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[57] ABSTRACT 

A bearing steel consisting of 0.55 to 0.78 percent of carbon, 
0.50 to 2.00 percent of chromium, 0.10 to 1.15 percent of 
manganese and 1.00 to 2.00 percent of silicon by weight with 
the balance iron, said steel having been spheroidized during 
annealing, and afterward, heated to an austenitizing tempera 
ture ranging from about 810° to 870° C. for a period of about 
30 minutes to dissolve 0.35 to 0.55 percent by weight of car 
bon into austenite retaining 3 to 6 percent by weight of undis 
solved spheroidized iron carbide, liquid quenched and tem 
pered at about 150° C. 

3 Claims, 13 Drawing Figures 







3,663,314 Pmmd‘ my 16-, 1972 
4 81:00 a-Sho“ 3 

7. FIG. FIG. 6. 

0.45% CARBON X4000 

O. 65 % CARBON X4000 

INVENTORS. 

TOSH/RO YAMAM q 
BY 

I 16 M525 ~ M 

W? ATTORNEYJ. 





3,663,314 
1 

BEARING STEEL COMPOSITION 

This application is a continuation-in-part of applicants’ 
previously ?led application Ser. No. 691,868, ?led Dec. 19, 
1967, now abandoned and entitled “Bearing Steel Composi 
tion and Method of Manufacture.” 

This invention relates to steels usable for making bearings, 
and more particularly to an improved composition and 
method of heat treating such steels in which the carbon con 
tent is lower than normal and a particular proportion of the 
carbon is dissolved in austenite by introducing an austenitizing 
step, the balance of undissolved carbon remaining as sphe 
roidized iron carbide in martensite. 

In the making of steel for bearings it is known that the car 
bon content of the steel a?ects the fatigue life, the compres~ 
sive breaking strength, and other important characteristics of 
the ?nished steel product. However, insofar as known to appli 
cants, all conventional tests and research to discover the rela 
tion between the carbon content and the above-named 
characteristics have failed to establish a distinct correlation, 
because the total carbon content appears in the ?nished steel 
in varying proportions both as dissolved carbon in austenite 
and undissolved iron carbide in martensite. Accordingly, a 
speci?c total carbon content results in varying characteristics 
depending on the method of heat treatment and the variations 
in dissolved carbon and undissolved carbide. 

It is a primary object of the present invention to provide a 
steel composition, or product, and method of manufacture in 
which the percent of carbon dissolved in austenite and the 
percent undissolved as carbide are predetermined to yield the 
optimum properties such as long fatigue life and high com 
pressive breaking strength. 

It is another important object of the invention to overcome 
the research problem mentioned above and to determine what 
steel composition and heat treatment are most suitable to pro 
vide long fatigue life and high compressive breaking strength 
in bearing steel. ’ 

Experimentally, according to the present invention, it has 
been determined that use of a less than normal quantity of car 
bon in the range from 0.55 to 0.78 percent by weight and the 
introduction of an austenitizing step after spheroidizing an 
nealing to dissolve 0.35 to 0.55 percent of the carbon in 
austenite and leaving the balance of undissolved carbon as 
spheroidized carbide in martensite yields a bearing steel with 
optimum characteristics. 
And furthermore, it has been found that longer fatigue life 

can be obtained by use of a greater percentage of silicon than 
usual, as for example, a percentage ranging from 1.00 to 2.00 
percent. 
As a result of determining the best steel composition and 

process for manufacture, additional advantages have been 
gained, such as: the soaking period is shortened because less 
large carbide appears in the ?nished bearing steel; the conven 
tional normalizing process may be omitted because less net 
carbide, proeutectoid cementite, exists because of the lower 
carbon content; the time period for spheroidizing annealing 
can be shortened because of the reduction of net carbide; and 
the total cost of steel production is lowered because of the 
shortening of the steel fabrication processes. 

Applicants have found that steel bearings attaining the 
foregoing objects can be produced from steels consisting of 
carbon, silicon, manganese and chromium within restricted 
ranges. The desired properties can be obtained within the fol 
lowing ranges: 

Carbon 0.55 to 0.78% 
Silicon 1.00 to 2.00% 
Manganese 0.10 to 1.15% 
Chromium 0.50 to 2.00% 
With the balance iron and 
residual impurities. 

A preferred range within the foregoing is as follows: 

to 0.78% Carbon 5 
O to 1.80% 
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0.10to1.15% Manganese 
Chromium 0.50 to 2.00% 
With the balance iron and 
residual impurities. 

