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Description

1. Field of the Invention

[0001] The present invention relates to a lubrication
structure for machine-element components, and a trans-
mission using this lubrication structure.

2. Description of Related Art

[0002] For example, there has been known a technique
to form a thin lubricating oil film (oil film) on each contact
part (sliding part) among machine-element components
included in a bearing so as to suppress direct contact
between metal surfaces of the components, thus sup-
pressing occurrence of seizing, abrasion, or the like.
[0003] In order to suppress seizing and abrasion of ma-
chine-element components, there have been known a
technique to provide part of machine-element compo-
nents with roughness for retaining a lubricating oil therein
(see Japanese Patent Application Publication No.
2012-87924), and a technique to configure part of ma-
chine-element components to be porous bodies impreg-
nated with a lubricating oil (see Japanese Patent Appli-
cation Publication No. 2000-120707). Document US
2012/073403 discloses another example of lubrication
structure.

SUMMARY OF THE INVENTION

[0004] Meanwhile, if machine-element components
are located at positions to which a lubricating oil is difficult
to be fed, a large amount of lubricating oil is required to
be directly fed to contact parts among the machine-ele-
ment components. This is the same in the techniques
disclosed in JP 2012-87924 A and JP 2000-120707 A,
and if the lubricating oil retained in the roughness, or the
lubricating oil with which the porous body is impregnated
is exhausted, it becomes impossible to feed the lubricat-
ing oil to the contact parts among the machine-element
components; therefore, a large amount of lubricating oil
is required to be fed directly to the contact parts among
the machine-element components.
[0005] Provided is a lubrication structure capable of
lubricating contact parts among machine-element com-
ponents without directly feeding a lubricating liquid. In
addition, provided is a transmission using this lubrication
structure.
[0006] A lubrication structure according to the present
invention is defined in claim 1, and includes a liquid drop
splashing device and an electret portion. The liquid drop
splashing device is means for forming the lubricating liq-
uid for lubricating machine-element components into liq-
uid drops, and splashing the liquid drops. The electret
portion is provided to a vicinity of each contact part among
the machine-element components. The electret portion
is an electretized portion. The "liquid drops" referred to
herein include liquid drops in a mist state, liquid drops in

a splash state, or the like.
[0007] In such a lubrication structure, the lubricating
liquid is formed into liquid drops, and is splashed by the
liquid drop splashing device. The splashed liquid drops
are attracted and adhere to the electret portion in an elec-
trified state. The electret portion is electretized into an
electrified state. Since the electret portion is provided to
the vicinity of each contact part among the machine-el-
ement components, the liquid drops adhering to the elec-
tret portion move to each contact part while combining
into one with other adhering liquid drops, thereby lubri-
cating the contact part. Hence, in the above lubrication
structure, it is possible to lubricate the contact parts
among the machine-element components without feed-
ing the lubricating liquid directly to the contact parts
among the machine-element components.
[0008] In some embodiments, the electret portion has
liquid-repellency relative to the lubricating liquid.
[0009] Accordingly, since each electret portion has liq-
uid-repellency relative to the lubricating liquid, the liquid
drops adhering to the electret portion can easily move
along the surface of the electret portion to each contact
part among the machine-element components.
[0010] In some embodiments, the electret portion has
a smaller wettability relative to the lubricating liquid than
that of each contact part.
[0011] Accordingly, the wettability relative to the lubri-
cating liquid of the electret portion is set to be smaller
than that of each contact part among the machine-ele-
ment components; in other words, the wettability relative
to the lubricating liquid of each contact part among the
machine-element components is set to be greater than
that of the electret portion; therefore, it is possible to ef-
ficiently lubricate the above contact part by the liquid
drops of the lubricating liquid moving along the surface
of the electret portion.
[0012] In some embodiments, the electret portion is an
electretized fluoropolymer film provided to a surface of
at least a machine-element component, preferably each
machine-element component.
[0013] Accordingly, the electretized fluoropolymer film
provided to the surface of each machine-element com-
ponent is used as the electret portion; therefore, for ex-
ample, compared with a case of configuring part of each
machine-element component to be the electret portion,
it is possible to post-fix the electret portion to the machine-
element component without requiring design changes of
the machine-element components.
[0014] In some embodiments, the lubrication structure
further includes: a case that houses the machine-element
components; and a liquid sump that is disposed to a bot-
tom portion of the case, and is configured to reserve the
lubricating liquid thereinside, wherein the liquid drop
splashing device is soaked in the lubricating liquid re-
served in the oil sump while the liquid drop splashing
device is rotatably supported, the liquid drop splashing
device includes a rotary member configured to scoop up
the lubricating liquid in the oil sump by rotation, and
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splash the liquid drops inside the case.
[0015] Accordingly, the rotary member is rotated so as
to scoop up the lubricating liquid in the liquid sump, and
splash the liquid drops inside the case. It is possible to
splash the liquid drops inside the case with such a simple
configuration of using the rotary member.
[0016] In some embodiments, the liquid drop splashing
device includes a liquid drop generator configured to
splash the lubricating liquid that is formed into liquid drops
in a mist state.
[0017] Accordingly, the lubricating liquid is formed into
liquid drops in a mist state, and is splashed by using the
liquid drop generator; thus, weight of the liquid drops be-
comes smaller, and the liquid drops are easily attracted
to the electret portion. Accordingly, adhesive amount of
the lubricating liquid (liquid drops) of the electret portion
becomes increased; therefore, each contact part among
the machine-element components can effectively be lu-
bricated.
[0018] The machine-element components are compo-
nents included in a bearing or are gears.
[0019] Accordingly, it is possible to lubricate the sliding
parts among the components included in each bearing
without feeding the lubricating liquid directly to the sliding
parts among the components or to lubricate the meshing
parts among the gears without feeding the lubricating
liquid directly to the meshing parts among the gears.
[0020] A transmission according to the present disclo-
sure includes the lubrication structure as set forth in any
one of the above mentioned embodiments, and the ma-
chine-element components are machine-element com-
ponents for the transmission.
[0021] In such a transmission, it is possible to lubricate
the contact parts among the machine-element compo-
nents for the transmission without feeding the lubricating
liquid directly to the contact parts among the machine-
element components for the transmission.
[0022] As aforementioned, the present invention can
provide the lubrication structure and the transmission ca-
pable of lubricating the contact parts among the machine-
element components without directly feeding the lubri-
cating liquid to the contact parts among the machine-
element components.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is a sectional view schematically showing an
overall configuration of a transmission using a lubri-
cation structure according to a first embodiment;
FIG. 2 is a partial sectional view of a machine-ele-
ment component lubricated in the lubricating struc-
ture according to the first embodiment (partial sec-

