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(Neural network for Prediction of the Cutting Characteristics in Cryogenic Cutting)
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ABSTRACT
We experimented on cutting  characteristics - cutting  force, behavior of cutting temperature,
curfuce  roughness,  behavior  of  chips-under low  temperature,  which gencrated by liquid
nitrogen(77K). The workpicces were freezed to -195 °C and liquid nitrogen was also sprinkled on

cutting area in order to increase the efficiency of machining in low temperature. The workpiece

wus hecame to 1495 °C in b

minutes. In cooled condition(CC)

surface roughness of workpiece was

hetter than normal conditiontNC). In addition, we investigated the possibility that surface roughness

of workpicce and shear angle can he predicted analyzing cutting conditions by the trained neural

network.
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Liquid withdrawal device

Fig.1 Schematic view of experimental set up
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Fig.2 Throw away tip for cutting temperature measurement
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Tablel. Experimental conditions
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Overhang length @ 30mm
SCM440. STS304

f DXL - @350x180

. Chucking length : 30mm

Workpiece

. 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 condition
Cooled condition
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Fig.3 Back-propagation neural network with one hidden layer.
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Fig.4 Variation of temperature for the frozen workpiece
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Fig.5 Variation of cutting temparature under normal
and cooled cutting condition
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Fig.6 Vertical cutting force vs feed for various cutting
speeds(SCM440, KPT10)
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Fig.8 Chip thickness vs feed for various cutting

speeds(STS304, KTP10)
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Fig.9 Shear angle vs feed for various cutting speeds

(STS304, KTP10)

|

wn

3

-
&

b3

Ry

Power Spactrum of Vertical Cutting Force (dB bolt)
wi

w
£=3

dekzte] melw e L7l A A

re= toft= sindfcos(@- o) 00 e- 3)
tand= yccosa f(1-psing) 000 e “)

AN e A HFEA, v "age), ¢ ¢ 3

b Az

ol 4] AL&-% inserte]
AAZEE -6 TolB R (3)(4) 4o 2isfAal #grzio] &y =I),

Rt ettt P brereen)
Aa &8 :0.075
F e—e >0 105

- 6-.0 : 0, {35

A L 1

518 973 163 1978

Cutting Speed (m/min)

Power spectrum of vertical cutting force vs cutting

speeds for various feeds(SCM440, KTP10)

I i ! 1

S18 913 113 197.8
Cutting Speed (m/min)

Fig.11 Power spectrum of vertical cutting force vs cutting

speeds for various feeds(STS304, KTP10)



Fig9 TAeaats) gy ¥ 6o
W PEE adelth 2gelA o 4 9xel z % ! ]
! Depth of cut : 0.5 ms i
AFlEaA Auze AAHE AEe wols ol et (e
& AL W Aute 0sld Jon SR =1 |
»—8 0-—0 : 141.3 b
we Wy, hEEe Whass) AW A et o0 BT
3 AV Ae-e o 7 Aok m 60} !
PR
Fig 10, Figll& HAr&T o olfdke) W B FEee - 3
1
power spectrum-S WERY I 31Tt | g30 i
ojuf A}-8-¥ FFT analyzer (Model:CP-400)= M & o HAHY 1 g i
S veEhlE AT e M3} power spectrum®]  Fub AJR-E § \
display ale) o217} WE ol EFe energyH vhehF 4201 |
itk el Ash trol power specrum®, ol4@e) S7le) ubel ‘
SohalE RS BT 1en) AASLE 100m/min o] 4ol A b ‘
|
TroiH R e Srhekn e |
j

0,075 : 0,105 0,135 + 0,15 ‘

33, ERAA7Y vAe 7tEEY AL I49%
‘ Feed ( mm/rev }

" hness vs feed various cutti ds
Fig12, Fig.132 STS304215h SCM4d0Ale] wfah =4l&x o] Fig.13 (Ssucrfﬁef‘;(;? BTy o anous culling spee

Wslel whE FuA9) WaaAE 7174 A3 adeld.
e WAz ghe Aasxe] Frbel wabd zHAst
v, STS304xjol M= bR A ate] A9-7h Ad2date niate]
ha okE e ARNE s Yacdl, olshzre e A4t
A4 150m/mine) el A S-glEbAl vhddarl gtk olgppe ¥

de Aot Taldel W] Hed wate] A

&z

34 AAZNZFL o] 437 dSET
AbgE AlAs e pel AL Table2d] ENR]
o AZszge APAe HWardd BASE 9 ol
HArF o A8 4 ik MA e e] power spectrumd HFAZ HE
B ogolgla sl shg-S AT

~ N Table2 Structure of neural networks for training
o gHielMy: Qe Wael AT, vk e e

B

3 by : RS POCON N .
oA Qi odsko . ANzZFE 4= qlth 131 SCM440A) o A = ; class_lﬁcanon i «cooled condition ;normal condition J\
number of input units 4 4 |
ra) e ate]l AQuE A ste) nlsle] T B AAV|R " number of hidden units 9 ) KR ;
L} Tk, ~ number of output units 2 2 :
_number of hidden layels 1 1 !
T T T e "No. of learning panems 16 16
28 To. _ leaming rate(e) . 07 . 07
‘ momentum rate(?]) . 99 09 5
i
L | = -
z 1 3150 Total ermord 000014302 dgAlzlom, stsAn
o] g3k TALe FWAA HAGdAE S AFPAM R
- 2r : SlrEl A7 3 ko) test result & Table3 2} Tabledoll FERNSL
3 j =3
gvr AR TS olgsd WaE R 2E olgal B
K o slEeE Uy EuAR] 2 dane Ao
§1,2 - WA GFHEUch
T
’ Table3 9} Tabledoll Jebdl :A & Wrhel Ao}l A7 Y
08 AHeh7hg o] 23 A3, SCMa409] 79 16709) test pattern ol
j A 127 AR TAAAZE 01 pmold e 2 Wl
I
el T | o, Agzte 1670 w7 ') e AEANA A X 5
it} 3, STS3042] Z9-ofi= 16702 test patternF ol A 1370
o b— ) ) - HE st 0 ot olulel ¥HEAAINE Bdon, HTze
0.075 0105 0138 P \ BE7F 0lpm 22 ol EAAAVE o, [zt
Feod (mm/rev) 1 137071 9o o) e xpelol 3182 & 4= ddt. o]ghike why
) o <o =y ez I o 1 AT 1 7r0.
Fig.12 Surface roughness vs feed various cutting speeds g AHesn 2T FHEEY AHARY] o HAdzs
(STS304, KTP10) s o538 4 ok AYzhEh

