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LUBRICATION STRUCTURE OF CRANKING ROTATIONAL‘FORCE

TRANSMISSION MECHANISM FOR INTERNAL COMBUSTION ENGINE

BACKGROUND OFTHE INVENTION

1. Field of the Invention

[0001] The invention relates to a lubrication structure of a cranking rotational force
transmission mechanism for an internal combustion engine, which transmits the
rotational force of a starter motor in one. rotat:onal dll‘CCthﬂ to a rotational output shaft of
the internal combustion engine via a one»way clutch and interrupts the transmission of
the rotational force of the starter motor in the other rotational direction via the one-way

clutch,

2. Description of the Related Art

[0002] As a cranking rotatioial - force transm]ssmn mechanism for an internal
combustion engine (e.g., an internal combustlbn engine for a vehicle) which transmits the
rotational force of a starter motor to the crankshaft (i.e., rotational output shaft) of the
internal combustion engine, JP-A-2000-274337 describes a mechanism in which the ring
gear and the pinion gear on the starter motor side are arranged to be constantly in mesh
with each other.

[0003] In such a constantly-meshed type 'crahldng' rotational force transmission
mechanism for an internal combustion engihe, h one-way clutch is provided between the
ring gear and the crankshaft (a flywheel is also Aprovided between the ring gear and the
crack shaft in the cranking rotational force transmission mechanism described in
JP-A-2000-274337). When the starter motor cranks the internal combustion engine, the
rotational force of the starter motor is transmitied to the crankshaft via the one-way clutch.

Then, in response to the crankshaft starting to rotate on the force output from the internal
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combustion engine, the one-way clutch is released and, hence, the rotational force of the
crankshaft is not transmitted to. the ring gear side.

[0004] In such a cranking rotational force transmission mechanism, lubricant needs
to be supplied to the one-way clutch and other rotational components to lubricate and
cool them. When the internal combustion engine is running, the components on the
crankshaft side, such as the flywheel, rotate, however the ring gear that is connected to
the internal combustion engine via the one-way clutch does not rotate. Therefore, the
lubricant tends to stagnate in the ring gear side.. '

[0005] The more the Iubricant stagnates in the ring gear side, the higher the
possibility of the surface of the stagnant lubricant being strongly agitated by the rotating
one-way clutch and flywheel which are located adjacent to the ring gear. Such agitation
of the lubricant surface increases the likelihood of bubbling of the lubricant and
production of sludge.

[0006] If the lubricant is bubbled and sludge is produced as mentioned above, the
components, such as the onc-wéﬁr clutch and some bearings, may be damaged due to
inappropriate lubrication and cooling by the lubricant, and the sealing performances of

some sealing members may deteriorate due to the sludge being caught at them.

SUMMARY OF THE INVENTION

[0007] The invention provides a lubrication structure that prevents bubbling of
Jubricant and production of sludge due to agitation of the surface of lubricant in a
cranking rotational force transmission mechanism that transmits the rotational force of a
starter motor in one rotational direction to a rotational output shaft of an internal
combustion engine and interrupts the transmission of the rotational force of the starter
motor in the other rotational diregtion. |

[0008] A first aspect of the invention |ré‘lates to a lubrication structure of a cranking
rotational force ransmission mechanism for an internal combustion engine, the cranking

rotational force transmission mechanism having: an outer race member that is coupled
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with a rotational output shaft of the internal combustion engine; a ring gear to which a
rotational drive force is transmitted from a starter motor and a portion of which faces the
outer race member from the side-of theé'intetnal combustion engine; and a one-way clutch
that is provided in a position acfdss swhich the portion of the ring gear faces the outer race
member and that transmits a rotational force of the starter motor in one rotational
direction from the ring gear to the outer race member and interrupts transmission of a
rotational force of the starter motor in the other rotational direction from the ring gear to
the outer race member, The lubrication structure is characterized in that: a sealing
member is provided which oil-seals a gap between the ring gear and the outer race
member so that the one-way clutch is in an oil-sealed area in the internal combustion
engine side; and a lubricant-return hole is formed in a portion of the ring geaf between a
portion of the ring gear at which the one-way clutch is provided and a portion of the ring
gear at which the sealing member is provided, the lubricant-return hole penetrating the
ring gear from one side to the other side.