tional view indicated by an arrow 2 of FIG. 1);
FIG. 3 is a partial enlarged view of the part as shown
in the sectional view of FIG. 2;
FIG. 4 is a sectional view of an electret portion, show-
ing a state in which liquid drops of a lubricating liquid
are attracted and adhere to the electret portion;
FIG. 5 is an enlarged sectional view of machine-el-
ement components lubricated in a variation of the
lubrication structure according to the first embodi-
ment (enlarged sectional view corresponding to FIG.
3);
FIG. 6 is a perspective view showing a major part of
a machine-element component lubricated by a lubri-
cation structure according to a second embodiment;
FIG. 7 is a sectional view schematically showing an
overall configuration of a transmission using a lubri-
cation structure according to a third embodiment;
FIG. 8 is a bar graph showing respective adhesive
amount of lubricating oil adhering to test specimens
A to C;
FIG. 9 is a bar graph showing respective surface
potentials of the test specimens A to C before adhe-
sion of the lubricating oil and after adhesion of the
lubricating oil; and
FIG. 10 is a line graph showing respective surface
potentials of the test specimens B and C by stream-
ing electrification.

DETAILED DESCRIPTION OF EMBODIMENTS

[0024] A vehicle transmission 10 using a lubrication
structure 30 according to the first embodiment will be
described with reference to FIG. 1 to FIG. 4.
[0025] As shown in FIG. 1, the transmission 10 in-
cludes a housing 12, gear trains 14 each including plural
gears 13 housed in this housing 12, shafts 16 each sup-
porting each corresponding gear train 14, and bearings
18 each rotatably supporting each corresponding shaft
16. The housing 12 of the present embodiment is an ex-
ample of a case of the present invention. As shown in
FIG. 2, an outer wheel 20, an inner wheel 22, each ball
24, and a retainer 26 are components included in each
of the bearings 18 and each of the plural gears 13 forming
each gear train 14 of the present embodiment. The outer
wheel 20, the inner wheel 22, each ball 24, and the re-
tainer 26 are an example of components of machine-
elements (machine-element components) of a transmis-
sion. A motor generator, a planetary gear mechanism,
or the like is connected to each shaft 16 of the transmis-
sion 10 of the present embodiment.
[0026] An oil sump 28 where a lubricating oil L is re-
served is disposed to a bottom portion of the housing 12.
The oil sump 28 is an example of a liquid sump. This
lubricating oil L is used for lubricating the machine-ele-
ment components for the transmission, that is, the re-
spective components included in each gear 13 and each
bearing 18. The lubricating oil L of the present embodi-
ment is an example of a lubricating liquid.
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[0027] A gear 13A is soaked in the oil sump 28. The
gear 13A is one of the plural gears 13 included in each
gear train 14. At least a lower portion in the gravity direc-
tion of the gear 13A is soaked in the oil sump 28. Hence,
if the gear 13A is rotated around an own axis thereof, the
lubricating oil L is stirred and scooped up to be splashed
in an oil drop state inside the housing 12.
[0028] As shown in FIG. 1, an oil pump 29 that pumps
the lubricating oil L in the oil sump 28 is connected to the
housing 12. The pumped lubricating oil L is fed to the
respective components included in the gear trains 14 and
the bearings 18 from above the gear trains 14 and the
bearings 18. The fed lubricating oil L cools and lubricates
the respective components included in the gear trains 14
and the bearings 18. The lubricating oil L is then returned
to the oil sump 28 by gravity.
[0029] As shown in FIG. 2 and FIG. 3, each bearing
18 of the present embodiment is a ball bearing classified
into a rolling bearing. The bearing 18 includes the outer
wheel 20, the inner wheel 22, each ball 24, and the re-
tainer 26 as major components thereof. The outer wheel
20 is fixed to the housing 12. The shaft 16 is inserted
through the inner wheel 22. Each ball 24 is disposed be-
tween the outer wheel 20 and the inner wheel 22. The
retainer 26 has an annular shape. The retainer 26 retains
each ball 24 between the outer wheel 20 and the inner
wheel 22. In the present embodiment, an electret portion
32 described later is provided to each retainer 26. Contact
parts among the components of each bearing 18 are lu-
bricated by a lubrication effect described later. In the
present embodiment, the contact parts among the com-
ponents of each bearing 18 respectively denote contact
parts between the outer wheel 20 and each ball 24, and
between the inner wheel 22 and the each ball 24. These
contact parts may also be referred to as sliding parts
among the above components. Hence, these contact
parts are appropriately referred to as the sliding parts
among the components of each bearing 18 or the sliding
parts of each bearing 18.
[0030] The major parts of the lubrication structure 30
of the present embodiment is the gear 13A and the elec-
tret portion 32. The gear 13A scoops up the lubricating
oil L reserved in the oil sump 28. The gear 13A splashes
the lubricating oil L in an oil drop state inside the housing
12 (see FIG. 1). The electret portion 32 is respectively
disposed to the vicinities of the sliding parts (contact
parts) among the components of each bearing 18. Each
electret portion 32 is electretized. The gear 13A of the
present embodiment is an example of a liquid drop
splashing device or a rotary member. In FIG. 1 and FIG.
4, among liquid drops Ld, each oil or liquid drop having
a greater liquid drop diameter is indicated as a splash oil
drop by a reference numeral Ld1, and each oil or liquid
drop having a smaller liquid drop diameter is indicated
as a mist oil drop by a reference numeral Ld2.
[0031] As shown in FIG. 3, in the present embodiment,
among the respective components included in each bear-
ing 18, the retainer 26 in an annular shape is provided

