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34) ACIER CEMENTE DE LONGUE DUREE POUR ROULEMENTS
54) LONG-LIFE CARBURIZING BEARING STEEL

(57) Un acier cément¢ de longue durce, destine a des
roulements, permet de fabriquer des <¢léments de
roulements qui présentent une excellente résistance a la
fatigue de roulement. Cet acier contient 0,1-0,35 % de C,
0,3-2 % de Mn, 0,001-0,03 % de S, 0,4-1,5 % de Cr,
0,01-0,07 % d’Al, 0,003-0,015 % de N et 0,0005-0,03 %
de T.Mg. Il contient ausst 0,35-1,70 % de S
¢ventuellement melange avec 0,03-1,20 % de Mo, et a
titre facultatif N1 et/ou V, chacun en quantité précise,
ainst que P, T1 et T.O en des quantités respectivement
limitées a 0,025 % ou moins, 0.0050 % ou moins et
0,0020 % ou moins. Cet acier présente un rapport de 0,3
ou plus entre le nombre de particules d’oxyde de Mg et
le nombre total de particules.

l*l Industrie Canada  Industry Canada

(57) A long-lived carburized bearing steel that can

provide bearing parts excellent i rolling fatigue

resistance. The steel contains 0.1-0.35 % C, 0.3-2 % Mn,
0.001-0.03 % S, 04-1.5 % Cr, 0.01-0.07 % Al,
0.003-0.015 % N, and 0.0005-0.03 % T.Mg, further
contains 0.35-1.70 % S1 or a mixture thereof with
0.03-1.20 % Mo, optionally contains N1 and/or V each 1n
a specified amount, contains P, T1 and T.O 1n amounts
respectively limited to 0.025 % or less, 0.0050 % or less
and 0.0020 % or less, and has a ratio of the number of the
Mg oxide particles contained therein to the total number
of the particles of 0.8 or above.
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ABSTRACT

This invention aims at providing a carburizing

bearing steel which can provide excellent rolling fatigue

characteristics by providing a long life carburizing

bearing steel comprising, in terms of percent by weight,

0.1 to 0.35% of C, 0.3 to 2.0% of Mn, 0.001 to 0.03% ot
S, 0.4 to 1.5% of Cr, 0.01 to 0.07% of AZ, 0.003 to

0.015% of N, 0.0005 to 0.03% of T.Mg, "0.35 to 1.70% of
Si" or "0.05 to 1.70% of Si and 0.30 to 1.20% of Mo", a
specific amount of at least one member consisting of Ni
and V, and not more than 0.025% of P, and not more than

0.0050% of Ti and not more than 0.0020% of T.0, wherein

number ratio of Mg type oxides contained in the steel 1is

at least (0.8.
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DESCRIPTION
Long-Life Carburizing Bearing Steel

FIELD OF THE INVENTION

This invention relates to a long-life carburizing
bearing steel. Specifically, the present invention

relates to a steel which is produced by a step ot

carburizing-quenching process, and which is suitably used

for bearing parts such as outer rings, inner rings,
rollers, etc., applied to a condition under high load.

BACKGROUND ART

An improvement in rolling fatigue life of bearing
parts has also been strongly required due to the higher
power of automobile engines and the severer environmental
regulations, enacted in recent years. To cope with these
demands, longer service life has been accomplished by
increasing the cleanness of steel because it was believed
that rolling fatigue failure of the bearing parts occurs
from non-metallic inclusions as starting points. For
example, the Japan Institute of Metals, Vol. 32, No. 6,
pp. 411 - 443 reports that oxide type inclusions can be
reduced by the combination of a tapping technique of an
eccentric furnace bottom, an RH vacuum degassing method,
etc., and thus the rolling fatigue life can be improved.
However, the longer life of this material is not always
sufficient, and specifically when the bearing is applied
under a high load condition, the development of a steel
having an even longer service life is required.

