O0O0oooo 8 17.86 -20.69
9 -13.98 -21.16
Sw U Syool S; 0§ 10 -13.41 -21.12
0 o9e90IOOO 0110 11 22.78 ~20.67
00000000 Table6 000000000000 12 -13.71 -21.13
13 20.74 -20.70
00000O0SNOnOOOO0SO0O0D0O00O0O0000 m 711 —0.68
1 _
o SV i o5 072
SNO On =10lo =—-14.06db : -
L g N 0120 17 12.46 -20.71
18 20.96 -20.68
0ooo = 10Iog% (S—Ve) =—2119db (1130 Average 713 - 20.89
Table 8 Analysis of variance — SN ratio
. . Factor F S Vv p
Table 6 Analysis of variance (No.5) A | Tool maker 1 1405463 | 1405463 | 3.6%
Factor | F | Sum of squares Variance C | Feed per tooth | 2 391.876 0 195.928 0 | 10.2%
Primary effect B 1 117.744 8 117.7448 D | Cutting speed | 2 76.083 6 38.0418 | 2.0%
Noise factor | Nxf | 1 0.438 8 0.4388 E | Width of cut 2| 15702173 | 785.1087 | 40.7%
| _Emor | .. e __|. 4 05302 | 01325 F | Depth of cut 2 186.696 2 93.3481 | 4.8%
N’ 5 0.9690 0.1938 e | Error 8 1488.005 9 186.000 7 | 38.6%
Total T 6 118.7138 Total 17| 38534253 | 226.6721
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Factor and levels

Fig.6 Factor effect diagram on SN ratio

Sensitivity (db)

Factor and levels

Fig.7 Factor effect diagram on Sensitivity

0900




gboboboobooboooboobobobooo

goooooosNOOOOoOooooooooobooog
gobbooobooobooboboobboooboboon
o0 sNODODOoOoooooooooomoooooon
gboooboooo

MRMOO0OO000 sO00doo0@M@rFgloon
goooopO0O0O0m@Mu4@oooooboooooog
oooooooOopOOoOOoOoOoOooOooOooOoOoooooo

0000 10logp 2 0 140

O000oU00o0oO0ooooOoouoOoO 853x 107%g/mmé
00000014 O0o0oo0o0oooOon20.69db0
gobooobooobooobboobobooobooooo
gobooboboooboooboobobooboboooobo
gooooooooooon

Fig6O0700 sSNOOOOOOOOOOOOOOOOO
gboooosNODOObOOoobooobooooobooobon
goooan

0000000 Table8OOODOOOODOOOD ODOO
ooor"ooooo4o7000D00000DDOOOD OO
googrooooooooboooobooobooboboooboon
gbobooooobooobobobobobobooboooo
gboboooooooboboboboboboooooo
ooooooobooooboooooD seonoooOod
gboboboboooooobooboboboboooo

uopbooogoood

41. 0000000

00000000000 0OkRg6 OOOO SNODODOO
gbobobooooobooboobo sNOOobooooboon
O000000000oooog TablesODOooooOOO
gbobooooooobooboboboboboboonoo
oobooooboooooooboo0oobobog Ne2DODOO
gooood

Table 9 Optimal and current condition

Factor Optimal condition | Current condition
A | Tool maker 2 1
C |Feed per tooth Middle Middle
D |Cutting speed Low Middle
E |Width of cut Low Middle
F |Depth of cut Low Middle
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Table 10 Estimation of average value (db)

Optimal Current Gai
condition condition amn
SN ratio 32.15 12.33 19.82
Sensitivity -20.25 -20.67 0.42
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Table 11 Confirmed result (db)

Optimal Current )
. . Gain
condition condition
SN ratio 18.48 10.50 7.98
Sensitivity -20.67 -20.70 0.03
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