
EP 0 294 813 B1 Description The present Invention relates to an
antifriction bearing having an inner ring, an outer ring and a multiplicity
of rolling members arranged therebetween, wherein one of the inner ring and
outer ring Is a fixed ring and the -   5   other is a rotary ring  and
wherein said fixed ring is adapted to be subjected to vibration or impact
load, and also an alternator for vehicles wherein the rotary shaft of a
rotor is rotatably supported by a pair of bearings on a frame having a
stator, and a drive pulley is mounted on one end of the rotary shaft
projecting outward from the frame. The US-A-4 191 599 discloses a method of
heat treating high carbon alloy steel parts in particular for ball 10  and
roller bearings to develop surface compressive residual stresses. According
to this reference, the surface preferably has a larger residual austenite
content for lengthening life than the core. It is Indicated that a sample
has 24 to 26% retained austenite as "the average surface retained
austenite". According to another sample, the retained austenite content of
the surface layer is 14%, while the interior has a content of 3% retained
aus- tenite. Another sample is set to have 9% retained austenite on the
center line. 15      The bearing rings and rolling members of the
antifriction bearing (hereinafter referred to simply as the "bearing") are
generally subjected to a cyclic high shear stress due to a rolling motion,
so that they are given high Rockwell hardness of HRC 58 to 64 by hardening
and tempering so as to retain increased strength against rolling fatigue.
It has been reported that there is the following relationship between the
hardness and the rolling fatigue life. The life greatly shortens as the
hardness decreases. 20                                           LH = [err]
wherein LH:  the life when the hardness varies fH:  the hardness factor p:
a constant (3 for ball bearings, or 1013 for roller bearings) 25  L:   the
life of the standard bearing Further, fH = [err] wherein HV is Vickers
hardness Recently, however, bearings are used for applications wherein the
intended rolling fatigue life is not avail- 30  able merely by assuring the
hardness. With common bearings, the shearing stress due to the contact
between the bearing rings and the rolling members develops a crack from an
inclusion or the like, and the crack grows to cause flaking. in the case
where the inner ring is rotated, such flaking occurs predominantly in the
rotating ring, I.e., the inner ring. Con- versely, in the case of bearings
which are used in an environment Involving vibration or impact, the
vibration 35  or impact causes many minute cracks or changes in the
structure immediately under the raceway of the outer ring which is fixed,
consequently giving rise to flaking within a very short period of time to
render the bearing unserviceable. This phenomenon appears attributable to
the following reason. The vibration or impact deforms the race- way and
becomes more pronounced, consequently causing greater microscropic strain
in the ring under the 40  raceway. The rolling fatigue life can be
lengthened most easily by increasing the size of the bearing to give an in-
creased load capacity. This achieves an advantage sinceareduced
stressvaluewill then resultwhen thesame load is applied. in actual use,
however, the vibration or impact load readily varies with the structure
around the bearing and mounting and operation conditions, and it is
impossible to meet the requirement of decreasing 45  the size and weight,
so that the increase in the size of the bearing is not a satisfactory
solution. High-carbon chrominum steel (such as JIS SUJ2 or SAE 52100) as
adjusted to the hardness of HRC 58 to 64 by the usual hardening and
tempering treatments as stated above is conventionally used for the inner
and outer rings of the bearings for alternators for vehicles. In recent
years, however, alternators are required to have a smaller size, reduced
weight and higher output 50  to meet the need to decrease the fuel cost of
vehicles and increase various electrical loads thereof. To fulfill this
requirement, it has become practice to use a greater pulley ratio and to
rotate the alternator at a high speed. Accordingly, the maximum speed of
rotation is in excess of 12000 r.p.m. 



The problems involved in the high-speed rotation Include the slippage of
the belt in connection with the external arrangement of the alternator.