The most preferred range is as follows: 

Carbon 0.65 to 0.70% 
Silicon 1.50 to 1.80% 
Manganese 0.10 to 1.15% 
Chromium 0.50 to 2.00% 
With the balance iron and 
residual impurities. 

The novel features that are considered characteristic of the 
invention are set forth with particularity in the appended 
claims. The invention, itself, however, both as to composition 
and method, together with additional objects and advantages 
thereof, will best be understood from the following description 
of speci?c embodiments when read in connection with the ac 
companying drawings, wherein: 

FIG. 1 is a diagram showing the relations between carbon 
content and hardness, and between carbon content and com 
pressive breaking strength in carbon steel samples, whose total 
carbon content is dissolved in martensite matrix. 

FIG. 2 is a diagram showing the relation between carbon 
content and fatigue life of the carbon steel samples. 
FIG. 3 is a diagram showing the relations between undis 

solved carbide and fatigue life, and the compressive breaking 
strength and hardness in steel samples containing various 
quantities of carbon and about 1.50 percent of chromium, 
about 0.45 percent of said carbon content being dissolved in 
martensite matrix. 

FIG. 4 is a diagram showing the relation between silicon 
content and fatigue life in steel samples containing about 0.45 
percent of carbon all of which is dissolved in martensite 
matrix. , 

FIG. 5 is a diagram showing the relation betweenv silicon 
content and fatigue life in steel samples containing about 0.70 
percent of carbon and about 1.45 percent of chromium, about 
0.45 percent of said carbon content being dissolved in mar 
tensite matrix. 
FIGS. 6 to 13 are microphotographs of the steel samples 

used in plotting the diagram illustrated in FIG. 3. 
The following is pertinent as background information for 

the invention. Recent demand for hearing steel has greatly in 
creased. The main alloy elements of such bearing steel are car 
bon, chromium, silicon, manganese and iron. Depending on its 
use, the nature and size of bearing, there are differences in 
content of carbon, chromium, silicon and manganese in hear 
ing steel. The Japan Industrial Standard accepts three kinds of 
bearing steel according to the following table: 

TABLE I 

[Japan Industrial Standard for bearing steel] 

Percent 

Content of 
Designation carbon Chromium Silicon Manganese 

0.95-1.10 0.90-1.20 015-0. 35 <0. 50 
0.95-1.10 1.30-1.60 0.15-0.35 <0. 50 
0.95-1.10 0. 90-1. 20 0.40-0.70 0.90-1.15‘ 

The industrial standards for other countries similarly 
designate bearing steels having a carbon content of about 1 
percent by weight as in the United States, Great Britain, West 
Germany, France, and Sweden. Where lower carbon content 
steels are accepted for bearings they are usually for special 
purposes and are case hardened. Generally, a steel containing 
about 1 percent of carbon, 1.5 percent of chromium, 0.25 per 
cent of silicon and 0.35 percent of manganese, as AISI No. 
52100 for example, is most commonly used for bearing steel. 

In conventional processes for manufacturing a bearing the 
steel is made by (l) forming a melt, (2) degassing, (3) casting 
an ingot, (4) soaking, (5) rolling, (6) normalizing, and (7) 
spheroidizing. The bearing is then fabricated by (8) turning, 
(9) quenching, (10) tempering, and ( l l) grinding or polish 
mg. 
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It is a well-known fact that the microstructure of bearing 
steel after quenching is observed to contain FeaC (cementite) 
as when a steel containing 1 percent of carbon is spheroidized, 
all of the carbon exists as ferrous compound of iron, Fe3C (ce 
mentite) in the amount of 15 percent of the steel. Upon 
austenitizing of said steel as the quenching temperature, i.e., 
austenitizing temperature, is increased more cementite (Fe3C) 
dissolves in austenite. According to austenitizing temperature 
and austenitizing time, the quantity of this Fe3C (undissolved 
carbide) varies from 15 percent to zero (all carbon dissolved 
in matrix, and no Fe,,C remaining), and consequently the 
quantity of carbon dissolved in martensite matrix after 
quenching varies from zero to 1 percent. The longer the 
austenitizing time, the more cementite dissolves in the matrix, 
showing the same behavior as if the austenitizing temperature 
were raised. That is, both the quantity of carbon dissolved in 
martensite matrix and undissolved carbide (Feac) vary cor 
relatively with austenitizing conditions (temperature and 
time). 

