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(54) BEARING DEVICE WITH ROTARY SENSOR

(57) A bearing assembly with a rotation sensor, com-
prising an outer member (1), an inner member (2), a plu-
rality of rolling elements (3) interposed between the op-
posed raceway surfaces, and a rotation sensor (4). The
rotation sensor (4) includes an annular magnetic encoder
(15) and an annular magnetic sensor (16) fitted to the
outer member (1) through a sensor cap (12) and a sensor

connector (22). The sensor cap (12) is formed in a cylin-
drical shape having a bottom shape, and has an opening
end fitted to an inner periphery or outer periphery of the
outer member (1) The sensor connector (22) is formed
integrally with the magnetic sensor (16), formed in a po-
lygonal shape on its outer periphery, and fitted to the
inner periphery of the sensor cap (12) by a press-fitting.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a bearing as-
sembly having a rotation sensor incorporated therein,
which assembly is of a type that can be used as, for ex-
ample, a wheel support bearing for rotatably supporting
wheels relative to a suspension system of, for example,
an automotive vehicle equipped with an anti-lock brake
system or a bearing for any other machines and equip-
ments and, more particularly, to a mounting structure in
the bearing assembly for supporting a sensor cap and a
sensor connector.

BACKGROUND ART

[0002] The anti-lock brake system (ABS) is designed
to detect the occurrence of tires being locked during run
on a low friction road surface or at the time of panicked
braking so that the braking can be relieved to secure a
tire grip to improve the maneuvering stability. An ABS
sensor for detecting the occurrence of the tire being
locked is incorporated in a wheel support bearing assem-
bly.
[0003] As such a passive type ABS sensor used in the
wheel support bearing assembly, an annular type rotation
sensor has been suggested (See, for example, the JP
Laid-open Patent Publications No. 5-264562 and No.
8-285879.). This annular type rotation sensor includes a
magnetic encoder having a multipolar magnet, and a
magnetic sensor having a coil built therein in face-to-face
relation with the multipolar magnet and is so operable
that when magnetic fluxes passing the magnetic sensor
as a result of rotation of the magnetic encoder change,
an electric voltage can be induced across the coil to de-
tect the rotation of a vehicle wheel.
[0004] Also, as shown in Fig. 10, it is suggested that
the magnetic sensor 36 of the structure described above
is resin molded together with a connector pin 43 to form
a generally cylindrical sensor connector 42, which is in
turn press-fitted into a generally cylindrical sensor cap
32 having a bottom surface. This is so designed that as
shown in Fig. 11, when the sensor connector 42 is incor-
porated in the sensor cap 32 and the sensor cap 32 is
then press-fitted into a stationary raceway member of the
wheel support bearing assembly, the magnetic sensor
36 can be fixed in position in the stationary raceway mem-
ber through the sensor cap 32. In such case, the magnetic
encoder is fixed on a rotatable raceway member of the
wheel support bearing assembly in face-to-face relation
with the magnetic sensor 36.
[0005] In addition, as the wheel support bearing as-
sembly having the rotation sensor built therein, what is
shown in Fig. 12 is also available (See, for example, the
JP Laid-open Patent Publication No. 9-329611.).
[0006] This wheel support bearing assembly with the
rotation sensor includes an outer member 60 having an

inner periphery formed with double rows of outer raceway
surfaces 60a and 60a and serving as a stationary mem-
ber, an inner member 50 having an outer periphery
formed with double rows of inner raceway surfaces 51 a
and 52a opposed respectively to the outer raceway sur-
faces 60a and 60a and serving as a rotatable raceway
member, double rows of rolling elements (balls) 61 ro-
tatably interposed between the raceway surfaces 60a
and 51a and between the raceway surfaces 60a and 52a,
an annular tone wheel or encoder wheel 62 fixed on the
inner member 50 and having characteristics alternately
and equidistantly changing in a circumferential direction
thereof, a cover 63 fixed to an inboard open end of the
outer member 60, an annular rotation sensor 64 opposed
to the tone wheel 62, and a sensor cap 65 fixed to a
peripheral surface of an open end of the cover 63. The
cover 63 is fixed to the outer member 60 with one pe-
ripheral surface of the sensor cap 65 press-fitted into an
outer peripheral surface of one end of the outer member
60.
[0007] The inner member 50 has one end formed in-
tegrally with a wheel mounting flange 53 for the support
of a vehicle wheel (not shown) and is made up of a hub
axle 51 formed with the inner raceway surface 51a on
the outer periphery thereof and a reduced diameter
stepped portion 51b axially extending from the inner race-
way surface 51a, and an inner race 52 mounted on the
reduced diameter stepped portion 51b and formed with
the inner raceway surface 52a on the outer periphery
thereof.
[0008] The cover 63 is made up of a sensor connector
66 made of a synthetic resin and the sensor cap 65 made
of a metallic material, and the sensor connector 66 in-
cludes a disc portion 66a and a cylindrical portion 66b
extending axially from the disc portion 66a. The rotation
sensor 64 formed to represent an annular shape is sup-
ported embedded on an outer surface side of the disc
portion 66a. The cylindrical portion 66b has a free end
formed with a recessed groove 67 that extends over the
entire circumference thereof and is defined between an
large diameter portion 65a and a stepped portion 65b of
the sensor cap 65, and a seal ring such as an O-ring 69
is engaged inside the recessed groove 67. In this con-
struction, the cover 63 can be removably mounted on the
outer member 60 without impairing the sensor connector
66 made of the synthetic resin and forming a part of the
cover 63 while preventing water from flowing into the out-
er member 60.
[0009] However, in the structure shown in Figs. 10 and
11, the sensor connector 42 has an outer periphery
press-fitted into the inner periphery of the sensor cap 32
with a predetermined allowance therebetween and the
end of the sensor connector 42 is held in abutment with
a bottom surface of the sensor cap 32 to complete as-
semblage of the sensor connector 42 with the sensor cap
32. Because of this, depending on the diametric dimen-
sion of the outer periphery of the sensor connector 42
and/or the diametric dimension of the inner periphery of
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the sensor cap 32, the press-fitting allowance varies con-
siderably and, as a result, a press-fitting load changes,
resulting in difficulty in assemblage.
[0010] Also, the sensor connector 42 is axially posi-
tioned relative to the sensor cap 32 by abutting the end
of the sensor connector 42 with the bottom surface of the
sensor cap 32 and, therefore, when the necessity arises
to perform a fine adjustment of the axial position of the
sensor connector 42 in order to increase the accuracy of
an output signal of the rotation sensor 64, it often occurs
that the fine adjustment to be carried out by pressing the
sensor connector 42 deep into the sensor cap 32 cannot
be performed easily.
[0011] On the other hand, in the rotation sensor incor-
porated wheel support bearing assembly shown in Fig.
12, a mounting gap of 20 to 100 Pm is present between
a knuckle N, forming a part of the suspension system,
and a pilot portion 68 of the outer member 60 (which is
the large diameter portion 65a of the sensor cap 65 in
the instance shown) and, therefore, there is a high pos-
sibility that salty water and/or dusts may ingress into the
gap and rusting may eventually occur accordingly. Once
the pilot portion 68 rusts, removal of the outer member
60 from the knuckle N would be difficult to achieve.
[0012] In addition, in view of the fact that the seal ring
such as the O-ring 69 is engaged in the recessed groove
67 formed in the free end of the cylindrical portion 66b
of the sensor connector 66 forming a part of the cover
63, it is possible to avoid an ingress of water inside the
outer member 60, but there is the risk that once the pilot
portion 68 rusts, the cover 63 is axially displaced by the
effect of a volume expansion of the rust, resulting in a
disorder of the positional relation between the rotation
sensor 64 and the tone wheel 62. Once this positional
relation disorders, the accuracy of the output signal of
the rotation sensor 64 is impaired and depending on a
situation the output signal will fail to emerge.

