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(57) Disclosed is a rolling bearing comprising an inner race, an outer race, and a plurality of rolling elements,
at least one of the inner race and the outer race being formed of an alloy steel which comprises:

0.7<C<0.9 % by weight;

0.1 < Si £0.5 % by weight;

0.5 < Mn < 1.1 % by weight; and
0.1 < Cr 0.6 % by weight;

and including, in its surface layer, at least one of 0.8 < C < 1.4 % by weight and 0.01 <N <0.3% by weight. The
rolling bearing can be obtained at an extremely low cost and has a long life in a severe environment

particularly under contaminated lubrication.

At least one drawing originally filed was informa! and the print reproduced here is taken from a later filed formal copy.

V QLLSLEC 99



1/1

1

Fl

(%) INAWLY3HL 1¥3H Y314y
"3AVT 30V4HNS ANNOHONN
30 30V3IHNS 40 INIINOD N+D

0.6 0.8

04
Cr CONTENT (%)

0.2

FIG. 2

TN TR O N T OO T Y O Y S N O N0 M B U AN O A A Y

® v N 0w o~
N - o

(%) INIWLYIHL LY3H Y3Ldv
HIAVT IOV4HNS ANNOHONN
40 30V44NS 40 INIINOD N

0.8

0.6

0.4
Si CONTENT (%)

02



2315775

ROLLING BEARING

FIELD TH NVE N

This invention relates to a rolling bearing used in
automobiies, agricultural machirery, and constructional
machinery. More particularly, it relates to a rolling bearing
which has a long bearing life even under contaminated
lubrication as demanded for use in driving systems, such as a
transmission and an engine.

BA RO OF NVENTION

Rolling bearings are generally made of bearing steel ox
case hardening steel which is to be carburized. Since rolling
bearings are to be used with a shearing stress repeatedly
imposed thereon under a high contact pressure, bearing steel is
subjected to hardening and tempering, and case hardening steel
is subjected to carburizing followed by hardening and tempering
in order to secure a rolling fatique life.withstanding the
shearing stress,

Comparxed with case hardening steel requiring
carburizing, bearing steel is largely advantageous in terms of
cost of heat treatment, reducing the total cost of production.
However, bearing steel js disadvantageons from the standpoint
of workability of the raw material and has an insufficient
rolling life under a severe runaning ‘condition. In order to
overcome these disadvantages of bearing steel, techniqgues for

improving the raw material workability to further reduce the



proéqction cost and for extending the rolling life have been
proposed as disclosed, e.g., in JP-A-8-3689 and JP-A-8-53735
(the term "JP-A" as used herein means an "unexamined published
Japanese patent application®).

On the other hand, case hardening steel is, while
economically disadvantageous, advantageous for its lcnger
rolling life. in recent years, hcwever, the working
environment of bearings has been .getting stricter. In
particular, there has been a demand for extension of a life
under contaminated lubrication as well as reduction of cost.
Under these circumstances, the state-cf-the-art caée hardening
steel cannot sufficiently meet the demgnds of life and cost.

The applicant previously proposed in JP-A-2-125841 a
leng-life rolling bearing made of an economical raw material
which has a reduced Cr content (Cr is ready to precipitate into
a carbide harmful to the life) and has added thereto as much Mn
a8s the reduction of Cr to secure hardenability and which has an
increased carben content to improve prodﬁctivity in heat
treatment.

JP-A-8-4774 proposes increasing the carbon content of
@ raw material thereby to cut the cost of heat treatment,
adding Si to the raw material, and subjecting the raw materjial
to carburizing thereby to improve the 1life under contaminated
lubrication. .

According to the conventional techniques as taught by

JP-A-B-3689 and JP-A-8-53735, somewhat extended durability of



‘ beaéing.ateel has been attained, but no considerations has been
given to the life under contaminated lubrication to cope with
the recent environment of use of bearings.

The technigue of JP-A-2-125841 aims at obtaining a
rolling bearing having a 1long life under contaminated
lubrication by retaining austenite in the surface layer in a
proportion of 25 to 45% by volume. This can be achieved by
setting the dissolved carbon content of at least the surface
layer at 0.8% by weight or more so as to keep the retained
austenite content within the above range. However, considering
the case in which the carbonitrided surface is ground, the
machinability (grindability) greatly varies depending on the
surface nitrogen content, and the surface nitrogen content is
decided by the alloying elements of the raw material and the
conditions of heat treatment. From this viewpoint the
technique of JP-A-2-125841 still has xroom for further
improvement for reducing the total preduction cost, while
Paying due attention to efficiency of Acarburizing and
grindability after carbonitriding as well.

Attention is not paid to the grindability after heat
treatment in JP-A-B-4774, either. That is, considerations for
not only grindability but materials, heat treatment, etc. are
insufficient 1in making a reduction of production cost.

In other words, although the akove-mentioned techniques
have achieved an extended bearing life through improvement on

bearing steel raw material that is economically advantageous,
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the-life reached is still not equal to that of bearings made of
carburized or carbonitrided casé hardening steel. On the other
hand, attempts to reduce the cost of case hardening steel that
is to be carburized or carbonitrided have not succeeded in
providing bearings competitive in price with normally hardened
articles made of bearing steel.