This problem has been overcome by using a larger number of belts 55  under
increased tension. On the other hand, the problem associated with the
internal arrangement of the al- ternator is the need to render the bearing
resistant to the high-speed rotation and to the high tension involved. More
specifically, because the heat of agitation due to the high-speed rotation
and the increased frictional heat due to high tension shorten the life of
the grease used, the bearing must be adapted to overcome this problem. 2
EP 0 294 813 B1 Furthermore,the bearing must be rotatable at a high speed
without marked vibration that would result from the deformation of the
raceway due to high tension. Generally, the bearing is rotatable at a high
speed satis- factorily when reduced in size, since the size reduction is
effective for decreasing the amount of heat gener- ation. Nevertheless, in
the case where the bearing is subjected to high tension as in the
alternator, a reduced size leads to a decreased load capacity to entail a
shortened fatigue life, so that the bearings in use are at least about 32
mm in outside diameter if smallest. Briefly, in assuring high-speed
rotation under increased tension as required for reducing the size and
weight of the alternator and increasing the output thereof, it is necessary
to solve the conflicting problems of 10  inhibiting heat generation and
taking a counter measure against the Increased load while diminishing the
vi- bration, whereas difficulties are encountered with the convention
alternator described in overcoming these problems. An object of the present
invention is to provide a bearing which Is adapted to have a prolonged life
in an environment of vibration or impact without increasing the size of the
bearing. 15      Another object of the invention is to provide an
alternator which is rotatable at an increased speed and is nevertheless
operable under the resulting Increased tension, as required for reducing
the size and weight of the alternator and increasing the output thereof. To
comply with these objects and according to the invention, the fixed ring of
the bearing is made of a steel containing up to about 10 % of residual
austenite, measured in a depth of 0.1 or O.2 mm belowthe raceway of the
ring. The alternatoraccording tothe Invention is characterized 20  in that
the outer ring of at least the bearing towards the pulley is made of a
steel containing up to 10% residual austenite, measured in a depth of 0.1
or 0,2 mm below the raceway of the ring. As already described, we have
found that the early flaking of the outer ring of the bearing in use under
vibration or impact is attributable to many cracks or changes in structure
which occur immediately under the raceway under the dynamic action of
excessive stress due to the severe load of the vibration or impact, and 25
carried out repeated testing and research with attention directed to the
heat treatment of the outer ring to give the ring resistance to cracks or
changes in structure, whereby the present invention has been accomplished.
Stated more specifically, the present Invention provides a bearing wherein
the ring to be fixed comprises a steel up to about 10% in the amount of
residual austenite. The amount of residual austenite In the fixed ring
should be up to about 10% for the following reason. The 30  usual
hardening-tempering treatment of steel permits about 11 to about 14% of
austenite to remain on the aver- age, and it is said that a somewhat higher
content of residual austenite leads to an improved rolling fatigue life.
For example, C. Razim carburized steels such as l4NiCr14 (0.14% C, OA6% Mn,
0.78% Cr and 3.67% Ni), 16MnCr5 and 20MoCr4 and tested the steels for
fatigue by contact with a roller with the following conciu- 35  sions (see
C. Razim, Harterel Technische Mitteilungen, 22(1967), Heft 4, S. 32). (1)
The surface of the steel in contact with the roller underwent plastic
deformation due to load stress. The width of contact therefore increased to
result in a lower contact surface pressure, consequently im- proving the
pitting life. (2) Rotation bending fatigue test revealed that the specimen
containing 30 to 50% yR (residual austenite) 40       was about 2 times the
specimen of pure martensite in fatigue strength improvement (3) 14NlCr14
specimen with 50% yR was HV 550 in hardness. The testing changed the
surface hardness 



to HV 950. (4) It was not apparent whether the testing converted the yR to
martensite. After the testing, a carbide was observed in the structure
microscopically. 45      J.P. Sheahan etal. carburized SAE 8620 stel
undervarying conditions and subjected the stel to spitting test with a
roller to find that the specimens with a higheryR content were longer in
pitting life than those with a lesser content (see J.P. Sheahan and MAH.
Howes, SAE 720268). A plastic flow and work hardening are suggested as the
reason. O.W. Mcmullan shares the same concept as above, stating that the
presence of yR is likely to mitigate the load stress (see O.W. Mcmullan,
Metal Progress (1962) April, p. 67). 50      According to R.A Wilde, up to
10% of yR is not appropriate because of excessive hardness. He states that
the presence of a proper amount of yR, which is optimally 10 to 25%, is
useful for mitigating the load stress (see R.A. Wilde, Research Center
Eaton and Towne inc., (1967), Oct.). Yajima et al., conducted a rolling
fatigue test using bearing steel, with the result that the pitting life
improved with increasing yR content (Yajima et al., The Japan Institute of
Metals, Symposium, 1972) 55      Since a detailed examination of the
portion immediately below the point of contact between the specimen and the
steel ball indicated that the test increased the hardness from HV 750 to
about HV 1000 and that the X-ray diffraction line due to austenite almost
disappeared, they postulated that the result was due to the overall effect
of ausforming and stained induced transformation. Like Yajima et al.,
Okamoto et al. carried out a rolling 3    EP 0 294 813 B1 fatigue test
using bearing steel to investigate the influence of yR on pitting life (see
Okamoto et al., Seltetsu Kenkyu (Research on Iron Making), 1973, No. 277,
p. 82). They directed attention to the fact that a specimen, containing yR,
having a softer surface than the one almost free from yR, underwent plastic
deformation at the surface to exhibit a reduction in the substantial
surface pressure, when the specimens were subjected to the 5   same load,
and compared the tested specimens with the surface pressure corrected to
find thatthe specimens having a higher yR content exhibited a longer
pitting life than those with a lower yR content, as demonstrated by Yajima
et al. The reasons given for the result achieved by the specimens with a
higher yR are the function of a strain concentratorwhich repeatedly absorbs
stress to prevent the occurrence and development of cracks, and hardening
due to conversion to martensite due to work as shown in Fig. 1. 10
However, when a large amount of residual austenite is present, the
structure of steel is unstable under vibration or impact, exhibits lower
strength as shown in Fig. 4 and is susceptible to plastic deformation as
al- ready stated, with the result that the raceway deforms to permit
further pronounced vibration or impact The rolling frictional force also
increases as shown in Fig. 5 to result in increased stress and to produce
increased strain in the ring under the raceway. Alternatively, the
structure is prone to a change due to strain induced 15  transformation,
and the resulting martensite structure, which is not tempered, is brittle.
