EP 4 215 770 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(11) EP 4 215770 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
26.07.2023 Bulletin 2023/30

(21) Application number: 21869259.8

(22) Date of filing: 08.09.2021

(51)

(52)

(86)

(87)

International Patent Classification (IPC):
F16C 19/16 (2006.07) F16C 35/12(2006.01)
F16C 41/00 (2006.0%)

Cooperative Patent Classification (CPC):
F16C 19/16; F16C 35/12; F16C 41/00; GO8C 17/00

International application number:
PCT/JP2021/032958

International publication number:
WO 2022/059572 (24.03.2022 Gazette 2022/12)

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB

GRHRHUIEISITLILTLULVMC MKMT NL NO

PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

Designated Validation States:
KH MA MD TN

(30) Priority: 15.09.2020 JP 2020154234

(71) Applicant: NTN Corporation
Osaka-shi, Osaka 550-0003 (JP)

(72)

(74)

Inventors:

HASHIZUME, Shohei
Kuwana-shi, Mie 511-8678 (JP)
UEDA, Keiichi

Kuwana-shi, Mie 511-8678 (JP)
HAMAKITA, Yasuyuki
Kuwana-shi, Mie 511-8678 (JP)

Representative: Briintjen, Thorsten
Bockhorni & Briintjen
Partnerschaft Patentanwilte mbB
Agnes-Bernauer-Strafle 88

80687 Miinchen (DE)

(54) BEARING DEVICE

(57) A bearing apparatus (1) includes a housing (3)
where a main spindle (4) is accommodated, a bearing
(5a) including an inner ring (5ia) and an outer ring (5ga),
the bearing (5a) supporting the main spindle (4) rotatably
with respect to the housing (3), a retaining lid (10) fitted
to an inside surface of the housing (3) while the retaining
lid is in contact with an axial end surface of the housing
(3) and an axial end surface of the outer ring (5ga), and
a communication module (140) arranged in a region op-
posed to the retaining lid (10) with the bearing (5a) being
interposed, the communication module (140) wirelessly
communicating over electromagnetic waves. In a portion
of the retaining lid (10) in contact with the housing (3), a
non-metallic layer (10a) composed of ceramic which is
a non-metallic material is provided.
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Description
TECHNICAL FIELD

[0001] This invention relates to a bearing apparatus
including a wireless communication function.

BACKGROUND ART

[0002] To a machine including a rolling mechanism or
a swing mechanism employed in a main spindle or the
like of a machine tool, in order to control the machine or
to monitor a state of the machine, a detection device such
as a sensor may be attached.

[0003] In particular, in the machine including a rolling
bearing, it is effective to detect characteristics in the vi-
cinity of the bearing in the inside of the machine. There-
fore, various sensors such as a rotation sensor and a
temperature sensor are desirably arranged in the vicinity
of the bearing in the inside of the machine.

[0004] Electrical wires have conventionally often been
used for transmission of data detected by the sensors.
Arrangement of electrical wires in the inside of the ma-
chine, however, may cause interference with another
mechanism in the inside of the machine or lowering in
function of that mechanism (for example, lowering in ac-
curacy of dimension or shape). Ease in assembly of the
machine also becomes poor, which may also be a factor
for lowering in productivity.

[0005] In order to address the problems as above, for
example, Japanese Patent Laying-Open No.
2003-28151 (PTL 1) discloses a bearing apparatus in
which a wireless sensor with an antenna is attached to
an outer ring of a bearing and data detected by the wire-
less sensor is wirelessly transmitted to the outside over
radio waves. In view of the fact that the bearing and pe-
ripheral components (a housing, a lid, and the like) are
made of a metal (a magnetic material) through which
radio waves are less likely to propagate, in the bearing
apparatus, a space (a hole or a groove) for facilitating
propagation of radio waves transmitted from the wireless
sensor to the outside is provided in the inside of the hous-
ing located around a portion of attachment of the wireless
sensor.

