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ABSTRACT

The cutting force in a cutting simulation is determined by the cutting conditions, such as cutting speed,
feed rate, and depth of cut. The cutting force changes, depending on the material and cutting conditions, and
is affected by the heat generated during cutting. The physical properties for predicting the cutting force use
constitutive equations as functions of the hardening term, rate-hardening term, and thermal-softening term. To
accurately predict the thermal properties, it is necessary to accurately predict the thermal-softening coefficient.
In this study, the thermal-softening coefficient was determined, and the cutting force was predicted, using the
response-surface method with the cutting conditions and the thermal-softening coefficient as factors.

Keywords : Constitutive Equation( 74128 4{), Response Surface Method(2HSHEMP), Cutting Force( E A1),
Cutting Condition( & AfZ=71)
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Table 1 Design of Experiments for Determination of
Temperature Softening Coefficient

StdOrder | speed(m/min) | feed(mm/rev) | doc(mm) Thermal
18 350 0.4 2 1.5
2 300 02 1 1
4 300 0.6 1 1
31 250 0.4 2 1.5
29 250 0.4 2 1.5
9 200 02 1 2
15 200 0.6 3 2
8 300 0.6 3 1
25 250 0.4 2 1.5
13 200 02 3 2

1 200 02 1 1
19 250 0 2 1.5
16 300 0.6 3 2
17 150 0.4 2 1.5
14 300 02 3 2
12 300 0.6 1 2
22 250 0.4 4 1.5
20 250 0.8 2 1.5
6 300 0.2 3 1

200 02 3 1

3 200 0.6 1 1
28 250 0.4 2 1.5
10 300 02 1 2
27 250 0.4 2 1.5
11 200 0.6 1 2
21 250 0.4 0 1.5

7 200 0.6 3 1
30 250 0.4 2 1.5
23 250 0.4 2 0.5
24 250 0.4 2 2.5
26 250 0.4 2 1.5
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Table 2 Cutting conditions for comparison of cutting

forces

Case | Feedrate,(mm/rev) | Cutting speed,(m/min) | Depth of cut,(mm)
1 0.2 200

2 0.4 200

3 0.6 200

4 0.2 300

5 0.4 300 1
6 0.6 300

7 0.2 400

8 0.4 400

9 0.6 400

10 0.2 200

11 0.4 200

12 0.6 200

13 0.2 300

14 0.4 300 2
15 0.6 300

16 0.2 400

17 0.4 400

18 0.6 400

19 0.2 200

20 0.4 200

21 0.6 200

22 0.2 300

23 0.4 300 3
24 0.6 300

25 0.2 400

26 0.4 400

27 0.6 400
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Table 3 Parameter in the S-K constitutive equation

Parameter value
A(MPa) 523.092
B(MPa) 878.723

C 0.373
D 0.0122
E 2.712E-5
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SRS o83 FANARA Y LA AR AANY 45 ¢ x5V AVE eS| A #2204, Al0s
Znds AR AT AlEHoIHAA doRl F x Table 5 ANOVA table for thermal softening
Hagor BEAHEA Ades 39 A4S FshY coefficient
;ET—@- §:]:H/-‘—, ] 99.02% %% :9:]:'4 O] ;‘% 0]—?—0‘]39\ S DF|[Seq SS|Contributi Adj SS |Adj MS| F-V | P-V

. - ource eq ontribution lj lj - -
o #HE ¢ Ao
oy e - e - 5
Table 6_8_ }’];_(:]]:Q]_ Ho“ﬁ’% %o]_o;] Q_‘:—T—Q—} ;(é}:}-_]z_ Regression | 8 (4856434 99.02% 4856434 | 607054 {277.75 | 0.000
= Li 4 (4398540 689 4398540 |1099635|503.13 | 0.000
Zﬂ_]:ﬂé %ﬂﬁ:@]— ﬂ]_T_gE_ L}EHHEL TL]— ):1]_ dtgi inear 3985: 89.68% 3985 99635/ 503.13
5 5 1] 1021 0.219 1021 10215 | 4.67 |0.042
H2 1.000697914 At 1.79596974A #sbEE A speed ° ’ i e
S10]= - feed 1 |1623434| 33.10% | 1623434 |1623434|742.79|0.000
S syt a8y AR dAdd AleE Al e -
N - A == doc 1 |2324619| 47.40% | 2324619 |2324619]1063.61| 0.000
B2 AET 5 Ul oAT AxNT F Yt
- - N - t 1440271 |  8.98% 440271 | 440271 |201.44 | 0.000
shiel ddis) A4E ARl Bk 1A A e :
= _ Square | 1 | 27366 | 0.56% 27366 | 27366 | 12.52 |0.002
AGHOZ 1476029 HHFOZE 1.5562819] EAs}
feed*feed | 1| 27366 |  0.56% 27366 | 27366 | 12.52 |0.002
AsE A - :
- Interaction | 3 | 430528 |  8.78% 430528 | 143509 | 65.66 | 0.000
Fig82 Atz o538 ddst A o &
|931e] HEAoz WA B Hed Aoz feed*doc | 1 |281413|  5.74% 281413 | 281413 | 128.76 | 0.000
o] 83 = oS = g S
s °1 ° o = temp*temp | 1 | 78876 1.61% 78876 | 78876 | 36.09 |0.000
AlE eI doc*temp | 1| 70239 | 1.43% | 70239 | 70239 | 32.14 |0.000
. . . . Error | 22| 48083 0.98% 48083 | 2186
Table 4 Simulation result according to condition
lack of fit | 16| 48076 |  0.98% 48076 | 3005 [2449.13(0.000
change
Pure Error| 6 7 0.00% 7 1
StdOrder x-force(N) y-force(N) = 30 4904518 100.00%