{0009] In this structure, the lubricant-return hole is formed in the portion of the ring
gear between where the one-way clutch is provided and where the sealing member is
provided. Therefore, even when the ring ‘gear has stopped rotating in response to the
starter motor being turned off after completion of the start of the internal combustion
engine, the lubricant stagnating between the ring gear and the outer race member that
face each other above the sealing member is discharged to the internal combustion engine
side through the lubricant-rétum hole. As such, an increase in the amount of the lubricant
that stagnates between the ring gear and the outer race member is suppressed and thus the
level of the stagnant lubricant surface can be kept low so that the lubricant surface does
not reach the outer race member or so that the outer race member is not soaked deeply
into the lubricant even if the lubricant surface reaches the outer race member. As such,
bubbling of the lubricant and production of sludge, which may otherwise be caused by
the lubricant surface being agitated by the rotating outer race member, can be prevented.

[0010] The lubricant structure according to tﬁe first aspect of the invention may be

such that the lubricant-return hole is provided in plurality and the lubricant-return holes
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are formed around a rotational axis of the .ring' gear, such that, at any rotational phase of
the ring gear, at least a part of one of 'the lubricant-return holes is present below a
horizontal line that is drawn tangent to a lower side of an outer periphery of the outer race
member.

[0011] By arranging the position of _l;héflﬁbi:ii;}inbretum holes as described above, the
level of the surface of the lubricant ihat.'";itaghatés above the sealing member after the start
of the internal combustion engine can be adjusted. Thus, the amount of lubricant that
stagnates during the operation of the internal combustion engine can be constantly
adjusted to an appropriate amount in.a simple manner, and therefore bubbling of the
lubricant and sludge production can be effectively prevented.

[0012] The lubricant structure according, to the first aspect of the invention may be
such that the lubricant-return hole is provided in plurality and the lubricant-return holes
are formed around a rotational axis of thevﬁng gear, such that, at any rotational phase of
the ring gear, at least a part of one of the lubricant-return holes is present below a
horizontal line that is drawn tangent to a Jower side of an outer periphery of an outer race
of the one-way clutch. o

[0013] It is considered that thé, I'ubricdﬁf;sgd'rface' is strongly agitated by, in particular,
the structural elements located on the radially inner side of the outer race of the one-way
clutch. Thus, by arranging the positions of the lubricant-return holes as described above,
the surface of the lubricant that stagnates above the sealing member after the start of the
internal combustion engine can be aﬁjuéted and therefore bubbling of the lubricant and
sludge production can be effectively prévented.” |

[0014] The lubricant structuse accordmg to the first aspect of the invention may be
such that an outermost peripheral portion of the outer race member forms the outer race
of the one-way clutch and an inner peripheral end of each of the lubricant-return holes is
radially close to the outer race of the one-way clutch.

[0015] By arranging the inner peripheral end of each lubricant-return hole to be close
to the outer race of the one way clutc};"‘as‘.dqsﬁcrib‘ed above, the radial dimension of each

lubricant return-hole can be made large énough to quickly discharge the lubricant that has
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been supplied to between the ring gear and the outer race member, which face each other
above the sealing member. Thus, an increase in the amount of lubricant that stagnates
above the sealing member can be suppress:ed.

[0016] Further, because the inner peripheral end of each lubricant-return hole is
located close to the outer race, the sectional area of the lubricant passage leading to the
lubricant-return holes is relatively small. Tﬁus, a large amount of lubricant, under no
circumstances, rapidly flows out from the.one-way clutch side to the sealing member side.
Therefore, it is possible to secure the lobricant of an amount needed for the one-way
clutch and reduce the amount of 1ubricaht that stagnates above the sealing member, so
that bubbling of lubricant and production of sludge are prevented.

[0017] The lubricant structure according to the first aspect of the invention may be
such that at least one of the position 6f each of the lubricant-return holes, the number of
the lubricant-return holes, and the shape of each of the lubricant-return holes is set such
that, when the internal combuétion engine is running in a steady manner, the level of a
surface of lubricant is below a level that is substantially aligned with a horizontal line that
is drawn tangent to a lower side of the outer periphery of the outer race member.

[0018] By adjusting the level of the lubricant surface below the level that is
substantially aligned with the horizontal line:as. described above, bubbling of lubricant
and production of sludge can be sufﬁmentiy prevented.

[0019] The lubricant structuré' a(:'cor'di)ﬁ'g‘ to the first aspect of the invention may be
such that the sealing member is slidably in contact with the outer periphery of the outer
race of the outer race member from the radially outer side of the outer race and at Jeast
one of the position of each of t.he‘ lilbricant-return holes, the number of the
lubricant-return holes, and the shépcgof’ éacii_o’f, the lubricant-return holes is set such that,
the level of a surface of lubricant 58, a; Jeast when the internal combustion engine is
running in a steady manner, substantially aligned with a horizontal line that is drawn
tangent to the lower side of a slide-contact portion between the outer race and the sealing
member.

