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Many Factors Influencing the Tool Life on the Machining of Bearing Steel
in Supercooled Austenitic State

Yasuo Fusioka, Saburo OSHIMA and Hiroshi MURO

Synopsis :

A new machining process, called auscutting, has been developed in which the cutting operation is per-
formed in supercooled austenitic state during quenching. In order to realize a new manufacturing process
for bearing races with auscutting, it is desired to obtain the satisfactory tool life. In this paper, from the
viewpoint of the improvement on the tool life many factors which influence the tool life are examined and the
methods for stabilizing and lengthening the tool life are considered.

The results obtained are summarized as follows :

1) The short-lived factors in auscutting are the vibration caused by the saw-toothed chip formation, a
drop of the deflective strength of the tool material by high cutting temperature and the adhesion failure of
the work material. The methods for improving the tool life are the improvement on the stiffness of machine
parts such as the tool holder, the suitable cutting speed of about 100 m/min and the increase of the nose

radius of the tool.

2)  As the frequency of the saw-toothed chip formation is increased after the tool failed in auscutting, it
is possible to detect the tool failure by the change of the vibration frequency.
Key words: tool life; machining; ceramic tool; bearing steel; supercooled austenite ; vibration; aus-

cutting ; saw-toothed chip.
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Table 1. Chemical compositions of SUJ 3.

(wt %)
C Si Mn P S Cr Mo
0.95 0.40  0.90 0.90
0 c0.70 -1.15 <0.025 <0.025 Ty o,
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Fig. 1. Effect of cutting conditions on the acceleration in

I
02 0.3 04 05
Feed (mm/rev)

auscutting and cutting of annealed steel.
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Fig. 2. Comparison of the tool wear by the change of vibration.
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Fig. 3. Effect of cutting conditions on tool life.
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Fig. 4. Variation of the acceleration in auscutting with the
change of nose radius of tool.
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Fig. 5. Effect of the nose radius of tool on tool life.
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Table 2. Heat treatment conditions and temperature of work-
pieces.

Workpiece Heat treatment condition Temperature of
No. Heating Quenching in oil workpiece"C
a 850°C X 50 min 200°C X 2 min 250
b 850°C X 50 min 200°C X 3.5 min 210
o . 180°C X 3.5 min
c 850°C X 50 min Fair cooling 160
R . 180°C%<3.5 min
d 850°C X 50 min +air cooling 120
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Fig. 6. Effect of the temperature of workpiece on the
acceleration in auscutting with the change of tool pass
times.
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Fig. 7. Hardness distribution and microstructure after
quenching at the surface layer of the hot forged workpiece.
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Table 3. Effect of the surface layer by forging on the
failure and the wear of tools.

tool [failure and [surface layer by forging]observed
wear existing | removed position
side [ A ! failure| (0.5) (0.1)
tool i failure ~ - 9&))
Vg (mm) | 0.07 0.07_|B
inside [ A ' failure| (0.2) - VB
tool [ _ifailure| (0.2) (0.1) ;;Tzii::
BiVe mm| 0.1 0.09
outside i failure - -
tool | B Vg mm | 0.05 0.05 L(%)é

( ):size of failure(mm), —:no failure

Table 4. Variation of the failure and the wear of tools
with numbers of tested workpieces at the cutting speed of
100 m/min and 200 m/min.

- Cutting | Numbers of tested workpieces
Tool Failure and speed
wear m/min 14 28 43
AlFailwe | V=200 05 .5 2.0
Side : — — _ —
tool Failure 52%88 . _ _
B Ve (mm) | V=200 | 0.07 0.20 0.28
{ VB p=100 | 0.04 0.09 0.12
A Failure gi%gg ((LZ) ((LZ) (0_5)
Inside ] — 9 0.2

tool Failure “;2%88 (0;) (_) (0;3)
: B Vi (mm) | V=200 | 0.1 0.25 0.3
PYBAMW L y=100 | 0.05 0.10 0.15
P V=200 — — 0.1)
Outside g | Failure | y=100 — — =
tool : V=200 0.05 0.15 0.20
(Vg (mm) | y=1o0 | 0.04 0.08 0.11

( ): Size of failure (mm), —: No failure

BESKECRDTVS, BEDZLINBEEBO D
BBMEOF B OTNPTEDLMARE (Fo ¥y r) 3%
HELPtniEILNS.

