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THE DIMENSIONAL STABILITY OF BALL BEARING STEEL (i)
| B " Takashi Hattori -

Synopsis: .

Smaller specimen rings were examined under the same testing condition as mentioned in
the previousr eport No. 1 (Tetsu-to-Hagané Vol.' 42, No. 7, p. 856~561) and effects of cooling
rate due to variation of specimen size have been studied primarily. Then specimens quen-
ched from 830°C and 850°C have been scrutinized from various standpoints employing subzero
treatment in order to clarify its effects, and at the same time crushing loads for these test

rings were recorded.

The results were as follows: . .

1) Dimensional changes by aging for these specimens were smaller. compared with larger
rings previously tested. This decrease of dimensional changes is due to decomposing of
retained austenite that-takes place promptly in between quenching and tempering operations
" as a result of rapid cooling of smaller rings.

2) Effects of subzero treatment  were as follows: At 830°C oil quenching, dimensional
changes were contractive due to increase of martensite, moreover crushing values dropped
and its standard deviation decreased. At 850°C oil quenching, crushing values dropped

further and could not be'increased very much by raising oil temperature.

Very little effect

was recognized even by applying marquenching and subzero treatment jointly.
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Table 1.
- Quenching oil temp. 35°C.

Heat treatment without subzero treatment.

Tempering 150°Cx2!fsh

Dimensional

’ Treatment after Tempered ‘ Crushing value ' Standard
Quench temp. - changes A _
quenching v hardness 10-6mm/ mm kg deviation. kg
z
or : : . , 796
830°C Directly 61°9 HgC +20 580915 122
. - - 818
o) 2 » v/, —_
830°C Oil cool (15°C) 1h 62°1 7 5 (05~ 065 110
- : - 751
<] ; . Y —_
v 830°C Water cool 15mn P62 o 7 5 . 650~950 96
o ; [ . _ , 703 '
830°C Air cool 1 day i 62°0 7 6 460~~850 118
Directly temper 2h l , . 849
830°C Air cool 1%h. secon- ! 613 # 4+ 8 7401020 105
dary temper 1h. !
449 '
50° 3 4 .~
850°C Directly 6272 7 20 475~520 16
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BEABBERE S COBRIC 3517 5 retained austenite (D
SRBBALAFTONBID EEALLND. LIIBDTHE
VWEBhCE U TRBEATHORED L SR & 5 HOBHIT
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b o TIEDERICS 5. ZBE L8O Dy LA
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retained austenite EOHEFERI LI Hurlbut
counter 1Tk AFRRICFACHBEFIFEIERIC DUV TIAES
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2L 5<% BEATEARE 830°C, 850°C 220D
DT, FRLOBEBRBONTEHEABRY 7¥ e g
TORBOEE, 7 ¥ REkRHEOPE, ¥ TE R
PR T CORBOEE, BERMOEE, v 7 ¥R
(D4, marquenching MNEDEE, PEABBEOZ
DL 5N, B LR~ ¢ {BUTH 5.
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Bz X A retained austenite (D martensite ~OD%
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retained austenite MEFEIC Y AEABEY 7€ R
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~Table 2. The effect of time before subzero treament. .

| Dimensional chan-

Crushing value Standard deviation

. i -
Time Tempered hardness ges 10~Smm /mm kg kg
[ |
. , e Tr . 611 :
Directly i 62°5 HgC 1 20 550605 45
30mn air cool | 626 7 E —20 ’
.1h ” | 623 7 | —20
2h 4 C 623 7 ; —20 |
5h p [ 623 7 ! 20 !
1da v 62°1 7 | C 20 | 757 41
v o ; ‘ 655~820
EUTEDOLNIZL O EEL NS, BERIEE IR Table 4. The effect of time after subzero
WRLTH DD, BEARE —50°C % 7€ e flEC kDT treatment.
BREZIZHY O0-5HRC RBELFET 5055 % DLW Tmmmﬂfggggmml1Cmgmwjiaﬁ%g
BT 7 e B X KT L, BHREERRNXL hardness 10-8mm/ mm yalue kg kg
3. COETR martensite OBMCERT S0 o0 o e o
EEL NS, : ; | ~935
ITT-A-2. 47 EO0RFEREOREE L DFERY 7 ¥ B R S TOREO®E3 Table 2