l-leretofore in attempts to improve fatigue life and high 
compressive breaking strength of bearing steel, studies were 
made only in relation to the austenitizing temperature, or 
time, and using only the conventional bearing steel whose 
main composition is almost limited to about 1 percent of car 
bon and about 1.5 percent of chromium. In these studies, for 
reasons indicated above, it was impossible to ?nd how much 
carbon should be dissolved in the matrix and how much undis 
solved carbide would be required for obtaining the most 
desirable characteristics of bearing steel. 
The applicants have examined the relation between the 

character of bearing steel and carbon content in martensite 
matrix, and between the former and undissolved carbide. That 
is, separate investigations were directed to the most desirable 
quantity of carbon dissolved in martensite matrix and then to 
the most desirable quantity of undissolved carbide, for im 
proving the fatigue life and compressive breaking strength of 
the bearing. . 

To determine the most desirable quantity of carbon dis 
solved in martensite matrix, samples of several kinds of carbon 
steels containing about 0.20 to 0.80 percent of carbon were‘ 
prepared according to Tables II and III. 

Each sample was normalized and, omitting spheroidizing, 
heated at the temperature higher than AC3 transformation’ 

'4 
point by about 50° C. for 30 minutes to be austenitized to con 
tain no undissolved carbide. Then, the ‘sample was water 
quenched and tempered at 150° as in normal manufacture of 
bearing steel. 

5 The samples of Table ll were then tested for compressive 
breaking strength (size of test piece: outside diameter 20 mm, 
inside diameter 10 mm, height 10 mm) and Rockwell hardness 
C, and the samples of Table III were tested for fatigue life. 
As a result of the test of the samples of Table II, the effect of 

10 carbon content in martensite on compressive breaking 

.sttsns?less ‘redness is. clearly assassins .1, 39d by the 
data of Table II, wherein compressive breaking strength and 
;hardness is plotted as a function of carbon content. As shown 
‘in FIG. 1, the hardness of carbon steel increases as the carbon 

15 5content increases, and maximum compressive breaking 
strength occurs at about 0.40 percent of carbon‘ content diS-i 
solved in the matrix. ' 
The fatigue life of the samples of Table III, obtained from a 

life test using a Bearing Steel Life Tester, was measured in mil 
20 lions of revolutions of a ball on a test piece surface having a 

roughness of about 0.3 microns required to cause ?aking by 
abnormal vibration exceeding 10 microns. 
From the data of Table III, the fatigue life is plotted as a 

function of carbon content in FIG. 2. 
25 As shown in FIG. 2, both B10 life and B50 life had similar ten 

dency, steel samples containing 0.35 to 0.55 percent of carbon 
dissolved in martensite matrix show long fatigue life, and espe 
cially, fatigue life becomes maximum at 0.40 to 0.50 percent 
carbon dissolved in martensite matric. 

30 On the other hand, with a carbon content below 0.35 per 
cent, the strength of martensite is low, and also martensite is 
brittle when the carbon content exceeds 0.55 percent. 

It is concluded, therefore, that bearing steels containing‘ 
0.35 to 0.55 percent of carbon dissolved in martensite matrix 

35 are desireable to provide optimum fatigue life and compres 
sive breaking strength, and that bearing steels containing 0.40 
to 0.50 percent of carbon dissolved in martensite matrix are 
the most desirable to provide above optimum properties. 

Next, the influence of undissolved carbide (which exists in 
40 steel after quenching) to the character of the bearing steel was 

examined. Eight kinds of steels whose carbon content varied 
from 0.45 to 1.17 percent were prepared according to Table 
Iv.- . .1 a... .1 . .. . l 

TABLE II 

Austenitizing Tempering Compressive 
Chemical composition -——~‘————— ————————~~ breaking 

——~——»—-~—»———~———'— Temp. Time Temp. Time strength Hardness 
Sample C S1 Mn C1 (0 C.) Quin.) (° C.) (min) (ton) (I'IrC) 

l 0. 20 t). 20 0. 22 0. 14 ‘.100 30 150 ‘)0 4. 10 29. 8 
.2 0. 38 0. 23 0. 26 0. 12 800 30 150 ‘JO 4. 66 54. 0 
d 0. 50 0 2d 0. 30 0. 13 850 30 150 80 3. 80 58. 8 
4 0.61 0 )2 0. 20 0. 12 830 30 150 '70 2. 57 (i1. 6 
"1 0. H4 0 25 0. 24 0. 1‘). 800 30 151) ‘I0 2. 40 04. 5 

TABLE I11 

Fatigue life 
Austenitizing Tempering' (X100) 