DISCLOSURE OF THE INVENTION

[0013] An object of the present invention is to provide
a rotation sensor incorporated bearing assembly, capa-
ble of outputting a signal for a substantial period of time
accurately and stably.
[0014] A bearing assembly with a rotation sensor ac-
cording to a first construction of the present invention
includes an outer member having an inner periphery
formed with a raceway surface, an inner member having
an outer periphery formed with a raceway surface op-
posed to the raceway surface of the outer member, a
plurality of rolling elements interposed between the op-
posed raceway surfaces and a rotation sensor. The ro-
tation sensor includes an annular magnetic encoder pro-
vided on an outer periphery of one end of the inner mem-
ber and having a magnetic characteristic varying in a
circumferential direction, and an annular magnetic sen-
sor fitted to the outer member through a sensor cap and
a sensor connector and held in face-to-face relation with

the magnetic encoder. The sensor cap is formed to rep-
resent a cylindrical shape having a bottom surface and
has an opening end mounted on the inner periphery or
an outer periphery of the outer member. The sensor con-
nector is provided integrally with the annular magnetic
sensor, has a polygonal outer periphery and is press-
fitted in an inner periphery of the sensor cap. The number
of angled portions of the polygonal shape of the sensor
connector may be, for example, six, a factor of ten or a
factor of some tens. Also, the angled portions of the po-
lygonal shape may be of a rounded sectional shape.
[0015] According to the first construction, the sensor
cap is rendered to be of a cylindrical shape in order to
facilitate mounting of the sensor cap onto the outer mem-
ber. Since the sensor connector engaged by press-fitting
into the inner periphery of the cylindrical sensor cap has
its outer periphery that is rendered to be of a polygonal
shape, even though there is a variation in the inner dia-
metric dimension of the sensor cap and/or the outer di-
ametric dimension of the sensor connector, the press-
fitting allowance of the sensor cap and the sensor con-
nector relative to each other can be minimized as a whole
and, accordingly, the pres-fitting load can be minimized
correspondingly. As a result, the engagement by press-
fitting of the sensor connector into the sensor cap can be
accomplished easily.
[0016] In this first construction, an end face of the sen-
sor connector, which confronts with the bottom surface
of the sensor cap may be provided with a projection held
in abutment with the bottom surface of the sensor cap.
The provision of the projection can facilitate determina-
tion of the position to which the sensor connector can be
advanced into the sensor cap.
[0017] The projection is preferably plastically de-
formed in a crushed state by an effect of a load induced
when pressed against the bottom surface of the sensor
cap in a condition, in which the sensor connector is press-
fitted into the sensor cap.
[0018] In such case, when a pushing load is applied
even after the projection is brought into abutment with
the bottom surface of the sensor cap, the projection can
be crushed with such load and can therefore be pushed
deep into the sensor cap. Because of this, while the po-
sition to which the sensor connector is advanced inside
the sensor cap is regulated by the projection, the sensor
can be strongly pushed deeper into the sensor cap should
a fine adjustment is required in axial positioning of the
sensor connector, thereby facilitating such fine adjust-
ment.
[0019] In the first construction, the magnetic sensor
may be a magnetic ring having a coil built therein. The
use of the magnetic ring having the coil built therein is
effective to allow an electromotive force to be generated
across the coil as the magnetic encoder rotates. Hence,
the magnetic sensor can be rendered to be a passive
type magnetic sensor that does not require the supply of
an electric power for accomplishing a detecting opera-
tion.
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[0020] In the first construction, each of the outer mem-
ber and the inner member may have double rows of the
raceway surfaces and the bearing assembly may be a
wheel support bearing assembly for rotatably supporting
a vehicle wheel relative to a vehicle body. In the case of
this construction, fitting of the rotation sensor to the wheel
support bearing assembly can be accomplished easily.
[0021] A wheel support bearing assembly with a rota-
tion sensor according to a second construction of the
present invention includes an outer member inserted in
a knuckle forming a part of a suspension system and
having an inner periphery formed with double rows of
outer raceway surfaces, an inner member made up of a
hub axle, having one end formed integrally with a wheel
mounting flange and having an outer periphery formed
with a reduced diameter stepped portion extending axi-
ally from the wheel mounting flange, and an inner race
press-fitted onto the reduced diameter stepped portion
of the hub axle, said inner member having an outer pe-
riphery formed with double rows of inner raceway sur-
faces opposed respectively to the double rows of the out-
er raceway surfaces of the outer member, double rows
of rolling elements accommodated rotatably between the
inner member and the outer member, a cover closing an
opening of the outer member on one end thereof and
having a sensor connector, formed to represent a cap-
like shape and made of a synthetic resin, and a sensor
cap made of a metallic material, a pulsar ring mounted
on the inner race, and a rotation sensor opposed to the
pulsar ring and embedded in the sensor connector. The
cover is formed from a steel plate, having a rust resist-
ance, by means of a press-work to represent the cap-like
shape and extends over an outer surface of the sensor
connector so as to cover the sensor connector. A cylin-
drical portion of the cover is mounted in an inner periph-
eral surface of one end of the outer member, which end
forms a pilot portion for the knuckle. The cylindrical por-
tion of the cover has an outer periphery provided with an
annular elastic member held in contact with an inner pe-
ripheral surface of the knuckle.
[0022] As described above, since the cover is prepared
from a rust-resistant steel plate by the use of a press
work to represent a cap-like shape so as to cover the
sensor connector and has the cylindrical portion mounted
in the inner peripheral surface of one end of the outer
member, which end serves as a pilot portion for the
knuckle. The cylindrical portion of the cover has an outer
periphery provided with the annular elastic member that
is held in contact with the inner peripheral surface of the
knuckle, not only can the sensor connector, made of the
synthetic resin, be prevented from deteriorating under a
severe environment full of muddy salt water for a long
period of time, but an undesirable ingress of muddy salt
water and/or dusts from the pilot portion can also be
avoided, making it possible to provide the rotation sensor
incorporated bearing assembly, in which the sealability
of the pilot portion of the outer member and the sealability
between the pilot portion and the knuckle.

