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ABSTRACT

End-milling has been used widely in industrial system because it is effective to a material
manufacturing with various shapes. Recently the end-milling processing is needed the high-precise
technique with good surface roughness and rapid time in precision machine part and electronic part.
The optimum mechanical vibration of main spindle, surface roughness and cutting temperature have
an effect on end-milling condition such as, cutting direction, revolution of spindle, feed rate and depth
of cut, etc. Therefore, this study carried to decide the working condition for optimum mechanical
vibration of main spindle, surface roughness and cutting temperature using design of experiments,
ANOVA and characteristic function. From the results of experimentation, mechanical vibration has an
effect on revolution of spindle, radial depth of cut, and axial depth of cut. The surface roughness has
an effect on cutting direction, revolution of spindle and depth of cut. And then the optimum
condition used design of experiments is upward cutting in cutting direction, 600 rpm in revolution of
spindle, 240 mm/min in feed rate, 2mm in axial depth of cut and 0.25mm in radial depth of cut. By
design of experiments and characteristic function, it is effectively represented shape characteristics of
mechanical vibration, surface roughness and cutting temperature in end-milling.
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AL 2gsld AYS AXFPTY AT bz 2 (DY Q(Ra, -, T)v HA7LEAAM AF9

of Sold FHEEAY BE X Y. 7 & AEges  AE L nHE 2959 A%, ¥AAD, F
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A FEAZ o)ty EAY I FArEAL A ATRRAL K-8 (feasibility) o] EFFE F A
Matsich 2 EQYSE AR WA A (N~ 2

2.3 E48+E o|2¢e MstxAdo A
Azl e BAY A% AVZAS 2]
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9] ZAE AAEE FASE e 72
Minimize Q(Ra, -, T) (1
Subject to :
I]eamax‘
TRes —-1<0 (2)
Table 1 Factor and level
Level
Factor L 2 3 4
Cutting direction | Up-ward {Down-ward| - -
Spindle speed(rpm) 300 600 90011,200
Feed rate(mm/min) 80 160 240 320
Axial depth of cut 9 A 6 8
(mm)
Radial depth of cut 095 05 o7sl 10
(mm)

1324/t =28 ESS 5 &=

IRamaxl
Py(Ra ,T)—a'Max[O Ra, 1] (7)

_ 12 4 o)
P,(Ra )= 8" Max| 0, a, . -1 (8)
Pg(Ra,~--,T)=7-Max[0,£lj’m—T"‘—1] (9)

y,a
P4(Ra,~--,T)=a-Max[0,—|%ﬂ“—l—1] (10)

z,al

. IY‘max|
Py(Ra,,T)=¢+ Max 0,—F>—~1 (11)
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Q(Ra, ., T) (8)
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Table 3~5& 7FaAbel] g X, Y, 725 Wk
U

