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Measurement of Cutting Temperature and Properties of Chips on
the Machining of Bearing Steel in Supercooled Austenite

Yasuo Fujioka and Hireshi MURO

Synopsis:

A new machining process, called auscutting, has been developed, in which the cutting operation is made
in supercooled austenite state during quench cooling. To control the cutting conditions and lengthen
the tool life, the cutting temperature is measured in this process by a tool-work thermocouple method.
The black ceramic tool (Al,O3-+TiC) used has some electric conductivity and the black ceramic—bearing
steel thermocouple exhibits the thermo—e.m.f. of about 1 mV/100°C. The influence of cutting conditions
on the cutting temperature and the microstructure of chips is investigated.

The results obtained are summarized as follows:

(1) The cutting temperature in auscutting is about 200°C higher than that in usual cutting process
for the annealed steel and reaches 1 100°C at the cutting speed of 200 m/min and the feed of 0.2 mm/rev.

(2) 'The chip disposability is very good, because the chips are saw—toothed and hardened after cooling

to room temperature.

1. %

RRFE 7 v AW A CEISZ S A s 5 TR
L, Bl ERT7 Y v v — A OWTUIREESE #-24 5
BIE-FE E LB -BE A - BEh & L-BRMIINT. &
W DOR—ETHSL. TOTRICITE S OMEWSHT
BASFATERD, B=x L ¥-DEBEYRD 025
REME S FEMORE L, Lo TR L LI 52HE
RVCORBRTH D, 1, BAROBCRAT LEWH
Dicd, HEIRE L 555 BT, chanER
OHHEI I TR E AR BE SO0 LD TH Dt

CHEH L TESESRITTRA—2H 7 4 v 27 LK
THHEEERL, RELLYY. 2R, BAKOBRK
Ms QELORETAHEZFRIL, LORE (GBS A+ —
AT ALY THHEIMT 2TV, T ORCEOSHZT
DTRAT VYA VERBEETIRIS5ET5HDTH
%H. ORI NEYBIM LA OB E LAAERTE
B b Tlel, BYIYEIGEEE RS L X b BFY
ROBHWAR D Z EATREL /2B D.

—F, A—=AH T 1 v Z7OPEIKNTIE, TT
CHE LI X 5@ ) < B2 RO T AT

il

BT EBEENAELL, ALO; © TiC %# 204 &F L
TeEET I, TR HETHZ L ORENRFED R
0. IO ERA AT T 4 Y IIREWTIE, W
BEANT)DOERICIOTWAHZ ENELZLR, &3
{y 2 TROHPEBETR L) L ERTOMEIROHET
TR RGE WS HFEY L LERIhDL L ATH
L. FITH—RAD T 4 v IR B EBI& M0 HH
L LRFMFIEETICDOOHRIFE L LTCHATS BN
T, YEEEORMEY AL, KHTIIR+xT 1, 7T
BBEBEN A DA LCERL, TOBERE YW
HCT 5 & T R-SEIHMBFENEC X ) ¥ HiEE
BIE ATV, B OYIEIE & KRR L iR ouw
TS,

2. HBRRRUSBNEBEMG

REF L LTERE 7 » 28280 (SUJ 3) w RV
SUJ 3 ofbz#E ks Table 1| x4, +XTCHE—=
P OERPRAEEE/ F L (X HB 190) 75 BRI G U C
RBARIFRUERCH L. REAPRZ, SI5IER
F & UCH2 100 mm, JEE 70 mm, £ X 100 mm o
ZeHEFRE L, BEED-REREERMA © (2GR

PRAD 55 44 AASREARS I TRE WM 59 4 10 A 18 g2 (Received Oct. 18, 1984)

L R i

=X HESTY v (R REHMPER (General Technical Laboratory, NTN Toyo

Bearing Co., Ltd., 1380 Higashikaizuka Iwata Shizuoka pref. 438)

*2 R oo F — .
Toyo Bearing Co., Ltd.)

=X HEPERT YV v (BB EEHRPEN Tt (General Technical Laboratory, NTN

— 89 —



1148 g L W

# 71 4 (1985) 9%

Table 1. Chemical compositions of SUJ 3.