Consequently, if the amount of residual austenite exceeds about 10%, the
ring becomes susceptible to a local change In structure or to cracking due
to vibration or impact. The amount of residual austenite is herein limited
for the fixed ring based on the finding that the bearing life is
substantially dependent on the damage to the fixed ring because the fixed
ring, the loading region of which is more definite, is subject to the
influence 20  of vibration or impact more greatly. Preferably, the residual
austenite content is up to 6%. The residual austenite content can be
reduced by conducting a sub-zero treatment between hardening and tempering.
The sub-zero treatment converts austenite to martensite to decrease the
residual austenite content. The residual austenite content can be reduced
also by adjusting at least one of the hardening heating tem- 25  perature,
hardening cooling rate and tempering temperature. For example, although
tempering for usual bear- ings is conducted at 150 to 200[err] C to obtain
hardness of HRC 58 to 64, the tempering treatment, when carried out at a
higher temperature of 250 to 380[err] C, reduces the residual austenite
content, whereby the possible change in structure or cracking can be
precluded. The high-temperature tempering at 250 to 380[err] C gives
hardness of HRC 52 to 57 and is therefore likely 30  to shorten the usual
flaking life under the common operating conditions, whereas in the case
where a vibration 



or Impact load is involved, the structural change or cracking can then be
prevented as stated above to result in a greatly lengthened service life.
The present treatment is conducted forthefied ring, while the rotatable
ring is treated in the same manner as usual bearings, so that no problem
arises as to the bearing life under the common operating conditions. 35
Thus, the fixed ring of the bearing of the present invention is made of a
steel having a residual austenite content of up to about 10%. Accordingly,
even if subjected to vibration or impact, the ring is less prone to de-
formation at its raceway, remains stable in structure and is resistant to
structural changes or cracking, with the result that the bearing is usable
for a prolonged period of time in an environment involving vibration or im-
pact without the necessity of being made larger In size. 40      The
present invention further provides an alternator wherein the rotary shaft
of a rotor is rotatably sup- ported by a pair of bearings on a frame having
a stator, and a drive pulley is mounted on one end of the rotary shaft
projecting outward from the frame. The alternator is characterized in that
the outer ring of at least the bearing toward the pulley comprises a steel
up to about 10% in the amount of residual austenite, so as to pre- clude
the marked vibration to be produced during high-speed rotation by the
deformation of the raceway due 45  to high tension. With the alternator of
the present invention, the bearing outer ring is reduced in residual
austenite content as already described and is thereby prevented from
plastic deformation at the raceway, whereby the raceway is prevented from
caving in unevenly to assure diminished vibration, a reduced frictional
force and inhibited heat evolution. This realizes a high-speed operation
under increased tension, making it possible to reduce the 50  size and
weight of the alternator and increase the output thereof. Fig. 1 is a graph
showing the relationship between the amount of residual austenite and the
increase in hardness; Fig. 2 is a graph showing the relationship between
the tempering temperature and the surface hardness with and without a
sub-zero treatment; 56      Fig. 3 is a view in vertical section showing an
alternator embodying the invention; Fig. 4 is a graph showing the
relationship between the amount of residual austenite and the proof stress;
Fig. 5 is a graph showing the relationship between the amount of residual
austenite and the force of rolling friction; and 4    EP 0 294 813 B1 Fig.
6 is a graph showing variations in the vibration level with the lapse of
testing time. The foregoing effects were substantiated by the following
examples of the invention wherein ball bearings were used. The
characteristics given below are required of bearing rings. 5       (1) High
elastic limit since the ring Is subjected locally to a high contact stress.
