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Abstract : A new approach is proposed to modeling the milling force based on the cutting force shape character-
isticsin end milling. The relationships between the cutting forces and the cutting depths are analyzed and the
cutting forces are classfied into sx types according to the combination of cutting depths, and then into ten
types based on the degree of overlap. Meanwhile, the theoreticd cutting force curve is provided corregpondingly.
Furthermore, force indices are extracted from the cutting forces and then the rea cutting depths are detected
based on the changes of the force shape characteristics via the force indicesin the end-milling process. Through
the theoretical analyzed results, a method of modeling cutting-force based on the sx milling force types is
brought forward, and the use of the real cutting depth make the model to be more accurately. More important-
ly ,experiments designed on the classfication of milling forces strengthen the pertinence, and make the experi-
ment data more reliable at the same time. The approach is validated through cutting experiments.
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1) / mm 1) /()
Fik.r _ Krdztc 1 K35 3 30 20 12 12
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F, = + Kr Krd:f :9n ij,K1]-
! jz iz kz.{ R B0l Table 2 Nominal cutting parameters
cosB(i,j, K]+ Krd.f.sn B (i,j, k1 N Y
di/ mm da/ mm
(14) mnd) (mm- -3
N N, N, 1 60 9 3000 0 10 1
Fx: + Ke Kidhf .52 iR+ 1 2 80 15 5000 0 05 3
jZisz{ ROT [B(I ] )] 3 4.0 24 3000 0. 01 4
Krd.f.cos B (i,j,k1snBGi,j,k1} N 2 4 20 24 2000 005 2
(15) 5 20 6 2 000 0. 05 1
6 05 30 1000 0 01 4
[1,10, 3 7 20 15 1000 001 2
8 20 15 1 000 0. 01 2
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Table 3 Cutting depths of the predicted and the tested
/ mm / mm ! % ! % ! %
dr da drr Car di/ da di/ da di/ da
1 5 214 9 67 5 243 96 -1262/6 7 -048/0 8 383/86
2 7. 201 15 04 7. 225 15 4 -9.69/27 -03-024 31-11
3 3 108 23 68 3 217 235 -19.58/ -2 1 -2708 1378/ -2 8
4 22 23 49 2 179 23 5 895 -21 1 05/0 4 11 73/50
5 2 176 6 41 2 212 6.0 10. 60/ N -1 80/N - 16. 98/ N
6 0. 575 29 41 0. 589 29. 0 15/ - 3 3 -2814 -18 7/ -2 44
7 2 279 15 26 2 225 15 0 13 95/ N 2717 19. 35/ N
8 2 243 15 13 2 207 15 2 12 15/ - 0.5 1805 14.8/ -2 9
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Table 4 Coefficients of the force congtants
1 2 1 2 3
1 2 4 1 2 4
bo 5313 4532 7 - 1900 c0 -0.74 121 7. 40
b1 -0 21 - 0. 062 0 43 cl -6x10°° 233x10°°% -21x10°4
b2 - 46 103 - 82839 4. 5x10° c2 5 69 -12 9 - 318 2
bs -555 34 717 - 2349 c3 0. 066 - 0 037 0 13
ba - 1132 - 486. 4 6 000 c4 0. 68 0 16 -331
b1z 0. 794 0 4827 - 699 cl2 0. 001 -6x10°4 0. 004
b2 - 1212 1799. 6 - 5645 c23 Q. 394 -0 04 6 52
b2a 3489. 5 3009. 6 - 82000 c24 - 367 0. 99 38 96
b22 2 8x 10° 2 7x10° -8 6x10° c22 - 21 03 75 47 442 39
bs3 26. 97 - 5 689 - 3430 c33 - 0011 0. 0018 -0 0057
bas 180 25 - 17. 82 - 577. 8 c44 -0 079 0. 0038 Q. 286
b34 - 685 25003 - 47. 14 c34 0. 017 - 0.015 0. 025
5
Table5 Cuttingforcesfor the predicted and the tested
I'N /N I %
da/ di/ tx/ n Fx Fy Fx Fy Fx F
5/ 3 5/ 0. 09/ 2 000 103 16 33 99 95 71 31 125 7.6 92 1
10/ 4. 0/ 0. 09/ 5 000 182 54 70. 04 178 88 65 11 20 7.6 2
5 20/ 1 5/ 0. 09/ 2 000 135 43 157. 63 128 08 159. 35 57 -11 3
20/ 3 5/0. 01/ 3 000 29. 98 97. 29 26. 11 103 77 10. 6 -6.2 4
3 22/ 4. 0/ 0. 02/ 2000 66. 42 208. 56 62 49 201 45 6 3 35 5
22/ 4. 5/ 0. 02/ 3000 67. 02 231 13 64. 32 224. 50 4 2 2 95 6
2
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