As a steel kind in this field, SUJ 2 (according to
J1S), for example, has been commonly used as a steel
which has improved in rolling fatigue life. For
improvement of the cuttability of this bearing steel,
Japanese Unexamined Patent Publication (Kokai)

No. 55-145158 discloses a Te-containing bearing steel and

Japanese Unexamined Paten Publication (Kokail)

No. 1-255651 discloses a bearing steel to which REM 1is
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added. However, a strong demand for a longer life of
these steels, under a high load condition, still exists.

" In contrast, the inventor of the present invention
proposed, in Japanese Patent Application No. 6-134535, a
high carbon chromium type bearing steel containing
suitable amounts of Mg and Mo. Excellent rolling fatigue
characteristics can be obtained by using this steel.
However, there is a problem in that the high carbon
chromium type bearing steel requires a long annealing
step, for refining coarse carbides, because the coarse
carbides deteriorate the fatique life, since C and Cr
contents are high and large eutectic carbides are formed
in the bearing steel. Specifically, in the high carbon
chromium type bearing steel the fatigue life in use under
a high load is not necessarily sufficient.

DISCLOSURE OF INVENTION

It is an object of the present invention to provide
a carburizing bearing steel which can exhibit excellent
rolling fatigue characteristics in bearing parts. The
present invention solves the problems in the above prior
arts.

The invention of each of Claims 1 to 4 provides a
long-life carburizing bearing steel which comprises, 1n
terms of weight: 0.10 to 0.35% of C, 0.3 to 2.0% of Mn,
0.001 to 0.03% of S5, 0.4 to 1.50% of Cr, 0.010 to 0.07%
of A2, 0.003 to 0.015% of N, 0.0005 to 0.0300% of total
Mg; and further 0.35 to 1.70% of Si, or 0.05 to 1.70% of
Si and 0.30 to 1.20% of Mo; or further, one or at least
two elements selected from the group consisting of the

following elements in the following amounts; 0.10 to

2.00% of Ni, 0.03 to 0.7% of V; and further, no more than
0.025% of P, not more than 0.0050% of Ti, not more than
0.0020% of total 0, and the balance consisting of iron
and unavoidable impurities.

In the inventions as set forth in Claims 1 to 4, the

invention of Claim 5 relates to the long-life carburizing

bearing steel wherein oxides contained in the steel
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satisfy the following formula in terms of a number ratio:

(number of MgOeAZ£,0; + number of MgO)/number of total

- oxide type inclusions 2 0.80.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention pays specific attention to a
carburizing step of a medium carbon steel to realize a
production process for bearing parts in which formation
of eutectic carbides cannot occur, that is, a long
annealing time is not necessary in the process, and the
fatigue life is not deteriorated due to coarse carbides,
and specifically to realize a long life even in use under
a high load. The above object has been accomplished by

the present invention.

When the present invention having the above scope of
claims for patent is specified, in order to attain
excellent rolling fatigue characteristics of bearing
parts, the inventors of the present invention have paid
specific attention to a carburizing step of a medium
carbon steel which will replace the hardening and
tempering step of the conventional high carbon chromium
type bearing steel. Because great compression residual
stress occurs in the surface layer of the carburizing-
quenching material, longer service life can be
effectively obtained. To accomplish a carburizing
bearing steel capable of obtaining excellent rolling
fatigue characteristics even under a high load, the
present inventors have furthered their studies and have
made the following observations.

(1) In rolling fatigue failure under a high load
condition, a rolling fatigue failure starts from a
nonmetallic inclusion accompanying a white structure with
a carbide structure on the periphery thereof. The white

structure and the carbide structure involve hardness

lowering. The formation of the white structure and the

carbide structure is inhibited by making the nonmetallic

inclusions fine.
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(2) As described above, making nonmetallic
inclusions fine is effective in extending the life of the
steel. (Making nonmetallic inclusions fine has the
following two advantages: (i) reduction of stress
concentration which has heretofore been believed to cause
crack formation, and (ii) inhibition of the formation of
the white structure and the carbide structure which have
been newly found.) Moreover, it becomes important to
inhibit the formation of the white structures and the
carbide structures on the periphery of nonmetallic
inclusions in the process of rolling fatigue and prevent
hardness lowering thereon.

