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(57) ABSTRACT

A measuring pressing die (43) is supported by a spherical
concave seat (12). A measuring shaft member (45) is dis-
posed coaxially with a reference axis (o) and is linearly
guided in a direction of the reference axis () between the
measuring pressing die (43) and a support table (16). After
that, the load application apparatus measures an actual load
in the direction of the reference axis () applied to the
measuring shaft member (45) using a load cell (48) in a state
in which the measuring pressing die (43) is pressed against
the measuring shaft member (45) while the measuring
pressing die (43) is rotated about the reference axis ().
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FIG. 2
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DYNAMIC LOAD MEASUREMENT
METHOD FOR ROTARY FORGING DEVICE,
DYNAMIC LOAD MEASURING DEVICE,
METHOD FOR CALIBRATING ROTARY
FORGING DEVICE, METHOD FOR
MANUFACTURING HUB UNIT BEARING,
AND METHOD FOR MANUFACTURING
VEHICLE

TECHNICAL FIELD

[0001] The present invention relates to a technique for
calibrating a load of a rotary forging device.

[0002] Priority is claimed on Japanese Patent Application
No. 2018-023141, filed Feb. 13, 2018, the content of which
is incorporated herein by reference.

BACKGROUND ART

[0003] The wheels of a car are supported by, for example,
a hub unit bearing 1 as shown in FIG. 8 to be rotatable with
respect to a suspension device. The hub unit bearing 1
includes an outer ring 2 which does not rotate in a state of
being joined and fixed to a suspension device of a vehicle
such as a car, a hub 3 which rotates with a wheel while
supporting and fixing the wheel, and a plurality of rolling
elements 6 disposed between a plurality of rows of outer ring
trajectories 4a and 4b provided on an inner circumferential
surface of the outer ring 2 and a plurality of rows of inner
ring trajectories Sa and 56 provided on an outer circumfer-
ential surface of the hub 3.

[0004] The hub 3 is formed by joining and fixing a hub
ring 7 having the inner ring trajectory 5a outward in an axial
direction (a left side in FIG. 8) formed on an outer circum-
ferential surface thereof to an inner ring 8 having the inner
ring trajectory 55 inward in the axial direction (a right side
in FIG. 8) formed on the outer circumferential surface
thereof. To be specific, in order to constitute such a hub 3,
in a state in which the inner ring 8 is externally fitted into an
axially inner portion of the hub ring 7, an axially inner end
surface of the inner ring 8 is held by the caulking part 10
formed by plastically deforming (caulking and expanding),
outward in the radial direction, a portion protruding further
inward in the axial direction than the inner ring 8 in the
cylindrical part 9 provided on the axially inner portion of the
hub ring 7. A pre-pressure of the hub unit hearing 1 is
increased due to an axial force applied from the caulking pan
10 to the inner ring 8. Furthermore, the pre-pressure
increased in this way is managed such that it falls within an
appropriate range.

[0005] When the hub unit bearing 1 is manufactured, the
work of forming the caulking part 10 from the cylindrical
part 9 can be performed using a rotary forging device which
is described in Japanese Patent No 4127266 (Patent Docu-
ment 1), Japanese Patent Application, Publication No. 2015-
77616 (Patent Document 2), and the like and is known in the
related art.

[0006] A rotary forging device includes a pressing die and
a support table configured to support a hub ring 7. The
pressing die is rotatable (swingingly rotatable) about a
reference axis and freely rotates about an axis of rotation
inclined at a predetermined angle with respect to the refer-
ence axis. When the hub unit bearing 1 is manufactured, the
caulking part 10 is formed by pressing the swingingly
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rotating pressing die against the cylindrical part 9 in a state
in which a central axis of the hub ring 7 is aligned with a
reference axis.

[0007] Also, the rotary forging device includes a load
application apparatus for applying a load in a direction of the
reference axis to the cylindrical pan 9 (the caulking part 10)
by pressing the swingingly rotating pressing die against the
cylindrical part 9 (the caulking part 10). When the hub unit
bearing 1 is manufactured, the caulking part 10 is finished
into a desired shape by controlling a load applied by the load
application apparatus and a pre-pressure within an appro-
priate range is applied to the hub unit bearing 1.

CITATION LIST
Patent Literature

[Patent Document 1]

[0008] Japanese Patent No. 4127266

[Patent Document 2]

[0009] Japanese Patent Application Publication No. 2015-
77616
SUMMARY OF INVENTION
Technical Problem
[0010] In a rotary forging device, when a set value of a

load of a load application apparatus (a value of a load in a
direction of a reference axis recognized when a load appli-
cation apparatus is applied to an object to be pressed)
deviates from a value of a load (an actual load) in the
direction of the reference axis actually applied to the object
to be pressed, it is impossible to perform high precision
processing. When the above-described hub unit bearing 1 is
provided as an example, it is difficult to finish the caulking
part 10 into a desired shape and apply an appropriate range
of pre-pressure to a hub unit bearing 1.

[0011] Therefore, in the rotary corning device, it necessary
to calibrate a set value of a load of a load application
apparatus at the time of shipment, maintenance, and the like
and to cause the set value to match an actual load in a
direction of a reference axis applied to an object to be
pressed.

[0012] Here, during an operation of the rotary forging
device, the actual load in the direction of the reference axis
applied to the object to be pressed is an actual load in a state
in which the pressing die is swung and rotated. For this
reason, when the set value of the load of the load application
apparatus is calibrated, it is desirable to perform dynamic
load measurement in which an actual load is measured while
the pressing die is swingingly rotated and perform the
calibration using the measured actual load.

[0013] However, in a dynamic load measurement method
which is known in the related art, that is, a dynamic load
measurement method in which a pressing die is directly
pressed against a load cell while swingingly rotated, there is
a problem that an offset load is applied to the load cell and
a is difficult to measure an actual load in the direction of the
reference axis with high accuracy. Particularly, when a
swing angle of a pressing die (an angle of an axis of rotation
with respect to the reference axis) is a relatively large angle,
the effect of the offset load increases and it is more difficult
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to measure the actual load in the direction of the reference
axis with high accuracy. Therefore, in the related art, an
actual load in a direction of a reference axis has been
measured using static load measurement in which the press-
ing die is directly pressed against the load cell while stopped
and a set value of a load of a load application apparatus has
been calibrated using the measured actual load. However, in
such a calibration method, unlike the calibration method
using the actual load measured by dynamic load measure-
ment, calibration cannot be performed in accordance with
the actual situation. Thus, there is a problem that it is difficult
to sufficiently ensure the reliability of calibration.