(2) Great rolling fatigue strength since a high contact load is repeatedly
applied to the ring. (3) High hardness. (4) High abrasion resistance. (5)
Least susceptibility to secular changes. 10      (6) Amenability to heat
treatment with high stability. Accordingly, generally used are high-carbon
chromium bearing steels such as JIS SUJ1, SUJ2 (equivalent to SAE52100),
SUJ3, SUJ4 and SUJ5, and carburized bearing steels such as JIS SCr415,
SCr420, SCM420, SNCM220, SNCM420 and SNCM815, SAE5120, SAE8620, SAE4320 and
SAE9310, among which SUJ2 is most widely used. 15      Five kinds of
specimens were prepared in Comparative Example 1 and Examples 1 to 4 as
listed in Table 1 to substantiate the effects. The residual austenite
content was determined by X-ray diffractiometry at a pos- ition 0.1 mm
radially outward from the outer ring raceway. Table 1 20 



Speci-    Material    Heat treatment of    Residual aus- men            of
outer    outer ring                            tenite content ring
of outer ring (%) 25 Comp.          SUJ2            Standard  hardening
11  - 14 Ex. 1                          Tempering 30     Example
SUJ2             Standard  hardening                   Up  to  3 1
Tempering  at  350[err]  C Example   SUJ2                 Standard
hardening                    7.9 2                          Sub-zero  at
-70[err] C 35                                     Tempering Example
SAE5120          Carburization                        5.7 3
hardening Sub-zero at -196 C 40
Tempering Example        SAE5120         Carburization
9.8 4                           hardening Sub-zero at -60 C 45
Tempering Comparative Example 1 As a reference for comparing the effects,
an existing bearing was used. The outer ring was made of SUJ2 so   and
heated at a temperature of 845[err] C for hardening. After hardening in
oil, the ring was tempered at 180[err] C. Example 1 The outer ring was made
of SUJ2 as in Comparative Example 1. The ring was heated at 845[err] C for
hard- 55   ening, quenched in oil and tempered at 350 C. 5    EP 0 294 813
B1 Example 2 The outer ring was prepared from SUJ2 as in Comparative
Example 1. The ring was heated at 845[err] C for hardening, quenched in
oil, then subjected to a sub-zero treatment at -70 C and thereafter
tempered at 200[err] 5   C. Example 3 The outer ring was prepared from
SAE5120, subjected to carburization hardening, then immersed in liquid 10
nitrogen (-198[err] C) and thereafter tempered at 2100 C. Example 4 The
outer ring was prepared from SAE5120, subjected to carburization hardening
and then to a sub-zero 15  treatment at -60[err] C and thereafter tempered
at 200[err] C. The sub-zero treatment affords higher hardness and lower
toughness, so that the ring was subsequently tempered at a higher
temperature than in the usual tempering process to give the ring the same
hardness as when no sub-zero treatment was conducted. Fig. 2 shows the
relationship between the tempering temperature of the sub-zero treated
product and the 20  surface hardness thereof. A tester having the specimen
installed therein was placed on a vibrating table, and the specimen was
sub- jected to a vibration test by applying a load and vibration thereto at
the same time with the ionner ring held in rotation. The testing conditions
were as follows. Bearing load (static load)/load rating:  0.22 25
Speed of inner ring:  8000 r.p.m. Calculated life (as above):    196 hours 



Vibration acceleration:  10 G (on the vibrating table) Testing time:   500
hours Each specimen was checked for the degree of fatique in terms of the
time taken for flaking. 30      Table 2 shows the result. Since the
specimens exhibited no abnormalities except for the outer ring, the result
is given only for the outer ring. Table 2 35 Specimen
Duration  of rotation  until  flaking Comp. Ex. 1                      33
to  170 hours  (n = 15) 40                                      Flaking  of
outer ring Example 1                       No  flaking  for 500 hours   (n
= 6) Example  2                      No  flaking  for 500  hours   (n = 6)
45 Example  3                      No  flaking  for  500  hours   (n = 6)
Example  4                       No  flaking  for  500 hours   (n = 6) 50
In Comparative Example 1, many cracks and structural changes were observed
immediately under the raceway of the outer ring aftertesting, whereas
neither cracking nor structural change was found in Examples 1 and 3. Only
a slight structural change was observed in Examples 2 and 4. During the
testing, the bearing before flaking was removed from the tester and was
singly subjected to an 55  axial load of 2.5 kgf with the inner ring
rotated at 1800 r.p.m. to measure variations with time in the vibration
acceleration of the outer side of the bearing. Table 3 shows the result. 6
EP 0 24 813 B1 Table 3 Variations  in vibration acceleration with time (G)
5                Before    After    After    After    After    After test
10         50          100        200        500 men
hours    hours    hours    hours    hours Comp.       0.07       0.28
0.40       0.51          - 10     Ex. 1 Ex.  1      0.05        0.06
0.09       0.12       0.14       0.16 Ex. 2       0.06        0.07
0.09       0.13       0.13       0.17 15     Ex.  3       0.06        0.08
0.10       0.13       0.14       0.16 Ex.  4      0.07        0.09
0.11       0.14       0.15       0.18 20      The result reveals that the
vibration increased markedly in Comparative Example 1 within a short period
of time before flaking, Indicating a marked deformation of the raceway. In
Examples 1 to 4, unlike Comparative Example 1, there was little or no
increase in vibration even after a prolonged period of rotation test, this
indi- cating that the raceway remained unchanged despite the testing.