with the electret portion 32. This electret portion 32 is
composed of an electretized film body. The electretized
film body is post-fixed to an outer surface 26A, an inner
surface 26B, and a side surface 26C of the retainer 26.
In the present embodiment, no electret portion 32 is pro-
vided onto a hole wall surface of a circular hole 26D that
retains each ball 24 of the retainer 26. However, where
to provide the electret portion 32 is not limited to this
configuration. For example, the electret portion 32 may
be provided onto the hole wall surface of each circular
hole 26D. The electret portion 32 provided to the hole
wall surface of each circular hole 26D becomes worn
away due to contact with the ball 24.
[0032] "Electretization" referred to herein denotes
electrifying the vicinity of a surface of an isolator. Specif-
ically, "electretization" means that electric polarization is
generated in an isolator having a strong dielectricity so
as to bring the isolator into a state of semipermanently
retaining an electric charge in the vicinity of the surface
thereof. An example of a method to generate the electric
polarization in an isolator may include a discharge treat-
ment, a heat treatment, an X-ray treatment, an electron
beam treatment, and an ultraviolet (UV) treatment, and
any one of these methods may be used. "Semiperma-
nently retaining an electric charge" means that a surface
potential of an isolator is hard to be reduced, which is
different from a general frictional electrification.
[0033] The electret portion 32 has liquid-repellency
(oil-repellency) relative to the lubricating oil L. Specifical-
ly, the electret portion 32 has liquid-repellency of which
wetting angle in a smooth surface is within a range of 50
to 90°. The wetting angle denotes a contact angle relative
to the lubricating oil L. In the present embodiment, the
film body forming the electret portion 32 is an electretized
fluoropolymer film. Hence, the film body has a high liquid-
repellency relative to the lubricating oil L.
[0034] The electret portion 32 has a lower wettability
(lipophilicity) relative to the lubricating oil L than that of
each bearing 18 whose components are made of metal.
In other words, each sliding part has a higher wettability
relative to the lubricating oil L than that of the electret
portion 32. The sliding parts denote sliding parts among
the components included in each bearing 18. According-
ly, each sliding part is more likely to be wet, and is more
easily lubricated with the lubricating oil L compared with
the electret portion 32.
[0035] Operation of the present embodiment will be
described hereinafter.
[0036] In the transmission 10 using the lubrication
structure 30 of the present embodiment, the gear trains
14 and the bearings 18 are cooled and lubricated by the
lubricating oil L pumped by the oil pump 29. The gear
13A is rotated along with rotation of the corresponding
gear train 14. The lubricating oil L in the oil sump 28 is
scooped up by the gear 13A so as to be splashed as the
oil drops Ld inside the housing 12. As shown in FIG. 4,
the splashed oil drops Ld are attracted and adhere to the
electret portion 32 electretized in an electrified state.
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[0037] As shown in FIG. 3, in the lubrication structure
30, the electret portion 32 is provided to the outer surface
26A of the retainer 26 located in the vicinity of the contact
part (sliding part) between the outer wheel 20 and each
ball 24. The oil drops Ld adhering to the electret portion
32 move toward the contact part (sliding part) between
the outer wheel 20 and each ball 24 while combining into
one with other adhering oil drops Ld. The oil drops Ld
lubricate the contact part between the outer wheel 20
and each ball 24. On the other hand, the electret portion
32 is also provided to the inner surface 26B of the retainer
26 located in the vicinity of the contact part (sliding part)
between the inner wheel 22 and each ball 24. The oil
drops Ld adhering to the electret portion 32 move toward
the contact part (sliding part) between the inner wheel
22 and each ball 24 while combining into one with other
adhering oil drops Ld. The oil drops Ld lubricate the con-
tact part (sliding part) between the inner wheel 22 and
each ball 24. In this manner, in the transmission 10,
through the lubrication structure 30, it is possible to lu-
bricate the sliding parts among the components included
in each bearing 18 by the oil drops Ld of the splashed
lubricating oil L without directly feeding the lubricating oil
L to the sliding parts. Hence, it is possible to lubricate
even the sliding parts among the bearings 18 located at
positions where the lubricating oil L pumped by the oil
pump 29 is difficult to be directly fed. The "positions where
the lubricating oil L is difficult to be directly fed" referred
to herein denote an upper position in the housing 12, or
positions far from a feeding port of the lubricating oil L,
for example. The lubricating oil L pumped by the oil pump
29 is fed from the feeding port to the inside of the housing
12.
[0038] In the transmission 10, through the lubrication
structure 30 of the present embodiment, it is possible to
lubricate even the sliding parts among the bearings 18
located at positions where the lubricating oil L is difficult
to be directly fed. For example, in a transmission that
lubricates sliding parts among the bearings 18 by in-
creasing the amount of the lubricating oil L inside the
housing 12, increase in amount of the lubricating oil L
causes increase in weight. To the contrary, in the trans-
mission 10 of the present embodiment, the lubrication
structure 30 enables even the sliding parts among the
bearings 18 to be lubricated, thus suppressing increase
in weight due to increase in amount of the lubricating oil
L. Contrary to the transmission in which the sliding parts
among the bearings 18 are lubricated by increasing the
amount of the lubricating oil L, it is also possible to sup-
press increase in drag torque at the time of stirring the
lubricating oil L in the oil sump 28 by the gear 13A. It is
possible to reduce a workload of the oil pump of the trans-
mission 10 to be smaller than a workload of the oil pump
of the transmission to lubricate the sliding parts among
the bearings 18 by increasing the amount of the lubricat-
ing oil L. In addition, in the transmission 10, since it is
unnecessary to increase the amount of the lubricating oil
L, it is possible to carry out warming-up of the lubricating

