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The Properties of Silicon Bearing Steel

Synopsis:

Toshiro YAMAMOTO and Yoshihiro WAKIKADO

The effects of silicon content on the fatigue life and other properties have been investigated by
using 0°59% carbon steels and SUJ 2 bearing steels (JIS) containing various amounts of silicon.

The results may be summarized as follows:

(1) The fatigue life of 0°5% carbon steel without undissolved carbide is increased by existence

of about 1-59%, silicon, that is, the fatigue life is much influenced by silicon in martensite.

But the

mechanical properties as hardness and compressive breaking strength are not influenced.
(2) The fatigue life of bearing steel with undissolved carbide in martensite is also much improved

by existence of about 1-59%, silicon.

(3) The toughness of bearing steel as quenched and tempered is increased by silicon, but the element
is, not very much expected for the improvement of machinability and cold formability in annealed

state.

(4) The fatigue life becomes longer as the silicon content in steel increases.
The reason is considered to be due to the increase of resistance to the softening by tempering.
(Received Nov. 30, 1970)
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Table 1. Chemical composition of specimens (wt%;).

C Si Mn P S Cu Ni Cr
Al 0-49 0-58 0-47 0-012 0-027 0-16 0-08 0-13
A 2 0-47 0-89 0-33 0-005 0-021 0-16 0-06 0-16
A3 0-50 1-47 0-34 0-007 0-023 0°16 0-06 0-13
B 1 0-95 0-33 0-39 0-007 0-024 016 0-07 1-45
B 2 1:02 1-65 0-43 0-010 0-025 0-16 0-07 1-48
B 3 1-00 0-27 0-42 0-010 0-024 0-12 0-06 1-43
B 4 1-02 1:05 0-45 0-010 0-025 0-12 0-06 1-50
B 5 1-03 1-68 0-47 0-011 0-027 0-12 0-06 1-51
C1 1:02 0-26 0-40 0-014 0-012 0-10 0-05 1-39
C 2 1-01 1-36 0-41 0-013 0-010 0-07 0-04 1-33
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Fig.%1. Fatigue life of specimens having various

silicon contents,
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Fig. 2. Relation between silicon

fatigue life, and compressive breaking
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Fig. 3. Fatigue life of bearing steel (JIS, SUJ2)
and bearing steel containing 1-659, of
silicon (carbon content in martensite
matrix, about 0°5%).
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Table 2. Condition of tool life test.

Tool Sintered carbide tool

Tool material Chip STi 20

Chip dimension | {5% n5’2°’6°= 12°,15%, 15°,

Feed 0'3 mm/rev

Depth of cut 1 mm

Depth of crater wear : 160y

Dg:cision of life

Width of frank wear : 300 p

Cuiting fluid = | Dry
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Fig. -11. Tool life characteristics of the bearing
"' steel having 0269 of silicon and 1-369%
tested on crater wear.
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Fig. 12. Tool life characteristics of the bearing
steel having 0'26% of silicon and 1362,
tested on flank wear.

&ﬁt&&ﬂﬁkmt&‘%ﬁ%&titwﬁ,&@%
IVE7 = 54 bEIEL LAREZRT50T, $ETR
P O THEIREE 5. £ LTEORRIZL W

5%TH5E VbR TV, KEBROERENLD
200m/ minf2EE DL T O YIEGREE O T3, Wm¥ i Si
EEMT 5 LT X 5HEMA~DEEITLAE R VL
%xan,%@mrmmévgﬁwthxv

T OB TECE LT, v AROBMMTES

150
180 z

130 e 1
120 10
1o /\/
100 L

90 ‘

80 -
70 /// :
60 [
so L
40
2 3 4 5 6 7 8 5 107

log. _strain

\C
\

Al \\o. \
g
\
N

True stress (K9/mm?)

Fig. 13. True stress-strain curve of the bearing
steel having 0.269 of silicon and

1-36%,.

Table 3. Mechanical properties of bearing steel
having 0°269, of silicon (Cl) and
1-369, (C2).

Bearing steel : Cl G2
Tensile> strength (kg/ mm?) | 69-4 | 82-2
Yield point (kg/ mm?) | 43-8 | 53-9
Elongation (%) 355 | 30-2
Reduction of area (%) 602 | 54-6
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TFig. 14. Differential dilatation curve of the
: bearing steel having- 0°339, of silicon
and 1-65%.
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Photo. 1. Tempered structure of the bearing steel having
0-279, of silicon and 1-689%.

— 84 —

TH5- Fig. 15 llEERenT. ERIREDS
200~300°C offific kT, Simoigine &b
CEREA — 27 1 L OGS ENRD T LIZHL
DTHBHH, SigHEN 1°68% © B5Elick
WCIRFDIEMANDF SPEETH 5.

Photo. | (a)~(h) il B3 Xt BS
T-ouT 840°C, 30min *— =5+ 4 Mk
#L, 150~300°C DOZRETHR L/ L EDMH
o Zfbe EFHRERETFETTALTwS. Th
LOFENSY, RO REBEERME IO
BE A —2RTF4 PEO BIERREZ BT T3
FEXRHEEN, SHSi% 1'68% £FLTW
BEMOEE, =T o4 FOSREE X USRI
DIFHOBIE L TWAERTFAIFD X S iE»bh
5.

EZAT, WEMIC Si & 1'5% BERMLA
Ba, MAFGP—IROWMERL » BT 3R
EEfTHA 55, DI ERAATBRDIT,
EHWEE Bl s XU B2izonwT< 3R LIERE
BITI DT X OREB SR B L7z, Sig
FuEnthsh 0033 510 1'65 %omiEio
EhIMERSAER 12 840°C, 30min #— 257+ 4 b
{efimay L CERERIC Bt L 7.