Chemical composition 
—————— ~*~-—~——?~e—-~- Temp. Time Temp. Time B10 B50 

Sample (3 S1 Mn C1 (° C.) (min.) (° 0.) (min) life life 

6 ________ _ . 0. ‘23 0. 25 0. 3i) 0. 14 900 30 150 90 0. 042 0. 27 
7 _ _ _ _ _ _ _ _ _ . O. 40 0. 26 0. 43 0. 14 860 30 150 90 0. 39 1. 70 

8 ________ . _ 0. 44 0. 20 0. 34 0. 14 860 30 150 00 0. 45 5. 60 
t) ________ _ _ 0. 50 0. 21 O. 35 0. 14 850 30 150 90 0. 22 0. 82 
10 _______ _ _ 0. 60 0. 26 0. 44 0. 14 830 30 150 90 0. 060 0. 33 
ll _______ _ _ 0. 80 0. 26 0. 44 0. 14 S00 30 150 lJ0 . 0. 041 0. 25 

TABLE IV 

Chemical composition, percent A B C, D, E 
—— per- per- Fig 

Sarnple C Si Mn Cr ° C. Min ° C Min cent cent are 

12 _________ . _ 0. 45 0. 33 0. 39 1. 44 870 30 150 90 0 0. 45 6 
13 _________ _ _ 0. 55 0. 34 0. 41 1. 47 870 30 150 90 1. 5 0. 45 7 
14 _________ _ _ 0. 65 0. 36 0. 38 1. 45 870 30 150 00 3 0. 45 8 
15 _________ . _ 0. 70 0. 35 0. 38 1. 50 870 30 150 90 3. 5 0. 45 9 
16 _________ . . 0. 78 0. 35 0. 38 1. 50 850 30 150 90 4. 8 0. 45 10 
17 _________ . . 0. 88 0. 35 0. 41 1. 48 840 30 150 90 6. 5 0. 45 11 
I8__. . 0. {l5 0. 33 0. 3i) 1. 45 830 30 150 90 7. 8 0. 45 12 
l!l__ _ 1.17 0. 35 0. 42 1. 45 810 30 150 00 10. 6 0. 45 13 
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Austenitizing Temperature and Time 
Tempering Temperature and Time 
Amount of undissolved carbide 
Amount of dissolved carbon 
Corresponding drawing Figure. FPO??? 

These samples were normalized, spheroidizing annealed 
(mean carbide particle size: about 0.6 microns) and 
austenitized to contain about 0.45 percent of carbon in each 
matrix. Austenitizing temperature and time were changed for 

5 

each sample, (see Column A). Since austenitizing tempera- 1 
ture and time are changeable correlatively, the ?gures in 
Column A are only examples, and not limiting. After austeniz 
ing, the samples were oil-quenched and tempered. Con 
sequently, these samples contained the same amount (about 
0.45 percent) of carbon in the matrix and different amounts of 
undissolved carbide, (cementite). The amounts of the dis 
solved carbon in the matrix were calculated by linear analysis 
counting the amount of undissolved carbide in comparison 
with the amount of carbon content in steel. 
Samples in Table IV were tested for compressive breaking 

strength (size of test piece: outside diameter 25mm, inside 
diameter 10 mm, height 10 mm), hardness and fatigue life. 
The test results are set forth in Table V and depicted graphi 

cally in-FIG. 3. 

TABLE V 

Compressive Fatigue life (X106) 
breaking ——-——*--~— 
strength Rockwell C 10 life 50 life 

Sample (ton) hardness 

12. . 3.0 0. 46 5. 26 
3. 1 1. 23 8. 00 
3. 3 2. 00 10. 90 
3. 2 2. 00 10. 00 
3. 2 2. 05 ‘J. 00 
3. 1 1. 22 G. 44 
3. 0 0. 56 4. 91 
2. 8 0. 33 4. 03 

As apparent from FIG-3, the characteristics of the steel 
samples having carbon content in excess of 0.65 percent are as 
follows: 
The fatigue life is the longest within the range of 0.65 to 

0.78 percent of carbon, but lowers remarkably as the carbon 
in the steel goes over 0.78 percent, while the compressive 
breaking strength decreases gradually with increase of the 
amount of carbon and hardness reversely is higher, but not re 
markably so. 
The smaller the quantity of undissolved carbide, the ?ner 

the particles of carbide. When carbon content exceeds 1 per 
cent and the amount of undissolved carbide exceeds 10 per-1 
cent (see FIG. 13), particles of the undissolved carbide grow 
larger and their volume in matrix becomes great. Therefore, it 
is seen that fatigue life and compressive breaking strength of 
the steel with large volume of undissolved carbide are low, 
because the undissolved carbide itself will cause origin of frac 
ture, or internal defect is induced by martensite of high carbon 
content produced on the surroundings of carbide. 

