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Continuous Heat Treatment from Hot Forging on the Machining
of Bearing Steel in Supercooled Austenitic State

Yasuo FUJIOKA 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 this paper, the optimum heat cycle condition
which saves much thermal energy and time in the continuous process for manufacturing bearing races
from hot farging to auscutting is investigated from the viewpoint of the quenched structure. Furthermore,
under the obtained optimum heat cycle condition, the machinability and the rolling fatigue life are investi-
gated.

The results obtained are summarized as follows:

(1) The optimum heat cycle process with auscutting is (hot forging)—(air cooling to 650°C)—(slow
heating to 850°C and soaking)—(quenching to 200° C)—(auscutting)—(air cooling). Thermal energy in
this process with auscutting is about 36% less than that in the conventional process.

(2)  Under the optimum heat cycle, the machinability in auscutting is not worse than that under the
conventional heat cycle and the rolling fatigue life is about 3-4 times longer than that under the conven-

tional heat cycle.
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Fig. 1. Comparison of thermal energy in the
manufacturing process of bearing races between
the new process with auscutting and conventional
one.
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Table 1. Continuous heat cycle conditions from
hot forging.
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heat cycle condition
950C \ 850C(s.b.)X1h\NW.Q.
950°C\ 780C(s.b.)%x2h N\ W.Q.
950°C\ 650C(s.b.) X10min/ 780C(sh.)x2h\ W.Q.
950°C \650C(sb.) X 1 min/ 780C(sb)x2h\ WQ.

950C\ 230C(s.b.) X10mins 780C(sb)*xZhNWQ.
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950C % AC./ 780°C(s.b.)X2h\WQ.
950C 4 AC.7 780C(e.£.)X2h\WQ.
950TNWQ. /7 780C(s.b.) x2h\WQ.
950C\WQ./ 780C(e.f.) X2h\WQ.

W. Q. : Water quenching
A, C. : Air cooling

s. b. : Salt bath

e. f. : Electric furnace
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Photo. 1. Optical micrographs under continuous heat cycle conditions (a~j) from hot forging.
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Fig. 2. Required time of heat treatment in the
continuous process from forging to auscutting.

a : Optimum heat treatment
b : Conventional heat treatment

Photo. 2. Electron micrographs
showing spheroidized carbides after
heat treatment for auscutting.
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Fig. 3. Schematic heat treatment conditions for
cutting experiment of auscutting and usual cutting
specimens.
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Fig. 4. Effect of heat cycle condition on the cut-
ting force in auscutting and usual cutting.
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Table 2. Chemical compositions of SUJ 3 tested (wt%;,).

P
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0.020
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1.10

0.02
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Table 3. Heat cycle conditions and rolling fatigue lives.

No.| heat cycle condition ,(temp.) g‘s’é’éﬁe‘g hﬁr&gess Ry % Lioxlligi
a |G imesc8dC 200G (189C,1 2y | 62 [206 |8750
b |  8s0Cx40minv2000:amin(189C)) 24 | 615 |20 |s020
c |  sa0txominy 0CxEmin(19C)| 20 | 625 [15 1880
d same as No.b o 1)8(%"%) 5 lots 61é53~ 2(2); 3%;%8’
e same as No.c o 12%?) 7 iots 6%’3" 1:13;“ 1%%%6’

AN T4V I ADOB=FAXF —REB A 7 LY
THEBNESEETHD. WUTF, A—2A» 74 v I7H
BBREEREANE BE.) DX A —RAD T4V 7
DIERBALZETH D, ERFETHRRILEEE LAE
#% 850°C MDD =L I =V FE2TDOE DT H 5.
LT, #A—AD v T4 VZ/RA=A 7= v FEELE) ¢
BETOEZHES 1 vickid B SUJ3 DFE&EMNT B
A&EThHs. BT, EBEANLEES.)

d—AH o T 4 vV ITRBAGHE L ERBBEAKEOE
i, RBAOBEAKILLOF| LIFRES, E@EEANRT
11 100°C~150°C THBDIE L, & —AA 9T 4 v
7 BEARTIE 200°C~220°C L /<, ZOBZELT
Bl =AFvyg P EREBERYHEE LTS
BE, BAMBEE%R 850°C K/ TEREA —AT 7
A+ HELLTWBETHD.