RY OF « I NTI

Attention being paid to these problems of conventional
techniques, an object of the present invention is to provide a
rolling bearing which has a long life under contaminated
lubrication and yet is less expensive than conventional
bearings made of bearing steel.

The present invention provides a rolling bearing
coqprising an inner race, an cuter race, and a plurality of
rolling elements, wherein at least one of the inner race, outer
race, and rolling elements is formed of an alloy stéel
comprising 0.7 to 0.9% by weight of C, 0.1 to 0.5% by weight of
Si, 0.5 to 1.1% by weight of Mn, 0.1 to 0.5% by weight of Cr,
and the belance of fe and unavcidable impurity elements, and
has a surface ilayer containing at least one of carbon and
nitrogen atoms, with the proviso that the carbon content is 0.8
to 1.4% by weight and the nitrogen content is 0.01 to C.3% by
weight. It is particularly preferred that at least one of the
inner race and outer race satisfies such regquirements.

In order to accomplish the above object, the inventors

of the present invention have thoroughly studied all the steps



inv;lved in a process for producing a rolliing bearing which
comprises forging (cold forgiﬁg, warm forging, hot forging,
€tc.), rolling and turning if necessary, heat treatment, and
grinding and various possible combinations of raw materials
applicable to bearings and methods of heat treatment. Aas a
result, they have developed a novel rolling bearing having
excellent rolling fatigue life under contaminated lubrication
which is obtained from a raw material suitable to every working
Step for completing a bearing and containing minimum alloying
elements and thus reached the present invention.
RI I ¥ ED INGS

Fig. 1 is a graph showing the critical significance of
the Cr content in a bearing material.

Fig. 2 is a graph showing the critical significance of
the Si content in a bearing material.

DETAILED DESCRIPTIDON QF THE INVENTION

The development of the rolling bearing of the present
invention is based on the following findings.

(1) In ganerél, raw materials containing Si or Mn that
Serves to strengthen ferrite or ¢ Or Cr that forms carbides in
amounts more than necessary exhibit reduced workability in
forging, rolling and turning. As a result of total study on
such woxkability as well as hardenability, heat treatment
characteristics, and life characteristics, it has been found

that the Si and Cr contents can be minimized by addition of

adequate amounts of C and Mn,



(2) In order to secure necessary bearing functions,
primarily a rolling 1life, while minimizing the alloying
elements, the raw material of the rolling bearing according to
the present invention is subjected to carburizing or
carbonitriding. 1In general, if a raw material contains such
elements as Cf, Mn, Mo and V that form carbides or
carbonitrides upon these treatments in amounts more than
necessary, a large amount of carbides or carbonitrides are
precipitated in the surface layer and interferes with grinding.
Further, such carbides or carbonitrides as cause reduction in
rolling life sometimes remain in the surface layer of a
finished bearing after grinding. Furthermore, the above-
mentioned carbide-forming elements and Si generally tend to
make the carburizing or carbonitriding layer shallower. For

example, the depth of carburizing tends to bacome smaller with

an increase in Cr content (see TEKKO _TO GOKINGENSO (Stee) and
Riloving Elements), p. 306, Japan Society for the Promotion of

Science, The 19th Steel Committee (Dec., 6, 1971)). In
particular, Cr and si cause a considerable reduction in depth
©f a nitrogen diffusion layer formed by carbonitriding.
Having taken ncte of these tendencies, the inventors
have confirmed that, of various alloying elements necessary for
making up of a bearing material, Si and Cr that are generally
taken as primary components are minimized L0 prepare low alloy
steel, whereby heat treatment characteristics are improved,

leading to satisfactory rolling fatigue life.



(3) On the other hand, a rolling bearing Tepeatedly
receives a shearing stress unéer a2 high contact pressure so
that it is reqguired to have certain hardness from its surface
to a certain depth so as to secure fatigue life. Further, in
order to secure a life under contaminated lubrication, the
surface layer should have not only hardness but at least a
given amount of retained austenite. That is, it is necessary
tO incorporate elements that improve hardenability to provide
certain hardness upon heat treatment and elements that form
retained austenite.

Based on the above.findings,_in the present invention,
appropriate amounts of C and Mn are added to the matrix, the
raw material is carburized oxr carbonitrided, apd Si and Cr
contents in the raw material are reduced to the lowest possible
levels, thereby to secure heat treatment quality demanded for
life characteristics. According to the pPresent invention, a
cheap raw material is subjected to an Optimum heat treatment to
Produce a rolling bearing having a long life under contaminated
lubrication at a remarkably reduced production €ost. That is,
3 cheap raw material can be made sufficiently useful as a
bearing materijal. For example, structural carbon steel for
machinery whick is generally accepted hardly usefy] as a
bearing material can be made usable by increasing its carbon

content, or tool carbon steel can be- made usable by adding a

trace amount cf Mn.



The embodiments for carrying out the present invention
will be shown below, starting with the action of allcying
elements composing a raw material for the rolling bearing of
the invention and the grounds for limiting the contents of the
elements.