[0023] Also, in this second construction, if the cylindri-
cal portion of the cover is formed with an annular groove
and the elastic member is engaged in this annular groove,
an undesirable ingress of the muddy salt water and/or
dusts into the bearing assembly through the pilot portion
can be prevented with a simplified structure.
[0024] Preferably, in the second construction, if the cy-
lindrical portion of the cover has a mounting area, adapt-
ed to be mounted in the outer member, and a collar that
is formed by bending the cylindrical portion in a radially
outward direction of the bearing assembly and then turn-
ing it backward in an overlapped fashion, the positioning
of the cover relative to the outer member can be easily
accomplished and, therefore, not only can press-fitting
of the cover be simplified, but also an accurate air gap
adjustment between the rotation sensor and the pulsar
ring can also be accomplished.
[0025] Also, in the second construction, if the collar is
integrally bonded with an elastic member having a lip,
the sealability between the cover and the knuckle can be
increased and the assembling work can be simplified.
[0026] Again, in the second construction, since the pul-
sar ring includes a cylindrical portion mounted on the
outer periphery of the inner race, an upright portion ex-
tending radially outwardly from the cylindrical portion,
and a magnetic encoder integrally bonded to a side face
of the upright portion, made of an elastomer mixed with
a powder of ferromagnetic material such as ferrite and
magnetized to have circumferentially alternating magnet-
ic poles N and S, and an outer diametric edge of the
upright portion is held in face-to-face relation with the
cylindrical portion of the cover with a slight radial gap
formed therebetween to define a labyrinth seal, not only
can the accurate detection be obtained at a low cost, but
also a leakage of the lubricant grease, filled inside the
bearing, into the cover can be avoided and, accordingly,
the durability of the bearing can be maintained for a long
period of time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] In any event, the present invention will become
more clearly understood from the following description
of preferred embodiments thereof, when taken in con-
junction with the accompanying drawings. However, the
embodiments and the drawings are given only for the
purpose of illustration and explanation, and are not to be
taken as limiting the scope of the present invention in
any way whatsoever, which scope is to be determined
by the appended claims. In the accompanying drawings,
like reference numerals are used to denote like parts
throughout the several views, and:

Fig. 1 is a sectional view of a rotation sensor incor-
porated bearing assembly according to a first pre-
ferred embodiment of the present invention;
Fig. 2 is a longitudinal sectional view showing a sup-
port structure for a magnetic sensor of the rotation
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sensor thereof;
Fig. 3 is a front elevational view of the support struc-
ture for the magnetic sensor;
Fig. 4A is a front elevational view of a sensor con-
nector having the magnetic sensor provided integral-
ly therein;
Fig 4B is a rear view of the sensor connector;
Fig. 4C is a bottom plan view of the sensor connector;
Fig. 5 is a front elevational view of a multipolar mag-
net employed in a magnetic encoder;
Fig. 6 is a longitudinal sectional view of the rotation
sensor incorporated bearing assembly according to
a second preferred embodiment of the present in-
vention;
Fig. 7 is an enlarged view of an important portion of
Fig. 6;
Fig. 8 is an enlarged view showing a modification of
Fig. 7;
Fig. 9 is an enlarged view of an important portion of
the rotation sensor incorporated bearing assembly
according to a third preferred embodiment of the
present invention;
Fig. 10 is an explanatory diagram showing the con-
ventional method of press-fitting of the sensor con-
nector into the sensor cap;
Fig. 11 is a sectional view showing the manner in
which the sensor connector is press-fitted into the
sensor cap in the conventional art; and
Fig. 12 is a longitudinal sectional view showing the
conventional rotation sensor incorporated bearing
assembly.