Tables 2 and 3 show that the bearings of Examples 1 to 4 of the invention
are greatly Improved in life over 25  the existing bearing of Comparative
Example 1. Incidentally, the existing bearing of Comparative Example 1 was
installed in the tester in the same manner as above and tested for rotation
under a static load without giving any vibration using the same conditions
as above in respectof the bearing load and the speed of inner ring. Even
after rotation for 1500 hours, the bearing was free of flaking with no
cracking or structural change observed immediately under the raceway. This
indi- 30  cates that the bearing is operable without any trouble under the
usual conditions. Next, the result achieved by an alternator will be
described to substantiate the effects of the invention. Fig. 3 shows the
construction of the alternator. Apair of frames 10 and 11 forming the shell
of the alternatorare each in theformof a bowl and are fastened 



to each other with bolts and nuts. A stator 12 is fixedly fitted to the
inner peripheries of these frames 10 and 35  11 by a suitable method, as by
a press fit. The stator 12 Is a known one comprising a stator core 12a and
a stator coil 12b wound around the core. The frames 10, 11 are centrally
formed with hollow cylindrical bearing boxes 10a, 11a, respectively, pro-
jecting inward. Radial ball bearings 13, 14 are mounted in the boxes 10a,
1la, respectively,and rotatably sup- port a rotary shaft 15 thereon. A pair
of pawl-shaped pole cores 16a, 16b are mechanically fixed to the shaft 40
15 so as to be positioned inside the stator 12. A rotor coil 17 is clamped
between these cores. The shaft 15, pole cores 16a, I 6b and rotor coil 17
provide a known rotor 18. Between the first bearing 13 and the pole core 1
6a of the rotor 18, a collar 19 is fitted around the shaft 15. Apulley20
positioned outside theframes 10,11 is fastened with a nut21 tothe end ofthe
shaft 15 projecting through the first bearing 13 out of the frame 10. The
shaft 15 is rotatable by an engine (not shown) through 45  the pulley 20.
Of the inner rings and the outer rings of the pair of bearings 13, 14, at
least the outer ring of the bearing 13 adjacent to the pulley 20 is made of
a steel which is up to 10% In the amount of residual austenite. The
residual austenite content is reduced to not higher than 10% by the method
already stated. Fig. 5 shows the relationship between the amount of
residual austenite and the force of rolling friction. 50  The ratio of
rolling frictional force plotted in Fig. 5 is 1 when the amount of residual
austenite is 10% in the case where the contact surface pressure is 250
kgf/mm[err]. Fig. 4 shows the relationship between the amount of residual
austenite and the proof stress. The proof stress plotted In Fig. 4 is at
the strain of 5 x 10[err]. Austenite is a structure of lower proof stress
than martensite, so that the raceway subjected to a load when the balls
roll along, if having a high austenite content, deforms to cause the balls
to roll along a recess to produce an in- 55  creased frictional force.
Conversely, a reduction In the austenite content inhibits heat generation
within the bearing due to the high-speed operation of the alterator under
high tension, assuring improved endurance against seizure. Further in the
presence of a large amount of residual austenite, an increased load due to
high tension renders the raceway liable to plastic deformation, with the
result that vibration occurs every time the 7    EP0294813B1 balls roll
along an unevenly recessed portion during rotation. When the alternator is
driven at a high speed, the vibration becomes more pronounced, possibly
causing the rotor to interfere with the stator to result in lock- ing. It
is effective to reduce the residual austenite content to preclude such
plastic deformation. To substantiate the above effect achieved by reducing
the residual austenite content, examples are given 5   below wherein radial
ball bearings were used. First, four kinds of specimens were prepared in
Comparative Example 2 and Examples 5 to 7 as bearings toward the pulley of
the alternator, using the material given in Table 4 for the inner and outer
rings. Specimens were also prepared as the bearings on the other side (rear
side) using the same material as in Comparative Example 2 for the inner and
outer rings. 10 Comparative Example 2 As a reference for the comparison of
the effect, an existing bearing was used which was prepared from SUJ2
generally in use as a bearing material. The hardening heating temperature
was 8450 C. Oil hardening 15  was followed by tempering at 180[err] C
Example 5 The material used was SUJ2 as in Comparative Example 2. Heating
at 845[err] C for hardening was followed 20  by oil quenching and then by
tempering at 350[err] C. Example 6 The material used was SUJ2 as In
Comparative Example 2. Heating at 845[err] C for hardening was followed 26
by oil quenching, then by a sub-zero treatment at -60 C and thereafter by
