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[57] ABSTRACT

A bearing device assembly includes a water pump shaft
supported by a rolling bearing, and a [plulley]} pulley
seat press fitted to one end of the water pump shaft. A
recess or recesses in the form of a ring-shaped groove,
a spiral-shaped groove, and a groove extending in the
axial direction of the shaft, or the like are formed in at
least one of the peripheral surface of the one end por-
tion of the water pump shaft and the inner surface of the
pulley seat. The recess prevents formation of an oil film
on the fitting surface between the water pump shaft and
the pulley seat at the time of press fitting the pulley seat,
and also allows the remaining oil on the fitting surface
to flow into the recess.
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15




Re. 33,962

Sheet 1 of 5

June 16, 1992

U.S. Patent

FIG. 1
(PRIOR ART)

20

T

L““\

FIG.2
(PRIOR ART)

Ty b -




-
N
(N

AN
Z

Re. 33,962

e,
(N

/
/_I_// %

FIG.4

et 20f 5

//

She

June 16, 1992

U.S. Patent

15

14

l4 1S



U.S. Patent June 16, 1992 Sheet 3 of 5 Re. 33,962

FIG.7

14 15a

190




U.S. Patent - June 16, 1992 Sheet 4 of 5 Re. 33,962

FIG. 108
14 jl5d

FIG. 118

14 _=15¢e

(u\», 15e
5e\_ I/
15e

FIG.128

L
[@ 5
5" e/

\Sf




U.S. Patent June 16, 1992 Sheet 5 of 5 Re. 33,962

DRAWING-OUT FORCE (kgf)
.
S .
O O

COATED WITH
RUST

COATED WITH
RUST RUST
RESISTING OIL| RESISTING OIL

COATED WITH

RESISTING OIL RESISTING OIL

PRIOR ART SAMPLE SAMPLE OF THE

PRESENT INVENTION




Re. 33,962

1
BEARING DEVICE ASSEMBLY

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a bearing device
assembly, and, in particular, to an improved bearing
device assembly wherein the fixing force of a rotary
member mounting seat which is press fitted onto a shaft
member of the bearing device assembly is enhanced.

2. Description of the Relevant Art

Prior art bearing device assemblies are those in which
a rotary member mounting seat is press fitted onto one
axial end of a shaft member having a rolling bearing
assembled thereto. [an] An example of this type of
bearing device assembly is a cooling water pump shaft
of a water-cooled engine.

FIG. 1 shows an assembled water pump shaft com-
prising a rolling bearing 10 having an outer ring 11,
mounted on an i1ntermediate portion of a water pump
shaft 12. The bearing 10 is fitted in a housing 31 of a
water pump 30. The bearing may be of the ball or roller
type. The water pump shaft 12 rotates and serves
[and] as the inner bearing ring.

A vane 32 is secured to one axial end 13 of the water
pump shaft 12, and a pulley seat 20, for mounting a
rotary member, is press fitted to the other axial end 14
of the water pump shaft 12. A driving pulley 40, which
is the rotary member, and a cocling fan 42 are secured
by bolts 43 to the pulley seat 20. By driving the driving
pulley 40 through a belt 44, the vane 32 and the cooling
fan 42 are rotated as a unit, using the water pump shaft
12 as a common shaft.

The pulley seat 20 is press fitted to the one axial end
14 of the water pump shaft 12 with an interference
clearance of minus 30-70 micrometers. However, in
order to fit the pulley seat 20 in proper alignment with
the center of wthe ater pump shaft 12, it is necessary to
insure a high fitting accuracy. Therefore, the surface of
the one axial end 14 of the water pump shaft 12 is highly
finished with the chamfering or bevelling angle and the
shape of the end face of the end 14 configured so that
the smooth fitting can be achieved. Also, it is necessary
to prevent drag from being caused on the fitting surface.

The fixing force of the pulley seat 20, which is press
fitted to the water pump shaft 12, is affected by such
conditions as the viscosity and the amount of rust resist-
ing oil remaining on the fitting surface of the water
pump shaft 12 or pulley seat 20, the roughness of the
fitting surface, the chamfered shape of the end face of
the water pump shaft at which the pulley seat is press
fitted, and the speed at which press fitting occurs. For
this reason, if these conditions are not appropriate, the
fixing force of the pulley seat will be reduced to a great
extent.