-36-



Table3 Test result of neural network and experimental result in cooled condition(material :

SCM440)

! o tumng condition ‘m_d_rwsult _experimental vesult test result of ntuml ne mek 7’
‘(uumg speed | feed chip thickness  [power spe( tum [surface roughness [shear angle isurfice roughness ‘r shear angle ;
| (mn/min)  |(mm/rev) (mm) (dB Vol | (gem) e o Gpmy e i
5 518 0075 5| 196 1' BN T T - S S v B ~
518 0105 16.2 : 266 BaA6 24 ]
e 1 s 3 320 T 50 azm
016 | e 330 T sia | 327 ;
135 ‘ 1.20 ; 60.42 : 1.06 6117
T2 NS N Lz 59,26
Y L iH Comer 133 5813
L 70 ) 150 5705 149 57.36
1.4 i Q. 70 | i 0.69 ‘
94 L0 0.92 L ‘
75 130 T 122 b hior ;
66 ‘ 142 6403 142 63.16 ;
|17 " : 0.5 7108
a0 O 083 7054
16 o L2 69.78 i
10 |87 RE) 6925
Table4 Test result of neural network and experimental Tesult in cooled condition(material : STS304)
P cutting condition and re\u]L sult T st re \ulL of ne ural ne L\\mk

w‘.umng s;x*ud I feed chip thic kness power s;xwm;m ;;ur((\('(* llwllgllness sshear .'mg]t-i\\m face roughness \huu angle
} ,(m”;/”,]i“,' .(mm/r(k\'? 7”7(mm) ) ,L,,,,(dB \/'(rlt)r ,,,U’ m),,,,,,,,,, j, ”( ") i {em} "( )
518 1007 0.10 210 080 . T288 07 : 72.56 |
; 1.8 0.105 0.10 ' 16.9 1.00° 7298 1.01 : 71.90 |
F' L8 ()'H’,,, 012 : 143 130 70. H(), 1.32 | 70.98 i
518 014 12% ) 1.70 : t;éﬁ 86 1.67 : 69.91 ‘w
: v7.3 010 14. % 0.75 ! 72498 0.75 73.26 :
: 0.09 122 v ) 0. ‘)) ; 71.04 0.496 ;
010 | 109 121 T298 1.23 72,
012 ~ 100 S Leo 708 154 71.51]
0 137 3 063 T 7404 044 TR
() 0‘) - 17 ”J;‘ 0.88 74.04 ; 0. 877 7365 )
00y 91 ‘ 1.21 L7404 | B 7322 :
011 83 | 1.53 I S R 7260 N
1978 Joeer o o187 } (.60 ! 7618 : 74.66 .
: 197.8 0.08 115 0.80 75.11 e 7142 |
1978 105 S 0.09 92 1.20 74.04 : 7111 i
1978 L0165 AT 8.0 1.50 71.93 7373 :
4. Q = (3) FEHel d§ power spectrum-2 o}de] Evio) wrat
Z7}E s A'ES B al 9}on Al gL HAY A 0: i
SCM4407), STS30441% A akah Ztqeslare 248 w F7hek: A Lod e glod ol 12} 45 100m/min
alAbell At v @urd) EvEsba vk cielar Ex 2 & A} o]
SRS Aol BN BAM) A BE R, A ,,]:q]] e ;:]P - ]] J }yh M: t A
F-7F A2 Aol mlEke] oF ik =4 o7 htal ok
Aeige Ao hgue wRANs ) AWae gy eh e e A K B gle
AlAZ aube e Al e A AR Ao ’s &)
25 et ge AES A (h mEshews e Al
8B o8 4 glow, B oAGtolx Aleler A HE A9
MRl ofatH HwAAr] ge 0pmAESY 2%
(D P psh 2o £00M, 7AFE e AR DL Uol A 195 1 = !
6. 1elal Aekzte 1% Axe oahie nA A
Co] AeAu WANHLE Wiz Ao wIA|AL of 21 (6.5%), elal Aetzl [R5 ) AW ANA.6%) 7+ A A
5Hgl ool Ruslg o).
AN HAL a7t FREE A0 5 A T3 Hare el T s
Wit bEn @rel 9@ el geaAte nale of

170CH% Sl fx1dd. Heo] S FAedale] emar
o Hlgted oF 30% 7t4wn], Avtz-E oF 10% S]] 2

3 vt oA do).
(2) STS304A412) 9= FALHAE AXSAS w oA

Aol u]s}oq TAQMY & EHY) o, Ragol o 5%

48 BEP RAAUNE D 4 A= Av) Aok

,37_

REFERENCES

(1) Bigneau,"Influence of the Microstructure of the Composite
Ceramic Tools on Their Composite Ceramic Tools on
Their Perfermance when Machining Nickel Alloys”, CIRP,

Vol. 36-1. PP.13-16 (1987)