tempering at 200 C. Example 7 The material used was SUJ2 as in Comparative
Example 2. Heating at 845[err] C for hardening was followed 



30  by oil quenching, then by a sub-zero treatment at -196 C and thereafter
by tempering at 200[err] C. Table 4 Speci-   Material          Heat
treatment            Residual aus- men
tenite  content (%) Comp.       SUJ2        Standard  hardening
11  - 14 Ex. 2                   Tempering 40 Ex.  5      SUJ2
Standard hardening                   Up to  3 Tempering at 3500 C Ex. 6
SUJ2        Standard  hardening                  9.7 45
Sub-zero  at  -60[err] C Tempering Ex. 7       SUJ2        Standard
hardening                  5.9 Sub-zero at -196[err] C Tempering The
residual austenite content was determined by X-ray diffractiometry over the
depth of 0.2 mm from the bearing raceway radially outward thereof. The
bearing on the pulley side was of the size bearing No. 6302 (42 mm in
outside diameter), and the bearing on the rearsidewas ofthe size bearing
No.6002 (32 mm in outside 55  diameter). Each pair of specimens was
incorporated into an alternator and subjected to a high-speed high-tension
test under the following conditions. Belt tension:         100 kgf 8    EP
0 294 813 B1 Speed of inner ring:  12000 r.p.m. Ambient temperature:
70[err] C Table 5 shows the result. 5 Table 5 Specimen             Duration
of rotation  until failure 10         Comp. Ex. 2            980  to  1260
hours, n  = 10 Example  5             No failure  for 2500 hours  (there-
after discontinued) n = 6 Example  6             No failure  for 2500 hours
(there- 5after discontinued) n = 5 Example  7             No failure  for
2500  hours  (there- after discontinued)   n = 5 20 Afailure occured only
in Comparative Example 2. More specifically, the failure was seizure
involving car- bonization of the grease and marked discoloration of the
inner and outer rings and the balls, and the retainer was broken to lock
the rotatable ring. The bearing on the pulley side only failed because this
bearing, which is close to the pulley, is subjected to a greater momental
load and therefore heated to a higher temperature 25  than the other
bearing on the rear side. Although no failure occurred in Examples 5 to 7,
the grease was checked for oxidation deterioration by infrared
spectroscopic analysis, which revealed almost no deterioration in Examples
5 and 7 but deterioration proceeding in Example 6 only. In Comparative
Example 2, the temperature of the inner and outer rings was measured under
the testing 30  conditions to find that the outer ring was 8 to 12 C higher
than the inner ring in temperature. This indicates the following. The inner
ring is connected to the rotor, which is driven at a higher speed than
conventionally 



and is therefore fully self-cooled by a fan effect to lower the temperature
of the inner ring to a level lower than in the prior art, whereas the outer
ring is mounted on the frames having attached thereto the stator which
evolves a larger amount of heat due to a higher output, with the result
that a larger amount of heat is transferred 35  from the stator to the
outer ring to result in a higher temperature than conventionally. For
illustrative purposes, Fig. 6 shows the result obtained by measuring
variations in the vibration level with the lapse of testing time by a
vibration acceleration sensor attached to the frame. Although the specimens
tested were found free of the failure that the rotor interferes with the
stator to lock the rotatable ring, Compar- ative Example 2 exhibited a
higher vibration level. Presumably, this indicates that the higher residual
austenite 40  content leads to greater plastic deformation. Thus, when
incorporating the bearings of Exampels 5 to 7 containing a reduced amount
of residual aus- tenite, the alternator can be adapted for a high-speed
operation under increased tension. Incidentally, the conventional bearings
for use in precision machines or devices or the like include those
subjected to the sub-zero treatment in order to inhibit the dimensional
variations due to the decomposition of 45  austenite. According to the
present invention, on the other hand, attention is directed not to such
dimensional stability but to the characteristics of residual austnite per
se to provide the combination of an alternator and a bearing which contains
a reduced amount of residual austenite so as to exhibit outstanding
performance in an environment involving vibration or impact. Consequently,
the invention achieves the entirely novel effect of making the alternator
smaller in size, lower in weight and higher in output. 50      Carburized
materials such as SAE5120 are usable for the present bearing to conduct the
sub-zero treat- ment after carburization hardening. In this case, unlike
the use of SUJ2, additional compressive residual stress Is available which
is advantageous to fatigue life. Accordingly, such materials are useful for
assuring higher tension for rotation at a further increased speed as will