1) C Content: 0.7 to 0.9 we$

A finished product having an appropriate amount of
retained austenite (vz) and a residual compressive stress in
its surface layer and thereby exhibiting a long life under
contaminated lubrication can be obtained even from low alloy
steel by conducting carburizing or carbonitriding. Since an
increase in heat treating time raises the production cost, the
lower limit of the carbon content should be 0.7% by weight so
that a sufficient depth of a hardened layer and a sufficient
retained austenite content for obtaining a satisfactory life
may be achieved by carburizing oxr carbonitriding for as short
a time as the hardening time of conventional_bearing steel.

As the carbon content of a Taw material increases,
resistance against deformation in cold working tends to
increase. Even with the contents of alloying elements reduced,
a bearing material having a C content exceeding 0.9% by weight
reduces the life of a tool. Moreover, if the C content exceeds
0.9% by weight, soaking would be needed in steel making so as
Tto eliminate macro carbides or segregation.

For the above reasons, the carbon content of a raw

material should range from 0.7 to 0.9% by weight. Where a ljife
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and‘qost of heat treatment are to be considered strictly, the
carbon content is desirably 0.8% by weight or more for securing
a sufflciently long life through a shert-time heat treatment.
4) Cr Content: 0.1 to 0.6 we§

Cr is an element for strengthening the matrix to obtain
improved hardenability and improved resistance against temper
softening. Cr should be bresent in an amount of at least 0.1%
by weight in order to draw its effects effectively. If the Cr
content axceeds 0.5% by weight, soaking is necessary to
suppress formation of macro carbides or segregation in steel
making, which entails additional cost plus the cost of Cr.
Further, an increase in Cxr or S8i content in addition to ¢
content tends to increase resistance to deformation in colgd
working.

For these reasons, the Cr content of a raw material
should range from 0.1 to 0.6% by weight.

The depth of a diffusion layer after carburizing or
carbonitriding reducas depending on the cr content., The
relationship between Cr content and C+n content of the unground
surface layer is shown in Fig. 1. It is seen that the C+N
content of the unground surface layer abruptly rises as the Cr
content exceeds 0.3% py weight. This means that C and/or N are
accumulated on the surface, failing to Provide a sufficient
depth of a diffusion layer especially when the heat treating

time is short. Therefore, the Cr content of a raw material is



cesirably .0.3% by weight or less for obtaining a sufficien:
life through a short-time heat'treatment.
ent: 0.5 to 1.1 wt%

While Mn or Cr is usually added for improving
hardenability, not all Cr functions to improve hardenability of
the matrix because it is a carbide-forming element. Besides,
Mn is less expensive than Cr. Accordingly, in orxder to impart
sufficient hardenability with a small Cr content, and alsco
considering that Mn is an element forming retained austenite
which is effective on a rolling life under contaminated
lubrication, the Mn content should be added in an amount of at
least 0.5% by weight. Since Mn also serves to strangthen
ferrite of a raw material, cold workability is noticeably
reduced if the Mn content exceeds 1.1% by weight particularly
where the raw material has a carbon content of 0.7% by weight
or ﬁore. Accordingly, the upper limit of the Mn content is set
at 1.1% by weight.

For these reascns, the Mn content of a raw material is
to range from 0.5 :o.l.lt by welght.

4) Si Content: 0.1 to 0.5 wtt

S1 acts as a deoxidizer in making a raw material into
steel, improving hardenability and strengthening the martensite
macrix, and is therefore effective in extending the life of a
bearing. Si should be added in an amount of at least 0.1% by
weight so as to enjoy its effects. If the Si content is

excessive, however, machinability, forging properties, and coid
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woz:l;:abilitﬁy are deceriorated, and the depth of a diffusion
layer formed by carburizing 6: carbonitriding is reduced.
Therefore, the upper limit of the Si content is 0.5% by weight,
For these reasons, the §i content of a raw material jis limited
to a range of from 0.1 to 0.5% by weight. h

Because Si increases the depth of the grain boundary
oxidation layer or denéity of the surface layer during
carburizing or carbonitriding, tending to reduce the mechanical
strength. In the case of bearings produced by heat treatment
foilowed by grinding, si lessens the strength of the part that
is not subjected to grinding. Therefore, the §i content is
preferably as low as possible. Where carbonitriding is carried
out, Si hinders ciffusion of nitrogen, resulting in a reduction
in depth of a diffusion layer. In addition, nitrogen is
thickened in the surface after heat treatment, which greatly
impairs machinability in tha subsaquent grinding. 1In Fig. 2 is
shown the relationship between §j content and N content of the
unground surface layer aftex heat treatment.A It is seen that
when the Si content exceeds 0.5% by weight, the nitrogen
content of the unground surface layer steeply rises, resulting
in serious deterioration of grindability. In this connection,
JP~A-6-341441 revealed that the relationship between N content
of unground surface layer and grindability, describing that
grindability is éppreciably reduced if the nitrogen content of
an unground surface Smyer exceeds 0.3% by weight and that a

preferred nitrogen content is 0.25% by weight or less. as can

- 11 -



be seen from Fig. 2, the nitrogen content of the unground
surface layer exceeds 0.25% by ';:eight as the Si content exceeds
0.3% by weight. Accordingly, where carbonitriding is carried
out, the Si content is preferably not more than 0.3% by weight.