[0014] An objective of the present invention is to provide
an apparatus for measuring an actual load in a direction of
a reference axis applied to an object to be pressed in a state
in which a pressing die is pressed against the object to be
pressed while swingingly rotated.

Solution to Problem

[0015] In an aspect of the present invention, a rotary
forging device includes a pressing die support part, a support
table, and a load application apparatus. The pressing die
support part is capable of supporting any one selected from
a forming pressing die and a measuring pressing die to be
rotatable about a reference axis and to freely rotate about an
axis of rotation inclined at a predetermined angle with
respect to the reference axis. The support table is configured
to support an object to be pressed disposed at a position
facing a pressing die supported by the pressing die support
part in a direction of the reference axis. The load application
apparatus is configured to apply a load in the direction of the
reference axis to the object to be pressed by pressing the
pressing die supported by the pressing die support part
against the object to be pressed supported by the support
table on the basis of relative movement of the pressing die
support part and the support table in the direction of the
reference axis.

[0016] In another aspect of the present invention, in a
dynamic load measurement method for a rotary forging
device, the measuring pressing die is supported by the
pressing die support part. Furthermore, a measuring shaft
member that is an object to be pressed is disposed coaxially
with the reference axis and is linearly guided in the direction
of the reference axis while supported by the support table.
After that, the load application apparatus measures an actual
load in the direction of the reference axis applied to the
measuring shaft member using a load cell in a state in which
the measuring pressing die is pressed against the measuring
shaft member while the measuring pressing die is rotated
about the reference axis.

[0017] In another aspect of the present invention, a
dynamic load measuring device for a rotary forging device
includes the measuring pressing die, the measuring shaft
member, and the load measurement apparatus. The measur-
ing pressing die is supported by the pressing die support
part. The measuring shaft member that is an object to be
pressed is disposed coaxially with the reference axis and
linearly guided in the direction of the reference axis while
supported by the support table. The load measurement
apparatus is configured to measure an actual load in the
direction of the reference axis applied to the measuring shaft
member.

[0018] In another aspect of the present invention, a
method for calibrating a rotary forging device includes
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measuring the actual load using the dynamic load measure-
ment method for a rotary forging device and calibrating a set
value of a load of the load application apparatus using the
measured actual load.

[0019] In another aspect of the present invention, a hub
unit bearing that is a target of a manufacturing method
includes a constituent element having a caulking part. A
method for manufacturing a hub unit bearing includes
forming the caulking part using a rotary forging device
calibrated using the method for calibrating the rotary forging
device of the present invention.

[0020] Inanother aspect of the present invention, a vehicle
that is a target of a manufacturing method includes a hub unit
bearing. In a method for manufacturing a vehicle, the hub
unit bearing is manufactured using the method for manu-
facturing a hub unit bearing of the present invention.

Advantageous Effects of Invention

[0021] According to an aspect of the present invention, it
is possible to measure an actual load applied to an object to
be pressed in a direction of a reference axis in a state in
which a pressing die is pressed against the object to be
pressed while being swung and rotated.

BRIEF DESCRIPTION OF DRAWINGS

[0022] FIG. 1 is a schematic cross-sectional view showing
a rotary forging device according to one example of embodi-
ments of the present invention.

[0023] FIG. 2 is a partially enlarged cross-sectional view
of FIG. 1.
[0024] Part (a) and part (b) in FIG. 3 are partially enlarged

cross-sectional views showing an operation of forming a
caulking part in an order of steps using a rotary forging
device according to one example of embodiments of the
present invention.

[0025] FIG. 4 is a cross-sectional view in a state before a
dynamic load measuring device is assembled to the rotary
forging device and a measuring pressing die is pressed
against an upper end surface of a measuring shaft member
according to one example of embodiments of the present
invention.

[0026] FIG. 5 is a partially enlarged cross-sectional view
of FIG. 4.
[0027] FIG. 6 is a view similar to FIG. 5 showing a state

in which the measuring pressing die is pressed against the
upper end surface of the measuring shaft member.

[0028] FIG. 7 is a partial schematic view of a vehicle,
including a hub unit bearing (a bearing unit).

[0029] FIG. 8 is a cross-sectional view showing one
example of the hub unit bearing.

DESCRIPTION OF EMBODIMENTS

[0030] Embodiments of the present invention will be
described using FIGS. 1 to 8.

[0031] FIG. 7 is a partial schematic view of a vehicle 200
including a hub unit bearing (a bearing unit) 1. The present
invention can be applied to any of a hub unit bearing for a
driving wheel and a hub unit bearing of a driven wheel. In
FIG. 7, the hub unit bearing 1 is for a driving wheel and the
hub unit bearing 1 includes an outer ring 2, a hub 3, and a
plurality of rolling elements 6. The outer ring 2 is fixed to a
knuckle 201 of a suspension device using bolts or the like.
Awheel (and a braking rotating body) 202 is fixed to a flange
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(a rotating flange) 3A provided on the hub 3 using bolts or
the like. Furthermore, the vehicle 200 can have the same
support structure as described above with respect to the hub
unit bearing 1 for the driven wheel.

[0032] A rotary forging device 100 which is a target in this
embodiment is, for example, used to form a caulking part 10
of the hub unit bearing 1 shown in FIG. 8.

[0033] As shown in FIG. 1, the rotary forging device 100
includes a frame 11, a spherical concave seat 12, a spherical
seat 13 with a shaft, a forming pressing die 14, a rotating
body 15, a support table 16, a load application apparatus 17,
and an outer ring drive apparatus 18.

[0034] It should be noted that, in the following description
of'this embodiment, an upward/downward direction refers to
the upward downward directions in FIGS. 1 to 6. Here, the
upward/downward direction in FIGS. 1 to 6 does not nec-
essarily coincide with an upward/downward direction at the
time of processing.