(3) In order to make the nonmetallic inclusions
fine, the addition of Mg in a proper amount, as proposed
in Japanese Unexamined -Patent Publication (Kokail)

No. 7-54103 by the present inventors, is effective. The
fundamental concept of this method is as follows: Mg 1is
added to a practical carbon steel containing Al, and the
oxide composition is converted from Al,0; to MgOe«Al,O; or
MgO.; as a result the oxide aggregates are prevented, and
the oxide is dispersed in a fine form. Since MgOe<Al,0; or
MgO has a low surface energy when in contact with molten

steel, as compared with Al,0,, the nonmetallic inclusions

do not easily become aggregates, and a fine dispersion
thereof is achieved. As described above, making the
nonmetallic inclusions fine has two advantages, namély
the reduction of stress concentration causing crack
formation, and the inhibition of the formation of the
white structure and the carbide structure. The addition
of Mg is, therefore, greatly effective in extending the
life of the bearings made of the steel.

(4) Next, in order to inhibit the formation of the
white structure and the carbide structure and to prevent
a reduction in hardness, an increase in the Si1 convent 1s

effective, and the addition of Mo is also effective.

(5) In addition to the effects described above, the

e TR R TR TR T e e R e T g e T E Y e T EE T -
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effects of inhibiting the formation of the white
structure and the carbide structure and preventing
hardness reduction become greater by adding further Ni
and V.

The present invention has been completed on the
basis of the novel finding described above. The reasons
for restricting the range of the chemical of composition
of the steel of the present invention are explained
below.

C: 0.1 to 0.35%

Carbon is an effective element for increasing
hardness of a core portion in carburizing bearing parts.

The strength is not sufficient when its content is less

than 0.10%, and when the content exceeds 0.35%, toughness

is deteriorated and a compression residual stress

effective on fatigue strength of case hardening parts

hardly occurs. Therefore, the C content is defined to be

from 0.10 to 0.35%.

Mn: 0.3 to 2.0%

Cr: 0.4 to 1.50%

Manganese and chromium are effective elements for
improving the hardenability and increasing the retained
austenite after carburizing step. However, when these
are less than 0.30% of Mn and less than 0.4% of Cr these

cffects are not sufficient and if these amounts exceed

2.0% of Mn and 1.5% of Cr the effects are saturated and
an amount of adding these elements is costly and
undesirable. Therefore, the Mn content is limited to
0.30 to 2.0% and the Cr content to 0.4 to 1.5%.

S: 0.001 to 0.03 |

Sulfur is present in the steel as MnS, and

contributes to improve the machinability thereof and make

the structure fine. However, when the S content 1is less
than 0.001%, the effects are insufficient. On the other
hand, the effects are saturated, and the rolling fatigue
characteristics are rather deteriorated, when the S

content exceeds 0.03%. For the reason as described

AN v "N N
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above, the S content is defined to be from 0.001 to
0.03%.

Aluminum is added as an element for deoxidation and
grain refining but the effects become insufficient when
the Al content is less than 0.010%. On the other hand,
the effects are saturated, and the toughness is rather

d
Accordingly, the Al content is defined to be from 0.010

to 0.07%.
N: 0.003 to 0.015

Nitrogen contributes to make austenite grains fine

oteriorated when the Al content exceeds 0.07%.

e

through the precipitation behavior of AIN. However, the
effects become insufficient when the N content 1s less
than 0.003%. On the other hand, the effects are
saturated, and the toughness is rather deteriorated, when
the N content exceeds 0.015%. Accordingly, the N content
is defined to be from 0.003 to 0.015%.