Further, it is shown from FIG. 3, that the fatigue life and 
compressive breaking strength of the steel samples containing 
less than 0.55 percent carbon lower with the decrease of the 
amount of carbon in the steel, the quantity of undissolved car 
bide reduces and also hardness is lower remarkably. 

It is desirable, therefore, for bearing steel to contain more 
carbon than the amount to be dissolved in the matrix. The 

20 

25 

35 

40 

50 

60 and Figure 2. 

6 
To have the carbon content just equal to that required to ‘be 

dissolved in the matrix results in dissolving the total carbon 
content during the austenitizing treatment. If, however, any 
spheroidized carbon remains in the matrix, the carbon dis 
solved in the matrix will be less than the amount required. 
Absence of spheroidized carbide in heat treatment is not ap 
propriate, as described above. therefore, it is preferably to 
have the carbon content in excess of about 0.55 percent in 
order to dissolve 0.35 percent of carbon in the matrix, retain 
ing 3 to 6 percent of undissolved carbide, to give easy control 
of dissolution of carbon during austenitizing, and to stabilize 
the heat treatment. 
That is, spheroidized carbide vin the steel is cementite 

(FeaC) and carbon percentage in cementite is 6.67 percent, 
the amount of carbon in the carbide is calculated to be 3(per 
cent) >< 6.67/100 = 0.2 percent, when 3 percent of undis 
solved carbide in the matrix of martensite is retained. Con 
sequently, the total carbon content in the steel is calculated to 

- be 0.55 percent, by adding 0.2 percent to 0.35 percent. 
As is clear from the above, it is concluded that such bearing 

steel as contains 0.35 to 0.55 percent of carbon dissolved in 
matrix and also contains between 3 to 6 percent of undis 
solved carbide after tempering, is most desirable. 

Therefore, on considering both carbon content in mar 
tensite and the amount of undissolved carbide, the desired 
carbon range in bearing steel is limited with the range 0.55 to 
0.78 percent, and the better carbon range lies within 0.65 to 
0.70 percent. 
To add silicon greatly increases resistance to tempering of 

bearing steel, and it has an advantage of preventing defect of 
cracking in the course of grinding after quenching and tem 
penng. 

Applicants experimentally have found that fatigue life of 
bearing steel is improved by adding silicon. In examining the 
effect of silicon content on fatigue life, steel samples were 
tested containing no undissolved carbide in martensite matrix 
and also steel samples with undissolved carbide in martensite 
matrix. 

Firstly, the samples containing 0.45 percent of carbon, all of 
which is dissolved in martensite matrix, were used, because 
such steels have the longest fatigue life as mentioned above. 
Each sample was austenitized at the temperature ‘of 850° C. 

for 30 minutes to contain no undissolved carbide, then, 
quenched in oil and tempered at 150° C. for 90 minutes. Each 
of the samples was then tested for fatigue life. 
The effect of silicon on fatigue life is clearly indicated by the 

data of Table VI, and the fatigue life is plotted as a function of 
silicon content in FIG. 4. _ 

TABLE VI 

Chemical composition (percent) Fatigue life (X10 5) 

C Si Mn Cr B10 life B50 life 

0. 44 0. 20 0. 34 0. 14 0. 45 5. 60 
0. 45 0. 80 0. 40 0. 13 O. 45 5. 60 
0. 45 0. 04 0.38 0. 12 O. 76 7. 60 
0.46 1. 47 0.38 0.13 1.10 11.30 
0. 44 1.83 0. 39 0.14 1.10 11. 00 

Sample 20 in Table VI and Figure v4 is equal to Sample 8 in Table III 

It is obvious from Table VI and FIG. 4 that the fatigue life of 
the tested samples is not improved when the silicon content 
varies within the range 0.25 to 0.80 percent and fatigue life in 

ideal quantity of undissolved carbide was found to be 3 to 6 65 creases gradually Over the range of silicon content from 0.80 
percent. _ 

Moreover, as shown in FIG. 3, it is not desirable to have a 
carbon content in excess of 0.95 percent because such carbon 
content remarkably deteriorates fatigue life, while, as the car 

to 1.47 percent. Fatigue life of Sample 23 having 1.47 percent 
of silicon is two times that of sample 20 containing 0.20 per 
cent of silicon. Since, as has been shown, the fatigue life of 
steel containing silicon in excess of 1 percent increases re 

bon content in the steel is lowered, the steel has better fatigue 70 markably, therefore, a preferred range of silicon content is 
life and compressive breaking strength, and the steel with 0.78 
percent of carbon exhibits the most advantageous improve 
ment of these qualities. Further, the two steels with 0.65 per 
cent and 0.70 percent of carbon have the longest fatigue life 
and the highest compressive breaking strength. 