CITATION LIST
PATENT LITERATURE

[0006] PTL 1: Japanese Patent Laying-Open No.
2003-28151

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0007] As described above, in the bearing apparatus
disclosed in Japanese Patent Laying-Open No.
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2003-28151, a space (a hole or a groove) for facilitating
propagation of radio waves is provided in the inside of
the housing arranged around the bearing.

[0008] In the inside of the housing around the bearing,
however, another mechanism for cooling the bearing is
normally provided. When interference with another
mechanism occurs, a sufficient space may not be pro-
vided in the inside of the housing. When a space in a
complicated shapeis provided in the inside of the housing
in order to avoid interference with another mechanism,
there is a concern about poor accuracy in shape of the
housing or increase in cost.

[0009] The present disclosure was made to solve the
problems above, and an object thereof is to provide a
bearing apparatus capable of wirelessly transmitting data
to the outside without providing a space for facilitating
propagation of radio waves in the inside of a housing
around a bearing.

SOLUTION TO PROBLEM
[0010]

(1) Abearing apparatus according to the present dis-
closure includes a cylindrical housing where a rotat-
ing body is accommodated, a first bearing including
aninnerring fixed to an outside surface of the rotating
body and an outer ring fixed to an inside surface of
the housing, the first bearing supporting the rotating
body rotatably with respect to the housing, a lid por-
tion fitted to the inside surface of the housing while
the lid portion is in contact with an axial end surface
of the housing and an axial end surface of the outer
ring, and a communication apparatus arranged in a
region opposed to the lid portion with the first bearing
being interposed, the communication apparatus
wirelessly communicating over electromagnetic
waves. A non-metallic layer composed of a non-me-
tallic material is formed in at least one of a portion
of the lid portion in contact with the housing, a portion
of the housing in contact with the lid portion, an inside
portion of the lid portion, and a member arranged
between an inside surface of the lid portion and an
outside surface of the rotating body.

(2) In one aspect, the communication apparatus is
arranged in a region between the first bearing and a
second bearing arranged at a position opposed to
the lid portion with the first bearing being interposed.
The bearing apparatus further includes a self-gen-
eration apparatus arranged in the region between
the first bearing and the second bearing, the self-
generation apparatus supplying electric power to the
communication apparatus.

(3) In one aspect, the non-metallic material is ceram-
ic.

(4) In one aspect, the first bearing is an angular con-
tact ball bearing.

(5) In one aspect, the rotating body is a main spindle
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of a machine tool.
ADVANTAGEOUS EFFECTS OF INVENTION

[0011] According to the present disclosure, a bearing
apparatus capable of wirelessly transmitting data to the
outside without a space for facilitating propagation of ra-
dio waves in the inside of a housing around a bearing
can be provided.

BRIEF DESCRIPTION OF DRAWINGS
[0012]

Fig. 1 is a cross-sectional view (No. 1) showing a
schematic construction of a bearing apparatus.
Fig. 2 is a block diagram showing an exemplary con-
figuration of a communication module.

Fig. 3 is a cross-sectional view (No. 2) showing a
schematic construction of a bearing apparatus.
Fig. 4 is a cross-sectional view (No. 3) showing a
schematic construction of a bearing apparatus.

DESCRIPTION OF EMBODIMENTS

[0013] An embodiment of the present disclosure will
be described below with reference to the drawings. The
same or corresponding elements in the drawings below
have the same reference characters allotted and descrip-
tion thereof will not be repeated.

[First Embodiment]

[0014] Fig. 1is a cross-sectional view showing a sche-
matic construction of a bearing apparatus 1 according to
the present first embodiment.