Total Mg: 0.0005 to 0.0300%

Magnesium is a strong deoxidizing element and reacts

with A£,0, in the steel. It is added in order to deprive

AZ,0, of O and to form MgOe<AZ,0, or MgO. Therefore, unless

at least a predetermined amount of Mg 1is added 1n
accordance with the AfL,0, amount, that is, in accordance
with T.0 wt%, unreacted AZ,0, undesirably remains. As a
result of a series of experiments in this connection, 1it
has been found out that remainder of unreacted AL,0; can
be avoided and the oxides can be completely converted to
MgOeAZ£,0, or MgO by limiting the total Mg wt% to at least
0.0005%. However, if Mg is added in an amount exceeding
the total Mg wt% of 0.0300%, the Mg carbides and Mg
sulfides are formed and the formation of such compounds
is not desirable from the aspects of the materials.
Therefore, the Mg content i1s limited to 0.0005 to
0.0300%. By the way, the term "total Mg content”

represents the sum of the soluble Mg content in the

steel, the Mg content that forms the oxides, and other Mg
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compounds that are unavoidably formed.

Furthermore, in addition to the above, 0.35 to 1.70%
of Si is added in claim 1 of the present invention, and
0.05 to 1.70% of Si and 0.30 to 1.20% of Mo are added 1in
claim 3.

Silicon is added for the purpose of deoxidizing and
extending the life of the final products by inhibiting
the formation of the white structure and the carbide
structure and by preventing hardness reduction in the
process of rolling fatigue. However, the effects become

insufficient when the Si content is less than 0.35% 1in

sole addition thereof. On the other hand, when the
content exceeds 1.70%, such effects are saturated, and
the toughness of the final products 1s rather

deteriorated. Accordingly, the Si content 1is defined to

be from 0.35 to 1.70%.
Next, Mo is added to improve life of the final

products by inhibiting the formation of the white
structure and the carbide structure in the rolling
fatigue process. When, in a case of complex addition of
Si and Mo, the Si and Mo contents are less than 0.05% and
less than 0.30, respectively, however, the effects are
not sufficient and when Si and Mo exceed 1.70% and 1.2%,
respectively, on the other hand, the effects are
saturated and rather invite the deterioration of the
toughness of the final product. Therefore, the Si and Mo

contents are limited to 0.05 to 1.70% and 0.30 to 1.20,

respectively.
P: not more than 0.025%

Phosphorus causes grain boundary segregation and

center-line segregation in the steel and results in the
deterioration of the strength of the final products.

Particularly when the P content exceeds 0.025%, the

deterioration of the strength becomes remarkable.
Therefore, 0.025% is set as the upper limit of P.
Ti: not more than 0.0050%

Titanium forms a hard precipitation TiN, which
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triggers the formation of the white structure and the
carbide structure. In other words, it functions as the

start point of rolling fatigue failure and results 1in the
deterioration of rolling life of the final products.

Particularly when the Ti content exceeds 0.0050%, the
deterioration of life becomes remarkable. Therefore,
0.0050% is set as the upper limit of Ti.

Total O: not more than 0.0020%

In the present invention, the total O content is the
sum of the content of O dissolved in the steel and the
content of O forming oxides (mainly alumina) in the
steel. However, the total O content approximately agrees

with the content of O forming the oxides. Accordingly,

when the total O content is higher, the amount of A%£,0; 1n

the steel to be reformed is greater. The limit of the
total O content from which the effects of the present
invention in the induction-hardened material can be

expected has been investigated. As a result, it has been
found that when the total O content exceeds 0.0020% by
weight, the amount of A£,0; becomes excessive and as a
result the total amount of AZ,0, in the steel cannot be
converted to MgOeAZ,0, or MgO to leave alumina in the

steel at the time of adding Mg. The total O content in

the steel of the present invention must be, therefore,
restricted to up to 0.0020% by weight.

Next, the steels according to Claims 2 and 4 can
contain one or both of Ni, V in order to 1mprove
hardenability, to prevent hardness reduction in the
rolling fatigue process and to inhibit the formation of
the white structure and carbide structure.

Ni: 0.10 to 2.00%

V: 0.03 to 0.7%

Both of these elements improve hardenability, and
are effective for preventing repetitive softening by
restricting the drop of the dislocation density in the

rolling process or by restricting the formation of
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cementite in the repetitive process. This effect 1s not
sufficient when Ni is less than 0.10% and V is less than
0.03%. On the other hand, when these elements exceed the
ranges of Ni: 2.00% and V: 0.7%, the effect 1s
saturated and rather invites the deterioration of the

toughness of the final products. Therefore, the contents

are limited to the range described above.