5555 

75 

from about 1.00 to 2.00 percent. 
Next, the fatigue life was examined by using steel samples 

with about 0.70 percent of carbon and 1.45 percent of 
chromium, in which the silicon content was varied from 0.35 
to 1.99 percent. 

l0l036 0486 
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Each of the samples was spheroidizing annealed (mean car 
bide particle size: about 0.6 microns), austenitized at the tem 
perature of 870° F. for 30 minutes, quenched in oil and then 
tempered at 150° C. for 90 minutes. Consequently, each sam 
ple had about 0.45 percent of carbon content dissolved in 
martensite and retained about 3.8 percent of undissolved car 
bide. 
The results of the test analysis are shown in Table VII and il 

lustrated graphically in FIG. 5. 

TABLE VII 

Chemical composition Fatigue life 
(pcrmn'it) (X105) 

Si Mn Cr B10 life B50 life 

‘ 0 35 0. 38 1. 5O 2. 00 ll. 00 
' ' 0 88 0. 41 1. 44 2. 31 12. 33 
"7 1 00 0. 38 1. 44 2. 75 14. 49 
‘ . . l. 2'.) O. 31) 1. 46 4. 40 22. 87 
‘ _ l). 6!) 1. 50 0. 31.) 1. 45 5. 51] 27. 45 
' . . (l. 70 1.67 0.40 1. 45 5. 82 21]. 10 
l . . . 0. 70 l 80 0. 37 1. 43 5. 57 25. 58 
32 _ _ . . . _ _ . . . . 0. 71 1 l1!) 0. 3!) 1. 46 4. 01 20.08 

No'ric. Sample 25 shown in 'l‘ahleVll and Figure 5150111111110 Sample 
15 in 'l‘nlilv 1V and lt‘igul'v 3. 

It is clearly depicted in FIG. 5 that the fatigue life of samples 
is virtually changeless within silicon content range of 0.35 to _ 
0.88 percent, but increases gradually with increase of silicon 
proportion in the range of 0.88 to 1.50 percent of silicon, and 
is the longest within the range of 1.50 to 1.80 percent of sil 
icon. However, fatigue life of Sample 32 with silicon content 
1.80 percent decreases somewhat, but is still superior to that 
of Sample 27 containing 1.00 percent of silicon. Silicon in ex 
cess of 2.00 percent will lower the toughness of the bearing 
steel. 

It is apparent from FIG. 4 and FIG. 5 that the fatigue life of 
steels with 3.8 percent of undissolved carbide is longer than 
that of steels containing no undissolved carbide over the range 
of 0.20 to 1.99 percent of silicon content, and the steel con 
taining about 1.00 to 2.00' percent of silicon, with undis'solved 
carbide, shows preferable fatigue life, and especially the 
desired range of silicon is about 1.50 to 1.80 percent. 
Chromium and manganese in?uence hardenability, re 

sistance to tempering, wear resistance, ease of spheriodizing 
and the solution rate of carbide in austenite. In the martensite 
tate of about 150° C. of usual tempering temperature, how 
ever, they scarcely affect fatigue life and compressive break 
ing strength. They can be added adequately within the range 
of common use (0.50 to 2.00 percent of chromium, 0.10 to 
1.15 percent of manganese) according to use, nature and size 
of the bearing. 
Vanadium, molybdenum and nickel are contained in aome 

bearing steels, however, such elements scarcely affect fatigue 
life and compressive breaking strength of the steel in the state 
of martensite tempered 150° C. of usual tempering tempera 
ture. Therefore, the steel of the present invention does not 
contain vanadium, molybdenum nor nickel. 
From the foregoing, it is clearly apparent that a bearing 

steel containing 0.55 to 0.78 percent of carbon, 1.00 to 2.00 
percent of silicon, 0.50 to 2.00 percent of chromium and 0.10 
to 1.15 percent of manganese, wherein the steel has 0.35 to 
0.55 percent of carbon dissolved in martensite and retains 3 to 
6 percent undissolved carbide, has the longest fatigue life, the 
highest compressive breaking strength and suitable hardness 
at which the present invention aims. 