[0020] Because the level of the lubricant surface is substantially aligned with the



WO 2007/105109 ’ PCT/IB2007/001500

horizontal line tangent to the lower side of the slide-contact portion between the outer
race and the sealing member, it is posSibl'e to supply a sufficient amount of lubricant to
the slide-contact portion between the outer race and the sealing member and thus
lubricate and cool the sealing member adeguately, while preventing bubbling of the
lubricant and production of sludge which may otherwise be caused by agitation of the
lubricant surface.

[0021] The lubricant structure accordiﬁg to the first aspect of the invention may be
such that the lubricant-return hole is provxded in plurahty and the lubricant-return holes
are formed such that any two of the Iubncant—retum holes are not located in phase
positions, respectively, which are poi‘nt-symm‘etrical to each other about the center of the
ring gear.

[0022] When multiple lubricant-return holes are provided, a desired flexural strength
of the entire part of the ring gear can be obtained by arranging the lubricant-return holes
such that any two of the lubﬁcapt—re_hmnj holes are not located in phase positions,
respectively, which are point—sydﬁfﬁédical to each other about the center of the ring gear,
and this prevents deformation df the rmg gear and improves the reliability of the
oil-sealing by the sealing member.

[0023] The lubricant structure according to the first aspect of the invention may be
such that the ring gear has a spoke portion which is provided on the radially outer side of
the portion where the sealing member, is® a;r'a'hgad and in which spokes and openings are
alternately provided in the pen'phéfai di,r\éct’ibnv of the ring gear and the phase positions of
the lubricant-return holes are arranged so ‘as not to overlap phase positions at which the
radial dimensions of the openings are maximum,

[0024] When a spoke portion is provided on the radially outer side of a portion of the
ring gear at which the sealing member is provided for the sake of, for example, reducing
the weight and increasing the ease of assernbly, the phase positions of the lubricant-return
holes are arranged so as not to )overlap phase posmons at each of which the radial
dimension of the opening between the spokes is maximum. As such, a desired flexural

strength of the entire part of the ring gear can be obtained, which prevents deformation of
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the ring gear and improves the rehablhty of oﬂ—seahng by the sealing member.

[0025) The lubricant structure accordmg to the first aspect of the invention may be
such that a sectional area Al of a lubricant passage upstream of the one-way clutch, a
sectional area A2 of a lubricant passage downstrcam of the one-way clutch, and a
sectional area A3 of a Jubricant passage in the lﬁ{)rxcant-rcturn hole are set such that Al <
A2 < A3 is true at any rotational phase c;f the nng gear.

[0026] With this arrangement, the relatiOn' émong the flow rates V1, V2, V3 at the
lubricant passages having the sectional areas Al, A2, A3, respectively, is V1 < V2 < V3
in a wide operation range of the internal combustion engine. AS a résult, an appropriate
amount of lubricant can be supplied ,bto.thequ}c;-way clutch, and therefore the lubricant
does not stagnate more than neqeés;f';ir»yf“i?r_'iﬁ,tpé"sp'ace in which the one-way clutch is
disposed. Thus, bubbling of Iubricaﬁ_t and 'proquction of sludge, which may otherwise be
caused by agitation of the lubricant surface:in tfxis space, can be prevented. Further, in the
above structure, the amount of lubricant to be supplied to between the ring gear and the
oufér race member is suppreséed, whjc;h also contributes to preventing bubbling of
lubricant and production of sludgé. )

[0027]) A second aspect of the “‘inventib'n{';'relates to a lubrication structure of a
cranking rotational force transmission rﬁééha‘r‘ii'sih for an internal combustion engine, the
cranking rotational force transmission mechanism having: an outer race member that is

coupled with a rotational output shaft of the internal combustion engine; a ring gear to

which a rotational drive force is transmitted from a starter motor and a portion of which

s
i

faces the outer race member from the ‘"siy_d‘ef‘ oflhé ipt§mal combustion engine; a one-way
clutch that is provided in a posi‘t'ion'aér_gsg{ whlchthe portion of the ring gear faces the
outer race member and that trarsmits ‘ajxotaléhhal force of the starter motor in one
rotational direction from the ring gear té)' the outer race member and interrupts
transmission of a rotational force of the starter motor in the other rotational direction
from the ring gear to the outer race mémﬁer; and a sealing member that oil-seals a gap

between the ring gear and the outér race member so that the one-way clutch is in an

oil-sealed area in the internal combustion engine side. In this lubrication structure, a
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lubricant-return hole is formed m a’poﬁ:i,bn of fh'e ring gear between a portion of the ring
gear at which the one-way clutch 1s pfd\}.iaédﬁ‘ghd'a portion of the ring gear at which the
sealing member is provided, the lubricant-return hole penetrating the ring gear from one
side to the other side, and a wall is provided on the side of an oil pan of the internal
combustion engine. Formed in this 'wali’l'i"s a lubricant outlet hole through which lubricant
that has been returned from the Iubrrcant-return hole falls to the side of a lubricant
storage of the oil pan. The Jubricant outlet }10]6 is shaped and positioned such that, when
the internal combustion engine is running in a steady manner, the level of a surface of
lubricant stagnating between the ring gear and the outer race member does not exceed a
horizontal line that is drawn tangent to the lower side of the outer periphery of the outer
race member.