—HFTEEEICEL TiE, §TEEHIRITHEREE
TEHEEN 2L, BERABICLL2ELBEIROON
s,

Table 4 IZIZBERBEH HHEEIIONVT, Fl &z
HKERH % 43 8 £ CYIHI L -0 TEEERR O L%
Y. e U TUIRIS A A V=100 m/min, f=0.3
mm/rev DFEDHERLRL. TEOEBEME (AR
U'B) X Table 3 FTCRLAMELFLUTHS.

V=200 m/min, f=0.2 mm/rev ®YJHISH:TIx, I§E
HYHI T ED AZBCTHA L 2/RHE iz 28 18, 43 18 & 04
B DOBEIICE Y, ZOKEEH1.5mm, 2.0mm &
KEL DTS, BEBTIRKRIRIL 2V 253k F T R EENE
2% 0.20 mm, 0.28 mm & (X ITEJEHIEIICHBI L TR X
{HE2Twh, IMBOSEYHE TAE R OCHEYEI T E
oW ThH, FIFRBEOMEESED S D,

~—7%, V=100 m/min, f=0.3 mm/rev DLJHI &M T
BRETLRE LD AR BEH TREBERD 5T, ki
EIEEFEIR & V=200 m/min (ZHATHES LS 0,

DED XS CEERHEBAH LA TS, YIHIHE
V=100 m/min, f=0.3 mm/rev O EVHI S TIERIED
FAERT, PORTEHEREDL VL, BERTEBOELE
G TEXIERFGIERE L RUTT b O O®Y) 2 YIE| 4
FEEZELICIDERTHI EZIEE A CHES 2 WRE
THs. BYLYHZHET COTEEGIF 2T V=
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Fig. 9. Relationship between deflective strength of tools
and temperature.
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Photo. 1 ICIXE+ 5 3 v 7y TEBDIEFHIRE* SEM
THELELAHI%/RY. a)id V=100 m/min, D.=0.5 mm,
f=0.3mm/rev, TERNT—DF—IN—NV 78 L=
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EUCTLvHIIHED»FRZDONS., ZofEYIR
EPMA (X#~A 2707+ 544 —) CXB5M0%
RFe THHI erbhl), HElMIFEEL-bDEE
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7

a: Appearance
b : Magnified central part of (2)

Photo. 1. SEM photographs of the failure and the wear
of the ceramic tool after auscutting (V=100 m/min, D,=
0.5 mm, f=0.3 mm/rev).

RITEIZEEW MBS BB E LCid ) ¥ 2 958k
& TR CREINIT 55899 s hTh ),
LTIy TRICEBELZ»222 20, T.EH-
WHIM R O BRI 550 % D AN R BRICZ D TVD &£
ALRTWAS, —F, BESY 3473927 TATH
CIHREE AT RS 2 B HI M R o CaO % Si0, & K
5L TEERAMAT A2 L2 MELTEY, ALOs 2
FeO & XI5 L FeO-Al,O3 A ¥ A VOB IC L DT
Fe DB/ WKTHELTnAS,

F—AAy T4 7B AH Fe OBEBE B
FeO-Al,O; A A VBOEFIZLBbDEEZHNS
W, LRERICHT2EEELN S Photo. 2IZ7RL 7
KHICEEIHEREI B LI LS, TRHIZF ¥
FRREERELEEE—HELDOTWBEELILND.