be apparentfrom the result of Examples 3 and 4 listed In Table 2 and
achieved with the ball bearings. 55 9    Claims 1. An antifriction bearing
having an inner ring, an outer ring and a multiplicity of rolling members
arranged therebetween, wherein one of the inner ring and outer ring is a
fixed ring and the other is a rotary ring, 5       and wherein said fixed
ring is adapted to be subjected to vibration or impact load, characterized
in that the fixed ring is made of a steel containing up to about 10 %
residual austenite, measured in a depth of 0.1 or 0.2 mm below the raceway
of the ring. 2. An antifriction bearing as claimed in claim 1,
characterized in that the amount of residual austenite In 10      said
fixed ring is up to 6 %. 3. An antifriction bearing as claimed in claim 1,
characterized in that the amount of residual austenite in said fixed ring
is reduced by a sub-zero treatment. 4. An antifriction bearing as claimed
in claim 1, characterized in that the amount of residual austenite in 15
said fixed ring has been reduced by tempering at a temperature of 250 to
380[err]C. 5. An antifriction bearing as claimed in claim 1 or 2,
characterized In that the amount of residual austenite in said fixed ring
has been reduced by a sub-zero treatment and a subsequent tempering
treatment at a temperature of 170 to 230[err]C. 20 6. An antifriction
bearing as claimed in one of claims 1 to 5, characterized in that said
steel is a material subjected to a carburization hardening. 7. An
alternator for vehicles wherein the rotary shaft (15) of a rotor (18) is
rotatably supported by a pair of 25      bearings (13,14) on a frame
(10,11) having a stator (12). and a drive pulley (20) is mounted on one end
of the rotary shaft projecting outward from the frame, the alternator being
characterized in that the outer ring of at least the bearing (13) toward
the pulley (20) is made of a steel containing up to about 10 % of residual
austenite, measured in a depth of 0.1 or 0.2 mm below the raceway of the
ring. 30  8. An alternator as claimed in claim 7, characterized in that the
amount of residual austenite in said outer 



ring has been reduced by a sub-zero treatment. 9.  An alternator as claimed
in claim 7, characterized in that the amount of residual austenite In said
outer ring has been reduced by tempering at a temperature of 250 to
380[err]C. 10. An alternator as claimed in claim 7, characterized In that
the amount of residual austenite in said outer ring has been reduced by a
sub-zero treatment and a subsequent tempering treatment at a temperature of
170 to 230[err]C. 11. An alternator as claimed in one of claims 7 to 10,
characterized in that said steel is a material subjected 40     to a
carburization hardening. 12. An alternator as claimed in one of claims 7 to
11, characterized in that the amount of residual austenite in said outer
ring is up to 6 %. 45 Patentanspr iche 1.  Relbungsfreies Lagermit einem
Innenring, elnem Aulenring und einerAnzahl von rollenden Gliedern zwi-
schen belden, wobei der Innenring oder der Au~enring ein fester Ring und
der andere der beiden Ringe so      ein drehbarer Ring ist, und wobei
derfeste Ring Schwingungs- oder Stotbelastungen ausgesetztwerden kann,
dadurch gekennzelchnet, dag der feste Ring aus Stahl besteht, der bis zu 10
% Restaustenit, ge- messen in einer Tiefe von 0,1 oder 0,2 mm unter der
Laufbahn des Ringes, enthalt. 2.  Reibungsfreles Lager nach Anspruch 1,
dadurch gekennzolchnet, daB die Menge des Restaustenits in 55       dem
festen Ring bis zu 6 % betrlgt. 3.  Reibungsfreies Lager nach Anspruch 1,
dadurch gekonnzelchnet, daB die Menge des Restaustenits in dem festen Ring
durch sine Tieftemperaturbehandlung reduziert wird. 10    *
EP0294813B1                         11!1 111111 11111  l 151111 4.
Reibungsfreles Lager nach Anspruch 1, dadurch gekennzelchnet, dae die Menge
des Restaustenits durch Tempern bei elner Temperatur von 250 bis 3800C
reduziert worden ist. 5. Reibungsfreles Lager nach Anspruch I oder 2,
dadurch gekennzelchnet, das die Menge des Restau- s       stenits In dem
festen Ring durch sine Tieftemperaturbehandlung und anschlieBende
Temperbehandlung bei elner Temperatur von 170 bis 230C reduziert worden
ist. 6.  Reibungsfreies Lager nach einem der Ansprloche I bis 5, dadurch
gekennzelchnet, dag der Stahl ein Material Ist, das elner
Karburierungshirtung ausgesetzt worden lst. 10  7. Wechsalstromgeneratorfur
Fahrzeuge, bel dam die drehbare Welle (15) sines Rotors (18) drehbar durch
zwei Lager (13,14) an einem Rahmen (10,11) abgestutzt wird und eanen Stator
(12) umrfat, mit einem Antriebsriemen (20), der auf einem Ends der
drehbaren Welle montlert let, die aus dam Rahmen heraus- ragt, waicher
Wechselstromgenerator dadurch gekennzeichnot ist, dal der Ausenring
wenigatens des Lagers (13) auf der Selte der Rlbmenschelbe (20) aus elnem
Stahl besatht, der bis zu 10 % Restaustanit 15      enthalt, gemessen In
elner Mofe von 0,1 oder 0,2 mm unterhalb der Laufbahn des Ringeas. 8.