Next, the reasons for limiting the number ratio of
the oxide inclusions in the steel according to Claim 5
will be explained. 1In the refining process of steels,
oxide inclusions outside the range of the present
invention, that is, oxide inclusions other than MgOe«AXL,0O;
and MgO, exist due to an unavoidable mixture. When the
amounts of these inclusions are set to less than 20% of
the total in terms of the number ratio, fine dispersion
of the oxide inclusions can be highly stabilized, and
further improvements in the materials can be recognized.
Therefore, the number ratio is limited to

(number of MgOe«Af£,0, + number of MgO)/number of total

oxide type inclusions 2 (0.8.
By the way, in order to bring the number ratio of the
oxide inclusions into the range of the present invention,
it is an effective method to prevent mixture of oxides of
an external system such as those from refractories, but
the present invention does not particularly limit the
production condition relating to this requirement.

The production method of the steel according to the
present invention is not particularly limited. In other
words, melting of a base molten steel may be carried out

by a blast furnace-converter method or an electric

furnace method. The method of adding the components to
the mother molten steel is not particularly limited,
either, and a metal containing each component to be added
or its alloy may be added to the mother molten steel.

The method of addition, too, may be an addition method

utilizing natural dropping, a blowing method using an
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inert gas, a method which supplies an iron wire, 1nto
which an Mg source is filled, into the molten steel, and
so forth. Further, the method of producing a steel ingot
from the mother molten steel and rolling the steel ingot
1s not particularly limited, either.

Though the present invention is directed to the
steel for bearing parts produced by the carburizing-
gquenching process, the carburizing and quenching
conditions, the existence of tempering, the tempering
condition when it is conducted are not particularly
limited.

EXAMPLES

Hereinafter, the effects of the present invention
will be represented more concretely with reference to
Examples.

Steel blooms each having the chemical compositions
tabulated in Tables 1 and 2 were produced by a blast
furnace-converter-continuous casting method. Mg was
added by a method which supplied an iron wire packed with
a mixture of metallic Mg particles and Fe-Si alloy
particles into the molten steél, inside a ladle,

discharged from the converter.

Next, round bars having a diameter of 65 mmdp were
produced by bloom rolling and bar rolling. The number
ratio of oxides in the section of the steel materials 1n
the rolling direction and the size ratios of the oxides
were measured. As a result, all the steels according to
the present invention fell within the suitable range as
tabulated in Tables 3 and 4. A testpiece for the rolling
fatigue test was collected and prepared from each steel
material of the present i1nvention and was then
carburization treated in the steps ot
930°C x 300 min -» 830°C x 30 min
- 130°C o01il quenching -» 160°C x 60 min tempering.



- | - | - 1£000°0]%T00°0] 910°0 |8000°080070%20"0] 9T

- | - | - [s000%0|sT00"0] €T0°0 |T€20°0]¢00°0]920"0] €% 0z
- | - | - [900070]9T00°0] 6000 |8T00°02T0"0]520°0] €670 |90070] 060 | 8670 | €0 | 6T
I 81
-

L0000} 2L°0 ]
e 0 |G00°0 | TL° T | 96" 1L [0C°O

L1

91
21

0¢C"0

0C¢°0 | ¢l
0c"0}| ¢1

Q0O
ik - | - |9000"0|sto0 0| £10"0 [sT00"0]600°0{TE0 0| €0°T [S00" 0| 080

- |sto| - |900070|#T00°0| %#T0"0 [TE00°0|900" 0

L000°0|8000°0) GTIO0O°0 j0c00°0 1121070

1100°0|800°0([9¢0°0

6¢0°0}] 8670

86" 0
0e0°0] SO° 1

AV}

9¢0°0f ¢1°1

310N

O
2.
>

T 91qel

720°0

—
—
(

900°0
800°0
0001 0B°0

LL°0 1057016170

Ol

0¢° 0

Oh

800°01] 82°0
@oo.oE 26" 0
qoo.oE G 0

80001 69°0 6% 1

¢ 0

8L 0
0¢° 0

"

¢ 0

8¢ 0

—~{ N | M|~ Y] O |~

0¢c" 0

L000°01/L000°0) 600°0 |200°01600°0

73m) Te33s 3523 Jo uoT3ITsodwod TedTWayYD

‘' ON

UOTIUSAUT
JO T33813s

"SEID




2185688

Z

-
.

-
:
N

13M0T

>

T I

6%°0
89°0
9t 0
¢t 0
7¢°0
0° 1
¢’ 0

800

170

| 11

070
0t°0

8¢ 0

330N O A N 0L
(Z3m) T

900070

6000°0

g000°0|STO0° 0

6000°0

8000°0
6000°0
L000°0

6000
%100

100°01S10°0{ 220070

9100

G100

100°0C1STO°0}6T00°0{£00°0
9100°0|%#10°019100°0

Tl

"T®°238 QCvr4LOS

AT

0

0

600°

0

O

5T0°0(£100°0|2T0 0 (%200 86°0
19T0°0{8000°0(2T0"0

£10°0|€200°0/600°0(520"

O LTI00"

0£00°01900°0

¢9t0°0
£000°0

800

J

'T200°0|800°0|TE0'0| €0°T {800°0

0
01800

PO1 YV

0

0] ¢0° 1

p—

d

WL

100°0(Z210°0|0C00°0{900°0

019¢20° ¢l 1
6¢0°0| S7°0
¢c0°0} 8670

933S 131$83 JO uoT3iTsodwod TeOTWay)

¢ °14F4

omo.oE@oo.o

5 gIr Jo otdwexa ue ST €¢

' ON

(230N

. H@mw“m
N6 0 moo.oEE 0Z°0 | c¢ - duo)
|
Zv°0 | €T°0 | 62
6 T | 2€°0 | 82
. . . . UOTIUSAUT
800" 0 Nw.oEﬂ.o 7
c00'0l o9 T |Tc T |0z 0! vz
'coo'olsoolesolte 0l g2
g8 0 |ov-'0 | %10 | 22 |
S U | TS ]
"ON .m.m.._”U
I U —d

(I ®Tgel wOoIXIJ PaONUTIUOD)



bl b b o ke dhbe o dndb il o b bl )

‘¢¢ o7dwexy aarleiedwo) UT T 8Q U0 pauTIsp ST Yotym %7 Jo sTseq 8yl uo anfea aaTielsd V' Y
*WW U0 paseq aie saaqunu a3yl 3eyl papTaoad ‘suoTSNTOUT B8PTX0 8aT3Ius 8yl JO

Jaqunu Te303/(.uw T 1ad Q3W JO aaqunu + 0'V 08W JO Iaqunu) :SIPTXO JO OTIBI Jaqunu ay] ' T
‘eaade ue Jo .uu 33d juasaad as3sweTp Teotasyds jusTeaTrnbas ssievudTsap SapIX0o JO 32Ts a3yl ‘T (230N
= l I I
= uoT3uaAuTt 1SITJ -—H"---m A m 8L°0 L ¢ | 61
.~ | =oraueant jo 3sadax ..;EIHl 8L | 9070 Lo
_ UOTIUaAuT . ou @.OH 68 E L = ¢ | ¢l
o UoTIUSAUT JO 3O0adse Y3JTJg ou b ET 6°0T] 28°0 | £ - ¢ | 2T |
— ) — - UOTIUSAUT
| i . E o 50 [ 90 17l ] jo teas
—
UOT3IU3AUT JO 30adse puooOag LA ou 26 TL°0 [ - C H
UOT3IU3AUT JO 33oadse 3saTg  ou L6 ou 0°8 9.7 0 L = C | %
UOTJIUSAUT JO 30adse summe A ou 8°'6 (870 A T
U0T3IU3AUT JO 30adse 3ISIATY ou 1°6 ou b L 9.0 L = C | T
3INIONIIS 3IN3IONIIS otyer| ()
apTQIed/a3Tym| 7 | apTqaed/s3Tym| 7 zoqunu| 8zTs
JO 8dussald JO 8ouesaig I |
330N "ON "SETD
3 duTIToa 3593 andtiey |
pmwmxms IR&E; .ﬁﬂo 3UTTI0I 30B3UOD SapTX0
°UA3 3OBIUOD JUIOL | 5444 Isnayl s,TIOW ‘

