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Optmization of Cutting Condition based on the Relationship between Tool
Grade and Workpiece Material (1)
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ABSTRACT

To adapt the neural network process for the purpose of determination of optimal cutting conditions(optimal cutting
speed and feed rate), some selection strategies for the machining factors are necessary, which is considered when planning
cutting process. In this case, factors that have both nonlinearity and strong relationship must be selected. Although tool
grade and chemical properties of workpiece material have strong effect to cutting speed, it's not easy to find a analytic
relation between them. In this paper, a mathematical method for determining the optimal amount of cutting(depth of cut,
feed rate) is presented by tool goemetry and heat generation during cutting process. And various tool grade and
workpiece material groups are classified based on its chemical properties. Thier chemical composition and hardness are
used as input pattern for neural network learnig. The result of learning shows the relationship between tool grade and

workpiece material and it is proved that it can be used as a sub-system for automatic process planning system.
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Fig 1. Tool Wear for Various Cutting Speed
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Fig.2 Optimal Cutting Speed and Feed Rate (Carbon Steel)
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Fig. 3 Optimal Cutting Speed and Feed Rate (Alloy Steel)
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Table 1. Hardness Range and Chemical Composition of
Carbon Steel

XY (HB SIS B B (weight%)
Al
A4A 28 N) C Mn Ni Cr Mo
013 | 045 - | 030 - [ 030 - | 0.08 -
Low Alloy Steel| 125 - 45 | 0 | 05 | 375 | 090 | 030
Medium Alloy | (023 ~| 040 - [ 000 - | 000 - |08 -
Steel 1 040 | 1% | 100 | 110 | 00
Medium Alloy | 1038 - 043 - | 000 - [ 020 - | 015 -
Steel 2 050 | 190 | 200 | 110 | o3
Medium Alloy | - [043 -| 07 - 000 - | 070 - [ 015 -
Steel 3 064 | 100 | 0% | 110 | 035
High Alloy _ 098 -] 025 - 090 -
Steel D597 10l 0w | % | 10 | 00

Table 2. Hardness Range and Chemical Composition of
Alloy Steel
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| @ 15 7 30
PO | ® 15 6 25
PO ® 16 11 18
Ko | 8 g 8 19

Table 3. Chemical Composition and Grain Size of Carbide
Tool
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Handbook | Neural Network - o
5 Data Output ot Adigt (%)
Y f v f
Al (m {mm (e/min) (mm \4 f \' f
/min) |/tooth) /tooth)
220 | 02 | 236039 | 01832
170 | 03 | 2038119 | 0.2229
135 | 04 | 147.7814 | 0.3383
150 | 0.18 | 1654484 | 01786
125 | 025 | 1437050 | 0.1841
100 | 036 | 97.87% | 02157
100 | 0.13 | 1152398 | 0.0943
8 | 018 | 825430 | 00914
69 | 023 | 594313 | 0.1608
17 | 02 | 1544937 | 02278
135 | 03 | 1187937 | 0.3653
106 | 04 | 945890 | 04603
140 | 015 | 140.7449 | 0.1434
110 § 02 | 1086538 | 0.2074
87 | 025 | 847138 | 0.3003
69 | 0056 | 84.2000 | 00216
0.5 | 5882622 | 007371
0.102 | 582522 | 0.0737
0.102 | 1170938 | 00780
015 | 846306 | 0.1432
02 | 846306 | 0.1484

B 2aH%)

6.7942
14.3248
54150
6.5449
7.9246
08934
64565
2.30%4
4.0539
13.2732
10.4899
6.7388
04822
0.8714
14798
9.8968
9.9098
11.1669
14.3008
81756
185319

3.5029
2.7778
18.2439
04129
19.4849
42.6443
10,5558
26.2004
20.4613
6.0506
14.1782
13.0%5
0.3570
1.6100
10.9328
6.1601
90.1733
6.1561
52148
0.39%67
11.2598

6.080 | 1824

o br @

6.689 | 1379

ol it e
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Table 7. Result of Forward Propagation
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