EXAMPLE 

An example of a process for manufacturing steel and a ball 
bearing according to this invention, is as outlined in the fol 
lowing steps: 
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l. The steel whose chemical composition by weight is shown 

in Table VIII below was melted in a l0-ton furnace: 

TABLE VIII 

Percent 

Sample No ___________________ __ 33 34 35 36 37 

Chemical composition of the 
steel: 

Carbon ___________________ . . 0. 95 0. 78 0. 78 0. 65 0. 55 
Chromium_ _ _ 1. 44 1. 46 1. 32 l. 00 1. 60 
Manganese- _ _ . _ 0. 41 0. 37 0. 25 0. 60 0. 90 
Silicon_ .................. . _ 0.25 0. 22 1. 52 1. 63 1. 70 
Impurities: 

Phosphorus __________ _ _ 0.013 0. 011 0.011 0. 010 0. 011 
Sulfur _ . _ _ _ _ . . . . . . . 0. 007 0. 009 0. 001) 0. 010 0. 009 

Nickel. . . . . . . 0. 04 0.05 0.05 0. 06 0. 05 

Copper _______________ . . 0. 07 0. 10 0. l1 0. 08 0. 09 
The remainder: Iron ...... .. 97. 82 r17. 00 05. 95 95. 96 95. 09 

2. Said melted steel was held in a vacuum atmosphere and 
degassed of oxygen, hydrogen and nitrogen to improve the 
fatigue life of the bearing. 

3. The melt was cast in an ingot mold of 2.5 tons and al 
lowed to solidify. 

4. The ingot was soaked to decrease segregation of impuri 
ties under heat treatment at 1,265” c. for 5 hours, (conven~ 
tional treatment is 15 hours). ‘ 

5. The steel was rolled to a round bar of 65 mm.diameter to 
produce a bearing numbered 6206 as ?nal product. 

6. Normalizing which is essential to conventional steels, was 
omitted, and, spheroidizing in annealing was applied soon 
after rolling. 

7. The outer and inner rings of the bearings were turned 
from the annealed round bar on a lathe. 

8. The cut rings were quenched and tempered under the 
condition of temperature and time according to this invention, 
i.e., temperature: 810° to 870° C., time: 30 minutes, dissolving 
about 0.35 to 0.55 percent carbon in the matrix. 

9. The rings were ground to eliminate the decarburized 
layer and to polish the track surface, and assembled to form 
the final product, a radial ball bearing No. 6206 having an 
outer diameter of 62 mm.,an inner diameter of 30 mm. and a 
thickness of 16 mm. ‘ - 

The result of fatigue life test of the bearing steels on samples 
using radialball bearing tester is shown in Table 1X. 

TABLE IX 

Fatigue lifc><103 minutes 

Samples B10 1111‘ B50 1110 

ll. 85 .3. ‘l0 
.2. 58 4. 08 
4. (iii ‘1. 18 
4. 8‘.) ‘.1. 3-1 
3. 24 6. 8;! 

Test conditions: Speed 1750 rpm 
Load 800 kg. 
Lubrication turbine oil 

Analysis of the data of Tables VIII and 1X is as follows: 
Fatigue life of Sample 34 (0.78 percent of carbon) is longer 

than that of Sample 33 (0.95 percent of carbon), conventional 
bearing steel (ex. .118 SUJ2), and fatigue life of Sample 35‘ 
(0.78 percent of carbon, 1.52 percent of silicon) and Sample 
36 (0.65 percent of carbon, 1.63 percent of silicon) are the 
longest. And also, fatigue life of Sample 37 (0.55 percent of 
carbon, 1.70 percent of silicon) is shorter than that of samples 
35 or 36, but is longer than that of Sample 33. 

