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~ THE DIMENSIONAL STABILITY OF BALL BEARING STEEL (III)

Synopsis:

 Takashi- Hattori

The author analysed the quantxty of retained austemte employing the integrated intensity
of X ray diffraction lines and Hurlbut counter to quantlfy the results of dimensional
stability of ball bearing steel mentioned in Report No.1 and 2. The results were as follows:

1) The retained austenite increased. w1th higher quenchmg temperature, and repeated’

quenching increased it too.

2) The. retained austenite mcreased by tempering 1mmed1ate1y after quenching. -
3) The retained austenite “decreased’ about 3~49;, by one day of air cooling after
-quenching and prior to tempermg, or by employing secondary temperlng, compared with

specimens tempered nnmedxately after quenching. .
4) The retained austenite decreased by subzero treatment and even after marquenching.

5) The quantity of Spher01d1zed carbide decreased by higher quenching temperature

“and also by repeated quenchmg

6) > The crystal structure before quenchmg affects the diffusion of spheroidized carbide

into matrix.
zed carbide diffusion into matrix.
_crystal structure.

Increase of the-retained austemte was proport10na1 to the degree of spheroidi—
The drmensmnal stability was also influenced by the

7) ‘The quantity of retamed austemte was influenced by the cooling rate according to the:

mass of specimens.

The above results can quantitatively prove the experlments on dlmensmnal stability of

ball bearing steel introduced by the previous two reports.

Moreover, he studied relations.

“between the .dimensional- changes by heat treatment and the retained austenite and magne— -
"tic properties, for further considerations on ball-bearing.steel problems -
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FRBEZ U 5N, HxORUBEN T 22ATHO
retained austenite % XEIENT X Hurlbut
Counter %» B TIEITEO integrated intensity
bHkw iz,
| 1. X@EFC& 3 RTHOBR SIS

51 SHTHL IoABIEEE Y LY b XU 2 BRI I
bar $ 3 DB/ v 7 OBEARIDFEH O X 54T
HrELL% Photo 1, 2 iRY. WE#MEZ Co % Hu Fe
AR =TT KB 8#%25ET 35KV, 15mAmp., 20
mn O TEHE 2% 1L LT Debye Scherrer
X ST L1z Photo 1, 2 kb bar #OiEkTER
A, SEREA OIEHTINT B UIERIT spotty TaH D THHM
DGRV RINCERRLUTE Y, CHUIEEH DS
DIPEEAIFEEDS AT CREGLRIDSmD  F BT L
EBhrs.

X ray diffraction pattern of »
report I, specimen.

Photo. 1.

X ray diffraction pattern of
report II, specimen.

~ Photo. 2.

II1. X{#BIZ kB retained austenite-
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& 9 73854& retained austenite ZEES B0 X
T L 5O —HFEIVHETH 5.
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VIR G 2 WD 1 DEPRO B 2 s U TR
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H#@5 1, T retained austenite OERRjETAESR?
F2OTCw5. 27 Cohen® Z}} Phragmen H » 5%
BT v 8 =y a3 L BBOFEES 5OMEFTHROKS
PR T retained austenite ODEIEZFTOIZ. C
DORRISHEIIEHTRD peak intensity ZRLTNA
DT, RBCESH 2D L BRI VRS0 X
5 EEMTRDS diffuse LT BBRITIERISIENS T
YA AN i ]

#i¢ Cohen® (2 Z O 2% { 72T peak inten-
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& martensite OEMTHR% AL O TEREDHE b BE
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. retained austenite

grazing angle ¢ »—2ic 3T A'(0) 126 DAD

RAL A= = 1==17)) martenéite(a) & retained

austenite(r) O (Vo & Vy OE) 2k hid Vy
b%‘?@ SNBZDIITH B0 Vo/Vy 25K B 12D ITIE
51’9‘1‘%7? L OEHTHLZ> microphotometer % Fu T RREEih

BCE L, SO TOMIOEEPHIET 5. 7OHE
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(DT retained austenite 0 V,A(8) * 8 rDhig L

martensite O V,A(0) & ¢ EDHBOEAINTE Ve &
VyORECER T3 C LTz 3. 65T retained au-
stenite OEFRICH 2R 217 2 & martensite Oph
ME—HTB. Z2ORE Va/Vy 372 b martensite
& retained austenite DEFBED %D EZE L.
ERRLIRACIOFEAES 23541l martensite+re-
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IV, Hurlbut Counter L_ciiéﬁﬁﬁft
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analysis, 2. Point counting, 3.