oil L earlier.
[0039] In the lubrication structure 30, since each elec-
tret portion 32 has liquid-repellency (oil-repellency) rela-
tive to the lubricating oil L, the oil drops Ld adhering to
the electret portion 32 are allowed to easily move to each
sliding part among the bearings 18 along the surface of
the electret portion 32. In addition, the wettability (li-
pophilicity) relative to the lubricating oil L of each sliding
part among the bearings 18 is higher than the wettability
of the electret portion 32. Hence, the oil drops Ld move
to the sliding part along the surface of the electret portion
32. The above sliding part can be efficiently lubricated
by the oil drops Ld moving from the surface of the electret
portion 32.
[0040] In the lubrication structure 30, an electretized
fluoropolymer film provided to the retainer 26 is used as
the electret portion 32. Accordingly, the electret portion
32 can be post-fixed to each retainer 26 without requiring
design changes of the components among the bearings
18.
[0041] The surface potential of each electret portion
32 is reduced over time. However, the surface potential
can be restored by storing charges again through fric-
tional electrification or streaming electrification, for ex-
ample. The frictional electrification is carried out by slid-
ing friction between the components included in each
bearing 18, for example. The streaming electrification is
carried out by friction between the electret portion 32 and
the oil drops Ld moving along the surface of the electret
portion 32, for example.
[0042] In the lubrication structure 30, it is possible to
plash the oil drops Ld inside the housing 12 with a simple
configuration using the gear 13A. The lubrication struc-
ture 30 of the present embodiment is configured to splash
the oil drops Ld inside the housing 12 using the gear 13A
that is a machine-element component for the transmis-
sion. However, the lubrication structure 30 is not limited
to this configuration. For example, the lubrication struc-
ture 30 may be configured to include a rotary member to
scoop up the lubricating oil L in the oil sump 28, and
splashes the oil drops Ld inside the housing 12.
[0043] As shown in FIG. 3, the lubrication structure 30
of the present embodiment is configured to respectively
provide the electret portion 32 to the outer surface 26A,
the inner surface 26B, and the side surface 26C of the
retainer 26 of each bearing 18. However, the lubrication
structure 30 is not limited to this configuration. It is pos-
sible to attain the lubrication effect by providing the elec-
tret portion 32 to at least one of the outer surface 26A
and the inner surface 26B of the retainer 26 of each bear-
ing 18.
[0044] In the lubrication structure 30 of the present em-
bodiment, as shown in FIG. 3, the electret portion 32 is
provided to the retainer 26. However, the lubrication
structure 30 is not limited to this configuration. For ex-
ample, as shown in a variation of FIG. 5, it may be con-
figured that the electret portion 32 is provided to the outer
wheel 20 and the inner wheel 22 instead of the retainer
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26. Specifically, in the variation, the electret portion 32
is provided to an inner surface 20A and a side surface
20B of the outer wheel 20. The electret portion 32 is also
provided to an outer surface 22A and a side surface 22B
of the inner wheel 22. It should be noted that the inner
surface 20A of the outer wheel 20 includes no contact
part (sliding part) with each ball 24. The outer surface
22A of the inner wheel 22 includes no contact part (sliding
part) with each ball 24. The electret portion 32 may be
omitted at the side surface 20B of the outer wheel 20 and
the side surface 22B of the inner wheel 22. The electret
portion 32 may be respectively provided to the outer
wheel 20, the inner wheel 22, and the retainer 26. In
addition, in the case of using a spacer (so-called shim)
for gap adjustment in each bearing 18, the electret portion
32 may also be provided to this spacer.
[0045] Furthermore, in the lubrication structure 30 of
the present embodiment, the electret portion 32 is pro-
vided to the retainer 26 of each bearing 18 as a ball bear-
ing that is classified into a rolling bearing. However, the
lubrication structure 30 is not limited to this configuration.
For example, each bearing 18 may be composed of a
roller bearing classified into a rolling bearing. The electret
portion may be provided to a retainer of this roller bearing.
It may also be configured to provide the electret portion
to a sliding part of each slide bearing.
[0046] Hereinafter, a vehicle transmission 40 using a
lubrication structure 42 of the second embodiment will
be described with reference to FIG. 6. The same refer-
ence numerals are used for configurations that are com-
mon to the first embodiment, and description thereof will
be omitted.
[0047] As shown in FIG. 6, in the lubrication structure
42, in addition to the bearings 18, the electret portion 32
is also provided to the plural gears 13 included in each
gear train 14. Specifically, in the axial direction of each
gear 13, the electret portion 32 is respectively provided
to both side surfaces of every cog 15. Because the gear
13A is partially soaked in the oil sump 28, no electret
portion 32 may be provided thereto.
[0048] Operation of the lubrication structure 42 of the
present embodiment will be described hereinafter. De-
scription regarding operation attained by configurations
that are common to the lubrication structure 30 of the first
embodiment will be omitted.
[0049] In the lubrication structure 42, the electret por-
tion 32 is provided to each side surface 15A of every cog
15 located in the vicinity of the contact part between the
cogs 15 of corresponding adjacent gears 13. The oil
drops Ld attracted and adhering to the respective electret
portions 32 move to the contact part between the respec-
tive cogs 15 of the adjacent gears 13 of interest (herein-
after, referred to as "meshing parts among the gears 13"),
thereby lubricating this meshing part. In this manner, in
the transmission 40, the lubrication structure 42 of the
present embodiment enables the meshing parts among
the gears 13 located at positions where the lubricating
oil L is difficult to be directly fed to be lubricated. Accord-