47w R R OV TREB DA R 31Tk 375,
HEIZDEWIEBEYH IV =BT 7 2 r R F KH
15mn, 30mn N THD2T2. BEAEE—-50°C ity 7
‘ul, ¥7¥a@E#E 150°Cx2!/.h BE»1TD
#%R % Table 3 LR,
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Table 3. The effect of holding time
at —50°C -

Tempered Dimensional changes

Holding

time hardness 107mm/ mm
; -

15mn | 62°3 HgC ;. —20

30mn . 627 # | —20

TN B OFERE Table 2 OER 1h+ 7 ¥ oE@BER
EHEBRTY 7 ¥ v RSO TS AR ICIIZEE
B SISV CIUIERNCEEW 2 0 TEHHIORERE
2L 56N 15mn TEREHZY 7 ¥ miBEiTaRNg
AERZRUIZ. LIZHBOTH T¥ ezl b retained
austenite (O martensite ZEREIZZ DIBESICEEL - &
CEITY 5 S O THRIFREZRE U T § e
U TEAET ARERREMSES 50T & 2R TV 5.
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Bl oNl. HYELCH L TRESY»EZ 5 L13%E
Z BNV, VYT E R I DTEL NBREEALGY T
¥ eEBBEREITEMET 3 ¢ LTl DT ESE S
FTADTREVWPEEZA LGNS, —50°C 4 7T¥ =451
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III-A-4. ERESEOBE

BEERRG I BB B | $ITIRAN 72 5 — gEE RS PR OD B
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CCx 1Y/ h iR 24T D 1. SBikkE% Table 5 iZ/R3 .

Table 5. The effect 6f tempering time

_. 5 Dimensional . Standard
g:%ﬂ%ﬁidf changes S;ﬁlseh l;: g {deviation
. 10-5mm/ mm ue. kg 1 kg ’
. B 59
635 HzC 2 560~650 27

C DF5E: Table 2 OER 21/ h BEEICH LIRS
ﬁ@%m&<ﬁﬁ%ﬁimm%g%&%mamw,@g
R OB BNC X D & ¢, BERUEORIICE DE

BIERME T UERREE LETT 3.

111-A-6. Y7 EDREOEE

H 7 rBENSENIY retained austenite ’éﬁ)&\
D, %OEEBYEIBIC L BB X 3TC LAEL D
Ns. COFB2LLNTAI. BEAEHR—15°C 47
¥ RER, 150°Cx2!/;h BR HEiER 2
Table 6 T7x7. ‘

Table 6. The effect of subzero temperature
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Tempered ! Dimensional changes
hardness b 10~ ®mm/mm
62*1 HpC — 5
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C D%, Table 2 (0—50°C ¥ 7+ u it i URZIE
FOIGEEIVNINT Ebh B, L —15°C oy
7 ¥ u g2 —50°C itk U retained austenite @O%4
BN EBRUTS. :

1II-A-6. marquenching m&m%@

° marquenching 1§ 5 &BHAHEHEBTID re-
tained austenite HSEEIML F D 728 BT LE 2 BN
4% C EH5EL b, retained austenite HIHAI €
BIHOY 7€ e UEFEISHAEINS. marquench-
ing AUECY 7€ e B R HEA L ITB SRR AN E
57xAh% L 5NTHI. EEEEE Ms EETHREET
AEELSH | mn THEREBEERZET 0D, BEARDED
DOEREEDS 230°C iz 5 X 51 35°C DOFEARITHEAR
B, 288 —-50°C 1h+ 7+ miEfg 150°C x 21/2 158

ERfT2o7.. EEBiiR %2 Table 7 /R .
Table 7. The effect of marquenching
treatment.
Tempered (uEERS®™™!  Crushing . qiiadcn
hardness: 0-Smm/mm  Yalue. kg kg
. . 707
61*1 HgC - 0 450845 105

T O#EFE: marquenching Y2171 § DIZRFENES
BEi123 & AE L. Tt marquenching LEIC &
% retained austenite OIEAB X EEELZRT D
DThsb. BEXBEOHUEI D $ETT 3. BEER
FAHNBIEFEERLIODEEREIAE <2 BHR
FRLTWVS.

