©
2021 2023

Simultaneous ﬁredigtion of various kinds of tool wear around the cutting edge by
monitoring the chip back surface temperature
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This study has developed a prediction system of the amounts of five kinds of

tool wear, such as crater wear, flank wear, notch wear at the main cutting edge, corner wear and
notch wear at the minor cutting edge, using an image of the chip back surface temperature around the
cutting edge by employing Al technology. Input data for the Al system was each image of a movie
shooting with an infrared thermography camera attached with a telephoto microscope developed. The
data were prepared through the cutting experiments under various cutting conditions by changing the
tool holder and indexable insert. The mean prediction error was around 7 microns for the rake wear,
while it was several dozen microns for the other wear. Analyzing heatmap revealed that the Al system
focuses clearly on both the edge of the chip in the vicinity of the cutting edge, especially, the
edge around the minor cutting edge, when it predicts the amount of the crater wear.

Al



# X C—19, F—19—1 (Gt

1. WFEBIAE Y D =

MTESAL 2S5 S AEE TEOBERER, < VWEmLkiTmie Y, TENIEOKFT CRIFFC
BABICHET D, ZNOKMEOBEROIREEREL, WHEIMHE L TEMFEOM S HEOTEI&
PRIZRE RIFT D720 FHIT 5 Z LI3EFEICHE LW, K- C, UIHIINTomEE L miERIL
UL, BIEIHIC Y T2 A AT, T 0 THEFEOFERN Z 5 ItE T2 2 AR E 2 5.
T HEFENIEET D &, WRHIM & T HE OB OBTIAR N AT 5 O C, Bt o9 H|
MO WHR O FIBVEE RGN L L, 230, SROBERIELE(LT S, 0o
WRIREN ER4 5. TH WM OB OIREIX, 10 < FNEZE Y il (3 B mA)
~NEBET LD, Ko T HEFRREE & ARE RO NI FEOE Y < 3 8im OB EIZ T 5
MOMBERH BT THD. U0 < THEDRESA IR —F 7 T 7 0 —CEHHAIFEET
HDHMEG, NTHRE (AD (X2 BEEFE 2@ Ad2 2 & ¢, Y10 < FH im0 E 0 Fi b
DORHING, TEHREOXKFT CRIFHIEAMICRET KO T HEREAHE TEX 20T, &
EBZT=ONZOMERIEOE T THDH.

2. OB

ARFGEIE, Al OGRS ZFIA L, ALEHEOU Y < FAEKREZ OBV < T HEmDIR
FEASAR DOEAL T 236, 3 < WEEEEE KT [um], KT HEEFE VBB [mm], =1 R {5 FUEEEE
VBN _main [mm], =—7F—E&#E VBC [mm], RIGIH AL EEFE VBN minor [mm]® 5 fEo T A
PEAER AR ICHEE T D VAT LA BET L2 L2 HME TS, £/, Al BFFEO T HEEREIC
XL CEIY < FHEE O EOEFTOIRESLZE DB AIZHER L TND D& T 52 LT, &0
O T HERENE Y < TEHEOIBENAAIZG 2 DWEN R B EZHALNCTHIENTEZI T
HDHDOT, ZTORBBERANTLHZEEZANETD.

3. WD ik

(1) Al OEEIT —X 2ER-TH7-012, FREOUHISHICET D, NETEoLRER DY)
DL PFHEE (HBEREMH) ORESAZ, KR THFEEORE L-E R~ /7 nAa—7v
AT DEBEH U RARY =777 4 =B AT EAOCCEHE TR L. ZHEHNEEND
250 mm BENLIZALE D SRR 1.3 5 TR EO Y < FEEOIRES A 23 T 2 EETH
L. 7B, BIEOREEEIX 54 FPS ThbH. SEERUNISGE FCoT—4 2859 5729, 3
PO THRLVE =2, £, NESHRT v 7 HME O, a—F—$80 2fEE 2 -
AL S OIEIGM I, THEMME (K10, P20), =2—F—F ke, (0.8, 1.2mm), Bl AEZHA
(0, -5°), EMAT WAy, (+5, -6, -8°), 77 m—F MY (15, 45°), GIHIHE (131~146 m/min)
ThHY, PHIM S45C, VIV AZE 2.0 mm, 2%V & 025 mm/irev [ZEEE L7z, X 228D H
AT OB OBEHRE L1 7 L— AR OFIZRT. FXE Y, B0 ARE, &%
v &T, UHEE SRR OGS, U0 < TEREORESMIL, 77 —FAYRKREIRD
L@y, £z, EAT WAy BERd LB R 2L nnd. Zhky, SO T
FERE R, U1V < FTERABOYE 625 WITHREREDO LIS TIIHET D22 LN TERNT
LB TEA HELETFT— Xty MI6 0ty NTHY, 51y FEHEMT—XIZ, 9k
v MEFFRICEE DT, FRIHICEA L. 7%t N OB R ERERREOF 2 X 3127
T KT — &ty MIUIHIKHE 2 ~ 4 P OB)E (54FPS) THV, 20K 7L —L1a~v$o
DANER L 725, EGRORER (W10 < T OMERE) ICL21EAEERET DL, HifiT
— A EEERTI-OIC, 1D 7 L— AL, AAKE, FETFRE, A4 TFREOESE 2
LC3fFICHER Lz, ZOBEIC LY, BT — 2 80L, B 1 X (288, 381) DA 34044
e Lz,