ingly, in the transmission 40, it is possible to further sup-
press the following three points compared with the first
embodiment: increase in weight due to increase in
amount of the lubricating oil L; increase in drag torque at
the time of stirring the lubricating oil L in the oil sump 28
by the gear 13A; and a workload of the oil pump 29 to
pump the lubricating oil L.
[0050] In the lubrication structure 42 of the present em-
bodiment, the electret portion 32 is respectively provided
to the plural gears 13 and bearings 18. However, the
lubrication structure 42 is not limited to this configuration.
It may be configured to provide the electret portion 32
only to the plural gears 13. It is also possible to attain the
lubrication effect at the meshing part between corre-
sponding adjacent gears 13 by providing the electret por-
tion 32 only to one gear of the adjacent gears 13. In ad-
dition, the electret portion 32 may be provided to the vi-
cinities of machine-element components for another
transmission housed in the housing 12. For example, the
electret portion 32 may be provided to the vicinities of
contact parts (sliding parts) among components included
in a motor generator (machine-element components of
a transmission) inside the housing 12. The electret por-
tion 32 may also be provided to the vicinities of contact
parts (meshing parts) among components included in a
planetary gear mechanism (machine-element compo-
nents for a transmission).
[0051] Hereinafter, a vehicle transmission 50 using a
lubrication structure 52 of the third embodiment accord-
ing to the present invention will be described with refer-
ence to FIG. 7. The same reference numerals are used
for configurations that are common to the first embodi-
ment, and description thereof will be omitted.
[0052] As shown in FIG. 7, in addition to the gear 13A,
the lubrication structure 52 includes a mist generator 54
that forms the lubricating oil L into oil drops Ld2 in a mist
state, and splashes the oil drops Ld2 inside the housing
12. Specifically, the mist generator 54 is disposed inside
the housing 12. The mist generator 54 is a device that
forms part of the lubricating oil L pumped by the oil pump
29 into the oil drops Ld2 in a mist state, and sprays the
oil drops Ld2 inside the housing 12. The mist generator
54 of the present embodiment is an example of a liquid
drop splashing device (liquid drop generator) of the
present invention.
[0053] Operation of the lubrication structure 52 of the
present embodiment will be described hereinafter. De-
scription regarding operation attained by configurations
that are common to the lubrication structure 30 of the first
embodiment will be omitted.
[0054] In the lubrication structure 42, the lubricating oil
L is formed into the oil drops Ld2 in a mist state by the
mist generator 54. The oil drops Ld2 in a mist state are
sprayed inside the housing 12. Because the oil drops Ld2
in a mist state have a lighter weight, these oil drops are
easily attracted to the electret portions 32. As a result, a
large amount of the attracted oil drops Ld2 adhere to the
surface of the electret portions 32. Increase in adhesive
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amount of the lubricating oil (oil drops) enables the sliding
parts among the bearings 18 to be effectively lubricated.
In the transmission 50, through the lubrication structure
52 of the present embodiment, it is possible to effectively
lubricate even the sliding parts among the bearings 18
located at positions to which the lubricating oil L is difficult
to be directly fed. Accordingly, in the transmission 50, it
is possible to further suppress the following three points:
increase in weight due to increase in amount of the lu-
bricating oil L; increase in drag torque at the time of stir-
ring the lubricating oil L in the oil sump 28 by the gear
13A; and a workload of the oil pump 29 to pump the lu-
bricating oil L.
[0055] The configuration of disposing the mist gener-
ator 54 inside the housing 12 according to the present
embodiment may be applied to the second embodiment.
[0056] In the lubrication structure 52 of the present em-
bodiment, the gear 13A and the mist generator 54 are
used in order to splash the oil drops Ld inside the housing
12. However, the lubrication structure 52 is not limited to
this configuration. Only the mist generator 54 may be
used in the lubrication structure 52.
[0057] In the lubrication structure 52 of the present em-
bodiment, as an example of the liquid drop generator,
the mist generator 54 that forms part of the lubricating oil
L pumped by the oil pump 29 into the oil drops Ld2 in a
mist state, and sprays the oil drops Ld2 inside the housing
12 is used. However, the lubrication structure 52 is not
limited to this configuration. For example, as an example
of the liquid drop generator, a mist generator that supplies
compressed air into the oil sump 28 so as to spray the
oil drops Ld2 in a mist state inside the housing 12 may
be used. A mist generator that applies ultrasonic waves
onto the oil sump 28 so as to generate the oil drops Ld2
may be used.
[0058] In the aforementioned embodiment, the electret
portion 32 is provided to part of the surfaces of the com-
ponents included in each bearing 18, and to part of the
surfaces of the gears 13 included in each gear train 14.
However, the transmission 50 is not limited to this con-
figuration. In the transmission 50, the electret portion 32
may be provided to the entire surfaces of the components
included in each bearing 18. The electret portion 32 may
be provided to the entire surface of each gear 13. The
electret portions 32 provided to the sliding parts among
the components included in each bearing 18, and to the
meshing parts among the gears 13 become easily worn
out so that the metallic surfaces thereof are exposed.
This is because the film body (fluoropolymer film) forming
the electret portion 32 becomes easily worn out due to
mechanical contact and others.
[0059] Each of the aforementioned lubrication struc-
tures 30, 42, 52 may be applicable to bearings, crank-
shafts, or valve trains of an internal combustion engine
and an external combustion engine, or to gear boxes of
common machines, and others, other than the vehicle
transmissions 10, 40, 50.
[0060] The effect of the electretized electret portion to

