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(54) RESIN ROTATIONAL BODY AND METHOD FOR PRODUCING SAME

(57) A resin rotating body 1 is configured by a ring-
shaped resin ring 2, and a metallic bush 3 which is fitted
to an inner circumferential surface 2a of the resin ring,
and projections 3a as rotation preventing means that con-
nects the resin ring and the metallic bush so that the resin
ring and the metallic bush do not rotate with respect to
each other are provided on an outer circumferential sur-
face of the metallic bush. The resin ring is molded by
heating and compressing an element body in which a
plurality of sheet-shaped resins manufactured by sheet
making are stacked in layers in an axial direction and a
diameter of the inner circumferential surface is formed

to be substantially the same diameter as the outer cir-
cumferential surface of the metallic bush, and the metallic
bush is integrally connected to the resin ring by being
press-fitted to the inner circumferential surface of the el-
ement body along the axial direction. Projections of the
metallic bush are further provided at positions eccentric
forward in a press-fitting direction of the metallic bush
from a center in the axial direction of the metallic bush.
The resin rotating body which can be manufactured by
simple process steps, and hardly causes removal of the
resin ring and the metallic bush from each other is pro-
vided.
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Description

Technical Field

[0001] The present invention relates to a resin rotating
body and a manufacturing method for the resin rotating
body, and more particularly to a resin rotating body in
which rotation preventing means that connects a resin
ring and a metallic bush so that the resin ring and the
metallic bush do not rotate with respect to each other is
provided on an outer circumferential surface of the me-
tallic bush, and a manufacturing method for the resin ro-
tating body.

Background Art

[0002] Conventionally, resin rotating bodies are
known, which are each configured by a ring-shaped resin
ring and a metallic bush which is fitted to an inner cir-
cumferential surface of the above described resin ring,
wherein rotation preventing means that connects the res-
in ring and the metallic bush so that the resin ring and
the metallic bush do not rotate with respect to each other
is provided on the outer circumferential surface of the
above described metallic bush (Patent Literatures 1 to 4).
Among them, each of the manufacturing methods for the
resin rotating bodies according to Patent Literatures 1
and 2 disposes a metallic bush inside a molding die, dis-
poses two ring-shaped reinforcing fibers to sandwich ro-
tation preventing means of the above described metallic
bush from both sides in the axial direction, impregnates
the reinforcing fibers with a resin while pressing the re-
inforcing fibers from both sides in the axial direction, and
molds the above described resin ring.
Further, each of the manufacturing methods for the resin
rotating bodies according to Patent Literatures 3 and 4
stacks reinforcing fibers to be thicker than the thickness
in the axial direction of the above described metallic bush
in a state in which the above described metallic bush is
installed inside the molding die, impregnates the rein-
forcing fibers with a resin while pressing the reinforcing
resins from both sides in the axial direction, and molds
the above described resin ring.

Prior Art Documents

Patent Literature

[0003]

Patent Literature 1: Japanese Patent No. 3980239
Patent Literature 2: Japanese Patent Laid-Open No.
2001-295913
Patent Literature 3: Japanese Patent Laid-Open No.
2009-154338
Patent Literature 4: Japanese Patent Laid-Open No.
2009-250364

Summary of Invention

Problems to be Solved by the Invention

[0004]  However, in the case of each of Patent Litera-
tures 1 to 4, the metallic bush and the fibers are disposed
inside the molding die, and the above described fibers
have to be impregnated with a resin. Therefore, there
arise the problems of complicating the structure of the
molding die, and complicating the process steps.
In view of the problems as above, the present invention
provides a resin rotating body which can be manufac-
tured by simple process steps, and hardly causes remov-
al of the resin ring and the metallic bush from each other,
and a manufacturing method for the resin rotating body.