As stated above, the bearing material according to the
present invention is supplied at a price considerably below
that of conventional bearing steel, can be worked at a
minimized cost, and can be carburized or carbonitrided in a
short time. It follows that the overall production cost of the
bearings obtained from the material is below that of bearings
made of conventional bearing steel. Note that the raw material
used in the present invention has a high C content and that ths
resulting bearing has a high total content of retained
austenite as a result of carburizing or carbonitriding. 1In
particular, a sufficient amount of retained austenite should be
present in the surface layer as a means for securing a long
life. As a result, there is a tendency that the dimensional
stability, which is an important property required of &
bearing, is deteribrated. Deterioration of dimensional
stability is attributed to decomposition of retained austenite
into martensite or ferrite and pearlite during use of the
bearing. It is preferable, therefore, for the bearing of the
present invention to be used at a temperature of not higher
than 120°C at which the rate of decomposition of retained
austenite is sufficiently iow. Where the bearing material is

subjected to carbonitriding, the surface layer after



cnr;qnitriding has increased resistance to tempering owing to
dissolution of nitrogen. In this case, the bearing is
preferably.used at a temperature of not highe: than 130°C.
Wiere the temperature of use exceeds thé above point, it is
desirable that the bearing material of the present invention be
used as rolling elements of a bearing tc which dimensicnal
stability is less impcrtant.

31 C Content of Finished Surface Laver: 0.8 to 1.4 wt%

Carbon is indispensable to hardness and retairned

austenite required for a bearing. It should be present in an
amount of at least 0.8% by weight so as te secuxe a long
' bearing life. However, if the carbon content exceeds 1.4% by
weight, there is a fear that macro carb;des, such as M,C (M:
metal), whlch deteriorate grindability, life, and strength are
precipitated in quantity.

For these reasons, the carbon content of a finished
surface layer of the bearing should range from 0.8 to 1.4% by
weight.

)N Content of Finished urfa : 0.0 o 0.3 wt$

. Nitrogen serves for formation of retained austenite and
for improvement of resistance to tempering thereby to
contribute to extension of a bearing lifé and improvement in
heat resistance and wearability. However, that the N content
Of a surface layer of a finished bearirg exceeds 0.3% by weight
Suggests that the surface layer after the heat treatment must

have rad a higher N content. Such a high N content after the

- 13 -



heat treatmeat means considerably poor grindability. This is
the reason why the N ccntent of‘a finished surface layer should
be rpot more than 0.3% by weight.

The bearing of the present invention is obtained by
carburizing or carbonitriding. Carbonitriding is preferred to
carburizing because carbonitriding results in strengthening of
the structure by solid solution of nitrogen and formaticn of
fine precipitates of carbonitrides, .thereby .to brlng about
improvements in life, heat resistance, and wearab;l;ty In
some cases, carburizing of a steel material is accompanied by
solid solution of slight nitrogen, but the amount of dissolved
nitrogen is abocut 0.02% by weight, while varying depending on

the alloying elements, not enough to produce effects in

.

improving the life or wear characteristics. At least 0.05% by
weight of nitrogen is required for cbtaining such offects. If
the nitrogen content exceeds 0.2% by weight, nitrides, such as
MN (M: metal), Frecipitate, which tends to bring about
improved wearability but reduce grindabllity. 1In short, the
relling beaxing of the present invention is preferably produced
by subjecting the zaw steel material to carbenitriding, and the
nitrogen content of the finished surface layer is in the range
of from 0.01 te 0.3% by weight, preférably from 0.05 to 0.2% by
weight.
EXAMPLES -
In what follows will be described the composition of

the raw materjals used in the production of rolling bearings

- 14 -



accérdigg.to the present invention, whether or not soaking is
needed, and evaluations made on workability of the raw
materlals in a simulation of ordinary steps involved in
production of an inner race, an outer race, ang rolling

elements.

(1) Components, Need of Soaking, and Evaluation of Turping
Workability and Header Workability

Outer and inner races of a bearing are usually produced

by warm forging or hot forging, annealing, and turning. Some
rolling elements are produced by turning similarly to outer and
inner races, and others by cold working (header working) of a
coil material as is usual mostly in the production of small
bearings. Turning workability and header workability of
Examples and Comparative Examples having an alloy composition
shewn in Table 1 below were evaluated in terms of a tool life
and a mold life, respectively, under the following conditions.
Conditions Evaluatio
1) Necessity of Soaking

The cross section of a billet of a raw material was
éxamined macroscopically and microscopically to see whether or
not macro carbides or thick segregation bands which are harmful
to the life had beepn Iormed.
2) Cutting tool life

Cutting machine: high-speed-lathe

Tool: P10 (JIS B 4053)