attract the oil drops of the present invention will be de-
scribed with reference to test results hereinafter.
[0061] Test 1 was conducted so as to measure adhe-
sive amount of oil. First, test specimens A, B, C were
respectively placed in a hung state inside an airtight con-
tainer. Oil mist (oil drops in a mist state) was then
splashed inside the airtight container. Subsequently, ad-
hesive amount of the oil adhering to each test specimen
was measured. Measurement results are shown in a bar
graph of FIG. 8.
[0062] Conditions of Test 1 are shown as follows:
a) type of oil: oil (lubricating oil); b) method of generating
oil mist: compressed air was injected by an injector to an
oil sump disposed to a lower portion of the airtight con-
tainer so as to generate oil mist; c) air pressure: 0.4 MPa;
d) measurement time: 60 minute; e) ambient tempera-
ture: 27.4 6 1°C; and f) test specimens: the following
three types were used, i) test specimen A: silicon wafer,
ii) test specimen B: silicon wafer of which surface was
provided with a fluoropolymer film having a film thickness
of 1 to 20 mm (Cytop (registered trademark) manufac-
tured by Asahi Glass Co., Ltd.), and iii) test specimen C:
silicon wafer of which surface is provided with an elec-
tretized fluoropolymer film having a film thickness of 1 to
20 mm (Cytop (registered trademark) manufactured by
Asahi Glass Co., Ltd.).
[0063] As shown in FIG. 8, almost no oil mist adhered
to the test specimens A and B. The oil mist adhered only
to the test specimen C. From this result, it is found that
the oil mist having a lighter weight was attracted and ad-
hered to the electretized fluoropolymer film of the test
specimen C. At that time, as shown in a bar graph of FIG.
9, a surface potential of the electretized fluoropolymer
film of the test specimen C was hardly reduced. It is found
that an electrified state is maintained in the electretized
fluoropolymer film.
[0064] Next, Test 2 was conducted so as to measure
surface potentials of the test specimens B and C. First,
each of the test specimens B and C was bonded to an
outer circumference of a rotor in a disk shape, and was
putted into the oil sump. In this state, the rotor was rotated
so as to generate streaming electrification by shear fric-
tion between each test specimen and the oil. The respec-
tive surface potentials of the test specimens B and C
were measured. Measurement results are shown in a
line graph of FIG. 10.
[0065] Conditions of Test 2 are shown as follows:
g) type of oil: oil (lubricating oil); h) shear condition: move-
ment in the oil sump; i) shear rate: 8.8 mm/s (1400 rpm);
j) ambient temperature: 24.1 to 24.3°C; and k) test spec-
imen: test specimens B and C used in Test 1, but the
surface potential of the test specimen C was intentionally
reduced.
[0066] As shown in the line graph of FIG. 10, it is found
that in the test specimen C, even if the surface potential
of the electretized fluoropolymer film became reduced,
this fluoropolymer film can store an electric charge again
through streaming electrification by shear friction with the
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oil, thereby restoring the surface potential thereof. In the
test specimen B, the fluoropolymer film was not elec-
tretized, and thus the surface potential thereof stayed at
zero almost all the time.