Visual
Lineal analysis

»3& b Visual analysis & ZR AN Eﬁ%ﬁ%ﬂﬁ&%ﬁf%ﬂ

. BRI TH 5020 5 HETH D, Point coun-

ting & XRBEHISO TS ) S OER 2 KD,
CNE D ZDIST D % % R HHHT 5. Lineal
analysis & I3BAGEHLIR P ERIC TEI D,

Td B. Visual analysis {387 55% ¢, Point count-

"ing 35 }¢F Lineal analysis 3 %% ¢ & bl s

DOEHRZEDNE { 753 . Point counting OHETIHE
ZLOEHEE E LRER LT CERE 2K 12 DR
PG 5.

Hurlbut counter (& Photo. 3 [t ik BEK
T Lineal analysis 275 L T x 5.
ST CTEEIL, EEE TR SHEERT>m3Ex %
conuter @ key %29 T & X DT count HIK, W

BMETER & B C L2 L EBVEBCh Iz > TESRSD
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analysis X b % 7:5 iz Point counting Jk » 3 =¥/
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Hur]but counter

Photo. 3.
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V. X #3EiFRY Hurlbut Counter
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1

220y @) . - (220) martensite
? 1 T

; e
(311) o A(220) retained austenite
Photo. 4. X ray diffraction pattern of
report I, specimen. 900°C jet oil quench,
directly 150°C x5h tempering.
Photo. 4
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HAAR (220), G113 bN 5. e OBYIIBSEMT X
5 XHEMTER L b retained austenite OIATHRD 5
SWBARESEWNZ EE BB b RS BB,
retained austenite 2D 35 C &, R LERSER
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Table 1. Example of quantitative measurements of retained austenite which calculated
from the integrated intensity of diffraction lines. 900°C jet oil quench, directly
150°C x 5h tempering.
Structure EDiffraction line Integrat%d mtes:tyi R i P/R=V.A (0) | /T
. (220) ; 356 682 0°523 :
Martensite (211) : 9-88 15°05 0°653 37
(220) : 5+27 682 0°772 47
N - - T
Retained i (220) 1+64 10°14 0°162 [. Av. 3°9
:
Austenite ‘ (311) 261 1516 0°172

@+ v =100—0°"09=99°91

r =20"49,

integrated intensity X b retained austenite fu%
SEEU fo. 75 BERIRNEB (b Tt F BT & b
‘Hurlbut Counter % Pty Lineal analysis 1Tk D
SR T

53 Photo. 4 (D 900°C LD jet BEAEH 150°Cx
Sh R R0 b DOREN 4 7k ~<%. Photo 4 @
‘microphotometer T J AR dhfi%» Fig. 1
YTRe. COph#E L » integrated intensity P Zgh
FMOTOEEL ORD LW IHEC X Y EFL 10
% Table 1 7R3 . ERILR/LErEIE Lineal an-
alysis (¢ & b 0'09% ThDolz. (

Table 1 [k b retained austenite Ei 20'4% &
5%, ZOMOBME Y 3 OOXBEFT HEIILD
B2 REBEOHBEIC I TKDIKE

retained austenite

Table 2.

CH1-oTit white ray 1z Xk

Retained austenite %and spheroidized carbide 2,

I
M vww" W\"“HN‘"/“’J l\ww.,»«

Myze Petaned
Qny

&rfm&:rz austenite
(3(’) (220}

Fig. 1. Microphotometer curve of debye
scherrer photograph. 900°C jet quench,
directly 150°C x5h tempering.

SEppy Table 2 [ ATEGE Y » 2 2 FAV 1285 L OB
BlDEER % Table 3 i bar $ % @HE N ) o & % FA
1 2MOBET OV TORRZRT .. /23 XEENTIC

AIEHTE LD blackening
BTY317038 L $ 37 Hizuésko filament ¢ spa-
ttering 1T X 3 X Ch2ETHERL THEIZLTZ. UL

of report 1. specimen.

Heat treatment

Carbide 9% : Retained austenite %:

800°C jet directly 150°C X 5h
:850°C jet directly 150°C x5h

‘800°C, 840°C repeated jet quench dxrectly 150°C><5h

830°C jet directly 150°Cx5h

800°C, 820°C repeated jet quench directly 150°C x5h

10009 - 204
55 17+0
5°2 17°7
9.2 139
9+4 13°8

Table 3.

Retained austenite 9, and spheroidized carbide ¢, of report 2 specimen.