73y JITEPRBEELMOBERE LTHZ S
I DRENEZ ONDY, FLOYHIELETTHOTEE
FHRAEABE LS, BHASY 35 LTwb LI 2
BTy s OREIROLN DT,

DEBRAXICF =2 T v F 4 v 1B EES
Iy 7 TEORBERE 1) BERE D < FAERICL S
IRE)DFAE 2) HERE O LFIZ X5 TEMPITH O
T3) Fe D@EZECLDBCEARLETONL. I
LOMEE LCTERAWICIE 1) THAL Y-S0
itz mES iR L EBE €2 2) PHEE%L 100
m/min BEIXB S 2, HEBE* 1000°0C LT T 5
3) TR/—XR*KRELFTAIEDBERHTHALE
Zbhs.

6-2 REABBOZLETENIERE

=27 74 ¥ T TREEIRE D  FoAEKIHEN
REVIRBI AT 5. RHATRZ R FHRBICHEE
L, TEOEREIRNE DBEIZO W TEET 5.

Fig. 10 3T EEH L ¥ — 7 HEEEEKOBEZEERL
725 DT, V=100 m/min, - D,=0.5mm, f=0.2~0.5

Photo. 2. An adhesion failure at the cutting edge of the -
ceramic tool.
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Fig. 10. Relationship between tool wear and vibration fre-
quency.
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Fig. 11. Relationship between tool failure and vibration
frequency.

mm/rev, ¥4 YK 75°F v 7, /=X R=2.0mm D¥;
H5CHAH. ¥— 7 IRBYEEBIIHI RIS RAET HIRE) %
F. F. T. (Fast Fourier Transformation) 7 7F J A #—
WX O EEEO L, ROKECEERBREG 2RO
DTHAH. WTFROBFEDH 10 7S 2YEIRICEILIZRD
S, TEERAMNEITLCOREET S E— 7 REEK
BB L, E—7REBARKIEVENIRE (R
BREEL 2o CTHh, MY TOEEER L F LEE
RLTWAH,

—%, Fig. 11 i@ THICF » Ev 7R KRR D
723840 ¥ — 7 REAERBOZKR EZ R Lz, BF
V=150 m/min, f=0.3 mm/rev DA D4 1E 10 /2]
R TR S PO TLERBEES LAFHATHY, X
Brgs L BbhaBogElicsw iz ¥ — 2 ik8)
BRgEFCTROE L 2D T b, RYJEIRERII KIEH
e L7n & Eb T HEENRITICK X 22 A B & v

BAF0 T TUEIEHETL, HS 2K E RRENE
Z 0 EHIRIE TR X AL LB s B E 7 OB
THIE L 72,

RIBEF S L72BA W Y — 2 EBEEEA AT A0
BTEOYNRISKETAZ EIZEVESBTHYAAE
RO BI/NEL R, ZOKEFERIRY D CF0E
BB EAT B EE2zLBND. O TH— A
By T4 ¥ 7 TIREIEIA I S % HRE O S B e AT
T2 LI TRAORELRINTE BTEEMS S 5.

7. #& B

BEAGEHEFTOBE A — 25 F 4 MKETYHINL %
F 24— B v 74 v Z7I2BWT, LEEGIIESEY
FiFT e EZ O NLHBERIIO W TERKIE 21T, £
NS ERMICHEMMNTAZ LItk TEHGOILR
o7z,

BoNBLRERIROLEBY THA.

1) TEFHGH»EL 2 5ERIZOHEHRIRY D < F0k
Wiz & A IEFOREQHLRE D LRI K 5 TR
DIETOMEIM OEE I CHBHRF CLOTEZATA
KITHY, FhoOEE LTROTE VY —FD
R % M) k& 2 2 QUHIEE % V=100 m/min 1£/£
BE2ZBQ@TLE// — X R¥KELTDHIEDHFHT
H5b.

2) V=100 m/min, D,51.5 mm, f=0.3 mm/rev, / —
X R=6.35mm O#Y) 2 YRIGHT iR TAEREZE
EY, FkTHEEREL SR, Vp=0.3mm FEHET
#1 50 min DFEITRAD B

3) YN TERBAFEE LGEIS, FRERTD
T DEBEEBP ERTAHEFRBOLN, T3y
7 TEOREREFELE LTHHATES.
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