Wechselstromgenerator nach Anspruch 7, dadurch gekennzelchnot, dag die
Menge des Restaustanits In dam AuBenring durch Tieftemperaturbehandlung
reduziert worden st. 20  9. Wechselstromgenerator nach Anspruch 7, dadurch
gekennzeichnet, dag die Menge des Restaustenits in dem Aulenring reduziert
worden let durch Tempern bel ainer Temperatur von 250 bis 380C. 10.
Wechselstromgenerator nach Anspruch 7, dadurch gekennzoichnet, daB die
Menge des Restaustanits in dam Auienring reduziert worden ist durch ine
Tieftemperaturbehandlung und aine anschlie~ende 25      Temperbehandlung
bei einer Temperatur von 170 bis 230C. 11. Wechselstromgenerator nach einem
der Ansprflche 7 bis 10, dadurch gekennzelchnet, dae der Stahl ean Material
let, das einer Karburierungshartung ausgesetzt worden ist. 12.
Wechselstromgenerator nach einem derAnsprulche 7 bis 11, dadurch
gekennzeicinot, dag die Menge des Restaustanits In dam Aulenring bis zu 6 %
betrAgt. Revendicatlons 35 



1.  Roulement antifriction pourvu d'une bague Interne, d'une bague externe
et de pluselurs 6l6ments rou- lants disposes entre les bagues, dans lequel
l'une des bagues interne et externe est une bague fixe et l'autre est une
bague tournantb, et dans lequel ladita bague fixe est adaptee pour etre
soumise A une sollicitation due A des vibrations ou A des impacts,
caracteris6 an ca qua la bague fixe est realls6e an 4[0     acler
contenantjusqu'a 10 % environ d'aust6nite r6siduelle mesur6e A une
profondeur de 0,1 ou 0,2 mm au-dessous du chemin de roulement de la bague.
2. Roulement antifrictlon selon la revendication 1, caracteris6 en co qua
la tbneur en austenitb r6sidualle dans ladite bague fixe s'eleve Jusqu'a 6
%. 45  3.  Roulement antifriction selon la revendication 1, caract6rise an
ce qua Ia taneur en aust6nite residuelle dans ladit bague fixe est reduibt
par un traitemant effectue au-dessous de zero. 4.  Roulement antifriction
selon la revendicatlon 1, caract6ris6 en co qua la taneur en aust6nitb
residuelle de ladits bagus fixe a et6 redult par un revenu effectu6 A une
tbmp6rature de 250 A 380 oc. 50 5. Roulement antifriction selon la
revendication I ou 2, caracterise en ce qua la tbneur en austenitb resi-
duelle dans ladite bague fixe a ete r6dulit par un traitement effectu6
au-dessous de z6ro et un traitement de revenu cons6cutif effectu6 A une
temperature de 170 a 230 "C. 55  6.  Roulement antifriction selon l'une
quelconque des revendications I A 5, caracterls6 en ce qua ledit acier est
une matire soumise A un traltement de durcissement par cementation. 7.
Altbrnateurpourv6hicules dans lequel l'arbre tournant (15) d'un rotor (1 8)
estsupporte A rotation pardeux    EP 0 204813 B1                  I 1111111
111111 111 C    L    M   Sl* roulements (13, 14) our un carter (10, 11)
pourvu d'un stator (12), et une poulie d'entrathement (20) est montee
surl'une des extrimiths de l'arbre tournant, qui faitsaillbe A l'exterleur
du carter, I'alternateur etant caracterise en ce que la bague externe d'au
moins le roulement (13) situe vers la poulie (20) est constituhe d'un acior
contenantjusqu'A 10 % environ d'austenite residuelle, mesuree a une
profondeurde 0,1 ou 0,2 5       mm au-dessous du chemin de roulement de la
bague. 8. Alternateur selon la revendlcation 7, caracterise en ce quo la
tneuren austenitb residuelle de ladite bague externe a 6te reduibt par un
traltement effectub au-dessous de zero, 09.  Alternateurselon la
revendication 7, caracteriseen ceque la teneuren austenib residuelle de
ladite bague externe a 6te reduite par un revenu effectue a une tomperature
de 250 A 380 "C. 10. Altbrnatourselon la revendication 7, caractrise en ce
quo la teneuren austenit residuelle de laditb bague externe a ete reduito
par un traibtment effectue au-dessous de zero et par un traibtment de
revenu conse- 15      cutif effectue A une tbmperature de 170 A 230 C. 11.
Alternateur salon l'une quelconque des revendications 7 A 10, caracterisa
en ce que ledit acier est une matiere soumise A un traltement de
durcissement par cementation. 12. Alternateurselon l'une quelconque des
revendlcations 7a 11, caracteisIe on ce quela teneuren austenibt 20
residuelle de ladite bague externe s'eleve jusqu'A 8 %. 25 30 35 K> 46 50
55 12    