[0035] The frame 11 constitutes an outer form of the rotary
forging device 100 and has a reference axis o disposed in the
upward/downward direction (a vertical direction). A head
case 26 which constitutes an outer form together with the
frame 11 is fixed to an upper surface of the frame 11.
[0036] The spherical concave seal (a spherical concave
seat and a concave seat body) 12 has a hole portion 12a
having a swing shaft 20 of the spherical seat 13 with a shaft
disposed therein and is constituted in an annular shape as a
whole. The spherical concave seat 12 is fixed to an upper
inside of the frame 11. The spherical concave seat 12 has a
spherical concave portion (a concave surface, a spherical
surface, and a spherical concave surface) 19 having a central
axis coaxial with the reference axis a.. The spherical concave
portion 19 is an axially lower surface and is disposed facing
downward. The spherical concave portion 19 has an opening
corresponding to the hole portion 12a and is constituted in
an annular shape (a circular annular shape) as a whole. The
spherical concave portion 19 has a surface which smoothly
extends in a circumferential direction about a central axis
thereof over the entire circumference.

[0037] The spherical seat 13 with a shaft (a swing member
and a swing body) has the swing shaft (a shaft) 20 and a
spherical convex surface seat (a spherical convex seat and a
convex seat body) 21 coaxially fixed to a lower aid portion
of the swing shaft 20. A central axis of the swing shaft 20 is
coaxial with a central axis of the. spherical convex surface
seat 21. The spherical convex surface seat 21 has a spherical
convex portion (a convex surface, a spherical surface, and a
spherical convex surface) 22 constituted in a partially
spherical shape. The spherical convex portion 22 has an
outer diameter dimension larger than that of the swing shaft
20. The spherical convex portion 22 is an axially upper
surface and is disposed facing upward. The spherical convex
portion 22 is constituted in an annular shape (a circular
annular shape) as a whole. The spherical convex portion 22
has a surface which smoothly extends in a circumferential
direction about a central axis thereof over the entire circum-
ference.

[0038] Such a spherical seat 13 with a shaft is disposed
inside the frame 11 and the head case 26. The spherical seat
13 with a shaft is disposed in a state in which an axis of
rotation f§ that is a central axis thereof is inclined by a
predetermined angle 6 with respect to the reference axis a.
The spherical convex surface seat 21 is spherically fitted to
the spherical concave seat 12. The spherical alignment of the
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spherical convex portion 22 with respect to the spherical
concave portion 19 allows the spherical seat 13 with a shaft
to rotate (swingingly rotate) about the reference axis o and
to revolve about the axis of rotation . In one example, a
predetermined angle 6 for caulking can be set to 10 degrees
or more and 30 degrees or less or 15 degrees or more (for
example, 15 degrees or more and 30 degrees or less). In one
example, a predetermined angle 6 can be 15 degrees as a
swing angle that is an angle of the axis of rotation () with
respect to the reference axis (o). In another example, a
predetermined angle 0 can be 5, 10, 12, 14, 16, 18, 20, 25,
30, or 35 degrees.

[0039] The forming pressing die 14 is attached to an
axially lower portion of the spherical convex surface seat 21
coaxially with the spherical seal 13 with a shaft and in an
attachable and detachable manner. The forming pressing die
14 has a surface portion to be processed 23 on the axially
lower surface. In one example, the surface portion to be
processed 23 has a circular annular shape. The coaxiality of
the forming pressing die 14 with respect to the spherical seat
13 with a shaft is achieved by internally fitting a convex
portion (a boss portion) 24 provided at a central portion of
an upper surface of the forming pressing die 14 into a
concave portion 25 provided at a central portion of a lower
surface of the spherical convex surface seat 21 without
rattling.

[0040] The rotating body 15 is supported inside the head
case 26 by a bearing device 27 to be able to rotate about the
reference axis a. The rotating body 15 can be rotationally
driven by a rotating body drive apparatus having an electric
motor for the rotating body (not shown) as a drive source. In
one example, the rotating body 15 has one holding hole 28
inclined by the same angle 6 as the axis of rotation § of the
swing shaft 20 with respect to the reference axis o in an
circumferential direction of a radially outer portion thereof.
An axially upper portion of the swing shaft 20 is rotatably
supported inside the holding hole 28 via a rolling bearing 29.
In this state, the swing shaft 20 is prevented from being
displaced axially downward with respect to the holding hole
28, that is, falling off from the holding hole 28.

[0041] In this embodiment, as the rolling bearing 29,
something having an axial load support ability in addition to
a radial load support ability, specifically, an self-aligning
roller bearing is used. In the self-aligning roller bearing, a
plurality of spherical milers 32 that are rolling elements are
disposed between an inner circumferential surface of an
outer ring 30 and an outer circumferential surface of an inner
ring 31. The self-aligning roller bearing can support a radial
load and an axial load acting between the outer ring 30 and
the inner ring 31. Furthermore, even when central axes of the
outer ring 30 and the inner ring 31 are inclined, a charac-
teristic in which the spherical rollers 32 can be smoothly
rolled between the inner circumferential surface of the outer
ring 30 and the outer circumferential surface of the inner
ring 31, that is, a self-alignment property is provided. Since
various kinds of more specific constitutions of such a
self-aligning roller bearing are known in the related art, a
description thereof will be omitted. It should be noted that
a deep groove ball bearing, an angular contact ball bearing,
and the like can also be used as the rolling bearing 29.
[0042] In one example, the holding hole 28 is a stepped
hole configured by connecting a large diameter hole on an
upper side in an axial direction thereof to a small diameter
hole on a lower side in the axial direction thereof via a step
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surface 33 facing the upper side in the axial direction
thereof. The outer ring 30 is internally fitted into the large
diameter hole of the holding hole 28 and an axially lower
end surface of the outer ring 30 is in contact with the step
surface 33 of the holding hole 28. Thus, the outer ring 30 is
prevented from being displaced downward in the axial
direction with respect to the holding hole 28. Furthermore,
the axially upper portion of the swing shaft 20 is internally
fitted (inserted) to be able to be relatively displaced in the
axial direction with respect to the inner ring 31. A nut 35
screwed to a male screw portion 34 provided in the axially
upper portion of the swing shaft 20 is in contact with an
axially upper end surface of the inner ring 31. Thus, the
swing shaft 20 is prevented from being displaced downward
in the axial direction with respect to the inner ring 31. By
adopting such a constitution, the swing shaft 20 is prevented
from being displaced downward in the axial direction with
respect to the holding hole 28.