Claims

1. A lubrication structure comprising:

a liquid drop splashing device (13A) configured
to turn a lubricating liquid (L) for lubricating ma-
chine-element components into liquid drops
(Ldl, Ld2), the machine-element components
being included in a bearing or being gears,

the liquid drop splashing device (13A) being
configured to splash the lubricating liquid (L)
turned into the liquid drops (Ldl, Ld2),
the machine-element components (20, 22,
24, 26) providing contact parts,
each contact part being a part where corre-
sponding adjacent machine-element com-
ponents (20, 22, 24, 26) come into contact
with each other;

the lubrication structure being characterized in
that it further comprises an electret portion (32)
provided to a vicinity of each contact part, the
electret portion (32) comprising an electret,
wherein the electret portion (32) is an elec-
tretized film body, the electretized film body be-
ing is formed by generating electric polarization
so as to bring an isolator into a state of retaining
an electric charge in the vicinity of the surface
thereof the electret portion (32) of the machine-
element components being configured so as to
attract the liquid drops (Ldl, Ld2) so that the lu-
bricating liquid (L) moves toward the contact
parts of the machine-element components.

2. The lubrication structure according to claim 1, where-
in
the electret portion (32) has liquid-repellency relative
to the lubricating liquid (L).

3. The lubrication structure according to claim 1 or 2,
wherein
wettability between the electret portion (32) and the
lubricating liquid (L) is smaller than wettability be-
tween each contact part and the lubricating liquid (L).

4. The lubrication structure according to any one of
claims 1 to 3, wherein
the electret portion (32) is an electretized fluoropol-
ymer film provided to a surface of each machine-
element component (20, 22, 24, 26).

5. The lubrication structure according to any one of
claims 1 to 4, further comprising:

a case (12); and
a liquid sump (28),
wherein
the case (12) houses the machine-element com-
ponents (20, 22, 24, 26),
the liquid sump (28) is disposed to a bottom por-
tion of the case (12),
the liquid sump (28) is configured to reserve the
lubricating liquid (L) in the liquid sump (28),
the liquid drop splashing device (13A) is soaked
in the lubricating liquid (L) reserved in the liquid
sump (28), the liquid drop splashing device
(13A) is rotatably supported,
the liquid drop splashing device includes a rotary
member (13A), the rotary member (13A) is con-
figured to scoop up the lubricating liquid (L) in
the liquid sump (28) by rotation, and the rotary
member (13A) is configured to splash the liquid
drops (Ldl, Ld2) inside the case (12).

6. The lubrication structure according to any one of
claims 1 to 5, wherein
the liquid drop splashing device includes a liquid drop
generator (54),
and
the liquid drop generator (54) is configured to splash
the lubricating liquid (L) in a mist (Ld2) state.

7. A transmission (10) including the lubrication struc-
ture according to any one of claims 1 to 6, wherein
the machine-element components are transmission
machine-element components.

Patentansprüche

1. Schmierstruktur, umfassend:

eine Flüssigkeitstropfen-Sprühvorrichtung
(13A), die dazu ausgestaltet ist, eine Schmier-
flüssigkeit (L) zum Schmieren von Maschinen-
elementkomponenten in Flüssigkeitstropfen
(Ld1, Ld2) umzuwandeln, wobei die Maschinen-
elementkomponenten in einem Lager enthalten
sind oder Zahnräder sind,
wobei die Flüssigkeitstropfen-Sprühvorrichtung
(13A) dazu ausgestaltet ist, die in die Flüssig-
keitstropfen (Ld1, Ld2) umgewandelte Schmier-
flüssigkeit (L) zu versprühen,
die Maschinenelementkomponenten (20, 22,
24, 26) Kontaktteile bereitstellen,
jedes Kontaktteil ein Teil ist, an dem entspre-
chende benachbarte Maschinenelementkom-
ponenten (20, 22, 24, 26) miteinander in Kontakt
kommen,
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die Schmierstruktur dadurch gekennzeichnet
ist, dass sie ferner eine Elektretsektion (32) um-
fasst, die in der Nähe jedes Kontaktteils vorge-
sehen ist, wobei die Elektretsektion (32) ein
Elektret umfasst, wobei die Elektretsektion (32)
ein elektretisierter Filmkörper ist, wobei der
elektretisierte Filmkörper durch Erzeugen einer
elektrischen Polarisation ausgebildet ist, um da-
durch einen Isolator in einen Zustand des Bei-
behaltens einer elektrischen Ladung in der Nä-
he der Oberfläche desselben zu versetzen, wo-
bei die Elektretsektion (32) der Maschinenele-
mentkomponenten dazu ausgestaltet ist, die
Flüssigkeitstropfen (Ld1, Ld2) anzuziehen, so
dass sich die Schmierflüssigkeit (L) in Richtung
der Kontaktteile der Maschinenelementkompo-
nenten bewegt.

2. Schmierstruktur nach Anspruch 1, wobei
die Elektretsektion (32) gegenüber der Schmierflüs-
sigkeit (L) flüssigkeitsabweisend ist.

3. Schmierstruktur nach Anspruch 1 oder 2, wobei
eine Benetzbarkeit zwischen der Elektretsektion
(32) und der Schmierflüssigkeit (L) kleiner als die
Benetzbarkeit zwischen jedem Kontaktteil und der
Schmierflüssigkeit (L) ist.

4. Schmierstruktur nach einem der Ansprüche 1 bis 3,
wobei
die Elektretsektion (32) ein elektretisierter Fluorpo-
lymerfilm ist, der auf einer Oberfläche jeder Maschi-
nenelementkomponente (20, 22, 24, 26) vorgese-
hen ist.