III-B. #ARE 850°C 0&

ElnNOEREiz 830°C BEA TRENMRLRAEDH~
ORI AHDEL FD 2D carbon RN —FIT
. DD carbon REDIFIEIANT V) v S DF
ERELTHEVDNTVS. UL UBARE? LT
D carbon MR PHMT 5HER & B LEELSIH
BMUSEASEEYEL T EBELONDID S, B

24— ¥
PETA X

AHDBE S 1Y, ¥ {-marquenching AUE 2474135
EEHRPTAEEL SN . LU, LD X5 SME
retained austenite HSEEHIT 3. FikStark,
Lement®z 1 7Y retained austenite Hi surface
martensite 275 % & D XERASD b, (D retained
austenite 2T RIHIC, TOLHTBARENSE
I NBATHOEREENE OB/ LR Y 7€ o UEDKE
EAOND. TOI3 BRI DBEARE%R 850°C

LU, BEATHRE? EUVEAOFE R L 6.

ITI-B-1. EANRBEOREE

BEATHIRE 2 I IBA OS2 L 55 BEATHEY
DOFEAHORECBEANT DRAE%2 L 57

BEAROERE 45°C, 100°C, 150°C, 200°C ODEEA
HCBEANERR —50°C T th ¥+ 7 rEiE 150°Cx
21 higER 247072, SEEER % Table 8 {Z/RT .

TN 5 OFEEBE &I 850°C BEA DB A14830°C
BEADBADPEES AFERICHUIZ EAERVERZ2E
2. THFEBEABE M E T retained austenite Hs
BT A0 THEEBL LN, 1 ROBEARE
OEBOBE, BEAERBE R U 123546 830°C BiA L
850°C jgEA & TEERIZSEEHS 150°C X L h BER DB A7
WIS, T OOIB4E 830°C BEAOE M L -0,
7R NEIR L D EEEDEID
nite HOENRE SEALITREREEAL LN S.

BEATHIRE OFEZBEANTHORE M E T ERETE
EHEMT 3ERIZD 55, FROBEARNTHSH» T
V. CHIZBATRREYE S T SESY 7 ¥ n BT
5#ER martensite ZEEAFIELS T L H ZDID
retained austenite EOEMSDIE LT BIZHEEL DS
has.

BEEBATREE2 S T3 LETTAEREL B
EEEG PP ERL, $EERE IR ZERK
»hH.

I1I-B-2. iAW 7 EO0X TORBEOEE

retained austenite OZEEE(LDEER» L L5 B8s

retained auste-

Table 8. The effect of quenching teniperature.

. Dimensional changes |

Crushing value | Standard deviation

0il temp. Trempered hardnessu 10-¢mm/ mm kg kg

- {
R ] z 427 ‘

45°C | 64:0 HrC ! 0 385~.465 . 2
. | e . 401 |

100°C ! 62°8 7 q 0 365~445 ; 2%

i ! 514

o . . - Y/ i .

150°C 3 624 4 1 0 400~590 53
(e} . 7 5 :

200°C 62°4 7 : 0 505635 42
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T 100°C BEATRITBEASS | AZE%% —50°C th 4 7+
nER 150°Cx 21/ h R 24707, FEEEE % Table
9 IT/RT - .

Table 9. The effect of time before subzero
treatment after quenching.
Tempered D}:mensxonal E Crushing gtapda}rd
hardness  ChAanges . value. kg eviation
107Smm/mm %, kg
63°2 HgC +3 377 14

350~390.