[0043] By changing a positional relationship between the
spherical convex portion 22 and the spherical concave
portion 19 concerning an axial position of the swing shaft 20
by adjusting a screwing position (an amount of screwing) of
the nut 35 with respect to the male screw portion 34, a gap
(an engagement margin) present in a spherical surface
engaging portion between the spherical convex portion 22
and the spherical concave portion 19 is adjusted and an
appropriate gap can be obtained. It should be noted that, in
this embodiment, the spherical seat 13 with a shaft, the
rotating body 15, the bearing device 27, and the rolling
bearing 29 correspond to a pressing die support part.
[0044] The support table 16 is disposed inside the frame
11 and below the forming pressing die 14. Furthermore, the
support table 16 is provided to be able to move in the
upward/downward direction along the reference axis o with
respect to the frame 11. A receiving die (a holder) 36 is fixed
to an upper surface of the support table 16. In one example,
the receiving die 36 has a bottomed cylindrical shape with
an open upper end and is disposed coaxially with the
reference axis a. The receiving die 36 can hold a workpiece
coaxially via a work adapter 37. The work adapter 37 is
coaxial with the receiving die 36 in an attachable and
detachable manner. The work adapter 37 is a jig having a
shape corresponding to a type of workpiece and can hold a
workpiece coaxially. The coaxiality of the work adapter 37
with respect to the receiving die 36 can be achieved by
internally fitting a convex portion (a boss portion) 38
provided on a central portion of an upper surface of a bottom
plate portion in the receiving die 36 into the concave portion
39 provided in a central portion of a lower surface in the
work adapter 37 without rattling.

[0045] The load application apparatus 17 (shown in block
diagrams only in FIGS. 2, 5, and 6) is configured to move
the support table 16 in the upward/downward direction.
With the movement of the support table 16, the forming
pressing die 14 (and a measuring pressing die 43 which will
be described later) is pressed against an object to be pressed
supported by the support table 16 and a load in a direction
of the reference axis a is applied to the object to be pressed.
The load application apparatus 17 includes a hydraulic
cylinder 40, a hydraulic sensor 41, and a control device 42.
[0046] The hydraulic cylinder 40 includes a pair of
hydraulic chambers and a piston provided between the pair
of hydraulic chambers. In the hydraulic cylinder 40, the
piston moves on the basis of a differential pressure between
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the pair of hydraulic chambers. With the movement of the
piston, the support table 16 moves in the upward/downward
direction along the reference axis .. The hydraulic sensor 41
measures a differential pressure between the pair of hydrau-
lic chambers. The control device 42 controls a position of the
support table 16 in the upward/downward direction and a
load applied to the object to be pressed in the direction of the
reference axis o by controlling a differential pressure
between the pair of hydraulic chambers. The differential
pressure (the load) between the pair of hydraulic chambers
using the control device 42 is controlled while confirming
(feed backing) the differential pressure measured by the
hydraulic sensor 41. Furthermore, a set value of a load
controlled by the control device 42 is defined by a differ-
ential pressure between a pair of hydraulic chambersxan
area of a pistonxa coefficient. The set value of the load is
displayed on a display part of the control device 42 so that
an operator or the like can confirm the set value. It should
be noted that, although the coefficient is basically 1, the
coeflicient can be appropriately adjusted (changed) through
calibration work which will be described later.

[0047] The outer ring drive apparatus 18 (shown in the
block diagram only in FIG. 2) is supported by the support
table 16. The cuter ring drive apparatus 18 is used to
rotationally drive the outer ring 2 with respect to the hub 3
using an electric motor for the outer ring as a drive source
when the caulking part 10 of the hub unit bearing 1 is
formed.

[0048] In this embodiment, the control device 42 consti-
tutes not only the load application apparatus 17 but also a
rotating body drive apparatus (not shown) configured to
rotationally drive the rotating body 15 and a part of the outer
ring drive apparatus 18 and is constituted to perform drive
control on these apparatus.

[0049] In the rotary forging device 100 in this embodi-
ment, when the caulking part 10 is formed at an axially inner
end portion of a hub ring 7, as shown in FIGS. 1 and 2, the
hub ring 7 that is a workpiece and is an object to be pressed
is held coaxially with the receiving die 36 (via (the work
adapter 37) in a state in which the hub ring 7 before the
caulking part 10 is formed and other constituent elements
constituting the hub unit bearing 1 are assembled. It should
be noted that, in this state, the hub ring 7 is supported by the
support table 16 via the work adapter 37 and the receiving
die 36. Furthermore, in this state, the outer ring 2 is rotated
relative to the hub 3 using the outer ring drive apparatus 18.
On the basis of the rotation of the rotating body 15, the
spherical seat 13 with a shaft and the forming pressing die
14 swingingly rotate about the reference axis c. In this state,
the support table 16 moves upward, and as shown in part (a)
of FIG. 3, the surface portion to be processed 23 of the
forming pressing die 14 is pressed against a cylindrical part
9 of the hub ring 7. Thus, processing forces directed down-
ward in the upward/downward direction and outward in the
radial direction are applied from the forming pressing die 14
to the cylindrical part 9. Furthermore, an application portion
(a processing position) of a processing force changes con-
tinuously in a circumferential direction. Thus, as shown in
FIG. 3(a) to FIG. 3(b), the cylindrical part 9 gradually
plastically deforms outward in the radial direction to form
the caulking part 10 and an axially inner end surface of the
inner ring 8 is suppressed by the caulking part 10.

[0050] Thus, when the caulking part 10 is formed, the
forming pressing die 14 swingingly rotates as described
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above while rotating (revolving) about the axis of rotation §
on the basis of a frictional force acting on a contact portion
between the forming pressing die 14 and the cylindrical part
9. That is to say, the contact of the forming pressing die 14
with respect to the cylindrical part 9 is a rolling contact. For
this reason, the wear and the heat generation at a contact
portion can be sufficiently minimized. Furthermore, the
processing reaction force applied from the cylindrical part 9
to the forming pressing die 14 can be efficiently supported
by the spherical concave seat 12.

