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ABSTRACT OF THE DISCLOSURE

Method for producing a low-cost hypereutectoid bearing
steel having characteristics equal to or superior to higher
priced steels of this type and containing as essential alloy-
ing additions .80-1.10% carbon, .50-1.00% manganese,
.20-.60% chromium and .05-.25% molybdenum. A steel
of this type, usually in the form of wire, rod, bar, forgings,
rings or tubing, is annealed at a maximum temperature of
1400° F. for thirteen hours to produce an annealed micro-
structure comprising spheroidized carbides in a matrix of
ferrite. After forming into bearing races or balls, the
formed product is quenched from 1550° F. and thereafter
tempered to produce a steel having a Rockwell C hardness
of about 60 or greater and excellent fatigue strength.

BACKGROUND OF THE INVENTION

As is known, AISI 52100 steel has been used exten-
sively, and almost exclusively, for ball bearing applica-
tions. Such a steel contains as essential alloying additions,
.98-1.10% carbon, .25-.45% manganese and 1.30-1.60%
chromium. The relatively high amount of chromium is
added to assist in hardenability; however this materially
increases the cost of the product.

In the manufacture of bearings from AISI 52100 steel,
tubular shapes, bars, forgings and rings (for forming bear-
ing races) and wire or rod (for forming balls) are initially
annealed at about 1450° F., maximum temperature, and
furnace cooled at a controlled rate for twenty-two hours,
followed by air cooling. In the heat treating process, spher-
oidized carbides are formed in a matrix of ferrite to pro-
duce a product having good machinability, cold heading
and/or cold forming properties. After the machining, cold
heading or forming operation, the balls and races are
quenched in oil from about 1550° F. and then tempered
to achieve a Rockwell C hardness of 60 or greater. Of
course, the steel must also have good fatigue strength.

‘While various alloys with about .6 or .7% carbon have
been proposed in the past as low-cost substitutes for AISI
52100 bearing steel, these generally result in greater diffi-
culty in obtaining spheroidized annealed microstructures
or fatigue strengths inferior to those of AISI 52100.

SUMMARY OF THE INVENTION

The present invention resides in the discovery that a
high carbon bearing steel can be prepared which contain
substantially less total alloy content than conventional
bearing steels, without sacrificing the hardenability, fatigue
strength and processing characteristics of higher alloy
bearing steels. At the same time, the annealing time
required to achieve adequate carbon diffusion to produce
a spheroidized microstructure is materially reduced with
the steel of the invention.
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Specifically, it has been found that the carbon content 85

2

can be reduced somewhat in a high carbon steel, and that
the chromium content can be reduced to as little as .20%,
by increasing the manganese content and by adding suit-
able amounts of molybdenum. The steel of the invetnion
contains as essential constituents, in addition to iron and
carbon, manganese, molybdenum and chromium.

The above and other objects and features of the inven-
tion will become apparent from the following detailed
description taken in connection with the accompanying
single figure drawing comprising a plot showing the supe-
rior fatigue strength of the steel of the invention.

‘DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The bearing steel of the invention has the following
“broad” and “preferred” compositions:

Analysis, pekelrcent by

weight

Broad  Preferred

Carbon. ..o .80-1.10 .90
Manganese. ...o.c.._.__ .50-1.00 .50-.80
Sulfur... . 008-. 04
Silicon__ .20-.35
Chromiu . 26-. 40
Molybdenu .05-.10
Nickel.__.. 1.385
10) 1 WO, Balance

1 Maximum.

Nickel and silicon are relatively unimportant in achieving
the desired characteristics of the alloy and can be classi-
fied as residual amounts. .20-.35% silicon is that amount
found in most alloy steels. Similarly, a certain amount of
sulfur is found in every steel; however, it is desired to
deliberately include .008-.04% sulfur to improve machin-
ability and fatigue strength. As was mentioned above,
carbon, manganese, chromium and molybdenum are the
essential additions, the chromium and molybdenum acting
to increase hardenability. In the “preferred” analysis given
above, percent by weight of carbon is .90%; however it
should be understood that this can vary plus or minus five
points, in accordance with usual metallurgical practices.
The steel of the foregoing composition is melted,
formed into tubing, forgings, rings, bars, rod, wire or
other shapes, and then annealed at a maximum tempera-
ture of 1400° F. for thirteen hours in order to achieve a
spheroidized microstructure comprising spheroidized car-
bides in a matrix of ferrite. In the annealing step, the steel
is passed through eleven zones of a roller hearth furance
at a constant speed, the time in each zone being about one-
eleventh of the total time of thirteen hours. The tempera-
tures of the respective zones are shown in the following
Table I:
TABLE I—ANNEALING TEMPERATURES IN ELEVEN
ZONE ROLLER HEARTH FURNACE
/) 1, 1 2 3 4 b