Means for Solving the Problems

[0005] Namely, a resin rotating body according to the
invention of claim 1 is configured by a ring-shaped resin
ring, and a metallic bush which is fitted to an inner cir-
cumferential surface of the resin ring,
in which rotation preventing means that connects the res-
in ring and the metallic bush so that the resin ring and
the metallic bush do not rotate with respect to each other
is provided on an outer circumferential surface of the me-
tallic bush,
wherein the resin ring is molded by heating and com-
pressing an element body in which a plurality of sheet-
shaped resins manufactured by sheet making are
stacked in layers in an axial direction and a diameter of
the inner circumferential surface is formed to be substan-
tially the same diameter as the outer circumferential sur-
face of the metallic bush,
the metallic bush is integrally connected to the resin ring
by being press-fitted to the inner circumferential surface
of the element body along the axial direction, and
the rotation preventing means of the metallic bush is fur-
ther provided at a position eccentric forward in a press-
fitting direction of the metallic bush from a center in the
axial direction of the metallic bush.
[0006] Namely, a manufacturing method for a resin ro-
tating body according to the invention of claim 4 is a man-
ufacturing method for a resin rotating body that fits a me-
tallic bush to an inner circumferential surface of a resin
ring having a ring shape, and connects the resin ring and
the metallic bush at this time by rotation preventing
means provided on the outer circumferential surface of
the metallic bush so that the resin ring and the metallic
bush do not rotate with respect to each other,
wherein an element body, in which a plurality of sheet-
shaped resins manufactured by sheet making are
stacked in layers in an axial direction and a diameter of
the inner circumferential surface is formed to be substan-
tially the same diameter as the outer circumferential sur-
face of the metallic bush, is formed, and the rotation pre-
venting means of the metallic bush is provided at a po-
sition eccentric to one end surface from a center in an
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axial direction of the metallic bush,
the element body is heated and compressed to mold the
resin ring, and the metallic bush is press-fitted to the inner
circumferential surface of the element body along the
axial direction to integrally connect the metallic bush to
the resin ring, and
further, when the metallic bush is press-fitted in the ele-
ment body, the rotation preventing means is located at
a front side in the press-fitting direction of the metallic
bush.

Advantageous Effects of Invention

[0007] According to the above described inventions of
claim 1 and claim 4, the element body in which a plurality
of sheet-shaped resins manufactured by sheet making
are stacked in layers in the axial direction is molded, and
the metallic bush is press-fitted to the inner circumferen-
tial surface of the element body. Therefore, it is not nec-
essary to impregnate the fibers which are housed in the
molding die for manufacture with a resin, and the resin
rotating body can be easily manufactured.
Further, according to the above described inventions, the
above described rotation preventing means of the me-
tallic bush is located at the position which is eccentric to
one end surface from the center in the axial direction of
the metallic bush, and the rotation preventing means is
located at the front side in the press-fitting direction of
the metallic bush when the above described metallic
bush is press-fitted to the element body.
As a result, as is also obvious from the experimental re-
sult which will be described later, even when the load
acts on the metallic bush in the opposite direction from
the press-fitting direction, the metallic bush can be made
difficult to remove from the resin ring.

Brief Description of Drawings

[0008]

[Figure 1] Figure 1 is a perspective view of a resin
gear according to the present embodiment.
[Figure 2] Figure 2 is a sectional view in a circumfer-
ential direction of the resin gear.
[Figure 3] Figure 3 is a sectional view in an axial
direction of the resin gear.
[Figure 4] Figure 4 is a view explaining a manufac-
turing method for the resin gear.
[Figure 5] Figure 5 is a view showing a configuration
of an experimental device for use in an experiment.
[Figure 6] Figure 6 is a graph showing the experi-
mental result.

Mode for Carrying out the Invention

[0009] Hereinafter, explaining an illustrated embodi-
ment, Figure 1 to Figure 3 show a resin rotating body 1
for used in a balance shaft gear or the like of an engine.