¢ ©1UFL



- —— W T BV -

—— — —— -

Lamn bbb Eod o L

*¢¢ 9Tdwexy aaTleiedwo) UT T 8Q UO pautTjiap ST YodTym Y17 JO sSTSeBQ 9yl U0 anlea sAaTleIal

O
O
O

. 01
+ ]

LUW VO pPaseq odE sdaogunu oyl JeBY? Umﬁﬂboua .mCOHmS.—.UGH oPTX0 =2dTJ3U=2 a3l JO

Jaqunu Telo03/(.uu T 1ad Q3W JO Iaqumu 4+ 0V QO3W FO Iaqumu)

:S3PTX0 JO OT3IBI Jaqunu aylp

'eale ue Jo .umu 1ad juasaad za3aweTp TeOTAayds JualeaTInba sojeuldTsap S8pTX0 JO 32Ts ayl

Sak

LC

L ~ C

uoT3jusaaur Jo 3o0adse yilanog - ou
UOTJIUIAUT JO 303dse UIITJ ou
ou

T

ou
uoT3IusAuUT JO 30adse paTyl ou
UoT3uaAuUT JO 130adse puodasg .. ou 0'0T ou E LL°0 L - ¢
UOTIUSAUT 3O 3dodse WIFT4|  ou | €°1T ou_ |96 |0 |-
! ou L°0T ou | ['8 8L 0 L = ¢
R S :
UOT3U2AUT JO 303dse puodag ou 0°0T ou 08 GL° 0 L = ¢
2IN3IONIIAS 9IN30N13S | oTlea | (wn)
°pTqgaed/e3Tym| 7 |8prqaed/e3Tuym| VT . o | Sote
JO 3ouasaad Jo 8douasaig . .
930N
1S3 8n3Tale]
umwwmwswﬂumm 3UTT103 SUTTTOI 3IDBIUO0D SaPTXQ
°GA3 IVEIUOU ucﬂomﬁ 2d4A31 3IsnIiyl s,TIOR

U [—

i

9t
Gt

7t

P 21ded

G¢C
¢
(N

[

‘ ON

"T (230N

1893S
dwo 9

uoTIusAUT |

JO T1233S

'SBTD

(¢ @Tge] wWOIJ pPaNUTIUOD)



10

15

20

25

30

35

- 15 - 2185688

Rolling fatigue life was evaluated by using a Mori
thrust-type contact rolling fatigue tester (Herzian
maximum contact stress of 540 kgf/mm’) and a point
contact type rolling fatigue tester (Herzian maximum
contact stress of 600 kgf/mm°) using cylindrical rolling
fatigue testpieces. As the scale of fatigue life, "the
number of repetitions of stress till fatigue failure at a

cumulative destruction probability of 10% obtained by

plotting test results on a Weibull chart" 1s generally
used as L, life. 1In Tables 3 and 4, a relative value of
this L,, 1ife of each steel material, when L,, life of
Comparative Example No. 33 was set to 1, was also shown.
Further, the existence of the white structure and the
carbide structure was examined in each testpiece after
rolling fatigue of 10° times, and the result was also
shown in Tables 3 and 4.

As shown in Tables 3 and 4, all of the steels
according to the present invention are prevented from
producing white and carbide structures. Therefore, the
steels of the present invention had excellent fatigue

characteristics which were about 7 to 11 times better in

a Mori thrust type contact rolling fatigue test and about
9 to 14 times better in a point contact type rolling
fatigue test than the Comparative steels.

Specifically, the example of the fifth aspect of the
invention had an excellent rolling life which was 8 times
or more better in a Mori thrust type contact rolling
fatigue test and about 11 times or more better in a point
contact type rolling fatigue test than the Comparative

steels.