[0015] Bearing apparatus 1 shown in Fig. 1 is used,
for example, as a built-in motor type spindle apparatus
of a machine tool. In this case, a not-shown motor is
incorporated on one end side (on the right side in Fig. 1)
of a main spindle 4 supported by bearing apparatus 1,
and a not-shown cutting tool such as an end mill is con-
nected on the other end side (on the left side in Fig. 1).
In the present embodiment, a diameter of main spindle
4 is setto 70 mm and a maximum rotation speed of main
spindle 4 is set to 20000 rotations/minute.

[0016] Bearingapparatus 1includes acylindrical hous-
ing 3 made of a metal, a bearing 5 including two bearings
5a and 5b, a spacer 6 arranged between bearings 5a
and 5b, retaining lids 10 and 20 made of a metal, and a
communication module 140.

[0017] Main spindle 4 is provided in the inside of hous-
ing 3 and supported by bearings 5a and 5b as being
rotatable with respect to housing 3.

[0018] Bearing5aisarollingbearingincluding aninner
ring 5ia made of a metal, an outer ring 5ga made of a
metal, a plurality of rolling elements Ta arranged between
inner ring 5ia and outer ring 5ga, and a retainer Rta. The
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plurality of rolling elements Ta are held at intervals by
retainer Rta.

[0019] Bearing5bisarolling bearing including aninner
ring 5ib made of a metal, an outer ring 5gb made of a
metal, a plurality of rolling elements Tb arranged between
inner ring 5ib and outer ring 5gb, and a retainer Rtb. The
plurality of rolling elements Tb are held at intervals by
retainer Rtb.

[0020] Inner ring 5ia of bearing 5a and inner ring 5ib
of bearing 5b that are distant in an axial direction are
fitted to main spindle 4 by interference fit (press-fitting).
[0021] Spacer 6 includes an inner-ring spacer 6i and
an outer-ring spacer 6g. Inner-ring spacer 6i is arranged
between inner rings 5ia and 5ib and outer-ring spacer 6g
is arranged between outer rings 5ga and 5gb.

[0022] An angular contact ball bearing, a deep groove
ball bearing, or a tapered roller bearing can be employed
as bearings 5a and 5b. The angular contact ball bearing
is included in bearing apparatus 1 shown in Fig. 1, where
two bearings 5a and 5b are provided in back-to-back du-
plex bearing (DB) arrangement. Arrangement of the
bearing is not limited to back-to-back duplex bearing ar-
rangement, and for example, face-to-face duplex bearing
arrangement may be applicable.

[0023] Though a structure in which two bearings 5a
and 5b support main spindle 4 is illustrated and de-
scribed, a structure in which two or more bearings support
main spindle 4 may be applicable.

[0024] A not-shown cooling medium flow path is pro-
vided in the inside of housing 3. By feeding a cooling
medium through the cooling medium flow path in housing
3, bearings 5a and 5b can be cooled.

[0025] Each of retaining lids 10 and 20 is an annular
member that suppresses axial displacement of housing
3 from bearings 5a and 5b. Retaining lid 10 is fitted to an
inside surface of housing 3 while it is in contact with an
axial end surface on one side (in Fig. 1, the left side where
the cutting tool is provided) of housing 3 and an axial end
surface on one side of outer ring 5ga. Retaining lid 20 is
fitted to the inside surface of housing 3 while itis in contact
with an axial end surface on the other side (in Fig. 1, the
right side where the motor is provided) of housing 3 and
an axial end surface on one side of outer ring 5gb.
[0026] Communication module 140 containing a sen-
soris arranged between bearing 5aand bearing 5b. More
specifically, communication module 140 is attached in
the inside of outer-ring spacer 6g arranged between outer
rings 5ga and 5gb. When viewed with bearing 5a being
defined as the reference, communication module 140 is
arrangedin aregion opposed to retaining lid 10 with bear-
ing 5a being interposed. When viewed with bearing 5b
being defined as the reference, communication module
140 is arranged in a region opposed to retaining lid 20
with bearing 5b being interposed.