FE7HEEE(mms) ol st BAEAe FARE Jg
T gov BE ATu AgHY FAA 75
3 M @ TE 9 RNA%, FYF BAYel, WA Al
X, Y. 2% w%) AEEEd e 98e n
3.13%9 AEIIEE SRt
Table 25 ERATANLE Lo <408 AP Fig. 3= ©+A 7]“%‘3% ?1%6}04 A 7}%"-_%
. o W SEAAQ X B3 57t Hg
Aol mE 3% APIEE BEZE Aseme & o T LT T e s
A3 W EAAES e, LT o T
BE AEIEEE AR A4l F59 94
Table 2 Table of orthogonal array L, (2'x47) TOERY Aol 8 W 9T VAL
o8 olF FAAE £Fo] Z7H) BE AF
Exp. | X axi§ Y axi§ Z axi§ Ra | Temp. NHETE 2y Qo AL 2 & dd JdT
No. |( m/s)|( m/sD|( m/s?)| (um) | (T) e S :
1| 0477 | 0307 | 0309 | 1248 | 00 LB FTASERE XF YY) AR
2 (1)288 82;2 8%? 12(1; 1202 Table 3 ANOVA for X axis vibration acceleration
4 | 1800 | 0856 | 1070 | 2901 | 360 Factor S ¥ vV F P
5 0779 | 0675 | 0612 | 0613 | 97 Cutting direction {0.03245 1 0.03245 0.67 0425
6 0.671 0604 | 0514 | 0463 0.9 Spindle speed 2.15566 3 0.71855 14.75 0.000
7 1.730 1.050 1200 | 0.601 21.6 Feed rate 0.07855 3 0.02618 045 0.663
8 1.710 0937 1.060 | 0.714 279 Axial depth of cut |1.93545 3 0.64515 13.25 0.000
9 1.450 1.240 1.320 | 0.990 525 Radial depth of cut {2.96760 3 0.98920 20.31 0.000
10 1.730 1.370 1510 | 0547 10.8 Error 0.87671 18 0.04871
11 1.310 0.939 1.010 | 0.807 15.6 Total 31
12 1.230 0.871 0901 | 1.344 72
i iﬁg i;gg iégg f?’?g 22? Table 4 ANOVA for Y axis vibration acceleration
15 | 1660 | 1620 | 1340 | 0860 | 713 Factor S ¥ V F P
16 1.450 1.650 1150 | 0930 | 994 Cutting direction | 024256 1 0.24256 4.30 0.053
17 0.576 0.347 0342 | 1014 | 415 Spindle speed 725182 3 241727 42.84 0.000
18 0.611 0.387 0355 | 2.134 319 Feed rate 016310 3 0.05437 0.96 0431
19 0.762 0.435 0.448 | 2.766 | 288 Axial depth of cut | 071397 3 023799 422 0.020
20 1.040 0.603 0576 | 2.061 144 Radial depth of cut| 1.30003 3 0.43343 768 0002
21 1540 | 1070 | 0941 | 1719 | 731 Error 101560 18 0.05642
22 0.755 0.664 0559 | 1.653 16.5 Total 31
23 1.620 1.150 0914 | 1434 319
zg (1)2;7) (1)23(2) (1)‘11;8 ;E/)éf) 1(2);;19 Table 5 ANOVA for Z axis vibration acceleration
6 2.500 2.210 2030 | 1802 72 Cuttirgcéi?;ction 005751 {? 0041;51 ZF(;O(J OSS
gg (1)122 (1);22 ggé(l) Egg 211'73 Spindle speed | 2811113 0,93704 3938 0,000
: : : : - Feed rate 013385 3 0.04462 188 0170
29 | 1610 | 2110 | 1390 | 2823 | 1751 Axial depth of cut |0.80901 3 0.26967 11.33 0,000
30 | 2380 | 2760 | 1860 | 2.764 | 1184 Radial depth of cut|153172 3 051057 2146 0.000
31 1.190 1.680 | 1.020 [ 1550 6.3 Error 042829 18 0.02379
32 1.160 1.500 0936 | 1671 0.9 Total 31

gRagtssE=ed/4A 149 A 1235, 20041/1325
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Table 6 ANOVA for surface roughness

Factor S r 14 Fy P

Cutting direction |4.4888 1 4.4838 14.39 0.001
Spindle speed 29760 3 09920 3.18 0.049
Feed rate 06292 3 02097 0.67 0,580
Axial depth of cut | 02880 3 0.0960 031 0819
Radial depth of cut {31148 3 1.0383 333 0.043

Error 56142 18 0.3119

Total 17.1109 31

=22/A 1448 A 12 &, 20049
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Fig.6 Illustration of factor effect for surface
roughness
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Table 7 ANOVA for cutting temperature

Factor S T 14 F, P

Cutting direction | 1661.8 1 16618 3.70 0.070
Spindle speed 1132530 3 44177 983 0.000
Feed rate 80806 3 26935 6.0 0.005
Axial depth of cut [ 147136 3 49045 10.92 0.000

Radial depth of cut| 7067.0 3
80865 18
528625 31

2355.7 5.24 0.009
449.3

Error
Total

LSS =
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Fig. 7 lllustration of factor effect for temperature
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Table 8 Factors affecting the characteristic
function
Effect
Factor
1 2 3 4
Direction 0.0140*%  0.0474 - -
RPM 0.0141  00052* 0.0302 00734
Feed 00435 00531 00115 0.0148
Axial depth | 0,0041* 00134  0.0426 0.0628
Radial depth| 0.0043* 00050  0.0479 0.0657
* 1 Optimum leve
Direction RPM Feed Axial depth Radial depth

0.070-

0.055} /

0.040}

0.025}-

0.010 \

1 71 2341 23 41 234017234
Level

Characteristic function

Fig.8 lllustration of factor effect for the

characteristic function
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