When the pulley seat fixing force between the pulley
seat 20 and the pump shaft 12 is reduced, the pulley seat
will move in the axial direction, or slip off of the water
pump shaft causing damage to the cooling fan, or a
radiator attached to the front side of the cooling fan.

The inventors of the present application found that
the main cause of the reduced fixing force between the
pulley seat 20 and the pump shaft 12, which results in
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displacement of the pulley seat 20 along the water pump
shaft 12 or the slipping off of the pulley seat 20, is due
to the formation of an o1l film 82, as shown in FIG. 2, on
the fitting surfaces of the pulley seat 20 and water pump
shaft 12. Consequently, a boundary friction condition 1s
caused wherein the frictional coefficient of the fitting
surface is decreased. In this case, the aforementioned o1l
film 52 is formed when a rust resisting oil 50 which has
been coated on the outer surface of the end portion 14
of the water pump shaft 12 remains on the fitting surface
at the time of force fitting the pulley seat 20.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
bearing device assembly having a mechanism which
enables press fitting of a rotary member mounting seat
to a shaft member without allowing a rust resisting oil
to remain on the fitting surface of one end of the shaft
member and the rotary member mounting seat.

A bearing device assembly in accordance with the
present invention is provided with recesses in at least
one of the outer surface of one axial end of a shaft mem-
ber on which surface a rust resisting oil remains or the
inner surface of a rotary member mounting seat which
1s fixed by press fitting to the one axial end of the shaft
member, or both. Owing to these recesses, when the
rotary member mounting seat is press fitted to the one
axial end of the shaft member, an oil film is interrupted
by the shoulder means of the recesses when the end face
of the rotary member mounting seat or the end face of
the shaft member passes across a recess. Moreover,
once the rotary member mounting seat is press fitted
past the edges of a recess, the subsequent formation of
an oil film is made difficult, and any rust resisting oil
remaining on the fitting surface flows into the recess
and is stored therein.

In the beanng device assembly of the present inven-
tion, since recesses are provided in at least one of the
fixing surfaces of the axial end portion of the shaft mem-
ber on which surface a rust resisting oil is remaining or
the inner surface of the rotary member mounting seat,
the formation of the o1l film on the fitting surface 1s
hindered, and at the same time, the rust resisting oil
remaining on the fitting surface is allowed to flow into
the recess due to the difference between the surface pres-
sure of the oil at the position of the recess and at other
positions along the fitting surface of the shaft member or
the rotary member mounting seat. As a result, the forma-
tion of the oil film of rust resisting oil on the fitting
surface is substantially decreased and the rotary mem-
ber mounting seat, which is force fitted, is secured with
an increased fixing force. Moreover, the securing force
on the fitting surface between the shaft member and the
rotary member mounting seat 1s enhanced with the
lapse of time after press fitting, as any remaining oil
flows into the recesses. Accordingly, in the present
invention, it is possible to prevent an accident in which
the rotary member mounting seat moves in the axial
direction or slips off of the shaft member during rota-
tion of the shaft member. Thus, a bearing device assem-
bly having stable and reliable properties can be ob-
tained.

Other objects and features of the invention will be-
come apparent by reference to the following specifica-

tion and to the drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of a prior art assembly
showing a shaft member and a pulley seat of an automo-
bile engine cooling water pump;

FI1G. 2 is an enlarged sectional view showing the
condition of the prior art water pump shaft and pulley
seat following press fitting;

F1G. 3 is a side view of one axial end portion of a
water pump shaft member in accordance with an em-
bodiment of the present invention;

FIG. 4 is a longitudinal sectional view of a rotary
member mounting seat of the present invention;

FIGS. § and 6 are enlarged sectional views of an
upper half portion of a water pump shaft and pulley seat
of the present invention, showing a change in an oil film
on the fitting surface during force fitting and after the
force fitting, respectively;

FIGS. 7 to 9 are side views of one axial end portion
of a shaft member, respectively, according to other
embodiments of the present invention;

FIGS. 10(A-B) to 13(A-B) show respective side
views and front views of one axial end portion of a shaft
member according to further embodiments of the pres-
ent invention; and

FIG. 14 is a chart showing test results of the drawing-
out force for the rotary member mounting seat.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The embodiments of the present invention applied to
a bearing device assembly for a water pump will be
described with reference to the drawings.

F1G. 3 shows an axial end portion 14 of a water pump
shaft on which a pulley is force fitted, having a recess or
groove 15, having a semi-circular cross section, formed
continuously around the peripheral surface of the axial
end portion 14 to form a nng shape.