Heat treatment

Crabide %, Retained ‘austenite %

‘850°C directly 150°Cx21/:h

:850°C directly -50°C subzero ! h directly 150°Cx21/;h J
*.850°C marquenching-50°C subzero | h directly 150°Cx21!/sh "~

:830°C directly 150°Cx21t/:h

830°C 21°C 1 h oil cool 150°Cx21/5h

-830°C 15mn water cool 150°Cx21/,

830°C 1 day air cool 150°Cx21/5h

830°C directly 150°C x2h temper 19h air cool
. 150°Cx 1 h secondary temper.

830°C directly —50°C subzero | h directly 150°Cx21/5h
830°C directly —15°C subzero | h directly 150°Cx21/5h N
830°C marqueuching —50°Csubzero 1 h directly 150°Cx11/;h

—

l 10°1 14-2
102 95

10°2 103

: 115 110
; 11+2 ‘ 7°8
[P 111 Cy 78
i 11°1 ‘; 7°5
i t1°5 8+1
11+5 6°2

114 7°9

116 7°1
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A HOBU T2 DS HIEE O BIT L 5 retained aus-
tenite BOBINCIERT 58 O EHE4 BN B.
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Table 4.

Dimensional changes and retained austenite by quenching.

imensional changes 10~ ¢®mm/mm

Retained austenite %

Quenching temp.

850°C ;‘
800°C, 840°C repeated:
830°C '
800°C, 820°C repeated i
: *800°C :

+114
—451
+289
—102
+640

sk B & Table-4 i ThHH, 1% (O austeniteds
martensite ZLRET A C LI LA EIDOEEIX 140X

1078 ALJL Th a2 5,

L O~ EZE(L DS retained

austenite ZDAHICE B & LT 850°C P EMRZL T2

DOEREILT S & Table 4 iITRL AL G5

ZOIERIZ Table 2 DX L AR EANS 2B

Wb

BEAREDMEW I EIREDS SEPET 5 S IL
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B X 5EENMb 2TV 5S EEA N,

BRI RO
iRy v D
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%bBﬂQPC&%TbTPé-C@ﬁmoéﬁmﬁm,

RHERED TS,

VIL BmEMMENEER

HEABEE & R BRI L3 L OF retained auste-

nite (& EIROIALZELT 525,

AE 62mm, PIRR 50

mm, [l 1Zmm @ bar # X bR ) 2 %R A

THE A DBEE X DAL 14~20h 22N

150°Cx1h

BEEEL, BEABRET X DAL, WM ED L ST

53 B R HE L 2

7 DR % Fig. 2 TR

IR LI B DR X 2,500 Oersted THIFG 5D

V]
/I[ 7,;”0
69 20
67 1.9
<51 18
N 3
253- §/7
Sey Q;w
Tsgt WS
5+
s 4
55t 13
53t /2 4. -1 J. el
750 &0 350 900
‘ Quenching Temp. °C
Fig. 2. Magnetic properties and hardness

of heat treated ball bearing steel.
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B AR (D retained austenite BERHIz. Z

OREE S

1) BEARBREDDEWVITE retained austenite ik
B, FECL D retained austenite BHZiHNG
5. .

2) BEABE®RBIRE %475 & retained austenite &
HELIES. :

“7.

RIS & % BERUE -

3) BEAGk, kg, WS, | AZESKEBIRLIZL O,
ZRF =L T2 4 DIFEEBREICHL retained aus-
tenite EpiH 3~4% BT H.

4) 7 alBEBRFAT retamed austenite B
J§/) U % 72 marquenching 4158 % b T v 7€ g
gL retained austenite (33 3.

5) ERRILRICEERFEARESENED LD, 2
EBRC L b s B.

6} SRPTODREEEEIEIT & D IRIRILAR aﬁﬂ@%‘ﬁ’ﬁ&@

| HEBRD, WIAAL L retained austenite &

DT . COBEHOR BRSO, § BETs & 8
Rhd 5.
7) EEORZx I
austenite Bp5iE 3.
LIEORRZENL. CORRIE B, B2 8Tk
NP ETEROREBRER 2 EBANCIHRIHHSES . oKk
Al & B~ 25{k & retained austenite Bis L U'RE
SHEEHAFEREERIT OV TON, BEEHiC DWW TEEL

retained

HIWHREWC L 2T

B AT BUC T & B & FHBOR 2 o T T
REBOERCTH VBEOBMB 2RI 2RETH 5.
(HEFn 31~3 ﬁ§ﬁ%)
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