[0028] In a case where a wall having 4 lubricant outlet hole is provided to prevent
reverse flow of the lubricant fr!c;rn the «,oil: pan side, by positioning and shaping the
lubricant outlet hole as described abové, if"is ‘l')o‘ssible to appropriately control the level of
the surface of the lubricant stagnating between the ring gear and the outer race member
while preventing reverse flow of the lubricant from the oil pan side. Thus, the lubricant
surface can be prevented from being agitatéc.l‘by the outer race member, which prevents

bubbling of lubricant and production of sludge. _

BRIEF DESCRIPTION OF THE DRAWINGS
[0029] The foregoing and further objects, features and advantages of the invention
~will become apparent from the follow‘i.;l.g;:gi'escﬁ:ption of preferred embodiments with
‘reference to the accompanying drawi,r;gfs:",lﬁ{herm’i}i'l'ce numerals are used to represent like
elements and wherein: "
FIG. 1 is a longitudinal cross-sectional view ’showing a cranking rotational force
transmission mechanism for an internal combustion engine for a vehicle according to the

first exemplary embodiment;

FIG. 2 i a cross-sectional view takén‘aléng ‘th:e;line I-IinFIG I;
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FIG. 3A to FIG 3C are views showing the structure of the ring gear used in the
cranking rotational force traﬁsmission mechanism of the first exemplary embodiment;

FIG. 4A to FIG. 4C are views showing.the. structure of the ring gear used in the
cranking rotational force transmission mechanism of the first exemplary embodiment;

FIG. 5A to FIG. 5E are views showing the structure of the outer race member used in
the cranking rotational force transmission mechanism of the first exemplary embodiment;

FIG. 6 is a longitudinal cross—sectional‘view illustrating how the lubricant flows in the
cranking rotational force transmission in_gchénism’ of the first exemplary embodiment;

FIG. 7 is a view showing a state in 'whi'ch the ring gear is stopped at a different
rotational phase in the cranking rotationai force transmission mechanism of the first
exemplary embodiment;

FIG. 8 is a view showing a state in which the ring gear is stopped at a different
rotational phase in the cranking rotational force transmission mechanism of the first
exemplary embodiment; and

FIG. 9 is a longitudinal cross-sectional view illustrating how the lubricant flows in the

cranking rotational force transmission mechanism of the third exemplary embodiment.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS
.[0030] FIG. 1 is a longitudinal sectional view showing a cranking rotational force
transmission mechanism of the first exemplary embodiment that is provided near a rear
end 2a of a crankshaft 2 of an internal combustion engine for a vehicle, The rear end 2a
of the crankshaft 2 is the end of the crankshaft 2 on the side from which the rotational
~ drive power of the internal combustion engine is output to a clutch or a torque converter.
FIG. 2 is a cross-sectional view of the crankshaft 2 that is taken along the perpendicular
plane II - IT indicated in FIG. 1, as seen from the left side of FIG. 1, i.e., from the front
side of the internal combustion engine.
[0031] A journal bearing is "fo'nﬁ‘;ad.by a cyiinder block 4 and a ladder beam 6. The
crankshaft 2 is rotatably supported by the Cyﬁnder block 4 via a journal 2b. Thus, the

crankshaft 2 is arranged such that the rear end 2a of the crankshaft 2 protrudes from the
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lower rear portion of the cylinder block 4. A ring gear 12 is provided on the peripheral
surface of a large-diameter portion 8 formed at the rear end 2a of the crankshaft 2 with a
rolling bearing, which is a ball bearing 10 in this exemplary embodiment, being
interposed therebetween. An outer race member 14 and a flywheel (or a drive plate) 16
are fixed on the rear surface of the"largc;di'émetér portion 8 of the crankshaft 2 using
bolts 18, Thus, the outer race member 14'and the flywheel 16 rotate together with the
crankshaft 2.

[0032] As shown in FIG. 3A to FIG. 3C and FIG. 4A to FIG. 4C, the ring gear 12 is a
circular disk having a large opening :at't‘ﬁe ‘center thereof and a bending portion 12a that
radially bends at a right angle along tﬁé éﬁti;e ﬁériphery. FIG. 3A is a perspective view
showing the front side of the ring gear 12, FIG 3B is a front view of the ring gear 12, FIG,
3C is a right side view of the ring gear 12, FIG. 4A is a perspective view showing the rear
side of the ring gear 12, FIG. 4B is a rear view of the ring gear 12, and FIG. 4C is a left
side view of the ring gear 12.