F1G. 4 shows a pulley seat 20 in the present inven-
tion, with a recess or groove 25, having a semi-circular
cross section, formed continuously and circumferen-
tially around an inner surface of a cylindnical through
hole 28a, in pulley seat 20, in which the axial end por-
tion 14 is fitted. Either one or both of the recess or
groove 15 of the axial end portion 14 of the water pump
shaft or the recess or groove 25 of the pulley seat 20
may be provided.

FIGS. 5 and 6 are enlarged sectional views of an
upper half portion of the one axial end portion 14 and
the pulley seat 20 for illustrating a change in condition
of an oil film during press fitting of the pulley seat 20,
and after the press fitting of the pulley seat 20, respec-
tively.

In FIG. 5, when the pulley seat 20 is press fitted to the
one axial end 14 of the water pump shaft in the direction
of the arrow, and until the front face 21 of the pulley
seat 20 reaches the recess 15 of the one axial end 14 of
the water pump shaft, most of a [rest] rust resisting oil
80 coated on the outer surface of the one axial end
portion 14 is scraped down, leaving only a part of the
rust resisting oil 50 to remain on the fitting surface to
form an oil film 52. However, when the front face of the
pulley seat 20 passes over recess 18, the oil film 52 is cut
and separated between the inner surface 21 of the pulley
seat 20 and the recess 15. Specifically, when the front
face of the pulley seat 20 passes over an inside edge or
shoulder 16 of the recess 15, the connection of the oil
film 82 with remaining rust resisting o1l 33 in the recess
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15 is cut. As the press fitting of the pulley seat 20 1s
continued, as shown in FIG. 6, the rust resisting oil 30
on the one axial end 14 of the water pump shaft 1s
scraped off by the front face of the pulley seat 20 in the
direction of press fitting and pushed forwardly. As a
result, substantially no oil film is formed on the fitting
surface at an axially inside portion thereof with respect
to the recess 15.

Furthermore, the oil film 52 formed on the fitting
surface at a position axially outside of the recess 15 of
the one axial end 14, at the beginning of the press fitting
of the pulley seat 20, is gradually pulled towards the
remaining rust resisting oil 53 in the recess 15. At this
position, the surface pressure is low due to a surface
pressure difference between the inner surface of the
pulley seat 20 and the peripheral surface of the one axial
end portion 14 of the water pump. Thus, the oil film 52
flows into the recess 15 and is stored therein. Addition-
ally, the oil film formed on the fitting surface at a posi-
tion axially inside of the recess 15 of the one axial end
portion 14 of the water pump, similarly due to the sur-
face pressure difference, flows into the recess 13, leav-
ing no rust resisting oil remaining on the fitting surface,
excepting the recess 13.

Also, in cases in which the recess 25 is formed in the
pulley seat 20, or both the recess 15 of the one axial end
14 of the water pump shaft and the recess 25 of the
pulley seat are provided, it is possible to prevent the
formation of the oil film on the fitting surface by en-
tirely similar action as described above.

FIGS. 7 to 13 show additional embodiments of the
present invention.

In the embodiment of FIG. 7, two continuous reces-
ses or grooves, in the form of two rnings 15a, are pro-
vided in the peripheral surface of the one axial end
portion 14 of the water pump shaft. The grooves 15a are
spaced from each other by a suitable distance. Each of
the recesses 15a has a shape similar to the recess 15 In
FIG. 3.

In the embodiment of FIG. 8, a recess or groove 15b
is formed in a spiral shape in the peripheral surface of
one axial end portion 14 of the water pump shaft.

In the embodiment of FIG. 9, a recess 15c, having a
plurality of parallel narrow channels 15cc intersecting
one another to form a mesh shape, is provided in the
peripheral surface of one axial end portion 14 of the
water pump shaft. The recess 15¢ 1s continuous around
the peripheral surface of the one axial end portion 14 to
form a circular band and extends in the axial direction to
a suitable width.

In the embodiment of FIGS. 10A and 10B, a recess or
groove 15d having a semi-circular cross section i1s
formed in the peripheral surface of one axial end portion
14 of the water pump shaft so that the recess 15d ex-
tends axially inwardly from the end face of the end
portion 14.

In the embodiment of FIGS. 11A and 11B, four reces-
ses or grooves 15¢ having semi-circular cross-sections
are formed in the peripheral surface of one axial end
portion 14 of the water pump shaft. The four recesses
15¢ extend axially in a parallel relation to one another
from the end face of the axial end portion 14 inwardly
therefrom. The four recesses 15¢ are spaced at equal
intervals along the circumference of the peripheral
surface of the axial end portion 14.