LI E3&D L Far (0% BEERFS) LHETS
Lt Table 3 OFERMLLHELMCA~-AD » T4 v 7B
BOE P BRTOEBBEARCENTREGTHEH L
Nbhhb, e, AR TREDIaF—A D » T4 V
7 RBEBEEREAMIb A —A D v T4 v IB=
7=vFEERRT, IBLEEFFRTROTNS.

&t d, e CXFGRBOBEMELE»D D BHIT,
IhECRE—RBRAECERLICHEF + — DR
BB TORGRBRERELF LD TR L. dOBLE
SZMRb EEAUCA—AD v T4 VAN I =V FTH
DS5e, rOBEYRLTWES., eDBUUEEMA L c L
RAUEBBEANRTHY 7ry PORERERL TS, K
BERENBDHEMLT, F—2A0y T4 v 7HABMEMIB
FFOEBREASME RS L 3~4 EOFEFm K # %R
L, Bt —2A7ny 74 v 7 HEESEEREA MR
FarrT.

EFGOERLLTULL) w1 27=2vFTHHIDI
WEEAIPI L, ERBEBESPI L Ie2Tn B9
E, 2) BE G —ATHAM P EN BT L0 BT
BRB. =A%y T 4 v 7 FABMEBEEFREA MO

AN e TF 4 VIR =V FRIDL X BCESES
e HEBAC OV UIBHE TR, BHIERRER LY
P —NH L T\W5BZ ENERER TRV L HEE
Xha, COYXOIRF—AH T4 VI REDTIRTIX
Belc ¥ LIBORE X BT R 28R < il
LT P3N T Rici@En 4 U7, RIHEMEc X3
BN D EHFaORE® - B TELREALHS.

5. BIRILF—-QHIFRICDONTDEE

AR B\ T, BEEREELFIALER LT —A
Hy T4V IRTIGEET, BAKED I 7 e HEBAR
BT, A—A% v 74 v 7OWREKEEREcHT, 2o
N EFHGLBOERBESEY A 7 8k FEFD. 22T
1, AR T LHIETSHE OB X ¥ — OFIR
B OWTEETS.

FEF TR 1) BhEEE, i) BIRIbBE/ R E L, i) B
ABII L 5L OB =2 NVF—HBHELE LIDOIKL,
d—AH T 4 v IERY A TET Fig. 6 R
Lk b (BEgEI > (A —Ab T4 v 7 HENL
B ki, B AF PR IR RS i)
RIMLBE & LIRS M TE, X i) FAR
MBTERO—IPBHE TZHT LTS,

MEINAB=F V¥ —RERATHFOBECHMD

\
forgi spheroidization quenching

Conventional process

Temperature_

3

<|—heat treatment

orat for auscutting

orging .
/auscuttmg

Temperature

~

Optimum process with auscutting

Fig. 6. Saving of thermal energy by the optimum
process with auscutting, compared with conven-
tional process.



1888 g% L M % 72 4 (1986) wl4s
TR A CINB L O BRHE1—[200°C ¥ C2EAH]—
_10 R > [ =A%y 7 4 v 71> (2681 PMER T5 Hee 5 L+
® ?¢ﬂ“ ___________ 650 5 —E B & Lo DRRRICB AL — 1 5k L - B A S
§Q5 g BB LI HEEY 1 7 AL THS., KB4 7 LI L
£ £ D, WERTEOBY A 7 M H~TH 36% Dbz i1
N/ ¥ —OWIFN HAD .

0 10 20 30 40 50 60 70
Time (min)

Fig. 7. Saving of thermal energy in the heating
process for quenching.