[0027] Fig. 2is a block diagram showing an exemplary
configuration of communication module 140 according
to the present embodiment. Communication module 140
contains a plurality of sensors (a heat flux sensor 11 that
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measures a heat flux, a temperature sensor 56 that
measures a temperature, a vibration sensor 57 that
measures vibration, and a load sensor 59 that measures
preload) for controlling main spindle 4 or monitoring a
state of bearing apparatus 1, acommunication apparatus
141, and a power generation apparatus 142.

[0028] Communication apparatus 141 is connected to
each sensor through an electrical wire and collects data
indicating a result of detection by each sensor. Commu-
nication apparatus 141 may wirelessly be connected to
each sensor and wirelessly collect data indicating a result
of detection by each sensor.

[0029] Communication apparatus 141 transmits data
collected from each sensor to an external apparatus 200
provided outside bearing apparatus 1 through wireless
communication over electromagnetic waves. Communi-
cation apparatus 141 is in conformity, for example, with
communication standards of Bluetooth®, and can wire-
lessly transmit data indicating a result of detection by
each sensor to external apparatus 200 over radio waves
in a frequency band of 2.4 GHz.

[0030] Power generation apparatus 142 is connected
to communication apparatus 141 and self-generates
electric power for driving communication apparatus 141.
For example, a thermoelectric element (Peltier element)
that generates electric power based on a Seebeck effect
can be employed as power generation apparatus 142.
When electric power is required for driving each sensor,
power generation apparatus 142 may supply electric
power to that sensor.

[0031] Thoughanexample in which each sensor, com-
munication apparatus 141, and power generation appa-
ratus 142 are modularized into a single communication
module 140 and arranged in outer-ring spacer 6g is de-
scribed in the present embodiment, each sensor, com-
munication apparatus 141, and power generation appa-
ratus 142 may individually be arranged without being
modularized.

<As to Wireless Transmission of Data>

[0032] As described above, bearing apparatus 1 ac-
cording to the present embodiment is constructed such
that communication module 140 is arranged between
bearing 5a and bearing 5b and wirelessly transmits data
indicating a result of detection by each sensor to the out-
side.

[0033] Bearing 5a, housing 3 around bearing 5a, and
retaining lids 10 and 20, however, are each made of a
metal, and hence passage of radio waves from commu-
nication module 140 to the outside of bearing 5a and the
outside of bearing 5b is difficult.

[0034] If a space for facilitating propagation of radio
waves is provided in the inside of housing 3 in a radial
direction, interference with a cooling medium flow chan-
nel in housing 3 and additionally poorer accuracy in
shape of housing 3 and increase in cost may disadvan-
tageously be caused.
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[0035] In view of such a disadvantage, in bearing ap-
paratus 1 according to the present embodiment, as
shown in Fig. 1, a non-metallic layer 10a composed of
ceramic which is a non-metallic material is provided in a
portion of retaining lid 10 in contact with housing 3 (a
portion of retaining lid 10 fitted to the inside surface and
the axial end surface on one side of housing 3). Similarly,
a non-metallic layer 20a composed of ceramic which is
anon-metallic material is provided in a portion of retaining
lid 20 in contact with housing 3 (a portion of retaining lid
20 fitted to the inside surface and the axial end surface
on the other side of housing 3). Examples of ceramic for
non-metallic layers 10a and 20a include silicon nitride,
alumina, and zirconia.

[0036] Thus, in bearing apparatus 1 according to the
present embodiment, data from communication module
140 can wirelessly be transmitted to the outside of bear-
ing apparatus 1 through non-metallic layers 10a and 20a
provided in the portions of retaining lids 10 and 20 in
contact with housing 3. Thus, without providing a space
for facilitating propagation of radio waves in the inside of
housing 3, data can wirelessly be transmitted to the out-
side.