BEST MODE FOR CARRYING OUT THE INVENTION

[0028] A first preferred embodiment of the present in-
vention will be described with reference to Figs. 1 to 5.
This embodiment is directed to a third generation type
bearing assembly of an inner race rotating model for the
support of a driven wheel. It is to be noted that hereinafter
in this specification, terms "outboard" and "inboard" rep-
resent one side of the vehicle body away from the longi-
tudinal center of the vehicle body and the other side of
the vehicle body close to the longitudinal center of the
vehicle body, respectively. In Fig. 1, a left portion repre-
sents the outboard side and a right portion represents
the inboard side. This rotation sensor incorporated bear-
ing assembly includes an outer member 1 having an inner
periphery formed with double rows of raceway surfaces
6 and 7, an inner member 2 having an outer periphery
formed with double rows of raceway surfaces 8 and 9
opposed respectively to the raceway surfaces 6 and 7,
and double rows of rolling elements 3 interposed be-
tween the raceway surfaces 6 and 8 and between the
raceway surfaces 7 and 9. The outer member 1 has one
end formed with a vehicle body fitting flange 1a. The outer
member 1 is fitted to, for example, a knuckle (not shown)
of an automotive vehicle body through the vehicle body
fitting flange 1a.

[0029] The inner member 2 has a wheel mounting
flange 2a, to which an automotive vehicle wheel (not
shown) is fitted by means of bolts 14. This bearing as-
sembly is rendered to be a double row angular contact
ball bearing with respective contact angles of the race-
way surfaces 6 to 9 held in back-to-back relation with
each other. The rolling elements 3 are retained by a re-
tainer 10 for each row. An annular bearing space delim-
ited between the outer member 1 and the inner member
2 has an outboard open end on the outside of the out-
board rolling elements 3 sealed by a sealing member 11.
[0030] The inner member 2 is made up of a hub axle
2A having the wheel mounting flange 2a formed integrally
with the hub axle 2A, and an inner race 2B which is a
member separate from the hub axle 2A and mounted on
an outer periphery of an inboard end of the hub axle 2A,
with the inner race 2B fixed axially by means of crimping
of the inboard end of the hub axle 2A. The double rows
of the raceway surfaces 8 and 9 are formed in the hub
axle 2A and the inner race 2B, respectively.
[0031] The outer member 1 is fitted with a sensor cap
12 covering an entire inboard end of the bearing assem-
bly, and a rotation sensor 4 capable of generating elec-
tricity as a result of a relative rotation between the outer
member 1 and the inner member 2 is arranged inwardly
of the sensor cap 12. By this sensor cap 12, an ingress
of water from the outside into the bearing assembly is
prevented.
[0032] As shown in Fig. 2, the sensor cap 12 is of a
cylindrical configuration having a collar 12a protruding
from an outer peripheral surface in an outer diametric
direction and has one end rendered to be a bottom sur-
face 12c excluding a connector protruding hole 12b. This
sensor cap 12 has an opening end mounted on an inner
peripheral surface of the outer member 1 by pressing the
collar 12a axially with a jig and, at the same time, is fitted
to the outer member 1 by pressing the collar 12a against
an inboard end face of the outer member 1. A side face
of the cap collar 12a is rendered to be a flat face in order
to be held in tight contact with the end face of the outer
member 1.
[0033] It is to be noted that fitting of the sensor cap 12
to the outer member 1 may be carried out by mounting
the opening end of the sensor cap 12 on the outer pe-
ripheral surface of the outer member 1.
[0034] The rotation sensor 4 is of an annular type and
includes a magnetic encoder 15 having a multipolar mag-
net 18 and a magnetic sensor 16 in the form of a magnetic
ring having a coil 19 built in a magnetic yoke 20. This
rotation sensor 4 is of an axial type, in which the magnetic
sensor 16 axially confronts with the multipolar magnet
18 of the magnetic encoder 15.
[0035] The magnetic encoder 15 includes an annular
core metal 17 made of a metallic material and the multipo-
lar magnet 18 provided on a circumferential surface of
the core metal 17. The multipolar magnet 18 is in the
form of a disc having a plurality of magnetic poles N and
S arranged in a circumferential direction so as to alternate
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with each other at intervals of a predetermined pitch as
shown in Fig 5. The core metal 17 is of an L-sectioned
annular configuration including a cylindrical portion and
an upright portion extending radially outwardly from one
end of the cylindrical portion. The multipolar magnet 18
is in the form of a ring-shaped rubber magnet and is bond-
ed by vulcanization to a side face of the upright portion
of the core metal 17, which confronts towards the inboard
side of the bearing assembly. The multipolar magnet 18
may be employed in the form of a plastic magnet or a
sintered magnet. Also, for the multipolar magnet 18, a
ferrite or a rare earth magnet of, for example, Nd system
or SmFe system may be employed.
[0036] The magnetic yoke 20 of the magnetic sensor
16 is, as shown in Fig. 2, in the form of a ring body of a
generally squared sectional shape formed by engaging
two ring-shaped members 20A and 20B of an L-sec-
tioned configuration with one ring-shaped member 20C
of a grooved sectional shape opening axially. In other
words, an outer diametric portion of the ring-shaped
member 20A and an outer diametric portion of the ring-
shaped member 20C are engaged one inside the other
with no gap formed therebetween and, on the other hand,
an inner diametric portion of the ring-shaped member
20B and an inner diametric portion of the ring-shaped
member 20C are engaged one inside the other with no
gap formed therebetween, thereby forming the ring body
having the generally squared sectional shape. With the
magnetic yoke 20 so formed in this way, the magnetic
resistance at the engaged portions in a magnetic circuit
inside the magnetic yoke 20 can be minimized.
[0037] Respective side faces of the two ring-shaped
members 20A and 20B, which confront the multipolar
magnet 18 are, as shown in Fig. 3, formed with comb-
shaped pawls 21a and 21b so oriented as to extend in a
radial direction while confronting with each other. The
pawls 21a and 21b of those two sets are arranged so as
to alternate with each other in a circumferential direction
with a gap defined between the neighboring pawls 21a
and 21b, at intervals of a pitch equal to the pitch of the
magnetic poles N and S of the multipolar magnet 18 held
in face-to-face relation with the ring-shaped members
20A and 20B. Since each of the pawls 21a and 21b ex-
tends from one peripheral edge towards the opposite pe-
ripheral edge, the area of surface of the pawls 21a and
21b confronting the magnetic poles N and S of the
multipolar magnet 18 can be increased and, hence, the
magnetic fluxes that can be guided towards the magnetic
yoke 20 can be increased.
[0038] Also, the magnetic yoke 20 has a metallic con-
nector pin 23 extending from an interior thereof towards
the outside with a coil of the magnetic yoke 20 connected
to an inner end of the connector pin 23. This connector
pin 23, after having been bent outside of the magnetic
yoke 20, extends axially. The coil 19 within the magnetic
yoke 20 is wound around a coil bobbin 24.
[0039] The sensor connector 22 is insert molded, using
a resin, together with the magnetic sensor 16 and the