(wt %)
C Si Mn P S Cr Mo
0.95—1.10 0. 40—0.70 0.90—1.15 <0.025 <0.025 0.90—1,20 —
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Fig. 1. Schematic view of an apparatus for
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measuring cutting temperature.
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Fig. 2. Thermoelectric characteristics of copper
and constantan against black ceramic.
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Fig. 3. Thermoelectric characteristics of compen-
sating circuit against black ceramic.
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Fig. 4. Schematic view of an apparatus for
calibrating tool-work thermocouple.
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Fig. 5. Calibration curve for annealed steel.
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Fig. 6. Calibration curve for supercooled
austenite during quench cooling.
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Fig. 7. Comparison of calibration curve in
various heat treatments.
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Fig. 8. Variation of cutting temperature in aus-
cutting and usual cutting with cutting speed.
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Fig. 9. Variation of cutting temperature in
auscutting and usual cutting with feed.
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Fig. 10. Variation of cutting temperature in
auscutting with depth of cut.
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Photo. 1. Comparison of chip formations between auscutting and usual cutting under the

conditions.
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Photo. 2. Cross sections of chips in auscutting under the conditions.
(V=120m/ min, ¢=0.5mm, f=0.1-0.5mm/rev)
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Fig. 11. Influence of cutting speed on hardness
distributions of chips.
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Photo. 3. Cross section of chip in usual cutting
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Photo. 4. Cross section of chip in cutting of
quench hardened steel under the conditions.
(V=80m/ min, {=1.0mm, f=0.2 mm/rev)
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Fig. 13. Hardness distribution at heating
junction of supercooled austenite.

Z, BEA—ATFA B EDETELHIhT~T v
AP DOTN S, NEE TRICK 14 mm FEIAE
DKM E A BIE Lo K 300°C ThHbh, s
HoRE 1100°C r DOBEAR ¥ B CHELT 5
&, FRFHHETRLIE S mBYEEEA 300°C~700
°C TRSHFED / — XEVUDORETH 5 - DEHEF T

FA—AZ A PRONAF A FFREAR D 0 (EFEI
H. —Jj, mBJRE S 800°C Ll k& 5\ 2 300°C )R
TS, — X b &, BEC I~
F YA AR ) BB S.

AFERL, RYBICRT 5 O8RERMERREE Y
TOI7 e lfiBBEREELIEF—-HKLTED, ¥—2 %
v T 4 VIR BG D90 K TORBE NSRRI E
FICEWIZ S 20 BT, S Hiiic 31T 2 FEEE B 1t
5bDEEZLRS.

6. %= =3

B3, 7 TEOBEENHFEEYH LN L, TA-
HHIMBESEC LD A -2 D 7 4 v 7B 5804
RIEBEX TN, FRUHERTHE LR T
BETo ek, UHRRELSYD TR RIET
B A RN

BoON B RERIKDERS Y THS.

1) ALOs & TiC ##y 20% 44K L1cBes5 3., 7
TRIGEEM 2 /RT29, TA-gEIHBESE & b
YIHHRE DRENRETH 5.

2) SUJ 3 x5 3y 7 TEOBGEE ML,
SUJ 3 oBMBREBIC LV ED, BEA—ATFFA
P<BESE L<HEANDIHIC KX \VBEE N S R AT
5.

3) A—RA T 4 v IZOUEIBEIEROBERLE L
MEENC N, R—YI8I%&H8 T Tk 200°C &< /e p,
V=200 m/min, ¢=0.5mm, S=0.2mm/rev DBy

— 95 —



1154 % L # 71 4 (1985) 9=

1100°C /3.

4) F— AN 9T 4 v 7 TEEE Y & R SR 1)
EEAERE L TRVEIEECRE R KE L, &Y
YA IR D BT HEHY A 7.

5) F—ANy T 4 VI BED TR 2)
CEOFTNTRMEO B B ERINE 7D, FRMIER 5
Eo LR ugn < TRADBEABLL, B kb
YD LTI E )

6) F—ANy T 4 VTN TOMMES LY 5)
HHRE & oW HEREREGRIED bR HDT, YH T
MM IRELT > L hUEIREYHETS 2 &
MA[EETCTH 5.

x [

Y. Fujioka, H. Tan1 and H. Muro: Proc.
Intern’l Symp. on Influence of Metallurgy on
Machinability of Steel (1977), p. 323 [ISI].
ASM]

R ER, = W gL, 70 (1984), p.
404

ek zE, Wd M OREE M, 39 (1973), p.
917

K. J. TricGeErR, R. K. CampBELL and B. T.
CHao: Trans. ASME, 80 (1958), p. 302

= &, BE&E: 7y vIrs=ve=7, 20
(1971), p. 2653

96 —