Figure 1 shows a perspective view of the resin rotating
body 1, Figure 2 shows a sectional view in a circumfer-
ential direction cut along a plane orthogonal to a center
axis of the resin rotating body 1, and Figure 3 shows a
sectional view in an axial direction cut along a plane par-
allel with the axial direction, respectively.
The above described resin rotating body 1 is configured
by a ring-shaped resin ring 2, and a metallic bush 3 fitted
to an inner circumferential surface 2a of the above de-
scribed resin ring 2, helical teeth 2b which are formed to
be inclined with respect to an axial direction are formed
equidistantly on an outer periphery of the above de-
scribed resin ring 2, and the above described rotating
body 1 configures a helical gear.
The above described ring 2 is made by molding an ele-
ment body 4 by stacking a plurality of sheet-shaped res-
ins S, which are made by sheet making of predetermined
fibers with phenol resin powder being distributed, in layer
in an axial direction, and thereafter, compression-mold-
ing the element body 4 while heating the element body
4, though the details will be described later.
The above described metallic bush 3 is made of a sin-
tered alloy, and carbon steel. Projections 3a as rotation
preventing means are formed on an outer circumferential
surface of the metallic bush 3 as shown in Figure 2, and
the above described resin ring 2 surrounds the respective
projections 3a, whereby the above described resin ring
2 and the metallic bush 3 are connected so as not to
rotate with respect to each other.
The above described projections 3a are provided in a
row radially along the outer circumferential surface of the
metallic bush 3, and are formed in a reverse taper shape
which becomes wider toward an outer side from the outer
circumferential surface of the metallic bush 3. The pro-
jections 3a of the present embodiment are provided at
positions eccentric to one end surface of the metallic bush
3 with respect to the center in the axial direction of the
metallic bush 3.
[0010] Next, a manufacturing method for the above de-
scribed resin rotating body 1 will be described with use
of Figure 4.
First of all, Figure 4(a) shows a process step of manu-
facturing the sheet-shaped resin S by sheet making, and
cutting the sheet-shaped resin S into gear shapes.
First, phenol resin powder, para-aramid fiber, and metha-
aramid fiber are dispersed in water at predetermined ra-
tios respectively, and this is subjected to sheet making,
whereby the rectangular sheet-shaped resin S is manu-
factured, and the sheet-shaped resin S is put into a pres-
surizing pressing machine to perform dehydration.
From the sheet-shaped resin S obtained here, a plurality
of gear shapes can be obtained, and the above described
rectangular sheet-shaped resin S is put into a punch
press machine, whereby a plurality of sheet-shaped res-
ins Sa in gear shapes can be obtained, and at this time,
a circular hole Sb which configures the above described
inner circumferential surface 2a is provided by perforat-
ing in each of the sheet-shaped resins Sa.

3 4 



EP 2 570 249 A1

4

5

10

15

20

25

30

35

40

45

50

55

The residual material which occurs at this time can be
used by being recycled when the above described sheet-
shaped resin S is made again by sheet making.
Thereafter, from the above described sheet-shaped resin
Sa in the gear shape which is obtained, water is removed
by means such as drying.
[0011] Next, Figure 4(b) shows a process step of mold-
ing the above described element body 4 by stacking a
plurality of the above described sheet-shaped resins S
in the gear shapes in layer.
In the present embodiment, eight sheet-shaped resins S
are stacked in layers, and at this time, after the sheet-
shaped resins S are stacked in layers in the state in which
the positions of the teeth in the respective sheet-shaped
resins S correspond to one another, the stacked sheet-
shaped resins S are compressed in the axial direction,
that is, a stacking direction while the stacked sheet-
shaped resins S are heated and dried at a predetermined
temperature.
Thereupon, the phenol which is contained in the above
described sheet-shaped resins S is softened, and the
adjacent sheet-shaped resins S are bonded to each oth-
er, as a result of which, the element body 4 with spur
teeth 4a being formed on an outer periphery and a circular
inner circumferential surface 4b being formed is ob-
tained.
In the element body 4, a thickness in the axial direction
is formed to be larger than a thickness in the axial direc-
tion of the above described metallic bush 3, but a dimen-
sion in a diameter direction hardly differs from the resin
rotating body 1 after molded, and in particular, a diameter
of the above described inner circumferential surface 2a
is the same diameter as the outer circumferential surface
of the above described metallic bush 3.
[0012] Figure 4(c) shows a process step of press-fitting
the above described element body 4 onto the metallic
bush 3 while heating and pressing the element body 4,
and connecting the resin ring 2 and the metallic bush 3.
For the process step, a molding die is used, and the mold-
ing die includes a lower die 11 which houses the metallic
bush 2 and the element body 4, an upper die 12 which
presses the above described element body 4 from above,
and a heater not illustrated for heating the above de-
scribed element body 4.
The metallic bush 3 is fixed to a lower portion center of
the lower die 11, a molding space 11a in which the ele-
ment body 4 flows and is formed into a helical gear by
pressurizing is formed around the metallic bush 3, and a
guide portion which houses the above described element
body 4 in the spur gear shape is formed in a position
adjacent to a top side of the molding space 11a.
The upper die 12 includes holding means 12a which
sandwiches the above described metallic bush 3 be-
tween the upper die 12 and the lower die 11, and pressing
means 12b which presses the element body 4 in the axial
direction, and the above described pressing means 12b
is formed into the shape of a spur gear in accordance
with the shape of the guide portion of the above described