connector pin 23. A portion of the sensor connector 22
covering an extension of the connector pin 23 is rendered
to be a coupling portion 22a so engaged in the connector
protruding hole 12b in the sensor cap 12 as to extend
outwardly of the sensor cap 12. This coupling portion 22a
is connected to an external connector (not shown) and
a signal from the magnetic sensor 16 is outputted to the
outside.
[0040] The sensor connector 22 has an outer periphery
representing a polygonal shape as shown in a front ele-
vational view in Fig. 4A and is press-fitted into the inner
periphery of the sensor cap 12 as shown in Figs. 2 and
3. An end face of the sensor connector 22, which con-
fronts the bottom surface 12c of the sensor cap 12, is
provided with a projection 22b engaged with the bottom
surface 12c as shown in a rear view and a bottom plan
view in Figs. 4B and 4C, respectively. This projection 22b
is capable of being plastically deformed in a crushed state
by the effect of a load induced when pressed against the
bottom surface 12c while the sensor connector 22 has
been press-fitted in the sensor cap 12.
[0041] Fitting of the sensor cap 12 to the outer member
1 is carried out while the sensor connector 22 has been
press-fitted into the sensor cap 12 as shown in Figs. 2
and 3. In this way, the magnetic sensor 16 is fitted to the
outer member 1 through the sensor cap 12 and the sen-
sor connector 22, so as to confront axially with the
multipolar magnet 18 of the magnetic encoder 15 fitted
to the inner member 2.
[0042] The operation of the rotation sensor 4 of the
above described structure will now be described. When
the inner member 2, to which the magnetic encoder 15
of the rotation sensor 4 is fitted, rotates together with the
automotive vehicle wheel, by the effect of the relative
rotation between the magnetic encoder 15 and the mag-
netic sensor 16, a voltage of a frequency proportional to
the number of revolutions of the vehicle wheel is induced
in the coil 19 of the magnetic sensor 16 and this voltage
is outputted from the magnetic sensor 16 as a rotation
signal. The output is led to the outside through the con-
nector pin 23 of the sensor connector 22.
[0043] In this rotation sensor incorporated bearing as-
sembly, since the sensor connector 22, which is engaged
in the inner periphery of the cylindrical sensor cap 12,
has its outer periphery representing a polygonal shape,
the press-fitting allowance of the sensor connector 22
and the sensor cap 12 relative to each other can be min-
imized as a whole even though there is a variation in the
inner diametric dimension of the sensor cap 12 and/or
the outer diametric dimension of the sensor connector
22, and, accordingly, the press-fitting load can be mini-
mized correspondingly. As a result, the engagement by
press-fitting of the sensor connector 22 into the sensor
cap 12 can be accomplished easily. Accordingly, mount-
ing of the rotation sensor 4 in the wheel support bearing
assembly can be accomplished easily.
[0044] The axial positioning of the sensor connector
22 relative to the sensor cap 12 can be accomplished by
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press-fitting the sensor connector 22 into the sensor cap
12 until one end face of the sensor connector 22 is
brought into contact with the bottom surface 12c of the
sensor cap 12. Since the projection 22b held in abutment
with the bottom surface 12c is provided in the end face
of the sensor connector 22, which confronts the bottom
surface 12c, a tentative positioning of the sensor con-
nector 22 relative to the sensor cap 12 can be accom-
plished when this projection 22b engages the bottom sur-
face 12c.
[0045] However, when a pressing load is applied to
the sensor connector 22 even after the projection 22b is
brought in abutment with the bottom surface 12b of the
sensor cap 12, the projection 22b can be deformed by
the load, allowing the sensor connector 22 to be pressed
deeper into the sensor cap 12. Because of this, while
carrying out the temporal positioning of the sensor con-
nector 22 with the projection 22b, where a fine adjustment
is required, this fine adjustment of the positioning can
easily be accomplished by strongly pushing the sensor
connector 22 into the sensor cap 12 in order to increase
the accuracy of the output signal of the magnetic sensor
16.
[0046] It is to be noted that although the first embodi-
ment has been described as applied to the wheel support
bearing assembly, the present invention can be equally
applied to a rolling bearing in general such as a deep
groove ball bearing.
[0047] Hereinafter, a second preferred embodiment of
the present invention will be described with reference to
the accompanying drawings.
[0048] Fig. 6 is a longitudinal sectional view of the ro-
tation sensor incorporated bearing assembly according
to the second preferred embodiment of the present in-
vention, Fig. 7 is an enlarged view of an important portion
of Fig. 6, and Fig. 8 is an enlarged view showing a mod-
ification of Fig. 7.
[0049] This rotation sensor incorporated bearing as-
sembly includes an inner member 2, an outer member 1
and double rows of rolling elements (balls) 3 and 3 ac-
commodated between those members 2 and 1. The inner
member 2 is made up of a hub axle 2A and an inner race
2B which is a member separate from the hub axle 2A
and mounted on this hub axle 2A.
[0050] The hub axle 2A has one end formed with a
wheel mounting flange 2a, to which an automotive vehi-
cle wheel (not shown) is fitted by means of hub bolts 14
circumferentially equidistantly implanted in this wheel
mounting flange 2a for the securement of the vehicle
wheel. The hub axle 2A has an outer periphery formed
with an inner raceway surface 8 and a reduced diameter
stepped portion 2Ab extending axially from this inner
raceway surface 8. The inner race 2B formed with an
inner raceway surface 9 is press-fitted onto this reduced
diameter stepped portion 2Ab and is fixed axially to the
hub axle 2A by means of a crimped portion 2Aa formed
by plastically deforming one end of the reduced diameter
stepped portion 2Ab in a radially outward direction. In the