Fig. 16 Ci3enZMoOBE ORERIBE, Tihb
b 150°C ¥ CHR L% ESREITHHEIL,
DDNTELIC 400°C £ CL DR LERLTH
b &I O EIRE THWH L2 EE& oM R ORE
BIEEHEE TR LTVWS. AL @6ND LS
I, —fxOZH (0-33%3Si) T, 150°C icge
R LAIKEEE X 51T 400°C CHEE L7 dREE TR
MEOEIEFITRE V. ThiTs UCEZHEc
SizihnL7=#8 (1'65%Si) TIXmIKEETDINHET
EDOERFILALDLTHTHS.

COEEXD, Signine & LiKHAZERD
RHLT2—o2>0FREE LT, Sioffmmick 548
REIUEI O MK ER T 5 5% i 5 0N i
BO BBENSHFOELZ X EnELLR
5. Tlbb, —ROWMERTENCR, EEMR
H BT THEIER (T S0 & TEm 400°C
BEzCcRHEEfCmEiEhs LB NE, EH
DUEFEENR K E L D8, EROFEREZIEHD




SidminEhZ HOREHR 1523

WL, TOBREIVoRSIA LY~ 05y
Y OREROHHND, PRI VESREI hEES
LB TiERVWrEBbNE. —F, Sik 1-5% 2E
SHLTWBHEHTIREDIERI/NL DD, BEOE
HEERBS OB B/NELLY, FORREI /vyl
A LE— 83y I DREERLEL LD, PHOIEL
DBREPWATH LI D EEROFEFEGIHLETS
DTV EEZLND. S EZHCET 50
FTODOHRT, TAMNDEFICKRE BB 5 HNIRER
DOEFRVIERBPEICH D EFE L, MZEMC Sz
LR, BHOPHFMOEESRD LRI ELBELT
WhHM, ZOZEREFELOXRERBREDI—FHLTW
B WTHICR X, SIIRIIC X 2TAFER DR L Siic
XA EREREACERTIIOTHA S LHBEIZN D
25, ZOHEDREKRDIERICIIID 5505 B0
MEERCFE DV,

4.

WFMOMAFRES XL OMMOFEEECK IIETS
BOEBLHRIATE-DIC, ETCE, ¥05% —%ET
SigaZ bt oW TELEBREA LIRERT, -
ST X O O{LEEMRICSI 2 L 72 ild 5
SR OVT TV F ¥4 b ERBERICHOIRLE
THIKRETIHA TN E X X OO FEME % e L
ToOEDHEREZH.

(1) BWERIOEEMED XS LEROTEE, <
WFHA D S BRIKEREE L2 DLV,
WAFRITDOWTIX, w734 hhod Si B 15
LRBRELD L ORBILIK» I VERITH S

(2) =594 PHRICRIBBRICIPIRFT 55
&5Th, ThbbibFsic Si & 1'5% BERMT 5
PREVIAFESEIMET S, COEEIERENL
S OHRBEEMCBE SN T H ORI oW TR S
hic.

(3) EFMSIZEMLILER, BEAKRRETD
S D IR IS RIRAIT H B8, FRINMEEESIRAE T OB
Bkt X OSSR I, dEVMFE TS EIITE
.

(4) SiED#EE & bHAFEGOEMILT SRR
O—2¢ LT S X BERR{LIRoEABERT S

Tl

BeR &L b I HHIEOBREISHOS HDELIT X 5 T
EBELZBND. .

b D WEFERICCHN 2 Wi W R ER T (B,
TR, FRIEIREG EAREHORERKICHERZRT S L
& BT, FARORTICHZ T TIREZ WX icEHM
WMER), HEHEYE, FWIR-OMRICESSILBLD
FET.

L4 73
1) k%, B g, 44(1958) 2, p. 163
2) %, 5 gk&gH, 44(1958) 4, p. 493
3) FIR, HME, W&, B BEXeBE S, 32
(1968)12, p. 1193

4) P, SLHE, W=, B
(1968)12, p. 1199

5) G. Burns: JISI, 125(1932)1, p. 363

6) J. Vaypa, J. J. Hauser, and C. WELLs:
Trans. ASM, 49(1957), p. 517

7) C. J. ALtsTeTTER, M. COHEN, and B. L.
AverBacH: Trans. ASM, 55 (1962), p. 287

8) BT, BR, KiR: HE&BE¥EE, 26(1962)
10, p. 647

9) 7z &2V, k¥, =, $E: EBEKXRTAR,
9(1955)5, p. 213

10) L2, 5, A &EMHRERMERERS, 4
(1961)2, p. 73

11) A. G. ALLteNn and P. Pavson: Trans. ASM,
45(1953), p. 498

12) #Ak, Bi: Ax&B%¥ 45, 19(1955)3, p.223

13) Atlas of Isothermal Transformation Diagrams,
U.S. Steel, Pittsburgh (1951)

14) KH: & &, 27(1941) 7, p. 441

15) yrh, BHF: # &80, 40(1954) 10, p. 1001

16) /&g, AE: BAE&B¥4EEE, 20(1956)3, p.129

17) JIS, G 0561 (1965)

18) HHA, BH, Kk BREBEXE, 21(1957)

B4R &5k, 32

3, p. 145

19) W. ConnerT: Stahl u. Eisen, 80(1960)16,
p- 1049 ' )

20) stE, ER, I, A g & 8H, 49(1963)1,
p. 47

21) G. B. Trour: American Machinist, Special
Report No 543(1963), p. 127

22) YIRIINLEREESS, (1962), p. 1147 [RAI
]

23) “FiHI&BHEE", FRMBE,
p- 196

24) -3, FA, Eil: g, 54(1968)13, p.1353

W L, (1965),

85 —