lower die 11.
By the configuration as above, after the above described
metallic bush 3 is placed in the above described lower
die 11, and the element body 4 is housed in the guide of
the above described lower die 11, the element body 4 is
heated to a predetermined temperature by the above de-
scribed heater, and thereafter, the above described
pressing means 12b is lowered.
At this time, the phenol which is contained in the element
body 4 is temporarily softened by heating, and the above
described pressing means 12b presses the element body
4 downward, whereby the spur teeth 4a which are formed
on the outer circumferential surface of the element body
4 are molded to be helical teeth while the spur teeth 4a
are forced into the molding space 11a of the above de-
scribed lower die 11.
Meanwhile, the metallic bush 3 is press-fitted to the inner
circumferential surface 2a of the element body 4 from
below the element body 4, the projections 3a which are
formed at the metallic bush 3 push aside the resin of the
element body 4 which is softened at this time, and the
resin enters the space which is formed after the projec-
tions 3a pass.
Thereafter, the resin of the element body 4 which is filled
in the lower die 11 is solidified by crosslinking reaction,
and thereafter, the resin rotating body 1 with the resin
ring 2 and the metallic bush 3 being connected to each
other is taken out from the lower die 11.
Subsequently, in Figure 4 (d), annealing is performed by
heating the resin rotating body 1, which is obtained by
the above described process step, again, and finishing
such as deburring is performed, whereby the above de-
scribed resin rotating body 1 is obtained.
[0013] According to the manufacturing method for the
resin rotating body 1 in the present embodiment, the el-
ement body 4 in the shape of the spur gear is molded by
stacking a plurality of the sheet-shaped resins Sa in the
gear shapes which are manufactured by sheet making,
in layer in the axial direction, and the diameter of the inner
circumferential surface 2a of the element body 4 is
formed to be substantially the same diameter as the outer
circumferential surface of the above described metallic
bush 3. Therefore, the metallic bush 3 is press-fitted to
the inner circumferential surface 2a of the above de-
scribed element body 4 along the axial direction thereaf-
ter, whereby the metallic bush 3 can be integrally con-
nected to the resin ring 2.
Namely, it is not necessary to house the metallic bush 3
and fibers inside the molding die for manufacture and
press the metallic bush 3 and the fibers while impregnat-
ing the above described fibers with a resin, as in Patent
Literatures 1 to 4, and therefore, the resin rotating body
1 can be manufactured efficiently without the device be-
ing complicated.
Further, the above described element body 4 is formed
into the shape of a spur gear, and is heated and pressu-
rized to be formed into the shape of a helical gear, and
therefore, it is not necessary to manufacture the disk-
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shaped resin rotating body 1 and cut teeth on the outer
circumferential surface as in the conventional resin ro-
tating body, whereby the method of the present invention
is efficient and can suppress occurrence of the residual
material.
[0014] Furthermore, according to the manufacturing
method for the resin rotating body 1 in the present em-
bodiment, as shown in the enlarged view of the above
described Figure 4(c), in the process step of press-fitting
the metallic bush 3 in the element body 4, the above
described metallic bush 3 is installed so that the above
described projections 3a are located at positions eccen-
tric forward in the press-fitting direction of the metallic
bush 3 from the center in the axial direction.
In the present embodiment, the metallic bush 3 is press-
fitted relatively from below the element body 4 to above,
and therefore, the above described projections 3a are
located to be eccentric forward in the press-fitting direc-
tion, that is, to an upper side of the metallic bush 3.
By installing the metallic bush 3 as above, when the
above described element body 4 is press-fitted onto the
metallic bush 3, and the above described resin ring 2 and
the metallic bush 3 are connected, engaging amounts of
the above described projections 3a into the resin ring 2
in the front side in the press-fitting direction and the rear
side in the press-fitting direction differ from each other.
As a result, as shown in the following experimental result,
the metallic bush 3 can be made difficult to remove from
the resin ring 2, even if the load is caused to act on the
metallic bush 3 in the opposite direction from the press-
fitting direction.
[0015] Hereinafter, the experimental result on the resin
rotating body 1 which is manufactured by the above de-
scribed manufacturing method will be described with use
of Figure 5 and Figure 6.
As shown in Figure 5, an experimental device 21 used
in the present experiment is configured by support means
22 which supports the resin ring 2 portion in the above
described resin rotating body 1 from below, and pressing
means 23 which presses the above described metallic
bush 3 downward in the axial direction by an end surface
thereof, and presses the metallic bush 3 downward by
the above described pressing means 23 to measure the
load (bonding strength) at the time of the metallic bush
3 removing from the resin ring 2.
In the present experiment, the metallic bush 3 with a thick-
ness of 11 mm was used, and the experiment was per-
formed on three kinds of resin rotating bodies 1 that were
the conventional product with the above described pro-
jections 3a being located in the center in the axial direc-
tion, invention product 1 with the projections 3a being
eccentric by 1 mm with respect to the center in the axial
direction, and invention product 2 with the projections 3a
being eccentric by 1.5 mm with respect to the center in
the axial direction.
Subsequently, the respective three kinds of resin rotating
bodies 1 were placed on the above described support
means in the respective states that were a state in which