Cutting speed: 180 to 220 m/sec

- 15 -



Running rate: 0.2 to 0.3 mm/rev

Depth of cut: 0.6 to i.O mm

Each sample was ground under the above conditions in
accordance with the cutting test method specified in JIS B4011l.
The time required until the wear of the flank of the cutting
tool reached 0.2 mm was taken as the life of the tool. The
bearing materials used in Examples and Comparative Examples
were high carbon steel, and they had been sphercidized by
heating to at least the A, point (the temperature at which a-
iron is converted into yY-iron) of the material before turning.
SCr420 (Comparative Example) had been softened by heating to a
temperature below the A, point in a usual manner.
3) Mold Life

Mold: V30 (JIS B4053)

Upsetting ratio: 15 to 20%

Working speed: 300 to 400 workpieces per minute

Lubrication: zinc phosphate coating film + lubricant

Each steal species was worked under the above
conditions. The number of the workpieces that could be worked
until the mold developed cracks or broke to give scratches or
deformation to the workpieces.

In Table 1 are also shown whether Or not the sample

needed soaking and the results of evaluations on header

workability in texrms of a mold life and a turning tool life.

- 16 -



IABLE 2

Mold Tool
Steel C Si Mn Cr Soak-| Life Life
Species | (wt%) | (wt%) | (wt?) | (wt%) | ing’ | (x10%) | (min)
~c1 |0.78]0.36]0.81[0.32] ™o | 219 | 225
c2 0.85 | 0.22 | 0.85 | 0.33 | No 215 218
3 0.84 | 0.34 | 0.82 | 0.25 | No 213 216
o 0.88 | 0.36 | 0.B3 | 0.33 | No 203 210
cs 0.72 [ ¢.37 | 0.85 | 0.34 | Mo 250 220
ol 0.82 | 0.47 | 0.83 | 0.32 | wNo 205 205
Examples
) c7 0.84 | 0.15 | 0.83 | 0.33 | No 223 220
c8 0.85 ] 0.33/1.03]0.32] no 201 202
o} 0.82 | 0.34 | 0.58 | 0.32 | No 235 220
Cl0 [0.84!6.35]0.84]0.55| mo 206 208 |
Cil 1 0.83{0.33]0.83|0.17 | mo 216 | 219
Cl12 ' 0.83|0.18 {0.85]0.29 | no 229 235
C13 11.02f0.35|0.83]|0.33| ves 78 65
Cl4 0.65 | 0.33 | 0.82 ! 0.32 | wmo 253 218
ci5 10.83]0.62]0.83]6.31| No 168 122
Ci6 | 0.83|0.05|0.83]0.3¢| wo 228 232
Cogggga- €17 1 0.8440.32]1.230.33| wno 75 63
Examples | C18 | 0.82]0.3¢ 0.35]0.32 | No 246 241
Cls ]0.85]0.34]0.83|0.75| ves | 152 112 l
C20 10.82]0.33|/0.84|0.04] wno 227 223
SUJ2 | 1.01[0.23]0.32]1.45| ves 56 55
L 5€r420 | 0.21 1 0.25 | 0.78 [ 0.95 [ No 196 265

*}) Yes: Soaking was needed. No: Soaking was not needed.

- 17 -



Steel species having a C content exceeding 0.9 wt% (C13
and 5UJ2) or a Cr content exceeding 0.6 wt% (C13) were judged
to need soaking.

Steel species having a C content exceeding 0.9 wt% (C13
and SUJ2) or an Mn content exceeding 1.1 wt% (C17) have reduced
workability, considerably reducing the mold life. Those having
an S5i content exceeding 0.5 wt% (Cl1l5) or a Cr content exceeding
0.6 wt% (C19) tend to have reduced workability.

Steel species having a C content exceeding 0.$ wtk or
ar. Mn content exceeding 1.1 wt% exhibit reduced workability,
considerably reducing the toecl 1life. Those having an Si
content exceeding 0.5 wt% or a Cr content exceeding 0.6 wt$
also tend to have reduced workability.

in nditio n valuation of Grindabilit

The staals shown in Table 1 each were werked into an
inner race. After subjected to heat treatment as described
below, each inner race was subjected to a grinding test.

The conditions of heat treatment were as follows.