ABEBC X2 ThHhI ) B7eDTL 52, =% - 5F— .
TXEENT Y 7 FR) BT AR TEOS= 3 L¥
—HERR, MROEEER Lt Hich omE (T 4
AR CRTLEEFEDOFHEENDRD LS5 THS.

i) Bms : 1001/t

i) BRRIbBE/F L 2 501/t

i) A B : 1001/t

BEAZBULHE TP OB 3 L ¥ — JIFEI O W Tt
Fig. 7 R R L X 5, BREE & FREER
DEFEMNLRD B ENTES. Tihbb, MBWEFR~
TERRESK) 650°C OREECTEA IR S, N
Fosy F v I TR U O#i= 2 ¥ - IR I 5
CEIien. WARENRERECHETS ¥ Il
Lic= 2 AF AR NETH Y, L OBOBBERE
TR e BEE T X\ iedd, MBI B R OLF — 1344y
EEZD LN FVIEHO BIBEL FOERKL S 40
I/t bk %,

LI TCA—RA D » T 4 v 7 2R E THRCERD
ANBC LR LD BRBEN DA —A D » T4 v KT
¥ COMEG LI TRER T 5 8=k ¥ —DHIHEL,
HRRMEFEIE LD BIHEE AT 900/t Ligh,
KRITERICHENTH) 36% DHIEATRETH S, FhTHE
REoEHELRNS.

6. %%

BE A HBRFOBE A — AT F 4 MREETHEINT %
I9F—AD 9 74 VILEWT, BRBREKRTHEND
HRLCA—AI o T4 VIBT5FTOEY A 7 1%
TN, DB R X =i o R D
BRIRIEN TR IR BB 1 2 VR RD V-, E1-EB bR
BB A 7 VT TORERIMER 0D D EHFaeoun
THHli B 21T 27

BonteBbBRIKRDEL D THS.

1) A=A v 7T 4 V7R ARCESZE TREC
13 [BEIERE]1—[650°C % TZ4] — [850°C o insyE

2) RBY A 7 VTHELRBBEARE I 2 v IR
REE D OBRIEEEE LMOBAWBHES © X3
&, RRIERIEH DB /2T B 5 DD, -2 %
v T4 VIR BTEHAIERER S & it

3) KRB A 2 MV TEMB I ot D DEMN Y FHH
MWILRERE I D OBRRILBE /T LM DA — 2D » T 4 v
THBME (=rr=vs) REDLEL, BFOLER
BEARICIEND & Ly FWHTH 3~4 BOEFHTHD
fc.

BHYIZ, FARRELRTTHC S0 HIFEE
Wit B ez EEr BB BE AR LT

x [

1) Y. Fujyioka, H. Tani and H. Muro: Proc.
Intern/l Sympo. on Influence of Metallurgy on
Machinability of Steel (1977), p. 323 [ISI].

ASM]
2) BEREEE, £ : &, 70 (1984), p. 404
3) BEREER, B H: BEH#, 71(1985), p. 1147

4) F E: SoBAE (B AKMBLE) (1969),
p. 423 [#3%]

5) AT#F: @, 15 (1975), p. 237

5)£%F%,ﬁm$ﬁ:%%%%,%(wmb
p-

7) WAREE: AALB¥E&EH, 11(1972), p. 419

8) MilE4, AW i HE, 32 (1983), p. 13

9) C. 4. StickeLs: Metall. Trans., 5 (1974),
p. 865

10) ikmas, enE—: & &M, 59 (1973), p. 100

11) il —#: BEB®, 43 (1977), p. 117

12) Bk, KiIBE=85, = e gk i, 72
(1986), p. 807

13) S. Ito, N. TsusHmMA and H. Muro: ASTM
STP 771 (1982), p. 125

4) ¥E&Z: BEASB¥LS#H, 23 (1984), p. 50

15) I. Suciura, 0. Kato, N. TsusHIMA and H.
Muro: ASLE Trans. 25 (1982), p. 213

16) = #, EMEH, FEES, XBE4£%: Proc.
12th Japan Congress on Material Research-
Metallic Materials, March, The Society of
Materials Science, Japan (1969), p. 74
A& B¥RiE 36 (1972), p. 711

18) FIME=, AHERY, WAL, BFEE: B4
&BEF&E, 32 (1968), p. 1198

19) RIREE, HHEIEH: & LM, 50 (1964),
p- 2030

20) WOJURHE, HREHEB, MoFER: LM, 48
(1962), p. 566

— 76 —




