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A Study on the Classification and Prediction of the Chip Type
under the Specified Cutting Conditions in Turning

G. J. Sim,* C. Y. Cheong,” S. H. Oh,*™ N. S. Seo***

ABSTRACT

In recent years, the rapid development of the machine tool and tough insert has made metal
removal rates increase, and automatic system without human supervision requires a higher
degree reliability of machining process. Therefore the control of chips is one of the important
topics which deserves much attention.

The chip classification was made based upon standard deviation of the mean cutting force
measured by a tool dynamometer. STS304 was chosen as the workpiece which is known as the
difficult-to-cut material and mainly saw-toothed chip produced, and the chip type according to
the standard deviation of mean cutting force was classified into five categories in this experi-
ment. '

Long continuous type chip which interrupts the normal cutting process, and damages the
operator, tool and workpiece has low standard deviation value, while short broken type chip,
which is favourable chip for disposal, has relatively large standard deviation value.

In addition, we investigated the possibility that the chip type can be predicted analyzing the
relationship between chip type and cutting condition by the trained neural network, and
obtained favourable results by which the chip type can be predicted with cutting condition
before cutting process.

Key words : difficult-to-cut material (d2}4l), standard deviation(EFHA), chip type(HEH),
neural network (A3 2%)
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Table 1 Tool geometry

classification TPGN TG
wjor_cutting edge angle o (3
back rake angle o -§°
offective rake angle [ ~8*
side relief angie 5 4
nose radius 0.4 0.4
inclination angle 0° -8*
Table 2 Cutting conditions
cutting speed(m/min) | depth of cut{mm) feed (mm/rev)
005, 010, 015 026
50, 100, 150 04, 08 12 (005 010, 025, 038)
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Table 3 Performance of cutting force standard
deviation
classification chip breaker noa chip broaker
number of ] 8
number of errors 5 4
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Table 4 Structure of neural networks for training

classification chip breaker non chip breaker
of units
mumber of hidden units 6 (I'st 3, 2'nd 3) 6('st 3 2nd 3)
| mumber of output units > 3
mmber of hidden layers 2 2
| inputs(cutting condition) 3 3
| ___outputs(chip type) 1 1
[y 08 08
momentum rate Y 05 05
10 10
Table 5 Input conditions for learning
cutting conditions 1 2 3
cutting speed{m/min) 50 100 150
feed(mm/rev) 0.05 (0.10) 0.15 (025) 0.25 (0.38)
depth of cut{mm) 0.4 08 iz

= ()9 g JEHoATL Qe A+
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Table 6 Learning conditions and results{chip breaker)

cutting conditions

actual chip types

chip type of learning results

cutting | depth
speed lof cut feed 3|4 |5 2 4 |5
1 1 1 00 |0 0o
2 1 1 ofo |o 0| o
3 1 1 0/0 |0 0o
2 2 1 0]o |0 : 01]o0
2 3 1|0 0/0o |0 |0 002| 0
3 2 1|0 0/0 {0 oo 0] o0
1 2 1|0 0100 | O ol]o
1 1 2 |0 0|0 |0 0| o
1 2 2 ]0]lojtjo oo 0 {001
1 3 1 ]/o]o0 0|0 o 0o
2 2 2 /00 0 |0 ]| o |o oo
1 1 3 (01{0 0 /0o |]o |0 0

3 1 1 {010 0 /00 |oO 0

3 1 31010 0|00 o 0

2 1 21010 0|0 |0 |oO

1 3 2 /0j01]0 0| 0 {001] O

2 3 2 10fofo 0o oo

3 3 2 /0]0 /0 0lo0 o0 ] O

2 2 3 /000 0lo {00

3 2 2 |ofolo 0 | 0 [003] O

3 2 3 /ofofo 0 |0 [002] 0 |0

1 3 3 (o0]ofo 0o |o o

2 3 3]0f(0]o0 0|00

3 3 3jofo]o 0| o] o (o002}
1 2 3j0f{0]o 0 |0 joo1] o
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Table 7 Learning conditions and results(non chip breaker)

cutting conditions

actual chip types

chip type of learming results

cutting depth of
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Table 8 Performance of neural networks

classification chip breaker non chip breeker
munber of learming patterns 5 ]
number of tost patterns % %
number of errors 3 3
accuracy percent(96) 92 &8
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iteration: 662 tss: 0.02
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Table 9 Test results (chip breaker)

-cutting conditions test results
cutting depth of actual
speed ot | Tl 1 2 3 4 | 5 | chip types

1 3 1 0 0 3
1 2 3 0 0 5
3 3 1 0 0 2
3 2 25 0 4
3 1 1 ig 0 [0 o 1
2 25 3 0 0 0 | o0 5
1 15 1 [ 0 0 1
1 15 2 0| 0 2
1 15 3 0 | o006 3
2 15 1 o] o 1
2 15 2 0| 0 3
2 15 3 0 | o001 3
3 15 1 0 0 1
3 15 2 0 0 3
3 15 3 4w o 4
15 1 1 0| o 1
15 1 2 0] o 3
15 1 3 0 | o001 3
15 2 1 o] o 1
15 2 2 0 | o001 3
15 2 3 0 jg8| 5
15 3 1 0 2
15 3 2 4
15 3 3 5
1 1 15 1
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Table 10 Test results (non chip breaker)

cutting conditions actual chip
cutting speed| feed |depth of cut 4 types
1 05 1 0 1
1 05 2 0 1
1 05 3 0 1
2 05 1 0 1
2 05 2 0 1
2 05 3 0 1
3 05 1 0 1
3 05 2 0 1
3 05 3 0 1
3 2 3 4
3 2 2 4
25 2 2 4
3 15 3 4
3 2 15 1
25 1 2 1
2 15 2 1
2 25 2 4
2 1 25 1
05 2 3 1
15 2 3 1
1 25 3 2
1 2 25 2
2 05 2 1
1 25 1 2
2 25 1 2
dariAgs =24, A16d, AT7E, pp. 1223- 9. James A. Freeman, David M. Skapura,
1233, 1992, “Neural Networks’, Addison-Wesley Pub-
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