@75mm
Ge-plano-convex lens
F=+120mm

®50mm
Ge-plano-concave lens

-
- i )
A =
dypamometer <
- e =

Bl1 PR LcEiE~ A 7 u R a—F T A7 A ERESAAFHI O T

F=-120mm
(inside)



< \
A= —5°, y,=—6° ¥=15° 1.=1.2 mm, A=0°, y,= — 8° W=45° r,.=1.2 mm, =0°, y,=+ 5° W=15° r,=1.2 mm,
K10, fresh tool, V=145.97 m/min P20, fresh tool, V=139.94 m/min K10, fresh tool, V=135.21 m/min
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Training data, for TO7R ( A= =5°, y,,= — 6°, ¥=15° 1.=1.2 mm, K10, worn tool, V=145.97 m/min)
45 AL H#EE L 72 GIAIRERIC 34 5 20 L R EREEOHER
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condition Correctvalue v, Predicted value v, Error v, — v,

Data |Tool|7: | 1 |yn | ¥ v KT VBB |VBN_main | VBC |VBN_minor| KT VBB | VBN_main | VBC [VBN_minor| KT | VBB [VBN_main| VBC |VBN_minor
1|[B12R|K10]0.8| 0 | -8 | 45[135.21] 95.34] 0.13 0.13| 0.09 0.25] 66.81| 0.09 0.05| 0.07 0.16]-28.53| -0.04 -0.08| -0.02 -0.09
2|CO2R|K10|0.8| 0 | -8 |45|139.94] 1.20| 0.08 0.06| 0.09 0.05| 0.15] 0.07 0.05| 0.09 0.03] -1.05| -0.01 -0.01| 0.00 -0.02
3|D06R[P20[1.2| O | -8 [45(139.94] 0.35 0.20 0.18| 0.15 0.15] 0.82| 0.09 0.05| 0.11 0.04] 0.47| -0.11 -0.13| -0.04 -0.11
4|E04R|K10|0.8| 0 |+5|15|135.21] 88.67| 0.08 0.20| 0.07 0.12|] 71.98| 0.06 0.12| 0.05 0.08]-16.69| -0.02 -0.08| -0.02 -0.04
5|FO2R[K10[0.8| 0 |+5|15|135.21] 1.40, 0.09 0.05| 0.06 0.09] 0.28| 0.08 0.08| 0.03 0.03] -1.12| -0.01 0.01] -0.03 -0.06
6 |GO5R|K10|1.2| 0 |+5|15|135.21 1.45| 0.02 0.04| 0.02 0.01 3.71] 0.05 0.02| 0.04 0.03] 2.26] 0.03 -0.02| 0.02 0.02
7|RO2R[P20 (0.8 -5 | -6 [15(139.94] 0.40, 0.07 0.03| 0.05 0.02] 0.64] 041 0.07| 0.11 0.11] 0.24) 0.03 0.04| 0.0 0.09
8| TO5R |K10 |1.2| -5 | -6 | 15 |145.97]100.21| 0.19 0.18| 0.13 0.16] 89.07| 0.19 0.19| 0.13 0.17|-11.14] 0.00 0.00| 0.00 0.01
9|T1MR|K10|1.2| -5 | -6 |15 [145.97| 19.44] 0.13 0.23| 0.09 0.15] 23.35| 0.17 0.1] 0.08 0.16] 3.91) 0.04 -0.13| -0.01 0.01

TO7R|K10 (1.2| -5 | -6 |15 [145.97|115.54| 0.30 0.30| 0.20 0.21]110.25| 0.26 0.26| 0.17 0.20] -5.29| -0.04 -0.04| -0.03 -0.01

Note: TO7R is teaching date
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Mean absolute error |v, — v Mean absolute error ratio |EP;”’ %
Data KT VBB VBN_main VBC VBN _minor KT VBB VBN_main VBC VBN_minor
1 B12 28.53 0.04 0.08 0.02 0.09 29.92 30.77 61.54 22.22 36.00
2 C02 1.05 0.01 0.01 0.00 0.02 87.50 12.50 16.67 0.00 40.00
3 D06 0.47 0.11 0.13 0.04 0.11 134.29 55.00 72.22 26.67 73.33
4 EQ4 16.69 0.02 0.08 0.02 0.04 18.82 25.00 40.00 28.57 33.33
5 F02 1.12 0.01 0.01 0.03 0.06 80.00 11.11 20.00 50.00 66.67
6 G05 2.26 0.03 0.02 0.02 0.02 155.86 150.00 50.00 100.00 200.00
7 R0O2 0.24 0.03 0.04 0.06 0.09 60.00 42.86 133.33 120.00 450.00
8 TO5 11.14 0.00 0.00 0.00 0.01 11.12 0.00 0.00 0.00 6.25
9 T11 3.91 0.04 0.13 0.01 0.01 20.11 30.77 56.52 11.11 6.67
TO7 5.29 0.04 0.04 0.03 0.01 4.58 13.33 13.33 12.82 4.76
mean 7.27 0.03 0.06 0.02 0.05 66.40 39.78 50.03 39.84 101.36

Note: TO7R is teaching date. Mean value was calculated excepting for TO7R data.
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