18 51313 147.514

2 201.594 91.705

4 339.592 234833 Table 6 Predicted of thermal softening coefficient by

31 62643 277.698 . .

29 626.43 277.698 cutting conditions

9 154214 39.148 Case doc speed foed Ts.C

15 1045.28 296.979 (mm) (m/min) | (mm/rev) .

8 1616.07 701.128 - ™ > T

25 623.793 277.019 : :

13 453.642 207.477 2 200 0.4 1795969

1 217.926 96.3709 3 200 0.6 1.496925

19 0 0 1 mm

4 300 0.2 1.000697

16 1008.36 219.895

7 663.79 286.769 5 300 0.4 1488915

14 430.255 189.94 6 300 0.6 1.387495

12 336.119 73.298 7 200 02 676334

22 1249.25 553.901 - -

20 1002.64 242,519 8 200 04 1.702934

6 604.783 275.115 9 200 0.6 1587975

2 mm

5 652.918 289.221 10 300 02 52143

3 550.402 238.802

= 33793 77019 11 300 0.4 1588675

10 143.418 633132 12 300 0.6 1549145

27 624.624 276.931 13 200 02 1588075

11 348.426 98.9929

o 5 5 14 200 0.4 1.669399

7 165121 716.405 15 200 0.6 1.61311

30 624.624 276.951 16 3 mm 300 02 157317

23 1003.69 437.696 " 0 oa 676449

24 435.772 125.467 : .

26 624.624 276.951 18 300 0.6 1.614579
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Table 7 Cutting force of cutting simulation using
predicted thermal softening coefficient and

cutting force obtained through cutting

experiment
Experimental Simulation cutting force
oo | CUMing foree | T.5.C:146702 | T.S.C:1.556281
Fx(N) | Ey®N) [ Ex(N) [ Ey®MN) [ FxN) | Fym)
1 171.021 64.142 177.937 80.482 173.081 78.498
2 298319 97.316 318.174 139.711 310.227 136.152

3 430.199 128.517 460.696 200.907 448.989 196.032

4 158.679 55.321 169.347 78.252 164.827 76.241

5 290.335 80.913 278.144 87.461 266.727 79.318

6 420.778 106.352 390.907 101.871 374.313 90.234

7 156.946 49.551 160.683 68.792 153.74 63.345

8 278.812 59.286 265318 70.913 258.449 97.88

9 404.685 76.105 381.391 91.656 365.248 73.103

10 333.261 136.913 355.999 160.73 346.054 156.776

11 590.648 185.295 625.133 271.114 624.329 273.761

12 837.743 225.102 915.517 398.371 900.576 393.385

13 308.958 103.174 339.197 156.785 322277 149.021

14 576.791 142.958 569.289 194.332 541.936 171.32

15 811.904 163.966 752.472 173.562 748.626 180.469

16 311.597 113.266 313.679 133.816 307.481 126.69

17 556.859 131.159 522.292 137.998 516.897 135.761

18 789.399 143.031 750.705 159.873 730.496 146.206

19 509.231 210.068 533.998 241.095 519.081 235.163

20 887.14 276.98 958.658 419.921 936.493 410.641

21 1256.846 371.344 1386.44 604.646 1350.86 590.077

22 471.658 163.982 508.796 235.178 494 885 229.118

23 843.317 211.257 853.933 291.498 812.903 256.98

24 1214.803 245.355 1163.31 291.279 1122.94 270.703
25 454279 141.086 479.23 202.253 461.221 190.035
26 834.705 187.279 795.954 212.739 775.346 203.641
27 1179.438 191.753 1140.7 263.674 1095.74 219.309
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