1,250 1,300 1,350 1,400 1,400

6-11
1,300

Thus, the product is heated to 1250° F., 1300° F. and
1350° F. each for about one hour and eleven minutes,
followed by heating to 1400° F. for about two hours and
twenty-two minutes, and finally cooled to 1300° F. for
the remainder of the total of thirteen hours, followed by
an air cool. The annealing time of thirteen hours at a
maximum temperature of 1400° F. compares favorably
with the required annealing time of twenty-two hours at.
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a maximum temperature of 1450° F. for AISI 52100 BEEE
; . TABLE IV.—EFFECT OF TEMPERIN/ MPE,
steel. Furthermore, the shorter annealing time reduces the v (1,550° F. QUEDI%%IG T RATURE
cost of the product and results in less scaling and less
decarburization. Hardne3§tggfkwen ¢
The annealed product is then cold headed or cold :
. . - 5 uy 0 T

formed into balls and machined or formed into races te%%?;lt?gre h«?\fr' h‘gu(t’r-

CFI) temper temper

which are thereafter heated to a temperature of 1550° F.,

followed by quenching in oil. In this condition, the product 65.0 65.0
has a Rockwell C hardness of about 63-66. The final step o9 e
in the process is to temper the product at 300° F. for 10 58.5 58.0
about 1 to 2 hours to achieve a Rockwell C hardness of A o8
60 or greater. 9.0 49.0

The resulting prodact has a density of 0.283 pound w2 w0
per cubic inch, a specific- gravity of 7.83, a modulus of 36.0 35.0
elasticity of 29X 108 pounds per square inch and a 15 8.0 0.0

modulus of rigidity of 12X 108 pounds per square inch.
In addition, the product has excellent fatigue strength, tAs-quenched hardness; 65.0 Rockwell C.

comparable to that of the higher alloy AISI 52100 bear- Note that in order to achieve the desired Rockwell C hard-
ing steel and much better than AISI 5160 which is some- ness of 60, tempering temperatures up to 400° F. may be
times used as a low-cost substitute for bearing steels. This g¢ employed. The tempering time is not particularly critical.
is shown in the accompanying drawing wherein curve 10 Although the invention has been shown in connection
is that for the steel of the invention; whereas curve 12 is with certain specific examples, it will be readily apparent
that obtained from fatigue tests conducted on AISI 5160 to those skilled in the art that various changes in composi-
steel. The steel of the invention has an Ly fatigue life  tion and method steps can be made to suit requirements
(i.c., a probability of 10% failures, or 90% survival) after 25 Without departing from the spirit and scope of the inven-
about 10 million stress cycles; whereas AISI 5160 steel tion. . . i
has an L, fatigue life after only 6.5 million stress cycles. Iclaim as my invention: ]

Note that the improvement in fatigue life persists at 1. In the method for forming a bearing element from

50% survival. Thus, the steel of the invention has an L, an alloy steel consisting essentially of .§0—1.10% carbon,
fatigue life of 45 million stress cycles as compared wita 30 -50-1.00% manganese, .20-.60% chromium and .05-25%
25 million stress cycles for AISI 5160. moly})de{lum, the steps of: melting sa'ld allpy steel and
Typical hardenability of the steel of the invention, forming 1t.1nto a desired shape, anneah?g said alloy steel
determined with the Jominy hardenability test, is shown at a maximum temperature of 1400° F. for thirteen
in the following Table II: hours to produce a spheroidized microstructure comprising
» 35 spheroidized carbides in a matrix of ferrite, thereafter

TABLE IL—TYPICAL HARDENABILITY (NORMALIZE 1,630 heating said article to a temperature of about 1550° F.

F., ANNEAL, QUENCH 1,550° F.) g ? ! :
and quenching, and finally tempering said article at a

“J” distance fri uenched S
end iln) yfsincglfl__?_f’ff__ 1 2 3 4 5 6 7 810 12 temperature of about 300° F. to achieve a Rockwell C
Trockwall C hardness ab corres. hardness of about at least 60.
ponding point_ oo ooooecnus 65 65 65 61 47 43 43 43 43 41 40 2. The method of claim 1 wherein said steel is annealed

— < - starting at a temperature of 1250° F. which increases dur-
fofrz%?fﬁm?ﬁé?i ;‘ﬁ‘é";ﬁ‘ Qﬁ‘lﬁiise‘é’}é’éfio“f?é‘ci%%‘li’%’?md to 1,625° F.£10 ing said thirteen hour annealing time to 1400". F. aqd
This compares favorably with the more expensive, con- therealf.ter tglecreases to a low of 1300° F. during said
ventional bearing steels. gy 2nocalng Ume.

The effect of the austenitizing temperature on the steel
of the invention is shown in Table III:
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the tempering temperature on the steel of the invention
is shown in Table IV:



