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The Prediction of the Cutting Characteristics
in Cryogenic Cutting Using Neural Network

Chill-Su Kim®*, Sueg-Young Oh**, Sun-Sae Oh***

ABSTRACT

We experimented on cutting characteristics - cutting force, behavior of cutting temperature, surface
roughness, chip thickness under low temperature, which generated by liquid nitrogen(77K). The work-~
pieces were freezed to ~195°C and liquid nitrogen was also sprinkled on cutting area in order to decrease
an experimental error of machining in low temperature. The workpiece was became to -195°C in 5 minutes.
In cooled condition surface roughness of workpiece was better than normal condition. In addition, we inves-
tigated the possibility that surface roughness of workpiece and cutting force can be predicted analyzing cut-

ting conditions by the trained neural network.

Key Words : Cryogenic Cutting(33 242, Neural Network(¥7432%), Cooled Condition(H 284427),

Normal Condition (423 4t27)
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Fig.1l Schematic view of experimental set up
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Fig. 2 Schematic diagram of the acquisition system
for frozen workpiece
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Fig.3 Throw away tip for cuiting temperature measurement
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Tablel. Experimental conditions

Engine 380 WL(100x 380, 2.2Kw)
Cutting [Tool holder : PSBNR 2020 K12
tool insert : @ SNMA 120408(P10)

Overhang length : 30mm
SCM440, STS304

Workpiece [DXL = ¢50X180

Chucking length : 30mm

Cutting speed: 52,97,141,198m/min

Cutting  |Feed rate: 0.075,0.105,0.135,0.
165mm/rev
conditions (Depth of cut - 0.5mm

Cutting temperature : Normal con.
Cooled con.
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Fig.6 Variation of cutting temparature under normal
and cooled cutting condition
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Fig.8 Principal cutting force vs feed for various cutting
speeds(SCM440, KTP10)

Fig. 0% FA £ AeardAg 1o S8
2 ARS ERolT A9l TAL ANEES F74 o
o s Qe Aeass] F97 HeBa vt

q ¢ 30% #AaHE FE%S Bola I
i}
—::ums
QJ ——D1B

M3 1978

Cuiting Speed(rrirrin)

Fig.9 Chip thickness vs cutting speed for various feeds
(978 304, KTP 10)

o e Aude] WHE Yol 80 ¥k 2
BHoze 4 B9 Aol o2k A7 AA
B F¢ g AHH, Ave] FolAR A& Fhn
A4 9.

3

66

0

3-3. BHHET|o| njxl= 7FSES SHE 4

Fig.10& STS304A19) theh AA&T 2 o]$7ke] ¥
so) 2 ERAY Y QA E TAIF 2doltt 7}
g TRAR] gL oldFe e ek Tk
o, FA LB 2ake] A¢rt LA vt thh FEG
Ad7E B4%n ded, ogge EAL o|FF
0.165mm/revel A FRstA vehtz gt ol
BAL AeANgM e AL FART] HLH ¥
st AL FelelMe FANAY Aol A3 &, o)

I-Cc):ilL

& Ao ZgadA 2= PR A4 £ gt
—a—51.8
b anudiny
& —a—i7
2 -
i ——T41.3
| -
g —e-197.8
& wanOnan
&
£ -~ Cooled
72 Nermal
0.075 0,105 0,135 0.185
Feed({mm/rev)

Fig 10 Surface roughness vs feed various cutting speeds
(ST3304, KTP10)
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Table2 Structure of neural networks for training

cooled | normal

classification .. .
condition |condition
number of input units 4 4
nurnber of hidden units 9 9
number of output units 2 2
number of hidden layers 1 1
No. of leaming patterns| 16 16
learning rate(a) 07 0.7
momentum rate( 7 ) 0.9 0.9
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Table3 Test result of neural network and experimental result in cooled condition (material : SCM440)

cutting condition and result experimental result
cutting chip power surface principal
speed feed thickness( |spectrum roughness cutting force
(mn/min) |(mm/rev) jmm) (dB Volt) (nm) (kg)
51.8 0.075 0.25 19.6 1.70 143
51.8 0.105 0.29 16.2 2.65 24,5
51.8 0.135 0.36 13.8 3.20 30.2
51.8 0.165 0.35 12.0 3.30 359
97.3 0.075 0.23 13.5 1.20 165
97.3 0.105 0.25 10.2 1.15 22.8
97.3 0.135 0.26 8.0 1.38 279
973 0.165 0.27 7.0 1.50 319
141.3 0.075 017 11.9 0.70 17.1
1413 0.105 0.17 9.4 0.90 217
141.3 0.135 0.18 7.5 1.30 26.2
141.3 0.165 0.19 6.6 142 29.1
1978 0.075 0.11 10.7 0.55 16.0
197.8 0.105 0.12 5.0 0.85 20.5
197.8 0.135 0.14 7.6 115 239
197.8 0.165 0.15 7.0 1.30 285
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Tabled Test result of neural network and experimental result in cooled condition (material : ST3304)

cutting condition and result experimental result
cutting foed chip power surface principal
speed (com/rev) thickness |spectrum |roughness cutting forcee
(mn/min) (mm) (dBVolt) (zm) (k)
51.8 0.075 0.10 21.0 0.80 16.5
51.8 0.105 0.10 16.9 1.00 211
51.8 0.135 0.12 14.3 1.30 25.7
51.8 0.165 0.14 12.3 1.70 30.2
97.3 0.075 0.10 14.3 0.75 15.1
97.3 0.105 0.08 12.2 095 19.4
97.3 0.135 0.10 10.9 1.21 234
97.3 0.165 0.12 10.0 1.60 265
1413 0.075 0.09 13.7 0.65 14.5
141.3 0.105 0.00 11.7 0.88 185
141.3 0.135 0.09 9.1 1.21 22.2
141.3 0.165 Q.11 8.3 1.53 25.7
1978 0075 0.07 13.7 0.60 14.6
197.8 0.105 0.08 115 0.80 18.2
1978 0.135 0.09 9.2 1.20 21.7
1973 0.165 011 - 8.0 1.50 24.5

Tableb Test result of neural network and experimental result in normal condition (material : SCM440)

cutting condition and result experimental resnlt
cutting feed chip power surface principal
speed (mm/rev) thickness | spectrum | roughness cutting force
(mn/min) | (mm) _|B Vo) | (um) (ke)
51.8 0.075 0.30 155 2.00 18.8
518 0.105 0.38 148 250 ' 22.8
518 0.135 0.43 11.6 3.10 26.2
51.8 0.165 0.48 10.0 3.25 30.8
97.3 0.075 0.22 14.7 0.50 16.5
97.3 0.105 0.28 12.6 0.35 20.0
97.3 0.135 0.35 11.0 0.45 234
97.3 0.165 0.38 9.8 0.75 28.0
141.3 0.075 0.19 14.6 0.65 14.8
1413 0.105 0.25 12.4 0.30 188
141.3 0.135 0.27 10.8 0.40 22.2
141.3 0.165 0.32 9.4 0.70 26.2
197.8 0.075 0.17 145 0.50 14.2
197.8 0.105 0.22 12.4 0.30 17.6
197.8 0.135 0.24 10.9 0.35 210
197.8 0.165 0.31 9.5 0.65 245
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Table6 Test result of neural network and experimental result in normal condition (material : STS304)

cutting condition and result experimental result
cutting foed chip power surface principal
speed (mm/rev) thickness |spectrum roughness  |cutting force
{(rr/min) (mm) | (dB Volt) ( 4 m) (k)
518 0.075 0.12 22.5 0.75 154
51.8 0.105 0.17 18.1 1.00 205
518 0.135 (.20 14.7 1.30 245
51.8 0.165 0.22 11.4 2.00 285
973 0.075 0.11 174 0.72 150
97.3 0.105 0.15 144 0.95 182
97.3 0.135 0.18 131 1.27 217
97.3 0.165 0.20 10.9 1.95 25.1
141.3 0.075 0.10 16.4 065 13.7
141.3 0.105 0.14 13.9 0.92 13.0
141.3 0.135 0.16 125 1.30 21.0
1413 0.165 0.20 10.5 1,90 239
1978 0.075 0.09 154 0.67 13.1
197.8 0.105 0.13 13.5 0.85 176
1978 0.135 0.15 12.4 1.27 20,0
197.8 0.165 0.19 10.5 1.90 22.8
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