second embodiment, owing to the use of such a self-
retaining structure in which the inner race 2B is firmly
retained by the crimped portion 2Aa, there is no need to
control the amount of a preload by firmly fastening the
inner race 2B relative to the hub axle 2A with nuts or the
like such as experienced in the conventional art and,
therefore, not only can incorporation of the bearing as-
sembly into the automotive vehicle be facilitated, but also
the amount of the preload can be maintained for a sub-
stantial period of time. Also, it is possible to reduce the
weight and the size of the inner member 2 with a projec-
tion of the hub axle 2A on the inboard side being mini-
mized.
[0051] The outer member 1 has an outer periphery
formed integrally with a vehicle fitting flange 1a which is
fitted to a knuckle N and also has an inner periphery
formed with double rows of outer raceway surfaces 6 and
7. The double rows of the outer raceway surfaces 6 and
7 are opposed respectively to the double rows of the inner
raceway surfaces 8 and 9 formed integrally in the respec-
tive outer peripheries of the hub axle 2A and the inner
race 2B. And, the double rows of the rolling elements 3
and 3 are accommodated between the raceway surfaces
6 and 8 and between the raceway surfaces 7 and 9 and
those double rows of the rolling elements 3 and 3 are
rollingly retained by respective retainers 10 and 10.
[0052] Also, a seal 11 and a cover 5 are mounted on
opposite ends of the outer member 1 to prevent a lubri-
cant grease, filled inside the bearing assembly, from leak-
ing and also to prevent rain water and/or dusts from en-
tering from the outside into the bearing. The bearing as-
sembly having the above described structure is referred
to as a third generation type wheel support bearing as-
sembly. It is to be noted that although in the instance
described above, the rolling elements 3 and 3 have been
described as employed in the form of balls and a double
row angular contact ball bearing has been exemplified,
the present invention is not always limited thereto and it
may be applied to a double row tapered roller bearing.
[0053] The hub axle 2A is made of a medium carbon
steel such as, for example, S53C, containing 0.40 to 0.80
wt% of carbon and is hardened by means of an induction
hardening technique, ranging from a seal land portion
where the seal 11 contacts the hub axle 2A slidingly, the
inner raceway surface 8 on the outboard side to the re-
duced diameter stepped portion 2Ab, so that the surface
hardness of the hub axle 2A may fall within the range of
58 to 64 HRC. It is to be noted that the crimped portion
2Aa is left unhardened, having a surface harness of 25
HRC or lower of a raw material after forging. On the other
hand, the inner race 2B is made of a high carbon chrome
bearing steel such as SUJ2 and is hardened deep into a
core thereof by means of a through hardening technique
to have a hardness within the range of 58 to 64 HRC.
[0054] Also, the outer member 1 is made of a medium
carbon steel, for example, S53C, containing 0.40 to 0.80
wt% of carbon and has the double rows of the outer race-
way surfaces 6 and 7 hardened by means of an induction
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hardening technique to have a surface hardness within
the range of 58 to 64 HRC.
[0055] A slinger 17 is press-fitted onto an outer periph-
eral surface of the inner race 2B. This slinger 17 is made
of a ferromagnetic steel plate such as a ferritic stainless
steel plate (SUS430 or the like according to the Japanese
Industrial Standards) or a cold rolled steel plate treated
to have a resistance to rusting (SPCC system or the like
according to the Japanese Industrial Standards) and is
press-worked to have a generally L-shaped section and
is as a whole formed to represent an annular configura-
tion including a cylindrical portion 17a and an upright por-
tion 17b protruding radially outwardly from this cylindrical
portion 17a. A magnetic encoder (a pulsar ring) 18 is
bonded integrally by vulcanization to an inboard side face
of the upright portion 17b.
[0056] This magnetic encoder 18, formed by mixing an
elastomer such as rubber with a powder of ferromagnetic
material such as ferrite, is magnetized to have circum-
ferentially alternating magnetic poles N and S that are
spaced at intervals of a predetermined pitch on the pitch
circle diameter (PCD) and forms a rotary encoder for the
detection of the rotational speed of the automotive vehi-
cle wheel. It is to be noted that although in the instance
now under discussion the magnetic encoder 18 has been
exemplified as made of the elastomer, the present inven-
tion may not be always limited thereto and the magnetic
encoder 18 may be made of, for example, a sintered met-
al, in which a powder of ferromagnetic material such as
ferrite is caked with a metallic binder.
[0057] In the second embodiment described above,
the cover 5 includes a sensor connector 22 made of a
synthetic resin, and a sensor cap 12 made of a steel plate
capped over the sensor connector 22 so as to cover an
outer surface of the sensor connector 22 and is mounted
on one end of the outer member 1 so as to close an
opening of the outer member 1 on the inboard side. The
sensor connector 22 is made of, for example, a synthetic
resin of PA (polyamide) system such as Nylon 66, PPA
(polyphthalamide) or PPS (polyphenylene sulfide) and is
formed to have a cap-like shape including a bottom por-
tion 22c and a cylindrical portion 22d. The bottom portion
22c has an outer diametric portion encasing a rotation
sensor 16A, which is arranged so as to confront the mag-
netic encoder 18 with an axial gap (air gap) defined ther-
ebetween and a connector 23 for leading a detection sig-
nal of the rotation sensor 16A to the outside is formed
integrally with the rotation sensor 16A.
[0058] When the magnetic encoder 18 rotates together
with the inner race 2B as the vehicle wheel rotates, an
output from the rotation sensor 16A held in face-to-face
relation with the magnetic encoder 18 changes. The fre-
quency of change of the output of the rotation sensor 16A
is so proportional to the rotational speed of the vehicle
wheel that if the output signal from the rotation sensor
16A is inputted to a controller (not shown), the ABS can
be properly controlled.
[0059] The sensor cap 12 is made of a stainless steel

