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Performance Evaluation of Chip Breaker Utilizing Neural Network

Hong-Gyoo Kim*, Jae-Hyung Sim"

The continuous chip in turning operation deteriorates precision of workpiece and causes a hazardous condition to
operator. Thus the chip form control becomes a very important task for reliable machining process. So, grooved chip
breaker is widely used to obtain reliable discontinuous chip. However, developing new cutting insert having chip breaker
takes long time and needs lots of research expense due to a couple of processes such as forming, sintering, grinding
and coating of product and many different evaluation tests. In this paper, performance of commercial chip breaker
is evaluated with neural network which is learned with a back propagation algorithm. For the evaluation, several
important elements(depth of cut, land, breadth, radius) which directly influence the chip formation were chosen among
commercial chip breakers and were used as input values of neural network. With the results of these input values,

the performance evaluation method was developed and applied that method to the commercial tools.

Key Words : Chip breaking(3 b, Chip breaker(% Hao|7]), Chip flow(H %), Curling(2), Chip control(F #]o9),
Neural network(A1737}), Back-propagation algorithm( 2.539A5 d1e]E)
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1 T T ribbon chips
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2 {/& > :)) o \Q_ tangled chips E]
- —~ g
3 ,@ % ﬁ ‘U( ‘Qﬂ/, corkscrew chips
4 SRR helical chips
Bt e
5 long tubular chips
0] E = .
6 % short tubular chips
R W o |2
— ) ) 2 |=
7 05 8 spiral tubular chips -'é g
8 T Cg‘\) @9 spiral chips
R 2
9 < =~ L, long comma chips
10 '.’,:1. :«I’:is%ﬁ = short comma chips

Fig. 2 Classification of chip pattem(INFOS)
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A A, -ACE A4, -C, -MP= F(1)A4E -55,
KE, -KM, -KCE Z(E)H44, -MH, -RTE 3abgoz
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Table 1 Specification of chip breaker

Type | Depth | Land | Breadth | Radius Use
-33 0.39 0.00 1.52 0.70
- KA 021 0.04 141 200 | Finishing
- FG 0.18 0.00 1.40 3.00
- A 043 0.13 2.07 0.70
LR
- AC 0.72 0.00 2.00 2.00
-C 024 022 1.90 1.08
MR
- MP 0.35 0.28 1.80 1.05
- 55 0.45 0.18 1.61 1.07
- KE 0.27 0.20 1.85 1.50
HR
- KM 0.31 0.11 2.67 2.60
- KC 0.27 0.35 212 0.80
- MH 0.19 0.30 2.15 0.00
Roughing
- RT 0.17 0.32 2.50 0.00

* LR(Light Roughing), MR(Medium Roughing), HR (Heavy
Roughing)

Insert type : CNMG120408

4 TaeguTec Inc.

Remark LR (Light Roughing)
MR (Medium Roughing)
HR (Heavy Roughing)

-MH (Roughing) -RT (Roughing)

Fig. 3 Shapes of commercial chip breaker
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Table 2 Experiment conditions

Units
m/min

Remark
100(fixed all condition)
0.5, 0.8, 1.2, 1.5, 3.0, 40, 5.0
0.15, 0.30, 0.40

Conditions

Cutting speed
Depth of cut

Feed rate
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AAE(-33, K, -FG¥) HEFo|ANME o]&HF 0.15
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%(E)B4H(-55, -KE, -KM, -KCH)o A= 0|53 0.3
mm/rev, A4+zi0] 1.5mms} 0)4% 0.4mm/rev, A7 o}
30mmel A usable o] AHE 00, ol 3t Ao}
2718 dYo e thiE o] S, stable o] FAE AT

3244(-MH, -RT&)o) A= 0|43 0.3mm/rev, 47
o] 1.5smmo]Atoll A stable o] =Gl oH, o]&F 0.15
mm/rev, F4}Zlo] 0.8mmo|tof A& A o] A Uoj
A et