Applicants believe themselves to be the first to have 
discovered that less than 0.35 percent of carbon dissolved in 
the matrix reduces strength of the bearing steel, and that an 
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excess of dissolved carbon above 0.55 percent also is detri 
mental is causing brittleness in the' martensite. The further 
discovery that both fatigue life and compressive strength are 
improved as the quantity of undissolved carbide decreases ap 
pears to be novel. The introduction of a heat treatment in 
which the bearing steel is spheroidized in annealing and 
austenitized at the temperature range of about 810° to 870° C. 
(at a quenching temperature), and consequently 0.35 to 0.55 
percent of carbon is dissolved in the martensite matrix leaving 
a predetermined percent of undissolved carbide, is believed to 
constitute a new method of manufacture and a new composi 
tion of a bearing steel. 
According to this invention, as described above, the soaking 

process for steel can be shortened, the normalizing process 
can be omitted, and the spheroidizing annealing process can 
be shortened. Further, bearing steel is produced with fairly 
fine spheroidized cementite structure. The conventional bear 
ing steel speci?ed by the Japan Industrial standard is hypoeu 
tectoid steel having 0.95 to 1.10 percent of carbon content. If 
it is slowly cooled from rolling or forging temperature 
downward, there is firstly precipitated proeutectoid cementite 
at austenite grain boundary at temperature below Acm and 
then pearlite is formed at the point of A1 and the structure 
becomes cementite and pearlite structure. Particularly, in a 
large sized bearing, the steel is slowly cooled for preventing 
?akes and the net of its proeutectoid cementite develops 
much larger. Such thick proeutectoid cementite cannot be 
diminished by spheroidizing annealing in a later process, and, 
therefore, the steel is generally subjected to normalizing. In 
spite of such normalizing, it is quite dif?cult to prevent proeu 
tectoid cementite newly precipitated by air cooling in such a 
large sized rolled and forged product. Also, in water cooling, 
the operation always accompanies danger of quenching crack 
and requires much higher and more careful technique. F orma 
tion of such proeutectoid cementite is caused by high carbon 
content. Even in the precipitation of a less thick proeutectoid 
cementite, its dissolution rate in austenite is much slower than 
that of cementite in pearlite when it is heated over AC, point 
during the spheroidizing annealing process. If the steel is held 
a much longer time at temperature over Ac, point during 
spheroidizing annealing in order to distribute spheroidized 
carbide ?nely and uniformly, the nucleus of the spheroidized 
cementite will decrease and the obtained particles of sphe 
roidized cementite will become coarse and cause origin of 
fracture. 
Huge carbide content of bearing steel seems to be formed 
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10 
by eutectic reaction upon solidi?cation of steel ingot when im 
purities such as carbon and phosphorus increase in the melt 
among primary crystals during crystallization of proeutectic 
austenite, or is formed by easy precipitation of carbide par 
ticularly in phosphor rich part because of low solubility of car 
bide, when carbide beyond saturated solubility limit is 
produced by Acm transformation after solidi?cation of steel in 
got. In either case huge carbide is certainly formed in the 
segregation part of carbon, chromium and phosphor. In order 
to prevent defects occurring from the huge carbide, it is essen 
tial to consider the amount of carbon content which is the 
main cause of the formation of huge carbide as well as to dis 
solve the huge carbide or to diffuse the segregation of ele 
ments of phosphor. 
The present invention lowers the carbon content in steel to 

about 0.55 to 0.78 percent, which does not develop proeutec 
toid cementite, and this cementite can be diminished in sphe 
roidizing annealing process without normalizing processes. 
The solution of carbide into austenite is promoted and con 
trolled by simple adjustment of austenitizing temperature and 
holding time. Fairly ?ne spheroidized carbide is obtained by 
spheroidizing annealing for a short period, and the formation 
of huge carbide is limited and, further, soaking time can be 
shortened. 
Although certain specific embodiments of the invention ha 

been shown and described, it is obvious that many modi?ca 
tions thereof are possible. The‘invention, therefore, is not to 
be restricted except insofar as 15 necessitated by the prior art 
and by the spirit of the appended claims. 
We claim: 
1. A heat treated bearing steel consisting of 0.55 to 0.78 

percent of carbon, 0.50 to 2.00 percent of chromium, 0.10 to 
1.15 percent of manganese and 1.00 to 2.00 percent of silicon 
by weight with the balance iron and residual impurities, said 
steel having 0.35 to 0.55 percent by weight of carbon dis 
solved in matrix of martensite and retaining 3 to 6 percent by 
weight of undissolved spheroidized iron carbide said steel hav 
ing been spheroidized during annealing, and afterward,heated 
to an austenitizing temperature ranging from 810° to 870° C. 
for a period of about 30 minutes, liquid quenched and tem 
pered at about 150° C. 

2. A bearing steel according to claim 1, wherein the carbon 
is 0.65 to 0.78 percent, and silicon is 1.50 to 1.80 percent by 
weight. 

3. A bearing steel according to claim 2, wherein the carbon 
is 0.65 to 0.70 percent by weight. 