[0033] An inner race 22 for a one-way clutch 20 is formed like a flange at the inner
peripheral edge of the ring gear 12. A gear portiop 12b is formed like a ring at the outer
periphery of the ring gear 12. T‘t‘le""ﬁh'g» gear: 12 is disposed, via the ball bearing 10
described above, on the outer periphery of ﬂlé la}ge~diameter portion § of the crankshaft
2 50 as to be located on the opposite side of the one-way clutch 20, i.e., so as to be closer
to the center side (i.e., the axis C side) than the one-way clutch 20 is. The ball bearing 10
is attached onto the outer periphery of the large-diameter portion 8 of the crankshaft 2 by
press-fitting, and the inner race 22 is fitted to the outer periphery of the ball bearing 10.
As such, when the one-way clutch 20 ié,i'n a released state, because of the ball bearing 10,
the ring gear 12 can freely rotate independently of the rotation of the crankshaft 2.

[0034] Referring to FIG. 2, the gear portion 12b of the ring gear 12 is constantly in
mesh with a pinion gear 28 that is provided at a position lower than the crankshaft 2 and
js rotated by the a starter motor 26. That is,‘i,w,ﬁpn, cranking the internal combustion engine,
the ring gear 12 is rotated by the rotatibnal force of the starter motor 26 transmitted via

the pinion gear 28.
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[0635] Lubricant-return holes : 12d- dfe formed at an intermediate portion 12C
between the inner race 22 and the bending pénion 12a, which appears like a flat ring, so
as to be located in a circle around the axis C at the same phase intervals, Each
lubricant-return hole 12d penetrates the intermediate portion 12¢ from one side to the
other side. Note that the intermediate portion 12c can be regarded as “a portion of the
ring gear between a portion of the ri‘ngg gear-at:which the one-way clutch is provided and
a portion of the ring gear at which‘;tﬁews‘ealing member is provided” as recited in the
invention. In this exemplary embodiment, the number of the lubricant-return holes 12d is
seven, and all the lubricant-return holes 12d are formed in the same shape. As shown in
FIG. 3B, the lubricant-return holes 12d are shaped and positioned such that any
lubricant-return hole 12d is not present in the region of the intermediate portion 12¢ that
is point-symmetrical about the axis, C to a phase region o occupied by other
lubricant-return hole 12d.

[0036] Seven openings 12f are formed at an outer periphery portion 12e of the ring
gear 12, which connects the bending portion 12a and the gear portion12b. Between any
two adjacent openings 12f is formed a spoke 12g. Having such a spoke portion comprised
of the openings 12f and the spokes 12g, the ring gear 12 is made light in weight. The
relative phase positions of the openings 12f ar;ci the lubricant-return holes 12d are such
that each lubricant-return hole 12d‘and‘ each'spoke 12g are located in line with each other
in the radial direction of the ring gear 12 and the width of each lubricant-return hole 12d
is smaller than the width of the radially inner end of each spoke 12g, as shown in FIG. 3B.
Thus, the phase position of each lubricant-return hole 12d and the phase position of the
maximum width region M of each opening 12f, across which the dimension D of the
opening 12f in the radial direction of the ring gear 12 is maximum, do not overlap with
each other. . .

[0037] Referring to FIG. 5A to FIG. SE, the outer race member 14 is a circular disk
having an opening 14a formed at the center thereof and an outer race 30 for the one-way
clutch 20 which is formed at the outermost periphery so as to protrude perpendicularly

therefrom. Multiple bolt holes 14b, which are through holes into which bolts are inserted
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when bolting the outer race member 14 :to.‘ihg‘,; large—diameter portion 8 of the crankshaft 2,
are formed in a circle around the openiﬁé 142; In this exemplary embodiment, the number
of the bolt holes 14b is eight, FIG 5Ais a fr'ont view of the outer race member 14, FIG.
5B is a rear view of the outer race membef 1'4, FIG. 5C is a right side view of the outer
race member 14, FIG. 5D is a perspective view showing the front side of the outer race
member 14, and FIG. 5E is a perspective view showing the rear side of the outer race
member 14. ‘

[0038] That is, being attached -to the’ side df the large-diameter portion 8 of the
crankshaft 2 as described above, the outer fa'ce"’rynemb‘er 14 is arranged relative to tﬁe nng
gear 12 such that the outer race 30 radiall‘y faces the inner race 22 of the ring gear 12, as
shown in FIG. 1. During assembly, a cage 20b having a sprag 20a is put on the inner race
22 of the ring gear 12 when or before putting the outer race 30 in position, so that the
sprag 20a is sandwiched be-tweén_ the inner race Zé and the outer race 30. This is how the
one-way clutch 20 is assembled.