- 18 -



TABLE 2

~
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Number C Ceoatent | N Contens of
Heat of of Finished Finichad
‘Sample Steel Treat- | Gzound Surface . Surface
No. Species | ment Samples (wt2) (wtX)
1 Cl A 24 0.99 0.12
2 Cl B 27 1.02 -
3 c2 A 23 1.06 .21
4 C2 B 26 1.10 -
5 C3 A 26 1.08 0.23
6 cé A 21 1.03 0.09
7 Cé6 B 26 1.05 -
8 C7 A 26 1.07 0.21
9 C7 B 28 1.10 -
Examples
10 CB A 26 1.03 0.13
11 C8 B 28 1.09 -
12 c9 A 25 1.C6 0.14
13 CS B 28 1.10 -
14 Cl0 A 21 .98 0.08
15 Ci9 B 26 1.01 -
1¢ Cl1 A 26 1.00 0.22
17 Cll B 28 1.01 -
18 Cl2 A 25 1.01 0.25
19 Cl F 239 0.78 -
20 Cl E 2] 1.42 -
21 Cl c 8 1.18 0.33
22 C2 F 29 0.85 -
23 Cc2 E 23 1.56 -
24 g2 C 6 1.23 - 0.32
25 Cl4 A 24 0.73 0.21
26 Cl4 B 27 0.76 -
27 C15 A 7 0.86 0.03
c 28 C15 B 26 0.88 -
o 29 C16 A 27 1.05 0.22
Examples 30 Cl6 B 28 1.08 -
31 Cis A 24 . 1.06 0.15
32 . C18 B 26 1.10 -
33 « ¢C19 A 9 0.89 0.06
34 C19 B 21 - 0.91 -
35 c20 A 24 0.58 0.16
36 €20 B 28 1.G1 -
37 SUJ2 F 28 1.00 -
38 SUJ2 A 7 1.05 0.04
39 SUJ2 B 23 1.21 -
‘ 40 SCr420 D 25 0.98 -
— —t




Heat Treatment A
Carbonitriding carried out at a temperature of not
lower than 840°C and lower than 900°C for 0.5 to 1 hour in a
heat-absorbing gas atmosphere containing 0.3 to 0.7% of
enriched gas and 3 to 10% of ammonia gas; followed by direct
quenching; followed by tempering at 160 to 200°C for 2 hours.
Heat Treatment B |
Normal carburizing at 870 to $30°C for as short a time
as 0.5 to 1 hour; followed by direct quenching; followed by
tempering at 160 to 200°C for 2 hours.
i r ent
Carbonitriding at 840°C or above and below 900°C for 5
to 7 hours in a heat-absorbing atmosphere containing 0.3 to

0.7% ¢f enriched gas and 3 to 10% of ammonia gas; followaed by

direct quenching; followed by tempering at 160 to 200°C for

2 hours.

Heat Treatment D

Normal carburizing at 930 to 960°C for S to 7 hours:
followed by direct guenching; followed by tempering at 160 to

200°C for 2 hours.

Heat Treatment E
High concentration caxburizing at 920 te 960°C for 5 to
7 hours; followed by direct quenching; followed by tempering at

160 to 200°C for 2 hours. .
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at Treatment F

Holding at 830 to 860°C-for 0.5 to 1 hour; followed by
hardening; followed by tempering at 150 to 200°C for 2 hours.

For the rolling bearings of the present invention, heat
treatments A and B through which both cost reduction and
extension c¢f a life can be achieved simultaneously were
adopted. More specifically, heat treatment A comprising short-
time carbonitriding followed by.. direct gquenching is
substantially equal in cost to usual hardening. Further,
addition of carbon and nitrogen by carbonitxiding brings about
great improvements in function over normal hardening. If the
treating temperature in heat treatment A is 900°C or higher,
mere yz: than necessary is produced in the finished surface
layer to reduce the hardness, and functions aa a bearing or a
baaring life‘ara reduced. On the other hand, if the treating
temperature is below 840°C, or if the treating time is longer
than necessary, the unground surface layer gains more N than
necessaly, resulting in considerabie reduction in grindability.
Heat txreatment B comprising short-time carburizing and direct
quenching is practically equal in cost to normal hardening.
Retained austenite is formed in the surface layer by addition
of carbon through carburizing. As .a result, a long life is
obtained particularly under contaminated lubrication. Further,
a residual compressive stress is generated by carburizing,
thereby bringing about improvements in function over normal

haxdening. If the treating temperature in heat treatment B
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exceeds 930°C, more y; than necessary is produced in the
finished surface layer despite‘the fact that carburizing only
causes carbon addition. As a result, the hardness is reduced,
and the toughness in the core portion is reduced, resulting in
reduction of functions as a bearing or a bearing life. On the
other hand, if the treating temperature is lower tan 870°C, or
if the treating time is longer than necessary, reticulate macro
carbides precipitate in the unground surface layer, which
reduces grindability. Such macro carbides also tend to
Frecipitate deep in the finished surface layer to reduce the
life of the resulting bearing.

Grindability was evaluated as follows.
rindin est

Grinding wheel: WA100

Grinding fluid: soluble type

Peripheral speed of grinding wheel: 2800 to 3000 m/min

A sample corresponding to the inner raceway of a
rolling bearing was ground with the grinding wheel, and the
state of the grindiﬂg wheel in terms of shape retention and
clogging was observed. The number of samples that were ground
before the grinding wheel was dressed was counted to evaluate
grindability. .

In Table 2 are shown the restlts of the grinding test
carried on the samples after heat treatment under various heat

treating conditions and the results of analysis on the C and N
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contents of the ground-finished surface layer of the resulting
bearing. |

Sample Nos. 1 to 18 according to the present invention
achieved satisfactory grindability at low cost.

To the contrary, comparative sample Nos. 21 and 24
having been subjected to normal carburizing for 5 to 7 hours
exhibited appreciably reduced grindability despite the fact
that the steel species used (Cl and C2) satisfy the conditions
of the present invention. This is because a large amount of
nitrogen had been dissolved in the unground surface layer
during the heat treatment.