[0051] Incidentally, a load deviation may occur in the
rotary forging device 100 in this embodiment as described
above in some cases. This is caused by variations of the
accuracy of the hydraulic sensor 41, the sliding resistance of
the piston of the hydraulic cylinder 40, the weight of the
support table 16, or the like or is caused by changes with the
passage of time thereof. That is to say, a set value of a load
of the load application apparatus 17 (a set value of a load
controlled by the control device 42 and a display value of a
load displayed on the display part of the control device 42)
deviates from an actual load in the direction of the reference
axis a applied to the object to be pressed. For this reason, in
the rotary forging device 100 in this embodiment, in view of
securing the processing accuracy of the workpiece, it is
desirable to calibrate a set value (a display value) of a load
of the load application apparatus 17 at the time of shipment,
maintenance, or the like.

[0052] Therefore, a dynamic load measuring device 150
will be described below using FIGS. 4 to 6. The dynamic
load measuring device 150 is used to calibrate a set value (a
display value) of a load of the load application apparatus 17,
that is, to perform a method of calibrating the rotary forging
device 100 of this embodiment. It should be noted that FIGS.
4 to 6 show a state in which the dynamic load measuring
device 150 is assembled to the rotary forging device 100.
[0053] The dynamic load measuring device 150 includes
the measuring pressing die 43, a guide stand 44, a measuring
shaft member 45 that is an object to be pressed, a linear
motion ball bearing (a linear guide) 46, a load cell adaptor
47, and a load cell 48.

[0054] The measuring pressing die (a pressing die and an
inspection die) 43 is attached to the spherical convex surface
seat 21 instead of the forming pressing die (the processing
die). The measuring pressing die 43 is attached to an axially
lower portion of the spherical convex surface seat 21 from
which the forming pressing die 14 has been removed coaxi-
ally with the spherical seat 13 with a shall and in an
attachable and detachable manner. The coaxiality of the
measuring pressing die 43 with respect to the spherical seat
13 with a shaft is achieved by internally fitting a convex
portion (a boss portion) 24a provided at a central portion of
an upper surface of the measuring pressing die 43 into the
concave portion 25 provided at a central portion of a lower
surface of the spherical convex surface seat 21 without
rattling. In one example, the measuring pressing die 43 has
a spherical convex shape (a spherical convex surface) in
which a distal end portion 49 that is an axially lower end
portion has a center of curvature above the reference axis a.
In this embodiment, the measuring pressing die 43 is made
of steel and the distal end portion 49 is subjected to
hardening heal treatment.

[0055] The guide stand 44 is fixed to the upper surface of
the support table 16. The guide stand 44 includes a top plate
part 50 disposed horizontally above the receiving die 36 and
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a plurality of leg parts 51 which support a plurality of
portions of an outer circumferential portion of the top plate
part 50 in an circumferential direction thereof with respect
to the upper surface of the support table 16. The top plate
part 50 includes a circular-ring-shaped outer circumferential
plate part 52 constituting an outer circumferential portion
thereof, a circular-ring-shaped bush support plate pan 53
internally supported by the outer circumferential plate pan
52, and a cylindrical bush 54 internally fitted into and
supported by the bush support plate part 53. The bush 54 is
disposed coaxially with the reference axis a. Furthermore,
the bush 54 is made of steel and is subjected to hardening
heat treatment to improve the wear resistance thereof.

[0056] The measuring shall member 45 is constituted in a
circular columnar shape as a whole. The measuring shaft
member 45 is disposed coaxially with the reference axis a
via the linear motion ball bearing 46 inside the bush 54 in the
radial direction thereof and is linearly guided in the direction
of the reference axis a.. The measuring shaft member 45 is
constituted by connecting and fixing a main body part 55
which constitutes most except for an upper end portion
thereof to a buffer part 56 which constitutes the upper end
portion thereof. The main body part 55 is made of steel, is
constituted in a circular columnar shape, and is subjected to
hardening heat treatment to improve the wear resistance.
The buffer part 56 is made of steel, is constituted in a
cylindrical short shape, and is in a raw state without being
subjected to hardening heat treatment. That is to say, the
buffer part 56 is constituted of a metal softer than that of the
distal end portion 49 of the measuring pressing die 43. The
measuring shaft member 45 has an outer circumferential
surface having an outer diameter which is substantially the
same as a diameter (a processing diameter) corresponding to
a caulking part that is an object to be processed. For
example, a ratio of the outer diameter of the outer circum-
ferential surface to the processing diameter can be about 0.5,
08,1.0,1.2,1.4,1,6,1.8, 2.0, or more.

[0057] The linear motion ball bearing 46 has a plurality of
balls which are disposed to freely rotate and a cylindrical
holder (a ball retainer) which holds these balls between a
cylindrical inner circumferential surface of the bush 54 and
a cylindrical outer circumferential surface of the main body
part 55 constituting the measuring shaft member 45. The
linear motion ball bearing 46 is prevented from falling from
the inner side of the bush 54 in the radial direction thereof
using a circular-ring-shaped suppression plate 57 fixed to a
lower end surface of the bush 54. The measuring shaft
member 45 is linearly guided in the direction of the refer-
ence axis o using the linear motion ball bearing 46 so that
the displacement of the measuring shaft member 45 in a
direction orthogonal to the reference axis o and the incli-
nation of the measuring shall member 45 with respect to the
reference axis o are prevented. The linear motion ball
bearing 46 is constituted to continuously surround an outer
circumferential surface of the measuring shaft member 45
over the entire circumference. The linear motion ball bearing
46 can support a force from the outer circumferential surface
of the measuring shall member 45 over the, entire circum-
ference. An axial support length (a distance of a support
section, in the axial direction) Z1 (FIG. 5) of the linear
motion ball bearing (the linear guide) 46 with respect to the
outer circumferential surface of the measuring shaft member
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45 is appropriately set. A ratio of the axial support length Z1
to the processing diameter can be about 0.5, 0.8, 1.0, 1.2,
14, 1.6, 1.8, 2.0, or more.

[0058] The load cell adaptor 47 is attached above a bottom
plate portion of the receiving die 36 from which the work
adapter 37 has been removed coaxially with the receiving
die 36 and in an attachable and detachable manner. The load
cell adaptor 47 can hold the load cell 48 coaxially, The
coaxiality of the load cell adaptor 47 with respect to the
receiving die 36 is achieved by internally fitting a convex
portion (a boss portion) 38 provided at a central portion of
an upper surface of the bottom plate portion of the receiving
die 36 into the concave portion 394 provided at a central
portion of a lower surface of the load cell adaptor 47 without
rattling.

