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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a sensor-
equipped rolling bearing unit in which a rolling bearing
and a sensor device for detecting various pieces of in-
formation about the rolling bearing are integrated.
[0002] Document US 2002/0157470 A1, which is con-
sidered as the closest prior art, discloses a device for
measuring bearing data, wherein the displacements be-
tween an outer ring and an inner ring in the wheel bear-
ings are measured in a contactless fashion using ultra-
sound. Displacements are measured by one or more sets
of an ultrasound transmitter and a receiver on the sta-
tionary ring and a reflection surface on the rotating ring
for reflecting back the ultrasound energy. The measured
time until the signal is received enables displacement to
be determined.
[0003] In an automobile, various pieces of information
are require to control the automobile and therefore it is
proposed to provide a sensor device to a hub unit (a
rolling bearing unit for the wheel) having a stationary-side
raceway member to be fixed to a vehicle body, a rotation-
side raceway member to which a wheel is mounted, and
two rows of rolling elements arranged between both the
members. A conventional sensor device is mainly one
for obtaining a rotary speed of an axle necessary for an
ABS. In order to control a vehicle more accurately, de-
tection of a tire ground load is now a new object. For
detection of the load, detection by using a sensor having
a good balance of accuracy and cost is desired.
[0004] JP-A 2003-232378 discloses disposition of an
AE sensor in a vicinity of rolling elements as a sensor of
a sensor-equipped rolling bearing unit.
[0005] Thus, use of the AE sensor as a sensor for de-
tecting the load can be considered. If the AE sensor is
disposed in the vicinity of the rolling elements as in the
conventional art, however, raceway surfaces are pol-
ished and grease is filled; therefore, sounds coming out
of the rolling elements are small and a sufficient output
to detect the load cannot be obtained.
[0006] Also, JP-A 2004-205388 proposes use of a re-
solver as a sensor of the sensor-equipped rolling bearing
unit.
[0007] The resolver in the sensor-equipped rolling
bearing unit in JP-A 2004-205388 includes a stator hav-
ing a plurality of magnetic pole teeth and coaxial with a
stationary-side raceway member, and excitation coils
and detection coils wound around the respective mag-
netic pole teeth. The coils wound around the respective
magnetic pole teeth are connected to each other through
a crossover and signals from the detection coils wound
around the respective magnetic pole teeth are averaged
to thereby sense a rotation angle. Therefore, in obtaining
change of the load acting on the hub unit by using this
resolver, an output value is deadened due to the aver-
aging.

SUMMARY OF THE INVENTION

[0008] It is an object of the present invention to provide
a sensor-equipped rolling bearing unit in which a tire
ground load can be detected and a sensor having a good
balance of accuracy and cost can be used in detecting
the load.
[0009] It is another object of the present invention to
provide a sensor-equipped rolling bearing unit in which
a load can be detected by using an AE sensor as a sen-
sor.
[0010] It is still another object of the present invention
to provide a sensor-equipped rolling bearing unit in which
load detecting accuracy can be enhanced as compared
with a case in which a known resolver is used as a sensor.
[0011] According to the present invention, there is pro-
vided a sensor-equipped rolling bearing unit comprising:
a rolling bearing which includes a stationary-side race-
way member, a rotation-side raceway member, and roll-
ing elements: and a sensor device which includes a sen-
sor provided to the stationary-side raceway member, and
processing means for obtaining, a load acting on the roll-
ing bearing from an output of the sensor, characterized
in that, the sensor is an AE sensor and disposed in a
vicinity of a seal device provided between the stationary-
side raceway member and the rotation-side raceway
member, and the load acting on the rolling bearing is
obtained in the processing means from a sliding sound
of the seal device detected by the AE sensor.
[0012] The seal device may be formed of a seal mem-
ber provided to the stationary-side raceway member
(with an elastic seal bonded to a core metal) or may be
formed of a seal member provided to the stationary-side
raceway member and a slinger provided to the rotation-
side raceway member, for example. The structure of the
seal device is not limited to them as far as the device
produces a sliding sound as the rotation-side raceway
member rotates.
[0013] The AE (Acoustic Emission) sensor is well
known and it is possible to detect a sound between mem-
bers moving while in contact with each other in the rolling
bearing, e.g., a sound of contact between the rolling el-
ements and the stationary-side raceway member by us-
ing the AE sensor. However, this sound of contact chang-
es by a small amount in response to the rotation. By uti-
lizing the sliding sound between the seal device provided
to the stationary-side raceway member and the rotation-
side raceway member instead of the sound of contact, it
is possible to detect the sound that changes by a large
amount in response to the rotation. By obtaining a rela-
tionship between the sliding sound and the load (e.g.,
tire ground load) acting on the rolling bearing in advance
and, also, converting a sliding sound obtained by the AE
sensor into a load, the load acting on the rolling bearing
can be obtained. At least one AE sensor is provided and
the number of sensors is properly increased/decreased
in accordance with the number of required components
of the load.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Fig. 1, is a vertical sectional view of an embodiment
of a sensor-equipped rolling bearing unit according
to a first aspect of the present invention:

Fig. 2A is a graph showing a sound level detected
by an AE sensor, which shows a case in which the
sensor is provided in a position according to the
present invention: and

Fig. 2B is a graph showing a sound level detected
by the AE sensor, which shows a case in which the
sensor is provided in a vicinity of balls for comparison
with the case in Fig. 2A.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0015] Fig. 1 shows an embodiment of a sensor-
equipped rolling bearing unit according to a first aspect
of the present invention. In the following description,
terms, "left" and "right" refer to "left" and "right" of Fig. 1.
The left is on an inner side of a vehicle and the right is
on an outer side of the vehicle.
[0016] The sensor-equipped rolling bearing unit is
used as a sensor-equipped hub unit, and includes a hub
unit (rolling bearing unit for a wheel) 1 and a sensor device
2 for detecting a ground load of a tire.
[0017] The hub unit 1 includes a stationary-side race-
way member 3 fixed to a vehicle body, a rotation-side
raceway member 4 to which a wheel is to be attached,
balls 5 serving as a plurality of rolling elements arranged
in two rows between both the members 3 and 4, and
retainers 6 for holding the balls 5 in the respective rows.
[0018] The stationary-side raceway member 3 has a
function as an outer ring (stationary ring) of the bearing,
and includes a cylindrical part 12 formed at its inner pe-
ripheral face with two rows of outer ring raceways and a
flange part 13 provided in a vicinity of a left end portion
of the cylindrical part 12 and attached to a suspension
system (vehicle body) through bolts.
[0019] The rotation-side raceway member 4 is formed
of an inner shaft 14 and an inner ring 17. The inner shaft
14 includes a large-diameter part 15 having a first race-
way groove 15a and a small-diameter part 16 having an
outside diameter smaller than a diameter of the first race-
way groove 15a. The inner ring 17 is fitted over an outer
periphery of the small-diameter part 16 of the inner shaft
14 and has a right face in close contact with a left face
of the large-diameter part 15 of the inner shaft 14. In a
vicinity of a right end of the inner shaft 14, a flange part
18 to which a plurality of bolts 19 for mounting the wheel
are fixed is formed. At a right portion of the inner ring 17,
a raceway groove 17a is formed to be arranged side by
side with the raceway groove 15a of the inner shaft 14