On the other hand, Comparative Example 34 represents
the case where the amount of addition of Mg was smaller
than the range of the present invention. Comparative
Example 35 represents the case where the amount of

addition of Mg was greater than the range of the present

invention. Comparative Example 36 represents the case
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where no Mo is added and the amount of addition of 51 was
smaller than the range of the present invention.
Comparative Example 37 represents the case where the
amount of addition of Mo was smaller than the range of
the present invention. The rolling fatigue
characteristics of all were about 6.5 times worse 1in both
the Mori thrust type contact rolling fatigue test and the

point contact type rolling fatigue test in comparison
with Comparative Example 33, and the rolling fatigue
characteristics were not sufficient.

As described above, the carburizing bearing steel of

the present invention can realize the formation of fine

oxide inclusions, the inhibition of white structures and

carbide structures and the prevention of hardness
reduction. As a result, it has become possible to
provide a bearing steel which may greatly improve, 1n
bearing parts, the rolling fatigue life under a high
load. Accordingly, the effects of the present invention

in industry are extremely significant.
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CLAIMS

1. A long-life carburizing bearing steel

comprising, in terms of percent by weight:
C: 0.10 to 0.35%,
Si: 0.35 to 1.70%,
Mn: 0.3 to 2.0%,
S: 0.001 to 0.03%,
Cr: 0.4 to 1.50%,
A2: 0.010 to 0.07%,
N: 0.003 to 0.015%,
Total Mg: 0.0005 to 0.0300%; and
P: not more than 0.025%,
Ti: not more than 0.0050%,
Total O: not more than 0.0020%; and
the balance consisting of iron and
unavoidable impurities.
2. A long-life carburizing bearing steel
comprising, in terms of percent by weight:
C: 0.10 to 0.35%,
Si: 0.35 to 1.70%,
Mn: 0.3 to 2.0%,
S: 0.001 to 0.03%,
Cr: 0.4 to 1.50%,
A2: 0.010 to 0.07%,
N: 0.003 to 0.015%,
Total Mg: 0.0005 to 0.0300%;
at least one of the members consisting of:
Ni: 0.10 to 2.00%,
Vv:e 0.03 to 0.7%; and
P: not more than 0.025%,
Ti: not more than 0.0050%,
Total O: not more than 0.0020%; and
the balance consisting of iron and
unavolidable 1mpurities.
3. A long-life carburizing bearing steel
comprising, in terms of percent by weight:
C: 0.10 to 0.35%,
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Si: 0.05 to 1.70%,

Mn: 0.35 to 2.0%,

S: 0.001 to 0.03%,

Cr: 0.4 to 1.50%,

Mo: 0.30 to 1.205%,

A2: 0.010 to 0.075%,

N: 0.003 to 0.015%,

Total Mg: 0.0005 to 0.0300%; and
P: not more than 0.025%,

Ti: not more than 0.0050%,

Total O: not more than 0.0020%; and

the balance consisting of iron and

unavoidable impurities.

4 .

A long-life carburizing bearing steel

comprising, in terms of percent by weilght:

C: 0.10 to 0.35%,

Si: 0.05 to 1.70%,

Mn: 0.3 to 2.0%,

S: 0.001 to 0.03%,

Cr: 0.4 to 1.50%,

Mo: 0.30 to 1.205%,

A2: 0.010 to 0.07%,

N: 0.003 to 0.015%,

Total Mg: 0.0005 to 0.0300%;

at least one of the members consisting of:
Ni: 0.10 to 2.00%,

V: 0.03 to 0.7%; and

P: not more than 0.025%,

Ti: not more than 0.0050%,

Total O: not more than 0.0020%; and

the balance consisting of iron and

unavoidable 1mpurities.

5.

A long-life carburizing bearing steel according

to any of claims 1 to 4, wherein oxides contained 1n said

steel satisfy the following formula as a number ratio:

(number of MgOeAf£,0, + number of MgO)/number of total

- —— A e eeeee— w—
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oxide type inclusions 2 0.80.
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