In the embodiment of FIGS. 12A and 12B, four circu-
lar recesses 15f are formed in the peripheral surface of
one end portion 14 of the water pump shaft along the
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circumference of the peripheral surface in equally
s72. 2d intervals. E

In the embodiment of FIGS. 13A and 13B, two slit-
like recesses 15g are formed at both sides of a vertical
center line (a center line in the cross section) which
passes through the shaft center of the water pump shaft
and intersects the center axial line by notching the pe-
ripheral surface of one end portion 14 of the water
pump shaft.

The recesses or grooves in the embodiments of FIGS.
7 through 13 may also be provided in the inner surface
of the pulley seat 20, or may be provided in both the
perinheral surface of one end portion 14 of the water
pump shaft and the inner surface of the pulley seat 20.

The cross sectional and plane shapes of the recesses
or grooves in the above embodiments are not limited to
the shapes shown in the FIGURES, but other arbitrary
shapes such as a tnangular shape, polygonal shape,
elliptical shape, or other suitable shapes may be se-
lected.

Next, the results of a test of the drawing-out force for
a pulley seat, conducted as to samples of the bearing
device assembly of the present invention, are shown in
FIG. 14 in comparison with samples of the prior art.

The samples of the present invention used in the test
include a sample having a shaft member formed with
one recess Or groove having a semicircular cross section
and extending along the circumference, and the other
sample having a shaft member formed with one recess
or groove having a triangular cross section and extend-
ing along the circumference. Each sample of the present
invention was coated with a rust resisting oil on the
peripheral surface of the shaft member. The samples
were left to stand for one week after which a pulley seat
was press fitted at a speed of 1.5 mm/s.

The samples of the pnor art used in the test include a
sample having a pulley seat-force fitted under the same
condition as mentioned above, and another sample in
which, after the rust resisting oil was coated on the
peripheral surface of the shaft member, the rust resisting
oill was removed when a pulley seat was force fitted.

For each of the samples, the roughness of the periph-
eral surface of the shaft member, the chamfering angle,
the shape of the end portion of the shaft member to
which the pulley seat is force fitted, and the kind of rust
resisting oil were set the same as the prior art specifica-
tion.

As shown in FIG. 14, the samples of the present
invention require a higher drawing-out force than the
samples of the prior art; the drawing-out force being
comparable to that of the sample in which the rust
resisting o1l 1s removed.

The Inctional coefficient was calculated using the
test results. According to the calculations, the frictional
coefficient of the samples of the present invention, and
the samples having the rust resisting oil removed, was
about 0.16 which is in a dry frictional region. In contrast
to this, the frictional coefficient of the samples having
the rust resisting oil coated thereon was about 0.06
which is in a8 boundary frictional region, showing that
an oil film is formed on the fitting surface.

In the above embodiments, the bearing device assem-
bly for the water pump is described. However, the
present invention is not limited to the above embodi-
ments but the present invention 1s also applicable to
other bearing assemblies which are assembled by force
fitting a rotary member mounting seat to one axial end
portion of a shaft member.

10

15

20

25

30

35

45

33

65

6

While certain embodiments of the invention have
been described in detail above in relation to a bearing
device assembly, it will be apparent to those skilled in
the art that the disclosed embodiment may be modified.
Therefore, the foregoing description is to be considered
exemplary rather than limiting, and the true scope of the
invention is that defined in the following claims.

What is claimed is:

1. In a bearing device assembly including a shaft
member supported by a rolling bearing at an intermedi-
ate position thereof, and a rotary member mounting seat
press fitted to one axial end of said shaft member, said
shaft member having a rust resisting oil attached
thereto, the improvement comprising:

a [ring-shaped]} recess formed in at least one of a
peripheral surface of the one axial end of said shaft
member [at one end thereof} and an inner surface
of said rotary member mounting seat, shoulder
means formed on said recess for scraping off the oil
attached to [said one axial end of said shaft mem-
ber] a surface opposed to said shoulder means by
relative sliding movement [between the} of said
shoulder means [of} with respect to said surface
opposed to said shoulder means, said recess [and an
end face of one of said shaft member and said ro-
tary member mounting seat, and] being for [di-
recting any remaining } receiving said oil [on the
fitting surface into said recess after said shaft mem-
ber has been fitted into said rotary member mount-
ing seat].