[0039] Being structured as describe above, thé one~way clutch 20 engages the outer
race member 14 and the ring gear 12 when tﬁe ring gear 12 is rotating in the direction to
transmit the torque from the starter motor 26 to the outer race member 14 (the clockwise
direction indicated by the arrow in FIG. 2), thus enabling the crankshaft 2 to be rotated by
the starter motor 26. Then, when the rotét_ionfs‘p'c;“cc_l_ %)f the outer race member 14 rotating
together with the crankshaft 2 exceeds the rdfagon sﬁeed of the ring gear 12 being rotated
by the starter motor 26 after the inter:;él combustilon engine starts running 6n its own, the
rotation of the ring gear 12 relative to the outér race member 14 becomes reverse rotation,
Thus, the one-way clutch 20 is released‘. %s_iuch, although the pinion gear 28 and the ring
gear 12 are constantly in mesh with-each other, the starter motor 26 may be turned off
aftér starting the internal combﬁsfioﬁ g'ntgiii'e.;'

[0040] In order to lubricate the ball be’éiring 10 and the one-way clutch 20, lubricant
Oj is supplied through a lubricant passage 4a in 'th‘e cylinder block 4, as indicated by the
arrow in FIG. 1, and the lubricant Oj is then injected towards the ball bearing 10. Also,

lubricant Or is supplied to the slide surfaces of the journal 2b of the crankshaft 2 via
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lubricant passages in the cylinder block 4 and the crankshaft 2, Part of the lubricant Or
flows to the ball bearing 10 side. The lubricants Oj, Or that have flown to the ball bearing
10 then pass through the inside of ,th',é't;a'll bearing 10 and flow into the one-way clutch
20.

[0041] A first oil sealing member 32 and a second oil sealing member 34, which are
ring-shaped sealing members, are provided to prevent the lubricants Oj, Or from leaking
to the outside. The first oil sealing member 32 is interposed between the outer race 30 of
the outer race member 14 and the bending portion 12a of fhe ring gear 12. The first oil
sealing member 32 is fixed to the rir}g gear}!‘l\'-lby’being fitted to the internal peripheral
side of the bending portioh 12a, s-o"‘t'hrat‘, a se'ai np 32a that is formed at thé internal
periphery of the first oil sealing m;ambef, 32‘ 1s slidably in contact with a sealed slide
surface 30a that is the outer peripheral surface of the outér race 30, forming a
slide-contact portion. Being thus arranged, the first oil sealing member 32 oil-seals
between the outer race member 14 and the ring gear 12,

[0042] The second oil sealing member 34 is provided on the side of the bending
portion 12a that is opposite to whéré the first oil sealing member 32 is provided (i.e., the
radially outer side of the first oil sealing' member 32). The second oil sealing member 34
is fixed at the position shown in the drawings by the portion of the second oil sealing
member 34 above the crankshaft 2 being fitted mainly to the internal peripheral side of an
arc-shaped seal fitting portion 4b of the cylinder block 4 and by the portion of the second
oil sealing member 34 below thef crans,}iiaft -2 .being fitted mainly to the internal
peripheral side of an arc-shaped seal:ﬁtili}xg porti'on:36a that is provided at the rear end of
an oil pan 36, so that the seal rip 32a formed at the internal periphery of the second oil
sealing member 34 is slidably in contact with the outer peripheral surface of the bending
portion 12a. Being thus arranged, the second oil sealing member 34 oil-seals between the
ring gear 12 and the internal combusﬁbn engine (i.e., the cylinder block 4 and the oil pan
36).

[0043] As mentioned abové,' when _.c’rank.ing the internal combustion engine, the

starter motor 26 rotates. the ring gear 12, and after the internal combustion engine starts
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running on its own, the ring gear 12 stOpS, rotating due to the slippage at the one-way
clutch 20, When the internal combustion engine is running, the lubricants Oj, Or, as
described above, pass through the inside of the ball bearing 10 and reach the rotating
outer race member 14, Then, the lubricants Oj, Or further proceed through the gap
between an outer race 10a of the ball bearing 10 and the outer race member 14 and the
gap between the inner race 22 aﬁd the outer rice member 14, as indicated by the arrow F1
in FIG. 6, and then the lubricants Oj, Or flow into a space 21 in which the one-way clutch
20 is disposed, lubricating the one—wé& clutch 20.