5. Schmierstruktur nach einem der Ansprüche 1 bis 4,
ferner umfassend:

ein Gehäuse (12) und
einen Flüssigkeitssumpf (28),
wobei
das Gehäuse (12) die Maschinenelementkom-
ponenten (20, 22, 24, 26) aufnimmt,
der Flüssigkeitssumpf (28) in einer unteren Sek-
tion des Gehäuses (12) angeordnet ist,
der Flüssigkeitssumpf (28) dazu ausgestaltet
ist, die Schmierflüssigkeit (L) in dem Flüssig-
keitssumpf (28) zu halten,
die Flüssigkeitstropfen-Sprühvorrichtung (13A)
in der Schmierflüssigkeit (L) eingeweicht ist, die
in dem Flüssigkeitssumpf (28) gehalten wird,
wobei die Flüssigkeitstropfen-Sprühvorrichtung
(13A) drehbar gelagert ist,
die Flüssigkeitstropfen-Sprühvorrichtung ein
Drehelement (13A) beinhaltet, wobei das Dreh-
element (13A) dazu ausgestaltet ist, die
Schmierflüssigkeit (L) in dem Flüssigkeitssumpf
(28) durch Drehung aufzunehmen, und das Dre-

helement (13A) dazu ausgestaltet ist, die Flüs-
sigkeitstropfen (Ld1, Ld2) im Inneren des Ge-
häuses (12) zu versprühen.

6. Schmierstruktur nach einem der Ansprüche 1 bis 5,
wobei
die Flüssigkeitstropfen-Sprühvorrichtung einen
Flüssigkeitstropfengenerator (54) beinhaltet und
der Flüssigkeitstropfengenerator (54) dazu ausge-
staltet ist, die Schmierflüssigkeit (L) in einem Ne-
bel(Ld2)-Zustand zu versprühen.

7. Getriebe (10), das die Schmierstruktur nach einem
der Ansprüche 1 bis 6 beinhaltet, wobei
die Maschinenelementkomponenten Getriebe-Ma-
schinenelementkomponenten sind.

Revendications

1. Structure de lubrification comprenant :

un dispositif de projection de goutte de liquide
(13A) configuré pour transformer un liquide de
lubrification (L) destiné à lubrifier des compo-
sants d’élément de machine en gouttes de liqui-
de (Ldl, Ld2), les composants d’élément de ma-
chine étant inclus dans un palier ou étant des
engrenages,
le dispositif de projection de goutte de liquide
(13A) étant configuré pour projeter le liquide de
lubrification (L) transformé en gouttes de liquide
(Ldl, Ld2),
les composants d’élément de machine (20, 22,
24, 26) procurant des parties de contact,
chaque partie de contact étant une partie où des
composants d’élément de machine adjacents
correspondants (20, 22, 24, 26) viennent en con-
tact l’un avec l’autre ;
la structure de lubrification étant caractérisée
en ce qu’elle comprend en outre une partie
d’électret (32) prévue au voisinage de chaque
partie de contact, la partie d’électret (32) com-
prenant un électret, la partie d’électret (32) étant
un corps de film électrisé, le corps de film élec-
trisé étant formé en générant une polarisation
électrique de façon à amener un isolateur dans
un état de retenue d’une charge électrique au
voisinage de sa surface, la partie d’électret (32)
des composants d’élément de machine étant
configurée de façon à attirer les gouttes de li-
quide (Ldl, Ld2) de telle sorte que le liquide de
lubrification (L) se déplace vers les parties de
contact des composants d’élément de machine.

2. Structure de lubrification selon la revendication 1,
dans laquelle
la partie d’électret (32) a une répulsion de liquide par
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rapport au liquide de lubrification (L).

3. Structure de lubrification selon la revendication 1 ou
2, dans laquelle
une mouillabilité entre la partie d’électret (32) et le
liquide de lubrification (L) est plus faible qu’une
mouillabilité entre chaque partie de contact et le li-
quide de lubrification (L).

4. Structure de lubrification selon l’une quelconque des
revendications 1 à 3, dans laquelle
la partie d’électret (32) est un film de polymère fluoré
électrisé prévu sur une surface de chaque compo-
sant d’élément de machine (20, 22, 24, 26).

5. Structure de lubrification selon l’une quelconque des
revendications 1 à 4, comprenant en outre :

un carter (12) ; et
un réservoir de liquide (28),
le carter (12) renfermant les composants d’élé-
ment de machine (20, 22, 24, 26),
le réservoir de liquide (28) étant disposé sur une
partie inférieure du carter (12),
le réservoir de liquide (28) étant configuré pour
conserver le liquide de lubrification (L) dans le
réservoir de liquide (28),
le dispositif de projection de goutte de liquide
(13A) étant immergé dans le liquide de lubrifi-
cation (L) conservé dans le réservoir de liquide
(28), le dispositif de projection de goutte de li-
quide (13A) étant supporté de façon rotative,
le dispositif de projection de goutte de liquide
comprenant un élément rotatif (13A), l’élément
rotatif (13A) étant configurée pour écoper le li-
quide de lubrification (L) dans le réservoir de
liquide (28) par rotation, et l’élément rotatif (13A)
étant configuré pour projeter les gouttes de li-
quide (Ldl, Ld2) à l’intérieur du carter (12).

6. Structure de lubrification selon l’une quelconque des
revendications 1 à 5, dans laquelle
le dispositif de projection de goutte de liquide com-
prend un générateur de goutte de liquide (54), et
le générateur de goutte de liquide (54) est configuré
pour projeter le liquide de lubrification (L) dans un
état de brouillard (Ld2).

7. Transmission (10) comprenant la structure de lubri-
fication selon l’une quelconque des revendications
1 à 6, dans laquelle
les composants d’élément de machine sont des
composants d’élément de machine de transmission.
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