2. A bearing device assembly according to claim 1
wherein said recess comprises a continuous groove
extending circularly to form a ring shape.

3. A bearing device assembly according to claim 1
wherein said recess comprises a plurality of continuous
grooves spaced from each other in an axial direction of
said shaft member, each of said plurality of grooves
extending circularly to form a ring shape.

4. A bearing device assembly according to claim 1
wherein said recess comprises a groove, extending In a
spiral shape.

5. A bearing device assembly according to claim [1]}
12 wherein said recess comprises a plurality of narrow
channels which intersect one another to form a mesh
shape.

6. A bearing device assembly according to claim [1]
13 wherein said recess comprises a groove extending in
the axial direction of said shaft member from the end
face of at least one of said shaft member and said rotary
member mounting seat.

7. A bearing device assembly according to claim [1]
13 wherein said recess comprises a plurality of grooves
of a predetermined length, spaced at equal intervals
along a circular direction, and extending inwardly in
the axial direction of said shaft member from an axially
inside position with respect to the end face of at least
one of said shaft member and said rotary member
mounting seat.

8. A bearing device assembly according to claim 1]
13 wherein said recess comprises a plurality of recesses
of a predetermined plane shape spaced at equal intervals
in a circular direction. +

9. A bearing device assembly according to claim [1]
12 wherein said recess comprises two parallel slit-like
recesses located at both sides of a vertical center line
which passes through the shaft center of said shaft

member.
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10. A bearing device assembly including a shaft mem-
ber supporting by a rolling bearing and having a rust
resisting oil coated and remaining on a surface thereof,
and a rotarv member mounting seat press fitted to one
axial end of said shaft member, the improvement com-
prising: '

a recess formed in a penipheral surface of the one axial

end of said shaft member;

wherein said recess serves to prevent formation of an
oil film on a fitting surface between said shaft mem-
ber and said rotary member mounting seat at the
time of press fitting said rotary member mounting
seat onto said shaft member;

wherein said recess also serves to make the remaining
oil on the fitting surface flow into said recess.

11. A bearing device assembly including a shaft mem-
ber supported by a rolling bearing and having a rust
resisting oil coated and remaining on a surface thereof,
and a rotary member mounting seat press fitted to one
axia! end of said shaft member, the improvement com-
prising:

a recess formed in an inner surface of said rotary
member mounting seat, wherein said recess serves
to prevent formation of an oil fiim on a fitting sur-
face between said shaft member and said rotary
member mounting seat at the time of press fitting
said rotary member mounting seat onto said shaft
member, and wherein said recess also serves to
make the remaining oil on the fitting surface flow
into said recess.

12. In a bearing device assembly including a shaft mem-
ber supported by a rolling bearing at an intermediate posi-
tion thereof, and a rotary member mounting seal press
fitted to one axial end of said shaft member, said shaft

10

15

8

member having a rust resisting oil antached thereto, the
improvement comprising:

a recess formed on at least one of a peripheral surface of
the one axial end of said shaft member and an inner
surface of said rotary member mounting seat, shoul-
der means formed on said recess for scraping off the
oil artached to a surface opposed to said shoulder
means by relative sliding movement of said shoulder
means with respect to said surface opposed to said
shoulder means, said recess being for receiving said
oil, said recess further for receiving any remaining oil
on the fitting surface after said shaft member has been
fitted into said rotary member mounting seat, due 10
the difference between the surface pressure of the oil at
the position of said recess and at other positions along
said fitting surface in the fitted state.

13. In a bearing device assembly including a shaft mem-

ber supported by a rolling bearing ar an intermediate posi-
tion thereof, and a rotary member mounting seat press

20 fitted to one axial end of said shaft member, said shaft
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member having a rust resisting oil attached thereto, the
improvement comprising:

a recess formed on at least one of a peripheral surface of
the one axial end of said shaft member and an inner
surface of said rotary member mounting seat, shoul-
der means formed on said recess for scraping off the
oil attached to a surface opposed to said shoulder
means by relative sliding movement of said shoulder
means with respect to said surface opposed to said
shoulder means, said recess being for receiving any
remaining oil on the fitting surface afier said shaft
member has been fitted into said rotary member
mounting seat, due to the difference between the sur-
face pressure of the oil at the position of said recess
and at other positions along said fitting surface in the

fitted state.
. * ¥ * *
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