C DFERRZST &I retained austenite OEFEAL
iC & A retained austenite BEOZEIIH DT § LOWEE
TAHDATIE EACERRYD SN/, CRIRER
128t % (D martensite (DE & retained austenite
BEEEMLIBERIDAE DD, ¥ 7 € wHiC
retained anstenite ZHRUZELL TUEAREH T

o EERIAE L & ARPEEE A TS 5 T & 2R
TV 5. -
III-B-3. 47 E€0RHSFHOEE
BEATHIREE 100°C Dig& —50°C 4 7 ¥ w 15mn £

-
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III-B-5. 47t 0REOHE :

BEATHIRE 100°C DIESBEAE R Y 7 ¥ niREE —15
°Cic th ¥ 7¥eEB 150°C X2 hiBIR %247 ¥ 7
€ RRECESE L 5T ERiEEE Table 1210R
7. - .- '

Table 12. The effect of subzero temperature.

" Dimensional - . TStandard
hardoess.  changes Crushing | geviation
10-mm/ mm -X8 kg -
. i 464
6374 HeC | +e 400~500 30

T

C DIEERSAEIR Table 8 O & Hig L reta-
ined austenite MZNEEDS —50°C 12 B L 12 %
fEOBEFRIZ/RL T 5. EEEIX —S0°C it LR H
LIEDTW5. ) .

ITI-B-6. marquenching MIPODEE

marquenching ﬁ@fﬁ —50°C th % ¥ aEH 150
°Cx2!/; h BERE %47\ marquenching AEOFE %>
K1, FEAEEE Table 13 (KRS

ST 150°C X2/ h BER 24T 7+ o EERED Table 13. ’fhe teffec‘;c of marquenching
reatment. X !
2RO I EEKEERE %2 Table 10 TR ;
i Dimensional . t Standard
Tempered ; Crushing | . ee
“Table 10. The effect of holding time at —50°C { changes . i deviation
a ing time a 0 hardness | [0-Smm/ mm value.kg | kg
‘ I Dimensional changes j o P
“Tempered hard.nevssi 10-5mm/ mm 62+1 HgC ! U 610 i 67

636 HgC 0

Z OFEE Table 8 OESSIEME 1 h O EHBL T,
& T RO BENT 830°C HEA & BRI
L RCY gANAN

T11-B-4. %7€ 0#ERE TORBOBE

SEATHIBEE 100°C D4 —50°C 1h % T+ rfs1

BZzEsE 150°Cx2l/; h BERZ470, ¥ 7 ¥ e BERE -

2 TORMOES 2Rk 1. EEBiEE%» Table 11 T

PRarge™
N
Table 11. The effect of time before tempering
after subzero treatment.
Tempered Dﬁmensxonal Crushing Standard
hardness changes value kg d€viation
10~ *mm/mm g kg
. _ 509 -
¢3°0 HgC 3 460~570 32

T OFEEREYIETENS Table 8 O &L TIE &
A EERE  EBEOERFEZZ 830°C OB4A LA
BHOPRELZDOTNS.

485~720 5

T DFEERESESE BT 2L IE DIERIT H b retained
austenite DEMEZRL TV 5. BIERIKET S 525 EHE
EIERL, BEREIREZLED2TVAS.

11I-B-7. BHAHBREOBWVMESDRAKRYITERE

TOREORE . .
BEATRIRES 200°C DBEHABERY 7¥ a3 1Y,
hZE L TH —50°C 1h + J+¢ g 150°Cx2!/sh
BEEE R TSI & BB R R 12, FERIESE % Table
14 TRT ..

a

Table 14. The effect of time before subzero
treatment in the case of high quenching oil
temperature. )

Dimensional . - Standard
g::ggz;:d changes S;ﬁseh‘ig ' deviation
10~ ¢mm/ mm C 58 ke
. B 569 '
624 HeC -3 450650 63