an end surface at a front side in the press-fitting direction
of the metallic bush 3 faced upward (upward direction),
and a state in which the end surface at the front side in
the press-fitting direction faced downward (downward di-
rection), and measurement of the bonding strength was
performed for the respective states.
In other words, in the above described invention product
1 and invention product 2, the case in which the metallic
bush 3 is placed in the upward direction indicates the
state in which the above described projections 3a are
located at an upper side from the center in the axial di-
rection of the metallic bush 3, and the case in which the
metallic bush 3 is placed in the downward direction indi-
cates the state in which the above described projections
3a are located at a lower side from the center in the axial
direction of the metallic bush 3.
[0016] As shown in Figure 6, in all of the conventional
product, invention product 1 and invention product 2, the
bonding strength in the case of the metallic bush 3 being
placed in the upward direction is higher than the bonding
strength in the case of the metallic bush 3 being placed
in the downward direction.
Meanwhile, when the bonding strengths in the case of
being placed in the downward direction are compared,
the bonding strengths of invention products 1 and 2 are
higher as compared with the conventional product, and
it is understandable that the conventional product has
unevenness in the bonding strength.
As above, by manufacturing the resin rotating body 1 by
the above described manufacturing method, the resin
rotating body 1 can be obtained, in which the metallic
bush 3 hardly removes from the resin ring 2 with respect
to the load from either the front or the rear direction to
the press-fitting direction of the metallic bush 3.
Such a phenomenon is supposed to be due to the fact
that if the above described projections 3a push aside the
resin when the metallic bush 3 is press-fitted in the above
described element body 4, the resin enters behind the
projections 3a which passes, but the densities of the resin
and the fibers which flow differ in the front side and the
rear side in the press-fitting direction of the projections
3a, and therefore, the bonding strength changes in ac-
cordance with the pressing directions as described
above.
Therefore, by disposing the above described projections
3a at the front side in the press-fitting direction from the
center in the axial direction of the metallic bush 3 as in
the present embodiment, more resin is allowed to enter
the rear side in the press-fitting direction from the projec-
tions 3a, and the resin rotating body 1, in which the bond-
ing strength in the case where the load in the opposite
direction from the press-fitting direction acts on the me-
tallic bush 3 is increased, can be obtained.
[0017] Note that the rotation preventing means in the
above described embodiment is the projections which
are formed equidistantly on the outer circumferential sur-
face of the metallic bush, but may be an annular projec-
tion which surrounds the outer circumferential surface of
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the metallic bush 2, as the rotation preventing means
described in the above described Patent Literature 1, for
example.
Further, as the rotation preventing means, a recessed
portion may be formed on the outer circumferential sur-
face of the metallic bush, the recessed portion may be
filled with a resin, and the resin ring and the metallic bush
may be connected. In this case, the above described
recessed portion can be also formed at the front side in
the press-fitting direction with respect to the center in the
axial direction.