plate of an austenite system (for example, SUS304 ac-
cording to the Japanese Industrial Standards) having a
rust resistance or a cold rolled steel plate treated to have
a resistance to rusting (SPCC system or the like accord-
ing to the Japanese Industrial Standards) and is press-
worked to represent a cap-like shape including a cylin-
drical portion 13 and a bottom portion 12c.
[0060] As shown on an enlarged scale in Fig. 7, the
cylindrical portion 13 of the sensor cap 12 includes a
mounting area 12d adapted to be press-fitted into an in-
ner peripheral surface of a pilot portion 1c of the outer
member 1, and a collar 12a formed by bending the cy-
lindrical portion 13 in a radially outward direction of the
bearing assembly and then turning it backward in an over-
lapped fashion and adapted to define a positioning por-
tion for the sensor cap 12 during the press-fitting. This
collar 12a has an annular sealing lip 26 bonded integrally
thereto by vulcanization, which lip 26 is made of an elastic
material such as rubber and is held in contact with an
inner peripheral surface of the knuckle N.
[0061] As described hereinabove, since in the second
embodiment the sensor cap 12 fixed to the pilot portion
1c of the outer member 1 is prepared from a steel plate
having a rust resistance and also since the sealing lip 26
that contacts the inner peripheral surface of the knuckle
N is integrally bonded to the sensor cap 12, not only can
the sensor connector 22, made of the synthetic resin, be
prevented from being deteriorated under a severe envi-
ronment full of muddy salt water or the like for a long
period of time, but an ingress of the muddy salt water
and/or dusts through a gap between the pilot portion 1c
and the mounting area 12a of the sensor cap 12 can also
be avoided and, therefore, it is possible to provide a ro-
tation sensor incorporated bearing assembly, in which
the sealability of the pilot portion 1c of the outer member
1 and the sealability between the pilot portion 1c and the
knuckle N are increased. Accordingly, there is no incon-
venience that due to the presence of rusting the outer
member 1 cannot be removed from the knuckle N and,
also, the reduction of the detecting precision of the rota-
tion sensor 16A, which would occur when the cover 5
displaces as a result of development of the rusting, can
be avoided.
[0062] Fig. 8 illustrates a modification of Fig. 7. An an-
nular sealing lip 27 made of an elastic material such as
rubber is integrally bonded by vulcanization to the collar
12a in the cylindrical portion 13 of the sensor cap 12 and
is held in tight contact with the inner peripheral surface
of the knuckle N and the pilot portion 1c of the outer mem-
ber 1. In this way, it is possible to further prevent the
muddy salt water and/or dusts from entering from the
pilot portion 1c.
[0063] Fig. 9 is an enlarged view of an important portion
of the rotation sensor incorporated bearing assembly ac-
cording to a third preferred embodiment of the present
invention. It is to be noted that components and sites
similar to those employed in the previously described
second embodiment are designated by like reference nu-
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merals used in connection with the second embodiment
and, therefore, the details thereof are not reiterated for
the sake of brevity.
[0064] The sensor cap 30 is prepared from a stainless
steel plate of an austenite system (for example, SUS304
according to the Japanese Industrial Standards) having
a rust resistance or a cold rolled steel plate (for example,
SPCC according to the Japanese Industrial Standards)
treated to have a rust resistance and is press-worked to
represent a cap-like shape.
[0065] The cylindrical portion 29 of the sensor cap 30
includes a mounting area 12d adapted to be press-fitted
into the inner peripheral surface of the pilot portion 1c of
the outer member 1, the collar 12a formed by bending
the cylindrical portion 13 in a radially outward direction
of the bearing assembly and then turning it backward in
an overlapped fashion and adapted to define a position-
ing portion for the sensor cap 12 during the press-fitting,
and a guide portion 12e extending axially from this collar
12a. The guide portion 12e is formed with an annular
groove 31, in which a sealing ring 28 such as an O-ring
is seated. The sealing ring 28 is held in contact with the
inner peripheral surface of the knuckle N to prevent mud-
dy salt water and/or dusts from entering into the bearing
assembly and the pilot portion 1c.
[0066] An outer diametric edge of the slinger 17 press-
fitted onto the inner race (not shown) is held in face-to-
face relation with the cylindrical portion 29 of the sensor
cap 30 with a slight radial gap left therebetween to form
a labyrinth seal 25. Accordingly, with the simplified struc-
ture, it is possible to prevent a lubricant grease, filled in
the bearing assembly, from leaking into the inside of the
cover 21, allowing the durability of the bearing assembly
to be maintained for a long period of time.
[0067] The rotation sensor incorporated bearing as-
sembly to which the present invention pertains can be
applied not only to the structure of the third generation
type, but also to the structure of the first or second gen-
eration type. Also, although the pulsar ring has been
shown and described as employed in the form of the mag-
netic encoder magnetized to have the magnetic poles N
and S alternating with each other in the circumferential
direction, it may not be always limited thereto, but may
be of a structure, in which the pulsar ring is formed with
indentation or throughholes in the circumferential direc-
tion thereof. Accordingly, depending on the type of this
pulsar ring, the rotation sensor can be suitably selected
from a Hall IC element, a Magnetic resistance element
(MR element) and others.
[0068] Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings
which are used only for the purpose of illustration, those
skilled in the art will readily conceive numerous changes
and modifications within the framework of obviousness
upon the reading of the specification herein presented of
the present invention. Accordingly, such changes and
modifications are, unless they depart from the scope of