eoth 0! cut (mr Degin of cut {mm) Oeoth ol cut (mm
39 50[] 5.0]
a7 40| 40
30t 30— 20—
s+ F— 151 1 151 —
2 12 1.2
08 08 08
25 05 05
39503 940 0 015030 040 0 015 0.30 040
Feed tate "M revh Feed rate tmm/rev) Feed rate {(mmfcev)
-33 -KA -FG
Oepih of cut o) Death of cut (mm) Degth of cut fmm) Oeptn of cut (mm)
S0l 50l 50 50
4 40 40 40
a2 3o k— 3.0 aof—T
s— 1 -5 1 15— — 15— —
H 2 r2f=O- 12
.8 08 [} 08
o5 05! 0 0 T
0 015030 040 0 015030 040 0 015 0.30 0.40 0 015 030 040
Feea ra'e {mm.tev) Feed rale {(mm/rev) Feed rate (mm/frev) Fead rate {mm/rev)
-A -AC -C -MP
eoin of cat fren} Depth of cut (mm) Depth of cut {mm} Depth of cut (mm)
o1 50) 50T 5.0
59 40 40| 40
s 3of 3011 30—
151 1 15 . 1.5  — 15 1
2 2 12 12
a8 08 08| 08
5 05| 05 05
5 6'5 930 040 0 015030 040 0 015 0.30 0.40 0 015 030 040
Foea rate e rev! £oed cato (mmicev) Feed rate (mmirev) Feed rate {mm/rev)
-55 -KE —KM -KC
Je0tt of cot i) Depth of cut (mn)
<ol s ot— Insert type: CNMG120408
ac a0 Workpiece : SCM4
201 ao[—T Lubricant : dry cutting
B . — s — Speed + 100m/min
ot ' Remark
; 08 ® : Stable
o® O : Usable
¢ 015036 040 0 015030 040 A : Unstable
“eed le (mn rev Feed rate (mm.revh

-MH -AT

Fig. 4 Result of chip breaking test in tuming operation
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Table 3 Supervised data of neural network () Table 5 Supervised data of neural network (III)
<0.5mm depth of cut and 0.15mm/rev of feed rate - <3.0mm depth of cut and 0.4mm/rev of feed rate -
Finishing> HR>

Input Pattern Qutput Input Pattern Output
Type Type
Depth | Land | Breadth | Radius | Stable | Usable|Unstable Depth | Land | Breadth | Radius | Stable | Usable|Unstable

- 33| 039 | 0.00 | 152 0.70 1 0 0 - 33103910.00| 152 0.70 0 1 0
- KAl 021 | 004 ) 141 2.00 1 0 0 -KA [ 02t {004} 141 2.00 0 1 Q
- FG| 0.18 | 0.00 | 141 3.00 1 0 0 - FG| 0.18 | 0.00 | 141 3.00 0 1 0
- Al 043 (0131 207 0.70 0 1 0 - A1043]0.13| 2.07 | 070 0 1 0
- AC| 0.72 | 0.00 | 2.00 2.00 0 1 0 -AC | 072 |0.00| 2.00 2.00 0 0 i
- C|l 024 | 022 190 1.08 0 0 1 - C|024]022| 190 1.08 1 0 0
- MP| 035 | 028 | 1.80 1.05 0 0 1 -MP | 035 |0.28] 1.80 1.05 0 1 0
- 55/ 045 | 018 | 1.61 1.07 0 1 0 - 551045018 1.61 1.07 1 0 0
- KE| 027 [ 020 | 1.85 1.50 0 1 0 -KE [ 027 (020 185 1.50 1 0 0
- KM| 031 | 0.11 | 2.67 2.60 0 1 0 -KM| 031 |0.11| 267 | 2.60 i 0 0
-KC| 027 | 035 | 212 0.80 0 i 0 -KC | 027 ]035| 212 | 0.80 i 0 0
- MH| 0.19 | 030 | 2.15 0.00 0 0 1 -MH | 019 {030 2.15 0.00 1 0 0
- RT| 0.17 | 032 | 2.50 0.00 0 0 1 -RT | 017 [032] 250 | 0.00 1 0 0

Table 4 Supervised data of neural network (II) Table 6 Supervised data of neural network (IV)
<0.8mm depth of cut and 0.15mm/rev of feed rate - <5.0mm depth of cut and 0.4mm/rev of feed rate -
LR> roughing>