and a shoulder part 17b is formed at a left portion of the
inner ring 17. Between a right end portion of the station-
ary-side raceway member 3 and the inner shaft 14, a
seal device 20 is provided. At a left end portion of the
small-diameter part 16 of the inner shaft 14, an external
thread part is formed. Through a nut 21 screwed over
the external thread part, the inner ring 17 is fixed to the
inner shaft 14. A left end portion of the stationary-side
raceway member 3 is covered with a cover 22.
[0020] The sensor device 2 includes an AE sensor 10
provided to an outer periphery of the stationary-side race-
way member 3, and processing means (not shown) for
processing an output of the sensor 10. The AE sensor
10 is disposed in a vicinity of the seal device 20. When
the ground load (a radial load and an axial load) acts on
the tire, a displacement amount of the rotation-side race-
way member 4 with respect to the stationary-side race-
way member 3 changes and, as a result, a sliding sound
of the seal device 20 in contact with the rotation-side
raceway member 4 changes. Figs. 2A and 2B show
graphs of changes in the sensor output before and after
rotation when the AE sensor 10 is disposed in the vicinity
of the seal device 20 (in a position shown in a solid line
in Fig. 1) and when an AE sensor S is disposed in a
position shown in a two-dot chain line in Fig. 1 (in a vicinity
of the balls 5 in an inner row). Fig. 2A shows the case in
which the AE sensor 10 is disposed in the vicinity of the
seal device 20, and Fig. 2 B shows the case in which the
AE sensor 10 is disposed in the vicinity of the balls 5.
From these graphs, It can be understood that a change
of the sound before and after the rotation is small when
the AE sensor S is disposed in the vicinity of the balls 5
while the sound changes by a large amount before and
after the rotation by disposing the AE sensor 10 in the
vicinity of the seal device 20 and that the sliding sound
of the seal device 20 can be detected by this disposition
of the sensor 10. Therefore, by obtaining a relationship
between the sliding sound detected by the AE sensor 10
and the tire ground load in advance, it is possible to obtain
the tire ground load from the sliding sound obtained by
the AE sensor 10 by using this relational expression. The
obtained ground load is output to vehicle control means
to properly control the vehicle.
[0021] Although the sensor-equipped hub unit has
been described above, the sensor device may be used
while being integrated with any kind of rolling bearing
other than the hub unit.
[0022] As a sensor used for obtaining the load acting
on the rolling bearing, a load sensor. a displacement sen-
sor, a strain sensor, a six-component force meter, and a
resolver can be considered. However, these sensors
have problems, respectively. With the sensor-equipped
rolling bearing according to the present invention, it is
possible to avoid these problems: need of pre-load and
difficulty in adjustment when the load sensor is used;
need of a device in an object to be detected when the
displacement sensor is used; a presence of temperature
drift when the strain sensor is used: high cost when the
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six-component force meter is used; and poor load de-
tecting accuracy when the resolver is used.

Claims

1. A sensor-equipped rolling bearing unit comprising:

a rolling bearing which includes a stationary-
side raceway member (3), a rotation-side race-
way member (4), and rolling elements (5), and
a sensor device (2) which includes a sensor (10)
provided to the stationary-side raceway member
(3), and processing means for obtaining a load
acting on the rolling bearing from an output of
the sensor (10),
characterised in that
the sensor (10) is an AE sensor and disposed
in a vicinity of a seal device (20) provided be-
tween the stationary-side raceway member (3)
and the rotation-side raceway member (4), and
the load acting on the rolling bearing is obtained
in the processing means from a sliding sound of
the seal device (20) detected by the AE sensor
(10).

Patentansprüche

1. Mit einem Sensor ausgerüstete Wälzlagereinheit mit
einem Wälzlager, mit einem Laufbahnglied (3) auf
der feststehenden Seite, einem Laufbahnglied (4)
auf der drehbaren Seite, und einem Laufglied (5),
einer Sensoreinrichtung (2), die einen Sensor (10)
umfasst, der dem Laufbahnglied (3) auf der statio-
nären Seite angebracht ist, und einer Verarbeitungs-
einrichtung (3) zur Erzielung einer Last, die auf das
Laufglied von einem Ausgang des Sensors (10) ab-
gegeben wird,
dadurch gekennzeichnet,
dass der Sensor (10) ein AE-Sensor ist und in der
Nähe einer Dichtungseinrichtung (20) angeordnet
ist, die sich zwischen dem Laufbahnglied (3) auf der
feststehenden Seite und dem Laufbahnglied (4) auf
der drehbaren Seite befindet, und
dass die Last, die auf das Wälzlager ausgeübt wird,
aus der Verarbeitungseinrichtung aus dem Schleif-
ton der Dichteinrichtung (20) erzielt wird, die durch
den AE-Sensor (10) abgetastet wird.

Revendications

1. Unité de palier de roulement équipée d’un capteur,
comprenant :

un palier de roulement qui comprend un élément
de piste côté fixe (3), un élément de piste côté

rotation (4), et des éléments de roulement (5) ; et
un dispositif à capteur (2) qui comprend un cap-
teur (10) disposé sur l’élément de piste côté fixe
(3), et des moyens de traitement pour obtenir
une charge agissant sur le palier de roulement
à partir d’une sortie du capteur (10),
caractérisé en ce que :

le capteur (10) est un capteur à émission
acoustique et est disposé au voisinage d’un
dispositif de joint d’étanchéité (20) disposé
entre l’élément de piste côté fixe (3) et l’élé-
ment de piste côté rotation (4), et
la charge agissant sur le palier de roulement
est obtenue dans les moyens de traitement
à partir d’un son de glissement du dispositif
de joint d’étanchéité (20), détecté par le
capteur à émission acoustique (10).
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