the present invention as delivered from the claims an-
nexed hereto, to be construed as included therein.

Claims

1. A bearing assembly with a rotation sensor, which
comprises an outer member having an inner periph-
ery formed with a raceway surface, an inner member
having an outer periphery formed with a raceway
surface opposed to the raceway surface of the outer
member, a plurality of rolling elements interposed
between the opposed raceway surfaces, and a ro-
tation sensor;
wherein the rotation sensor includes an annular
magnetic encoder provided on an outer periphery of
one end of the inner member and having a magnetic
characteristic varying in a circumferential direction,
and an annular magnetic sensor fitted to the outer
member through a sensor cap and a sensor connec-
tor and held in face-to-face relation with the magnetic
encoder;
wherein the sensor cap is formed to represent a cy-
lindrical shape having a bottom surface and has an
opening end mounted on the inner periphery or an
outer periphery of the outer member; and
wherein the sensor connector is provided integrally
with the annular magnetic sensor and has a polyg-
onal outer periphery and is engaged press-fitted in
an inner periphery of the sensor cap.

2. The bearing assembly with the rotation sensor as
claimed in Claim 1,
wherein an end face of the sensor connector, which
confronts with the bottom surface of the sensor cap,
is provided with a projection held in abutment with
the bottom surface of the sensor cap.

3. The bearing assembly with the rotation sensor as
claimed in Claim 2,
wherein the projection is plastically deformed in a
crushed state by an effect of a load induced when
pressed against the bottom surface of the sensor
cap in a condition, in which the sensor connector is
press-fitted into the sensor cap.

4. The bearing assembly with the rotation sensor as
claimed in Claim 1,
wherein the magnetic sensor is a magnetic ring hav-
ing a coil built therein.

5. The bearing assembly with the rotation sensor as
claimed in Claim 1,
wherein each of the outer member and the inner
member has double rows of the raceway surfaces;
and
wherein the bearing assembly is a wheel support
bearing assembly for rotatably supporting a vehicle
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wheel relative to a vehicle body.

6. A wheel support bearing assembly with a rotation
sensor, which comprises:

an outer member inserted in a knuckle forming
a part of a suspension system and having an
inner periphery formed with double rows of outer
raceway surfaces;
an inner member made up of a hub axle having
one end formed integrally with a wheel mounting
flange and having an outer periphery formed
with a reduced diameter stepped portion extend-
ing axially from the wheel mounting flange, and
an inner race press-fitted onto the reduced di-
ameter stepped portion of the hub axle, said in-
ner member having an outer periphery formed
with double rows of inner raceway surfaces op-
posed respectively to the double rows of the out-
er raceway surfaces of the outer member;
double rows of rolling elements accommodated
rotatably between the inner member and the out-
er member;
a cover closing an opening of one end of the
outer member and including a sensor connector,
formed to represent a cap-like shape and made
of a synthetic resin, and a sensor cap made of
a metallic material;
a pulsar ring mounted on the inner race; and
a rotation sensor opposed to the pulsar ring and
embedded in the sensor connector;

wherein the cover is formed from a steel plate, having
a rust resistance, by means of a press-work to rep-
resent the cap-like shape and extends over an outer
surface of the sensor connector so as to cover the
sensor connector; and
wherein the cover has a cylindrical portion mounted
in an inner peripheral surface of one end of the outer
member, which end forms a pilot portion for the
knuckle, the cylindrical portion of the cover having
an outer periphery provided with an annular elastic
member held in contact with an inner peripheral sur-
face of the knuckle.

7. The bearing assembly with the rotation sensor as
claimed in Claim 6,
wherein the cylindrical portion of the cover is formed
with an annular groove and the elastic member is
engaged in this annular groove.

8. The bearing assembly with the rotation sensor as
claimed in Claim 6,
wherein the cylindrical portion of the cover includes
a mounting area, adapted to be mounted in the outer
member, and a collar that is formed by bending the
cylindrical portion in a radially outward direction of
the bearing assembly and then turning it backward

in an overlapped fashion.

9. The bearing assembly with the rotation sensor as
claimed in Claim 8,
wherein the collar is integrally bonded with the elastic
member having a lip.

10. The bearing assembly with the rotation sensor as
claimed in Claim 6,
wherein the pulsar ring includes a cylindrical portion
mounted on the outer periphery of the inner race, an
upright portion extending radially outwardly from the
cylindrical portion, and a magnetic encoder integrally
bonded to a side face of the upright portion and made
of an elastomer mixed with a powder of ferromag-
netic material and magnetized to have circumferen-
tially alternating magnetic poles N and S; and
wherein an outer diametric edge of the upright por-
tion is held in face-to-face relation with the cylindrical
portion of the sensor cap with a slight radial gap
formed therebetween to define a labyrinth seal.
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