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A Study on the Cutting Characteristics andDetection of the Abnormal Tool State
inHard Turning

S.J. Lee*, H.G. Shin, M.H. Kim, J.T. Kim, H.K. Lee(Graduate School, Chonbuk Nat'l Univ.).
T.Y. Kim(Chonbuk Nat'l Univ.),

‘ABSTRACT

The cutting characteristics of hardened steel by a PCBN tool is investigated with respect to workpiece
surface roughness. cutting force and tool flank wear of the vision system. Backpropagation neural networks
(BPNs) were used for detection of tool wear. The neural network consisted of three layers: input, hidden
and output . The input vectors comprised of spindle rotational speed, feed rates, vision flank wear, and
thrust force signals. The output was the tool wear state which was etther usable or failure. Hard turning
experiments with various spindle rotational speed and feed rates were carried out. The learning process was
performed effectively by utilizing backpropagatiom. The detection of the abnormal states using BPNs
achieved 96 4% reliability even when the spindle rotational speed and feedrate were changed.

Key Words - tool wear(3-7o}%), hard turning( 273 =7 A141) Backpropagation neural networks( 2 7% 2 3}
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Table 1 Chemical compositions of workpiece(Vol . %)

Material C Cr | Fe | Mn} Si P S

specimen {0.98-1.1{ 1.4 197.05]0.35 <0.251<0.25

Table 2.Conditions for tool evaluation study

condition| Speed Feed Depth Too%
Material
130 0.157 0.4 TaeguTec
2 130 0.079 0.4 KBYO -
3 65 0.157 0.4 |high CBN
21 130 0.157 0.4 TaeguTec
22 130 0.079 0.4 | TB650 -
23 65 0.157 0.4 | low CBN |
31 130 | 057 | o4 |lacedlec
32 130 | 0.079 | 0.4, |THO00-
33 65 | 0.157 | 0.4 | coated
Carbide
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Fig. 1 Typical force progression over the life of a
single cutting tool (v=130m/min, f=0.157mn/rev)
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Fig. 2 Initial cutting forces for condition group
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(b) Image arter
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Fig. 3 Image processing procedure

£ =94 ZEH%AYE 3 23 4oz
RE 27 Z93 vy ZolE AMSIYY, Fig. 5=
AL T v=130m/min, °lELE =0.157m/rev, I
JZol d=0.4mm ZAOT B W& TAI
stRdolE vhERGITE. el uelhd AHH,
7pEAe Skl wet 2¥a viedolrt Fuig
< ¢ dor, low CBN 7} high (BN &7 rc}
T 23=7 Ao Afslitte A& ¢ F o
08
—e—High CBN(KB 90)
O7 T e Low CBNCTB 650
0.6 | ——Coated Carbide(TT1500)
EOAS o
S04t
€03t
= Q.2
01
o L2 L — ) L
0 10 20 30 40 50

Time (min)

Fig. 4 Vision wear area after {filtering by computer
image system(v=130m/min, £=0.157mm/rev)
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indle rotational speed, feed.

12 ol gatel

=

N

)
o

i Ryr
R € i

o I
tlo

)

(s}

rE
S

]

ox fu
£
I
—
2

on |

O Qo X > ook o (o |
32 30 o X 1o oo, o K g
4
1
N
)
N,
o

2 gh5e 10,0003 2 g
Jth 2247k 0.000622 T #A ehyahalct.
g aRo] AR el 5 eIt FHE

Ve B3% Fig. 591 el AF g =] ¥
5 SHL.3007A FHERe W s expe) @
3lzgo] G243 ZEojEtirt ¥E A5 UMY o
2 Azlder Zidld F88 e RS 9 F 9
o, 2 AFoA FEI A2 37097t 9
B st& A7 wigl 227 0.00057A] FolEL @
F U9dn, g5 dAae gFoezr ANsld &9 9
HE A% 23 ggol 4FHYE ¢+ AU
I

. |

B gy dvme L EEE AagwepeTirve 530k

Fig. 5 Convergence of learning error versus number
of 1terations in the training process

Fig. 62 & 73 AAsadE of8d 25
£ UEds ok g Ee Be ANy RAE
B e ok FUbsAAM, F37F @A) s s
BB 1 2HE Hel 228 w@g A o
g IR S guFdn. olAde g AR
AR AR Ege] AP HNE Jgd BFHE T &
AHss deded.

olide] ZAwbolA B wiel Fol AAFTYL
7 HEHE #ZAsted dolA] wie FE&8hA 2
Q} £

455

Cutput Value

s4 im oulpet]

timeiming

Fig. 6 Qutput data of neural network vs cutting time
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