C DIERIESEILEIL retained austenite FMHS



974 2

¢ M Eaesg FLOF

m@;b@%wmmﬁmx@a ey e R Y A=
ISVHEERELEIL T A
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EIHOY T UAIWY U 2AN, 98I
W|TT 2N EEAFOEBR2ITOHABDORE IR L SE
HEEDEE 2L 6N, DY¥RX3 T EeghfRPHE LTS
3 oD ICHEARE 830°C, 850°C D2 DDA DX
BxOHEL LY 7 ¥ o e AN CER2ITON. X
NERICESERL RO . ZOMBEOXOC L 2R E
Bz,

I. ¥ 7€ el 8 BlOS0EE
1) EfBERIRBEARE 830°C,
CI-T

2) BEABES, K&, ZESHLT retanned auste—
nite OMER I I § DIZEENEEEI D {, A D
THUHET AERICH 5 -

3) ZRF =201 DREREROEEI L
b RRIET 505, EEBRICHEL .

C4) BEARENEWEEEERTY, IERERED
HhELiE 5. :

BRI EI 5 1 BTN B L it A, COJR
B/ S WEBI OB PR & OEBHTE U TRHIEE
WIZHBEABBE S TOREzIs} 5 retained aus-
tenite OMENFELFTHONZIHTH A

I. 7 ¥ nflE2RBT1358

- 1) BEARE 830°C OH&

l)ﬁfﬂuﬁﬁwiﬂﬁﬂ&%iﬂﬁzﬁb,E%
EIRETUZ OEERERDELLE. chRyTEre
MBET & 5 retained austenite (D martensite ~@D
ST X D B & U CHIRITISIT B martensite
@ EDS retained austenite ORI L AIEL YR
B O LBERTIOTHS. EHEOEKETR
martensite OEIMTEAEST 3 ‘

2) BEABY 7% 3 CORBIORE, BHREEDY
BB HETBIT S L L OFEB TIZRS b hish DR,

3) ¥ I mBEDOEET —15°C 2, —50°C 1)
retained austenite OIFIMNT L b IEEHDU.

4) marquenching JUBEDEEZ

%

3
vl

850°C & 3 izl¥ERs

marquenching

M B

& >
S22,

retained austenite @O
HEEEREE
RxLis5b.

I-2) BEANRE 850°C DA

1) 830°C BN L A R G 2B 3 IS
BELETS 5

2) BENHORBEOEEIRILER I L CDEBT
BEO ONEP O EEFEIIERETS. ULrLZOE
(& 830°C IBEAREL L TR BRE (K TF 9 5. -

3) BEABY 7+ o TORBIORE, ¥ 7 ¥R
KEOZE, v 7 ¥R TOREIOBEL, HE)
B L COEBRTRED bhighoi.

4) ¥ 7 ¥ vREOFEL —15°Cla —-50°C &b
PRWIROERIH B - (

5) marquenching LEEDREE :@@@ﬂ&@@w

»Y, BERMETTA0ESHEEERL, SERELA
XL DT A.

6)&%EME®QD%A@ﬁA%#7tu§T®ﬁ
g2 retained austenite OBEANCE h LVl
EOERITH 5.

QL@C&<,ﬁf€amﬁﬂ%mogﬁ&@ﬁﬁi
h REZFTOIIHY, B O 830 CBEADEE
tensite QAT L h BRATR-E LT iﬂ%ﬁbvﬁ% Lz
D HEBEAE TS AME LS 5. 850°CEEADES
WCIRBEANHOEBEE® FIF T3 Eﬁfﬁ@hﬁ&ik% {7zX<
marquenching YW e 5 7 & ﬂﬂﬁ;%ﬁ:ﬁﬁb'c )
ZhRIZHE HEY ST,

B AR 4 TR L R %
BIRINUBEEORE 2

& hIlE=
AHNAIZE LR ITEEREN

Zt3d mar-

B oA
S ARETH%.
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