Reference Signs List

[0018]

1 rein rotating body
2 resin ring
2a inner circumferential surface
3 metallic bush
3a projection
4 element body

Claims

1. A resin rotating body comprising a ring-shaped resin
ring, and a metallic bush which is fitted to an inner
circumferential surface of the resin ring,
in which rotation preventing means that connects the
resin ring and the metallic bush so that the resin ring
and the metallic bush do not rotate with respect to
each other is provided on an outer circumferential
surface of the metallic bush,
wherein the resin ring is molded by heating and com-
pressing an element body in which a plurality of
sheet-shaped resins manufactured by sheet making
are stacked in layers in an axial direction and a di-
ameter of the inner circumferential surface is formed
to be substantially the same diameter as the outer
circumferential surface of the metallic bush,
the metallic bush is integrally connected to the resin
ring by being press-fitted to the inner circumferential
surface of the element body along the axial direction,
and
the rotation preventing means of the metallic bush
is further provided at a position eccentric forward in
a press-fitting direction of the metallic bush from a
center in the axial direction of the metallic bush.

2. The resin rotating body according to claim 1,
wherein the rotation preventing means is projections
which are provided radially along the outer circum-
ferential surface of the metallic bush, and the pro-
jections are each formed into a reverse taper shape
which is wider toward an outside from the outer cir-
cumferential surface of the metallic bush.

3. The resin rotating body according to any one of claim
1 or claim 2,
wherein helical teeth are formed equidistantly on the
outer circumferential surface of the resin ring, and
the resin rotating body is made a helical gear.

4. A manufacturing method for a resin rotating body
that fits a metallic bush to an inner circumferential
surface of a resin ring having a ring shape, and con-
nects the resin ring and the metallic bush at this time
by rotation preventing means provided on the outer
circumferential surface of the metallic bush so that
the resin ring and the metallic bush do not rotate with
respect to each other,
wherein an element body, in which a plurality of
sheet-shaped resins manufactured by sheet making
are stacked in layers in an axial direction and a di-
ameter of the inner circumferential surface is formed
to be substantially the same diameter as the outer
circumferential surface of the metallic bush, is
formed, and the rotation preventing means of the
metallic bush is provided at a position eccentric to
one end surface from a center in an axial direction
of the metallic bush,
the element body is heated and compressed to mold
the resin ring, and the metallic bush is press-fitted
to the inner circumferential surface of the element
body along the axial direction to integrally connect
the metallic bush to the resin ring, and
further, when the metallic bush is press-fitted in the
element body, the rotation preventing means is lo-
cated at a front side in the press-fitting direction of
the metallic bush.

5. The manufacturing method for the resin rotating
body according to claim 4,
wherein the sheet-shaped resins are respectively cut
into gear shapes, the sheet-shaped resins are
stacked in layers, and spur teeth are formed equi-
distantly on an outer circumferential surface of the
element body, and
thereafter, the element body in a spur gear shape is
heated and compressed, and helical teeth are
formed equidistantly on an outer circumferential sur-
face of the resin ring.
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