In comparxative sample Nos. 27, 33, and 38 having a high
Si or Cr content, diffusion of nitrogen was retarded by 8i or
Cr. As a result, a large amount of nitrogen was dissolved in
the unground surface layer to greatly reduce grihdability,
though the nitrogen content in the finished surface is low.

Comparative sample Nos. 20 and 23 hav;'.ng been subjected
to high concentration carburizing for a 1long time and
Comparative sample Nos. 34 and 39 which had been subjected to
short-time carburizing but had a high Cr content showed a
tendency to have reduced grindability as - a result of
precipitation of a large quantity of carbides.

1 ] Test
A bearing test was carried out on the samples of the

foregoing Examples and Comparative Examples as follows. A life
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under clean lubrication and a life under foreign matter-
contaminated lubrication were éxamined.
Bearing Test

The test conditions were as follows.

A thrust type bearing testing machine described in
Denkiseiko Kenkyusho (ed.), Tokusyuko Binran {Index of Special
Steel), 1st BEd., pp. 10-21, Rikogakusha X.X. (May 25, 1969) was
used. The cumulative number of times of stressing repeated
until flaking occurred on the sample bearing was plotted to
obtain a Weibull distribution, from which was obtained a life
Ljp of the sample. Sample Nos, 21, 24, 27, 33, and 38 that had
shown seriocus reduction in workability in the above-degcribed
grinding test were excluded from the bearing test.

Contact pressure: 5200 MpPa

Number of revolutien: 3000 C.P.M.

Lubricant: turbine oil No. 68

i est ex Contaminated Lubrication

Contact preséure: 43500 MPa

Numper of revolution: 3000 C.P.M.

Lubricant: +turxbine oil No. 68

Contaminant:

Composition: Fe,C-based powder
Hardness: HRCS2 .

Particle size: 74 to 147 um
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concentration of contaminant: 300 ppm  in

lubricant

The results of the bearing test are shown in Table 3.
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TABLE 3

'f; under Lo under
Clean Contaminated
Sample Steel Lubrication { Lubrication
No. Species (x107) (%105)
1 Cl 8.2 35.3
2 Cl 7.9 31.2
3 c2 11.3 45.5
4 Cc2 10.5 35.2
5 C3 11.5 42.8
) Ccé 8.7 31.6
7 Cé6 8.3 28.5
8 (o) 10.1 40.2
1 9 c? 8.5 31.0
Examples —73 ce 10.3 12.6
11 (of] 9.5 35.1
12 (o} 7.1 32.3
13 c9 7.0 30.9
14 Ci10 7.8 35.6
15 C10 7.5 31.9
16 Cl1 10.2 40.5
17 Cli 8.9 32.7
18 ci2 i11.8 45.6
19 Ccl 1.0 2.1
20 Cl1 1.2 7.8
22 C2 6.2 15.3
23 C2 2.3 9.6
25 Cl4 0.8 1.5
26 Cl4 0.7 1.2
28 Cl5 5.3 2.5
Compara- 29 C16 1.1 6.5
tive 30 Cl6 1.0 4.1
Examples 31 ci8 1.3 1.2
32 Ci8 1.0 1.0
34 19 1.6 3.2
35 C20 1.1 2.6
38 €20 0.9 2.1
37 SUJ2 1.4 1.9
39 SUJ2 4.5 6.2
40 SCr420 7.6 7.3
%m%
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Sample Nos. 1 to 18 accoxrding to the pZesent lnvent;on
~had a long life under both clean lubxication and contaminated
lubrlcatxon. Above all, sample Nos. 1, 3, 5,6, 8, 10, 12, 14,
16 and 18 that had been carbonitrided under heat treatment
condition A exhibited a particularly locng life. Cf these
samples having been carbeonitrided, the one having its Si and Cr
contents reduced appropriately (sample No. 12) had the longest
life.

In contrast, comparative sample Nos. 19 and 22 that had
been subjected to normal hardening and tempering (heat
treatment F) were short of strengthening by solid solution of
carbon and nitrogen, having no residual compressive stress on
their surface layer, and therefore did not have as long 2 life
as expected. In particular, the life of sample No. 19 was
shorter due to insufficient hardness partly because the C
conteat was rot more than 0.8% by weight. On the other hand,
sample No. 22 having appropriately reduced Si and Cr contents
had more dissslved carbon and more retained austenite than
bearings made of conventional bearing steel having been
subjected to normal hardening, thersby exhibiting the longest
life of all the comparative camples. .

Sample Nos. 20 and 22 having had received high
concentration carburizing (heat treatment E} suffered from
Precipitation of -macro carbides harmful to a 1ljfe on the
finished surface thereof and therefore had a feduced iife.

Comparative sample Nos. 25 and 26, which were ptepared
from a raw material whose initial C content is less than the

lower limit specified by the present invention (Cl4) by the
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same carburiging or carbonitriding as used in Examples (hgat
.trea;:men;t A oxr B), failed to increase the C content of the
finished surface layer up tc 0.8% by weight, the lower limit
specified by the present invention, due to the short heat
treating time. As a result, hardness required for use as a
bearing cannot be secured, resulting in a short life.