[0059] The load cell 48 is coaxially held above the load
cell adaptor 47. Therefore, the load cell 48 is disposed
coaxially with the reference axis c.. The load cell 48 has an
input portion 58 having a spherical convex shape in which
an upper surface of a central portion in the radial direction
thereof protrudes further upward than the peripheral portion.
The load cell 48 can measure a load in the direction of the
reference axis o input from the input portion 58. A lower
surface (a flat surface orthogonal to the reference axis o) of
the main body part 55 constituting the measuring shall
member 45 is in contact with a central portion of the input
portion 58. Therefore, the load cell 48 can measure a load in
the direction of the reference axis o input from the measur-
ing shall member 45. Such a load cell 48 generally includes
a strain generating body (not shown) elastically deforming
due to a load in the direction of the reference axis o input
front the input portion 58 and a strain gauge (not shown)
adhered to the strain generating body. The load cell 48 has
a constitution in which an amount of elastic deformation of
the strain generating body is converted into a voltage using
the strain gauge and the load is measured. It should be noted
that the measuring shaft member 45 is supported by the
support table 16 via the load cell 48, the load cell adaptor 47,
and the receiving die 36. In one example, the load cell 48 has
a short circular columnar shape. In other examples, the load
cell 48 can have other shapes.

[0060] A method fix calibrating the rotary forging device
100 in this embodiment will be described below. First, as
shown in FIGS. 4 and. 5, the dynamic load measuring device
150 is assembled to the rotary forging device 100. The load
application apparatus 17 moves the support table 16 upward
while the spherical seat 13 with a shaft and the measuring
pressing die 43 are swung and rotated about the reference
axis o on the basis of the rotation of the rotating body 15.
Then, as shown in FIG. 6, the distal end portion 49 of the
measuring pressing die 43 comes in contact with an upper
end surface of the measuring shaft member 45 and starts
pressing the measuring pressing die 43. At the same time, the
measuring pressing die 43 starts the revolution thereof about
the axis of rotation f§. A force (an actual load) by which the
measuring pressing die 43 presses the measuring shaft
member 45 using the load application apparatus 17 is input
from the measuring shaft member 45 to the input portion 58
of the load cell 48.

[0061] Here, in order to accurately measure, using the load
cell 48, the force by which measuring pressing die 43
presses the measuring shaft member 4 using the load appli-
cation apparatus 17 as a load in the direction of the reference
axis q, it is necessary to input the load in the direction of the
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reference axis o from the measuring shaft member 45 to the
central portion of the input portion 58 of the load cell 48. In
this regard, in this embodiment, a lower end surface of the
measuring shaft member 45 is in contact with the central
portion of the input portion 58 of the load cell 48. Further-
more, the measuring shaft member 45 is guided to be
linearly moved using the linear motion ball bearing 46 in the
direction of the reference axis a. For this reason, the lower
end surface of the measuring shaft member 45 which has
been guided to be linearly moved can press the central
portion of the input portion 58 of the load cell 48 substan-
tially in the direction of the reference axis o even if an offset
load is input from the distal end portion 49 of the measuring
pressing die 43 to, the upper end surface of the measuring
shaft member 45. Therefore, the load application apparatus
17 can accurately measure the force by which the measuring
pressing die 43 presses the measuring shaft member 45 as a
load in the direction of the reference axis a using the had cell
48.

[0062] Also, in this embodiment, the distal end portion 49
of the measuring pressing die 43 is formed to have a
spherical convex shape having a center of curvature above
the reference axis a. For this reason, the distal end portion
49 can press the central portion of the upper end surface of
the measuring shaft member 45. Therefore, it is difficult for
an offset load to be input from the measuring pressing die 43
to the measuring shaft member 45. In addition, it is difficult
for an offset load to be input from the measuring shaft
member 45 to the input portion 58 of the load cell 48.
Accordingly, the measurement accuracy of a load in the
direction of the reference axis a using the load cell 48 can
be improved.

[0063] Also, in this embodiment, the upper end portion of
the measuring shaft member 45 is the buffer part 56 made of
a metal softer than that of the distal end portion 49 of the
measuring pressing die 43. For this reason, when the distal
end portion 49 of the measuring pressing die 43 starts
pressing the upper end surface of the buffer part 56, the
deformation of the upper end surface of the butler part 56
starts. After that, the upper end surface of the buffer part 56
has a shape in which the upper end surface matches (spheri-
cally engages with) the distal end portion 49 of the measur-
ing pressing die 43. As a result, it is more difficult for an
offset load to be input from the measuring pressing die 43 to
the measuring shaft member 45. In addition, it is more
difficult from an offset load to be input from the measuring
shaft member 45 to the input portion 58 of the load cell 48.
Accordingly, the measurement accuracy of a load in the
direction of the reference axis a using the load cell 48 can
be improved.

[0064] In this embodiment, for example, a load of the load
application apparatus 17 is set so that a set value (a display
value) of the load is a predetermined value. The distal end
portion 49 of the measuring pressing die 43 is pressed
against the upper end surface of the measuring shaft member
45 while the measuring pressing die 43 is swung and rotated
as described above on the basis of the set load. When the
load in the direction of the reference axis o input to the input
portion 58 of the load cell 48 is stabilized, a measurement
value of a load using the load cell 48 is confirmed.

[0065] It should be noted that the measurement value of
the load using the load cell 48 may not be stable in some
cases. For example, the central portion of the upper end
surface of the measuring shaft member 45 cannot be pressed
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by the distal end portion 49 of the measuring pressing die 43
due to a manufacturing error or an assembly error of
constituent elements constituting the rotary forging device
100 or the dynamic load measuring device 150. As a result,
some offset load is input to the input portion 58 of the load
cell 48. When the measurement value of the load using the
load cell 48 is not stable, an average value when the
measuring pressing die 43 is swung and rotated once is
confirmed as the measurement value of the load using the
load cell 48. If the confirmed measurement value of the load
is different from the set value (the display value) of the load
of the load application apparatus 17, the set value (the
display value) of the load of the load application mean 17 is
caused (calibrated) to match the confirmed measurement
value of the load by adjusting a coefficient-of the load
application apparatus 17 (the above-mentioned coeflicient
multiplied when a differential pressure measured using the
hydraulic sensor 41 is converted into a load). Such calibra-
tion work is repeatedly performed an set values (display
values) of a plurality of loads.