Input Pattern Output Input Pattern QOutput
Type Type
Depth | Land | Breadth | Radius | Stable | Usable | Unstable Depth | Land | Breadth | Radius | Stable |Usable|Unstable
- 33] 039 | 0.00 | 152 0.70 1 0 0 - 33 1039 (000 152 0.70 0 0 1
- KA| 021 { 0.04 | 141 2.00 1 0 0 -KA | 021 [0.04] 141 2.00 0 0 1
- FG| 0.18 | 0.00 | 141 3.00 1 0 0 -FG | 0.18 {000} 141 3.00 0 0 1
- Al 043 | 013 | 207 0.70 0 1 0 - A | 043 |0.13| 2.07 0.70 0 0 1
- AC| 072 | 0.00 | 200 | 2.00 1 0 0 -AC | 072 |0.00| 2.00 | 2.00 0 0 1
- C| 024 | 022 190 1.08 0 0 1 -C | 024022 190 1.08 0 1 0
- MP| 035 | 028 )} 1.80 1.05 0 1 0 -MP | 035]028] 1.80 1.05 0 1 0
- 55{ 045 | 018 | 1.6l 1.07 1 0 0 - 55 10450.18| L6l 1.07 0 1 0
-KE| 027 | 020 { 185 1.50 0 1 0 -KE | 027|020} 185 1.50 0 1 0
- KM| 0.31 | 0.11{ 2.67 2.60 0 1 0 - KM | 031 |0.11] 2.67 2.60 1 0 0
- KC| 027 | 035 | 212 0.80 0 1 0 -KC | 027 |035| 212 0.80 0 1 0
- MH| 0.19 | 030 | 2.15 0.00 0 0 1 -MH| 019 | 030] 2.15 0.00 1 0 0
-RT| 017 | 032 | 250 0.00 0 0 1 -RT | 0.17 {1 0.32| 250 0.00 1 0 0
1, A4 ALAS HRdolAHE usable, unstable [ 0dmm/ming] BAEACE AR BT Asolch. LAY
o] A= o] ghito| sjgstuz AQAT A E A H B |
Table 62 AA4E 100m/min, BAHZ10] 5.0mm, o] o A= stable Ho] AAHAL HE SE9f FEFO|ANA

70
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L usabled} unstable Fo] A E I
Table 3, 4, 5, 69] SH&H0|E S o]&-3to] 2+ HAZA
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Table 7 Implementation results (I)
<0.5mm depth of cut and 0.15mm/rev of feed rate -
finishing>

Type Input Pattern Output Desired
Dp | Ld | Br | Ra| st | Us |Unst| Result
Supervised data : CNMG120408 type
- 331/039(0.00]152(070| 1 0 0 Stable
- KA |021(004]141]|200(099]| O 0 Stable
- FG ]0.18[0.00| 1.41|3.00| 098 | 0 0 Stable
- A [0430.13(2.07;070} 0 1 0 Usable
- AC |072]|0.00{2.00(200| 0 |099| O | Usable
- C|024]|022]190|1.08( 0O 0 1 | Unstable
-MP |035]0.28{180|1.05| 0 0 | 0.99 | Unstable
- 55{045|0.18(161(1.07| 0 [099| O Usable
-KE [027]020]1.85|150| O 1 0 | Usable
- KM |031]0.11(267{260] 0 1 0 | Usable
- KC |027]035(2.12|0.80| © 1 0 Usable
- MH |0.19103042.15{000| 0O 0 1 | Unstable
-RT 10.17(032|250({000| 0 0 1 | Unstable
Unsupervised data : SNMG120408
- KA |020|017|146(1.78 080 | 0 |0.09| Stable
-AC [059]0.00|1.95(195| © 1 0 Usable
-KE |027(0242.10|120({020]080| 0O Usable
-KM 031|014 (280|210 0 |090| O Usable
-MH|023{037(149/0.00] 0 |0.15|0.87 | Unstable
Unsupervised data : New type
-RH {0.25]0.22 2,62 1.57{0.22 | 0.78 Usable
-ML [070| O |2.00|1.50|0.02|0.95 Usable
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Table 8 Implementation results (II)
<0.8mm depth of cut and 0.15mm/rev of feed rate -
LR>

Input Pattern Output Desired

Type
Dp [ Ld | Br [ Ra | st | Us |Unst| Result
Supervised data : CNMGI120408 type

- 33|039(000(152|070,099| 0 0 Stable
- KA |021]004(141]2.00|{099| 0 0 Stable
-FG | 018000 141|3.00|098| 0 0 Stable
- A{0431013(207(070| O 1 0 | Usable
-AC|[072]0.00|200;200| t 0 0 Stable
- C 02402219 |108| 0O 0 1 | Unstable
-MP|035|028|180|1.05] 0 0 | 0.97 | Unstable
-551045(0.18 161|107 1 0 0 Stable
-KE [027|020 185150 0 [099| 0 | Usable
-KM | 031011267260 0 |099| 0 | Usable
-KC|[027]035]|212{080| 0 1 0 | Usable
-MHI[0194030)215}000| 0 0 1 | Unstable
-RT |{017]032(250[{000] O 0 | 0.99 | Unstable