Comparative sample Nos. 28, 34, and 39, which were
prepared from a raw material whose Si or Cr content is highex
than the respective upper limit specified by the present
invention by the same carburizing as carried out in Examples,
showed s0 slow diffusion of C in carburizing that sufficient
diffusion layer could not be formed by such short-time heat
treatment. As a result, the life of the finished sample after
grinding was no more than equal to that of those having had
received normal hardening and tempering (heat treatment f] or,
at the longest, slightly longer than that because of somewhat
dissclved C or N.

Comparative sample Nos. 29, 30, 35, and 36, which were
Frepared from a raw material whose Si or Cr'content is lower
than the respective lower limit specified in the invention by
the same carburizing or carbonitrxiding as carried out in
Examples, failed to secure hardness necessary as & bearing on
account of insufficient solid solut;on Strengtﬁening by Si or
Cx. Their life was short particularly under clean lubrication.

Comparative sample Nos. 31 angd 32, which were prepared
from a raw material whose Mn centent is lower than the lower
limit specified in the invention by the same carburizing or

carbonitxiding as conducted in Examples, had a short life due
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to, for one thing, insufficierit seolid solution strengtheging
-and, .for.a_nother thing, shortage of retained austenite that is
effective on a life particularly under contaminated
lubrication.

Comparative sample Nos. 37 and 40 were prepared by
subjecting SUJ2 or SCR420 conventionally employed as a bearing
material to normal hardening fellowed by tempering (heat
treatment F) or normal carburizing (heat treatment D). The
former had a short life under both clean lubrication and
contaminated lubrjcation. The latter, the carburized one, had
a longer life than the former under clean lubrication and
contaminated lubrication‘but‘was cbviously inferier in life,
especially under contaminated lubrica*ion to the samples of
Examples according to the present invention.

The present invention is applicable to various kinds of
rolling bearings, inclusive of ball bearings, cylindrical
roller bearings, conical reoller bearings, and spherical roller
bearings, either of radial type cor of thrus; type.

As has been fully described, the éresent invention
consists in minimizing the alloying elements of a raw material
for making at least one of the constituent members ©f a rolling
bearing, i.e., the inner race, the outer race and xolling
elements, and in subjecting the Taw materjal to carburizing or
carbonitriding under appropriately selected heating conditions
€0 a8 to give specific carbon and nitrogen contents to the
surface layer. As a result, there is provided a rolling
bearing having an extended life even under severe running

conditions involving contamination of the Jlubricant with
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foreign matter while reducing' the cost of production To the
-lowe‘s.t p;::ssible dagree.

| While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.



-

What is plaimed is:
| 1. A rolling bearing comprising an inner race, an
outer race, and a plurality of-rolling elements, at least one
of the inner race and the outer race being formed of an alloy
steel which comprises:

0.7 = C = 0.9 % by weight;

0.1 £ Si

A

0.5 % by weight;
0.5 € Mn = 1.1 % by weight; and
0.1 < Cr £ 0.6 % by weight;

and including, in its surface layer, at least one of 0.8 < C

IN

1.4 % by weight and 0.01 < N < 0.3 & by weight.

2. The rolling bearigg of cleim 1, wherein said alloy
steel has a Cr content of 0.1 to 0.3% by weight.

3. The rolling bearing of claim 1, wherein said alloy
steel has an Si content of 0.1 to 0.3% by weight.

4, The rolling bearing of claim 1, ‘whérein said
surface layer has an N content.of 0.05 to 0.2% by weight.

5. Bearing steel comprising 0.7 to 0.9% by weight of
Cr 0.1 to C.5% by weight of Si, 0.5 to 1.1%'by weight of Mn,
0.1 to 0.6% by weight of Cr, and the balance of Pe and

unavoidable impurity elements.

-~ 31 -



Ofhce

22

Application No: GB 9715699.6 Examiner: R.B.Luck

Claims searched: 1-4

Patents Act 1977

Date of search: 22 August 1997

Search Report under Section 17

Databases searched:

UK Patent Office collections, including GB, EP, WO & US patent specifications, in:
UK CI (Ed.O): C7A Optics

Int Cl (Ed.6):
Other:

Documents considered to be relevant:

Category| Identity of document and relevant passage Relevant
to claims
X | GB2306506 Sanyo Special Steel Co.Ltd. 1,2,3,5
X | GB2294270 Nsk Ltd. 1,,2,3,5
X | GB2294058 NSK Ltd. 1,2,4,5
X | GB1354828 The Timken Company 1,5
X | EP0626468 SKF Industrial Trading & Development Co.B.V. 1,5

X  Document indicating lack of novelty or inventive step A Document indicating technological background and/or state of the art.
Y  Document indicating lack of inventive step if combined P  Document published on or after the declared priority date but before
with one or more other documents of same category. the filing date of this invention.

&  Member of the same patent family

E Patent document published on or after, but with priority date earlier
than, the filing date of this application.

An Executive Agency of the Department of Trade and Industry