[0066] For example, as shown in Table 1 which will be
described later, in a case in which the set values (display
values) of the plurality of loads of the load application
apparatus 17 deviate from the measurement value of the load
using the load cell 48, as shown in Table 2 which will be
described later, a coefficient of the load application appara-
tus 17 is adjusted so that the set value (the display value) of
the load in which the deviation has occurred matches the
measurement value of the load using the load cell 48.

TABLE 1

10 kN

Set value 0 kN
(display value)

of load of load
application

apparatus

Set value of load O0kN 11 kN
using load cell

50 kN 100 kN 150 kN 200 kN

55 kN 110 kN 165 kN 220 kN

TABLE 2
Set value OkKN 10kN S50kN 100kN 150 kN 200 kN
(display value)
of load of load
application
apparatus
Set value of load OkN 10kN S0kN 100kN 150 kN 200 kN

using load cell

[0067] In this embodiment, the load application apparatus
17 can accurately measure the force by which the measuring
pressing die 43 presses the measuring shaft member 45 as a
load in the direction of the reference axis a using the load
cell 48. For this reason, the set value (the display value) of
the load of the load application apparatus 17 can be accu-
rately calibrated using the measurement value of the load
using the load cell 48. Therefore, the caulking pan 10 can be
finished into a desired shape using the rotary forging device
100 calibrated using the calibration method of this embodi-
ment, and as a result, an appropriate range of a pre-pressure
can be applied to the hub unit bearing 1.

[0068] It should be noted that, when the present invention
is carried out, for example, something described in Japanese
Patent No. 4127266 can be used as the outer ring drive
apparatus 18 constituting the rotary urging device. In this
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case, some of the constituent elements constituting the outer
ring drive apparatus 18 can be used as some (the leg parts 51,
the outer circumferential plate part 52, and the bush support
plate part 53) of the constituent elements constituting the
guide stand 44 of the dynamic load measuring device 150.
[0069] Also, when the present invention is carried out, the
rotary forging device is not limited to a type in which the
support table moves in the direction of the reference axis and
may be a type in which the pressing die moves in the
direction of the reference axis. Furthermore, a specific
structure of the pressing die support pan constituting the
rotary forging device is not limited, and for example, may
not include a spherical surface seat.

[0070] In one embodiment, a rotary forging device (100)
includes pressing die support parts (13, 15, 27, and 29), a
support table (16), and a load application apparatus (17). The
pressing die support parts (13, 15, 27, and 29) can support
any one selected from a forming pressing die (14) and a
measuring pressing die (43) to be rotatable about a reference
axis (a) and to freely rotate about an axis of rotation ()
inclined at a predetermined angle with respect to the refer-
ence axis (o). The support table (16) supports an object to
be pressed disposed at a position facing a pressing die
supported by the pressing die support parts (13, 15, 27, and
29) in a direction of the reference axis (o). The load
application apparatus (17) applies a load to the object to be
pressed in the direction of the reference axis (o) by pressing
the pressing die supported by the pressing die support parts
(13, 15, 27, and 29) against the object to he pressed
supported by the support table on the basis of the relative
movement between the pressing die support parts (13, 15,
27, and 29) and the support table (16) in the direction of the
reference axis (o).

[0071] In a dynamic load measurement method of the
rotary forging device (100), the measuring pressing die (43)
is supported by the pressing die support parts (13, 15, 27,
and 29). Furthermore, a measuring shaft member (45) that is
an object to be pressed is disposed coaxially with the
reference axis (o) and is linearly guided in the direction of
the reference axis (o) while the measuring pressing die (43)
is supported by the support table (16). After that, the load
application apparatus (17) measures an actual load in the
direction of the reference axis (o) applied to the measuring
shaft member (45) in a state in which the measuring pressing
die (43) is pressed against the measuring shall member (45)
while the measuring pressing die (43) is rotated about the
reference axis (o).

[0072] A dynamic load measuring device (150) of the
rotary forging device (100) includes the measuring pressing
die (43), the measuring shaft member (45), and a load
measurement apparatus (48). The measuring pressing die
(43) is supported by the pressing die support parts (13, 15,
27, and 29). The measuring shaft member (45) is disposed
coaxially with the reference axis () and linearly guided in
the direction of the reference axis (ct) while supported by the
support table (16). The load measurement, apparatus (48)
measures the actual load in the direction of the reference axis
(c) applied to the measuring shaft member (45).

[0073] A linear motion ball bearing can be used to linearly
guide the measuring shaft member (45) in the direction of
the reference axis (o) with respect to the support table (16).
[0074] The load measurement apparatus (48) can be a load
cell disposed between the support table (16) and the mea-
suring shaft member (45).
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[0075] A distal end portion of the measuring pressing die
(43) pressed against an axial end portion of the measuring
shaft member (45) when the actual load is measured can be
set to have a spherical convex shape having a center of
curvature above the reference axis (o).

[0076] An axial end portion of the measuring shaft mem-
ber (45) which can press the distal end portion of the
measuring pressing die (43) when the actual load is mea-
sured can be made of a metal softer than that of the distal end
portion of the measuring pressing die (43).

[0077] In one embodiment, a method for calibrating a
runny forging device includes measuring the actual load
using the dynamic load measurement method for the rotary
forging device (100) and calibrating a set value of a load of
the load application apparatus (17) using the measured
actual load.

[0078] Inone embodiment, a hub unit hearing (1) includes
a constituent element having a caulking pan (10). In a
method for manufacturing the hub unit bearing (1), the
caulking part (10) is formed using a rotary forging device
(100) calibrated using the method for calibrating a rotary
forging device.

[0079] In one embodiment, a vehicle that is a target of a
manufacturing method includes a hub unit bearing (1). In a
method for manufacturing a vehicle, the hub unit bearing (1)
is manufactured using the above-mentioned method for
manufacturing a hub unit bearing.