[0037] Furthermore, in bearing apparatus 1 according
to the present embodiment, similarly to communication
apparatus 141, power generation apparatus 142 that
self-generates electric power for driving communication
apparatus 141 is arranged between bearing 5a and bear-
ing 5b. Therefore, communication apparatus 141 can be
driven without an electrical wire for supply of drive power
to communication apparatus 141 being provided on the
outside of bearing apparatus 1.

[0038] For appropriate wireless transmission of data
from communication module 140 to the outside, non-me-
talliclayers 10a and 20a and communication module 140
are desirably arranged at positions as close as possible
to each other. Fig. 1 shows an example in which non-
metallic layers 10a and 20a are provided in a part of re-
taining lids 10 and 20 in a circumferential direction. When
alignment between non-metallic layers 10a and 20a and
communication module 140 is difficult in fitting of retain-
ing lids 10 and 20 to the inside surface of housing 3, non-
metallic layers 10a and 20a may be provided to extend
over the entirety of retaining lids 10 and 20 in the circum-
ferential direction.

[0039] The material for non-metallic layers 10a and
20a should only be a non-metallic material through which
electromagnetic waves can pass, and is not limited to
the ceramic described above. For example, the material
for non-metallic layers 10a and 20a may be a resin ma-
terial such as polyether ether ketone (PEEK) or polyphe-
nylene sulfide (PPS), a material reinforced with carbon
fibers or glass fibers, glass, or rubber.

[0040] The non-metallic layer is not necessarily limited
to the non-metallic layer provided at each of opposing
axial ends of housing 3. In other words, only one of non-
metallic layers 10a and 20a may be provided.
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[Second Embodiment]

[0041] Fig. 3is a cross-sectional view showing a sche-
matic construction of a bearing apparatus 1A according
to the present second embodiment. In bearing apparatus
1A, the non-metallic layer described above is arranged
in housing 3 instead of retaining lids 10 and 20. Specifi-
cally, bearing apparatus 1A is such a bearing apparatus
that housing 3 and retaining lids 10 and 20 of bearing
apparatus 1 shown in Fig. 1 described above have been
changed to a housing 3A and retaining lids 10A and 20A.
Bearing apparatus 1A is otherwise the same in construc-
tion as bearing apparatus 1 described above.

[0042] Retaining lids 10A and 20A are such retaining
lids that non-metallic layers 10a and 20a have been re-
moved from retaining lids 10 and 20 described above,
respectively.

[0043] In portions of housing 3A in contact with retain-
ing lids 10A and 20A, non-metallic layers 3a and 3b com-
posed of a non-metallic material are provided, respec-
tively. Specifically, non-metallic layer 3a is provided in a
part of the inside surface and an axial end portion on one
side of housing 3A and non-metallic layer 3b is provided
in a part of the inside surface and an axial end portion
on the other side of housing 3A.

[0044] Thus, in bearing apparatus 1A according to the
present second embodiment, data from communication
module 140 can wirelessly be transmitted to the outside
of bearing apparatus 1A through non-metallic layers 3a
and 3b provided at opposing ends of housing 3. Thus,
without providing a space for facilitating propagation of
radio waves in the inside of housing 3A, data can wire-
lessly be transmitted to the outside.

[Third Embodiment]

[0045] Fig. 4 is a cross-sectional view showing a sche-
matic construction of a bearing apparatus 1B according
to the present third embodiment. Bearing apparatus 1B
is such abearing apparatus that housing 3A and retaining
lid 10A in bearing apparatus 1A shown in Fig. 3 described
above have been changed to housing 3 and a retaining
lid 10B and an inner-ring spacer 32 has further been add-
ed. Bearing apparatus 1B is otherwise the same in con-
struction as bearing apparatus 1A described above.
Housing 3 of bearing apparatus 1B is the same as hous-
ing 3 of bearing apparatus 1 described above.

[0046] In bearing apparatus 1B according to the
present third embodiment, a labyrinthine portion 30 for
prevention of entry of a foreign matter (for example, a
coolant for working or chips produced during working)
from the outside of main spindle 4 is provided at a tip end
portion of main spindle 4.