Unsupervised data : SNMG120408
-KA|020|0.17{146|1.78|090|0.10; 0 Stable
-AC|[059]000|195]195| 1 0 0 Stable
-KE |027]024|210{120[008[090| 0 | Usable
- KM | 031014280 (210|0.05]|091| 0 | Usable
-MH|023]037(149(000] 0 0 1 | Unstable

Unsupervised data : New type

-RH|025[022|262|1.57020|080] 0 Usable
-ML|070| 0 [2.00]|150(090| 0 |0.10| Stable
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Table 9 Implementation results (II)
<3.0mm depth of cut and 0.4mm/rev of feed rate -
HR>

Table 10 Implementation results (IV)
<5.0mm depth of cut and 0.4mm/rev of feed rate -
Roughing>

Type Input Pattern Output Desired Tvoe Input Pattern Output Desired

Dp | Ld [ Br | Ra | St | Us [Unst| Resul " I"pp [ td | Br | Ra | st | Us [Unst| Result

Supervised data : CNMG120408 type Supervised data : CNMG120408 type
- 33]039]000)|152|070) O 1 0 | Usable -331039)000]152(1070) 0 | O 1 | Unstable
- KA |021]|004| 141|200 O 1 0 | Usable -KA|021|004}141[200]| 0 0 1 | Unstable
-FG |0.18]0.00 | 1.41(3.00| 0 i 0 | Usable -FG|018 (000 |141}3.00| O 0 1 | Unstable
- A |043]013]207]070] O |099| 0 | Usable -A{0431013(207(070| 0 | O I | Unstable
- AC|0.72(0.00|200(200| O 0 1 | Unstable -AC| 072|000 [200(200]| O 0 1 | Unstable
- C1024(022(190(1.08] 1 0 0 Stable -C |0241022]190|108| 0 |099]| 0 | Usable
- MP 035|028 |1.80|1.05[099| 0 |0.01| Stable -MP| 035|028 |1.80|1.05| O 1 0 Usable
- 551045]018 161107 1 0 0 Stable -55]045| 018 [ 161|107 0 [099| O | Usable
- KE|0271020}185}1150]099) 0O 0 Stable -KE| 0271020 185}150) O 1 0 | Usable
- KM |031]0.11(267[260|099| 0 0 Stable - KM| 031 011267260 1 0 0 Stable
-KC [027]035]212|080) 1 0 0 Stable -KC{027(035(212|080| 0 [099| 0 | Usable
-MH|0.19|030|2.15[0.00| 1 0 0 Stable -MH| 019|030 | 215|000} 1 0 0 Stable
-RT |0.17]032]|250(0.00| 1 0 0 Stable -RT|0.17{ 032|250 |000]09 | 0 0 Stable
Unsupervised data : SNMG120408 Unsupervised data : SNMG120408
-KA[020/017|146|1.78| 0 |098| O Usable -KA|020]017 | 146|178 | 0 | 0.1 [0.98 | Unstable
- AC {059{000|195!1.95| 0 |0.01]|0.98 | Unstable - AC|059]000]1950195| 0 |0.18!0.88 | Unstable
-KE 10271024}1210}120,0891001}| 0O Stable -KE!027(024(2101120} 0 1090}0.15] Usable
- KM |031]0.14{2.80(210]096|001| O Stable - KM| 031 ]0.14 | 2.80 | 2.10 [0.98 | O 0 Stable
- MH | 023]037|149|0.00|0.88!0.08| 0O Stable -MH| 023037 |149]000]099| 0 0 Stable
Unsupervised data : New type Unsupervised data : New type

-RH {025(022|262(157(082|0.11| O Stable -RH|025]022!262|157| 0 |0.80]|0.20| Usable
-ML|[070] 0 [2.00}1.50|028| 0 |0.78] Unstable -ML|070| 0 |200]150| 0 [0.15]|0.90 | Unstable

Table 72 A4 T 100m/min, ©]4%0.15mm/ rev, &
At700] 05mme] Az ANA A7YS AL B A
och, HAg o] Hatol gate], At HHAE WY
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Table 82 A4 T 100m/min, ©]4% 0.15mm/min, &
2t710) 0.8mmo] HArz AN AR 452 Hriet A
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Table 11 Implementation results about unsupervised

data
e | e | e | | o
SNMG -KA | Finishing | Finishing Stable 20
SNMG -AC LR LR Stable 0
SNMG -KE HR HR Stable 11
SNMG -KM HR HR Stable 4
SNMG -MH | Roughing | Roughing Stable 1
CNMG -RH HR HR Stable 18
CNMG -ML LR LR Stable 10
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