[0044] After lubricating the one-way clutch 20, the lubricants Oj, Or proceed
through the gap between the outer race 30 and the intermediate portion 12¢ of the ring
gear 12, as indicated by the arrow F2 in FIG. 6, and then flow into a space 12h that is
provided above the bending portion 122 and in Which the first oil sealing member 32 is
disposed. The space 12f is oil-seéled:ﬁ'om_ the outside by the first oil sealing member 32
fixed on the bending portion 12a. When the ring gear 12 is not rotating, the lubricant
stagnates in a stagnation region OS in the space 12h above the bending portion 12a of the
ring gear 12, which is hatched by the horizontal broken lines in FIG. 2 and FIG 6.

[0045] However, in the inteﬁnediate-portion 12¢ of the ring gear 12 which forms a
wall of the stagnation region OS, the “lubricant~return holes 12d are formed so as to
penetrate the intermediate portion 12c from one side to the other side thereof, as
described above. Therefore, in the state where the ring gear 12 is stopped at the rotational
phase position indicated in FIG. 2, one of the lubricant-return holes 12d is located at the
lowest position, and the lubricant in the space 12f returns to the oil pan 36 side via that
lubricant-return hole 12d, as indicated by the arrow F3 in FIG 6. When the internal
combustion engine is running in a steady manner, due to the lubricant-return hole 12d at
the lowest position, the level of the “Il‘ﬂl')r,icam surface Of in the stagnation region OS
remains substantially constant at a level slightly below a lowest position level RL of the
sealed slide surface 30a of the outer race 30 (i.e., the horizontal line that is tangent to the
lower side of the outer periphery of the outer race member 14).

[0046] FIG. 7 and FIG. 8 each shbﬁér‘l:éx'ample in which the ring gear 12 is stopped
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at a different rotational phase position, As is evident from FIG. 2, FIG, 7, and FIG. 8, the
positions, the number, and the shapé's’,bf;;the"lubr;icant-return holes 12d are determined
such that at least a part of one of the, lubricant-return hole 12d is present below the lowest
position level RL at any rotational phase of the ring gear 12.

[0047]) In the example shown in FIG. 7, the level of the lubricant surface Of in the
stagnation region OS depends upon the state of the single lubricant-return hole 12d that is
present at the lowest position, as in'thé'exam‘pl,e shown in FIG. 2. However, because the
position of that Iubricant-return holé 12d, through which the lubricant retumns to the oil
pan 36 side, is slightly above the posifio‘n of the lowest lubricant-return hole 12d in the
example shown in FIG, 2. Thus, when the internal combustion engine is running in a
steady manner, the lubricant surface Of remains substantially constant at a position
slightly above the position at which the lubricant surface Of remains substantially
constant in the example shown in FIG. 2: Note that, in the example shown in FIG: 7, the
lubricant surface is at the same level as the lowest position level RL.

[0048] In the example shown in FIG.'8, two lubricant-return holes 12d are present at
the lowest position, and therefore the lubricant surface Of in the stagnation region OS
depends upon the states of these two lubricant-return holes 12d. Because each of the two
lubricant-return holes 12d is located slightly above the poéition of the lowest
lubricant-return hole 12d in the example shown in FIG. 7, the lubricant surface Of, when
the internal combustion engine is running in a steady manner, remains . substantially
constant at a position slightly above the position at which the lubricant surface Of
remains substantially constant in the exampie shown in FIG, 7,

[0049] As described above, the area of the portion of the lubricant-return hole 12d
that is present below the lowest position level RL, when the internal combustion engine is
running in a steady manner, is determined. so that the level of the lubricant surface Of
substantially matches the lowest position level RL. As such, when the internal
combustion engine is running, in pam'cqlar, when thé internal combustion engine is
running in a steady manner, any porﬁon of the outer race 30 is not soaked deeply into the

lubricant. That is,vthe lubricant is not heavily agitated by the components or portions that
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are rotating on the radially inner side with respect to the outer race 30, Meanwhile, the
slide-contact portion between the seal rip 32a of the first oil sealing member 32 and the
sealed slide surface 30a of the outer race 30.is located in the position which the lubricant
is brought into contact with as the lubricaiit'surface Of waves, even in the state where the
level of the lubricant surface Of is as low as shown in FIG, 2.

[0050] When the level of the lubricant surface Of slightly goes down in the example
shown in FIG, 2, the lubricant may not be brought into contact with the slide-contact
portion even when the lubricant surface Of is waving. However, because an inner
peripheral end 12i of each lubricant-return-holé 12d is located near the outer race 30 as
shown in FIG, 2, the lubricant ﬁows fhrough the narrow gap between the outer race 30
and the intermediate portion 12¢ of the ring“ geér 12, as indicated by the arrow F2 in FIG.
6, and the lubricant is then splashed into the space 12h from the narrow gap. Since the
point from which the lubricant is splashed is located at the same level and thus is very
close to the slide-contact portion, the lubricant reaches the slide-contact portion in the
form of droplets.