REFERENCE SIGNS LIST

[0080] 1 Hub unit bearing

[0081] 2 Outer ring

[0082] 3 Hub

[0083] 4a, 4b Outer ring trajectory
[0084] 5a, 55 Inner ring trajectory
[0085] 6 Rolling element

[0086] 7 Hub ring

[0087] 8 Inner ring

[0088] 9 Cylindrical part

[0089] 10 Caulking part

[0090] 11 Frame

[0091] 12 Spherical concave seat
[0092] 13 Spherical seat with shaft
[0093] 14 Forming pressing die
[0094] 15 Rotating body

[0095] 16 Support table

[0096] 17 Load application apparatus
[0097] 18 Outer ring drive apparatus
[0098] 19 Spherical concave portion
[0099] 20 Swing shaft

[0100] 21 Spherical convex surface seat
[0101] 22 Spherical convex portion
[0102] 23 Surface portion to be processed
[0103] 24, 24a Convex portion
[0104] 25 Concave portion

[0105] 26 Head case

[0106] 27 Bearing device

[0107] 28 Holding hole

[0108] 29 Rolling bearing

[0109] 30 Outer ring

[0110] 31 Inner ring

[0111] 32 Spherical roller

[0112] 33 Step surface

[0113] 34 Male screw portion

[0114] 35 Nut
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[0115] 36 Receiving die

[0116] 37 Work adapter

[0117] 38 Convex portion

[0118] 39, 39a Concave portion
[0119] 40 Hydraulic cylinder

[0120] 41 Hydraulic sensor

[0121] 42 Control device

[0122] 43 Measuring pressing die
[0123] 44 Guide stand

[0124] 45 Measuring shaft member
[0125] 46 Linear motion ball bearing
[0126] 47 Load cell adaptor

[0127] 48 Load cell

[0128] 49 Distal end portion

[0129] 50 Top plate part

[0130] 51 Leg part

[0131] 52 Outer circumferential plate part
[0132] 53 Bush support plate part
[0133] 54 Bush

[0134] 55 Main body part

[0135] 56 Buffer part

[0136] 57 Suppression plate

[0137] 58 Input portion

[0138] 100 Rotary forging device
[0139] 150 Dynamic load measuring device

1. A dynamic load measurement method for a rotary
forging device,
the rotary forging device comprising:

a pressing die support part capable of supporting any
one selected from a forming pressing die and a
measuring pressing die to be rotatable about a ref-
erence axis and to freely rotate about an axis of
rotation inclined at a predetermined angle with
respect to the reference axis;

a support table configured to support an object to be
pressed disposed at a position facing a pressing die
supported by the pressing die support part in a
direction of the reference axis; and

a load application apparatus configured to apply a load
in the direction of the reference axis to the object to
be pressed by pressing the pressing die supported by
the pressing die support part against the object to be
pressed supported by the support table on the basis of
relative movement of the pressing die support part
and the support table in the direction of the reference
axis,

the method comprising

supporting the measuring pressing die by the pressing
die support part,

supporting a measuring shaft member by the support
table and linearly guiding the measuring shaft mem-
ber in the direction of the reference axis, the mea-
suring shaft member being an object to be pressed
and being disposed coaxially with the reference axis,
and

measuring an actual load, by the load application
apparatus measures, in the direction of the reference
axis applied to the measuring shaft member using a
load cell in a state in which the measuring pressing
die is pressed against the measuring shaft member
while the measuring pressing die is rotated about the
reference axis.

2. A dynamic load measuring device for a rotary forging
device which includes:
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a pressing die support part capable of supporting any one
selected from a forming pressing die and a measuring
pressing die to be rotatable about a reference axis and
to freely rotate about an axis of rotation inclined at a
predetermined angle with respect to the reference axis;

a support table configured to support an object to be
pressed disposed at a position facing a pressing die
supported by the pressing die support part in a direction
of the reference axis; and

a load application apparatus configured to apply a load in
the direction of the reference axis to the object to be
pressed by pressing the pressing die supported by the
pressing die support part against the object to be
pressed supported by the support table on the basis of
relative movement of the pressing die support part and
the support table in the direction of the reference axis,
the dynamic load measuring device for a rotary forging
device comprising:

the measuring pressing die supported by the pressing die
support part;

a measuring shaft member that is an object to be pressed
disposed coaxially with the reference axis and linearly
guided in the direction of the reference axis while
supported by the support table; and

a load measurement apparatus configured to measure an
actual load in the direction of the reference axis applied
to the measuring shaft member.

3. The dynamic load measuring device for a rotary forging

device according to claim 2, comprising:

a linear motion ball bearing configured to linearly guide
the measuring shaft member in the direction of the
reference axis with respect to the support table.

4. The dynamic load measuring device for a rotary forging
device according to claim 2, wherein the load measurement
apparatus is the load cell disposed between the support table
and the measuring shaft member.

5. The dynamic load measuring device for a rotary forging
device according to claim 2, wherein a distal end portion of
the measuring pressing die pressed against an axial end
portion of the measuring shaft member when the actual load
is measured has a spherical convex shape having a center of
curvature above the reference axis.

6. The dynamic load measuring device for a rotary forging
device according to claim 2, wherein the axial end portion
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of'the measuring shaft member pressed against the distal end
portion of the measuring pressing die when the actual load
is measured is made of a metal softer than that of the distal
end portion of the measuring pressing die.

7. A method for calibrating a rotary forging device,

the rotary forging device comprising:

a pressing die support part capable of supporting any
one selected from a forming pressing die and a
measuring pressing die to be rotatable about a ref-
erence axis and to freely rotate about an axis of
rotation inclined at a predetermined angle with
respect to the reference axis;

a support table configured to support an object to be
pressed disposed at a position facing a pressing die
supported by the pressing die support part in a
direction of the reference axis; and

a load application apparatus configured to apply a load
in the direction of the reference axis to the object to
be pressed by pressing the pressing die supported by
the pressing die support part against the object to be
pressed supported by the support table on the basis of
relative movement of the pressing die support part
and the support table in the direction of the reference
axis, the method for calibrating a rotary forging
device,

the method comprising:

measuring the actual load using the dynamic load
measurement method for a rotary forging device
according to claim 1 and

calibrating a set value of a load of the load application
apparatus using the measured actual load.

8. A method for manufacturing a hub unit bearing which
includes a constituent element having a caulking part, the
method comprising:

forming the caulking part using a rotary forging device

calibrated using the method for calibrating a rotary

forging device according to claim 7.

9. A method for manufacturing a vehicle which includes
a hub unit bearing, comprising:

manufacturing the hub unit bearing using the method for

manufacturing a hub unit bearing according to claim 8.
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