[0047] Labyrinthine portion 30 is formed from an inside
portion 31 of retaining lid 10B and inner-ring spacer 32
arranged between an inside surface of retaining lid 10B
and an outside surface of main spindle 4 and fitted to
main spindle 4. A resin material is employed as a material
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for inside portion 31 of retaining lid 10B and inner-ring
spacer 32 that form labyrinthine portion 30. In other
words, labyrinthine portion 30 forms the non-metallic lay-
er.

[0048] Thus, in bearing apparatus 1B according to the
present third embodiment, data from communication
module 140 can wirelessly be transmitted to the outside
of bearing apparatus 1B through labyrinthine portion 30
(non-metalliclayer). Therefore, without providing a space
for facilitating propagation of radio waves in the inside of
housing 3A, data can wirelessly be transmitted to the
outside.

[0049] Though Fig. 4 shows an example in which the
non-metallic layer is formed in both of inside portion 31
of retaining lid 10B and inner-ring spacer 32 that form
labyrinthine portion 30, the non-metallic layer may be
formed in only one of inside portion 31 of retaining lid
10B and inner-ring spacer 32.

[0050] It should be understood that the embodiments
disclosed herein are illustrative and non-restrictive in
every respect. The scope of the present disclosure is
defined by the terms of the claims rather than the de-
scription of the embodiments above and is intended to
include any modifications within the scope and meaning
equivalent to the terms of the claims.

REFERENCE SIGNS LIST

[0051] 1, 1A, 1B bearing apparatus; 3, 3A housing; 3a,
3b, 10a, 20a non-metallic layer; 4 main spindle; 5, 5a, 5b
bearing; 5ga, 5gb outer ring; 5ia, Sib inner ring; 6 spacer;
69 outer-ring spacer; 6i, 32 inner-ring spacer; 10, 10A,
10B, 20, 20A retaining lid; 11 heat flux sensor; 30 laby-
rinthine portion; 31 inside portion; 56 temperature sensor;
57 vibration sensor; 59 load sensor; 140 communication
module; 141 communication apparatus; 142 power gen-
eration apparatus; 200 external apparatus; Rta, Rtb re-
tainer; Ta, Tb rolling element

Claims
1. A bearing apparatus comprising:

a cylindrical housing where a rotating body is
accommodated;

a first bearing including an inner ring fixed to an
outside surface of the rotating body and an outer
ring fixed to an inside surface of the housing,
the first bearing supporting the rotating body ro-
tatably with respect to the housing;

a lid portion fitted to the inside surface of the
housing while the lid portion is in contact with an
axial end surface of the housing and an axial
end surface of the outer ring; and

a communication apparatus arranged in a re-
gion opposed to the lid portion with the first bear-
ing being interposed, the communication appa-
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ratus wirelessly communicating over electro-
magnetic waves, wherein

anon-metallic layer composed of a non-metallic
material is formed in at least one of a portion of

the lid portion in contact with the housing, apor- %
tion of the housing in contact with the lid portion,
aninside portion of the lid portion, and a member
arranged between an inside surface of the lid
portion and an outside surface of the rotating
body. 10

2. Thebearing apparatus according to claim 1, wherein

the communication apparatus is arranged in a
region between the first bearing and a second 15
bearing arranged at a position opposed to the

lid portion with the first bearing being interposed,

and

the bearing apparatus further comprises a self-
generation apparatus arranged in theregionbe- 20
tween the first bearing and the second bearing,

the self-generation apparatus supplying electric
power to the communication apparatus.

3. The bearing apparatus according to claim 1 or 2, 25
wherein
the non-metallic material is ceramic.

4. The bearing apparatus according to any one of
claims 1 to 3, wherein 30
the first bearing is an angular contact ball bearing.

5. The bearing apparatus according to any one of

claims 1 to 4, wherein
the rotating body is a main spindle of a machine tool. 35
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