[0051] The positions, the number; and the shapes of the lubricant-return holes 12d,
which serve to adjust the level of the lubricant surface Of as described above, are
determined such that a flow rate V2 at the lubricant passage indicated by the arrow F2 in
FIG. 6 when the internal combustion engine is running in a steady manner is equal to a
flow rate V3 at the lubricant passage indicated by the arrow F3 in FIG. 6 when the
lubricant surface Of in the space 12h is substaji.tirallyfat the lowest position level RL of the
sealed slide surface 30a. Spéciﬂéally; for example, theoretical calculations are

- hydrodynamically performed based on the sectional areas of the Iubricant passages
indicated by the arrows F2, F3, the rotation speed of the outer race member 14 during the
steady running of the internal combustion engine, the flow characteristics of the lubricant,
and so on. Then, at least one of the position of each lubricant-return hole 12d, the number
of the lubricant-return holes 12d, the shape of each lubricant-return hole 12d is
determined based on the actual measurements of a sample for which the results of the

theoretical calculations are taken into consideration. Alternatively, this determination may
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be made based on the actual measurements from the beginning, Further, the dimensions
of the gap indicated by the arrow F2 may also be set.

[0052] Meanwhile, as described above, the capacity of returning the lubricant
through the lubﬁcaht-rctum holes varies depending upon the rotational phase at which the
ring gear 12 is stopped. Therefore',;fpﬁ'cxaﬁiplé,’{elach lubricant-return hole 12d may be
formed such that a sectional area of -th”jc',;lubi,rijc'anf 'péssage in the lubricant-return hole 12d
is obtained when the ring gear 12 i§ stopped at a typical rotational phase, e.g., at the
rotational phase shown in FIG, 7, Altern;tively, each lubricant-return hole 12d may be
formed such that the lubricant surface Of is substantially aligned with the lowest position
level RL in the state where the ‘v‘sccti_o,nal area of the lubricant passage in the
lubricant-return hole 12d is minimu‘:m',‘ such as V\;/hen the ring gear 12 is at the rotational
phase shown in FIG. 8,

[0053] The following advantageous effects lcan be obtained éccording to the first

exemplary embodiment described above, -
(1) Because the lubricant-return holes 12d are provided in the intermediate portion 12¢ of
the ring gear 12, even when the ring gear 12 has stopped rotating in response to the starter
motor 26 being turned off after comple,tﬂion.‘,xf)"f the s,taﬁ of the internal combustion engine,
the lubricant stagnating above the first 6il s_gai‘ling member 32 can be easily returned to
the internal combustion engine'sidé,'i.'e., !tb-fhe"c;il pan 36 side, via the lubricant-return
holes 12d.

[0054] As such, the level of the lubricant surface Of of the lubricant remaining
between the ring gear 12 and the outér tace member 14 does not rise. Therefore, the
lﬁbricant surface Of does not reach the Oﬁtér race 30 and the one-way clutch 20 which are
rotating while the internal combustidﬂ 1s ru'n‘fiing, and even if the lubricant surface Of
reaches them, the one-way clutch 20 and the outer race 30 are not deeply soaked into the
lubricant. As such, bubbling of lubricant and production of sludge, which may otherwise
be caused by agitation of the lubricant surface Of, can be prevented.

[0055]

(2) At least a part of one of the ‘ldbﬁcant—renun holes 12d is present below the lowest
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position level RL, which corresponds to the lower side of the outer periphery of the outer
race member 14 (i.e., the sealed slide surface:BOa), at any rotational phase of the ring gear
12. Therefore, the lubricant surface Of that has been present above the first oil sealing
member 32 is appropriately adjusted by the lubricant-return holes 12d after the start of
the internal combustion engine. Thus, bubbling of lubricant and production of sludge can
be prevented.

[0056] Further, becavse the lubricant-return: Holes 12d are set such that the level of
the lubricant surface Of is substantially aligned with the lowest position level RL, the
amount of lubricant that stagnates abové the first oil sealing member 32 can be
effectively reduced. .Thus, bubbling of Iubricant and production of sludge, which may
otherwise be caused by agitation of the lubricant surface Of, can be prevented, and the
portion between the outer race 30 and the first oil sealing member 32 can be sufficiently
cooled and lubricated. |

[0057]

(3) The inner peripheral end 12i of each lubricant-return hole 12d is radially located
near the outer race 30. Therefore, the radial dimension of each lubricant-return hole 12d
can be made large enough to quickly discharge the lubricant that has been supplied to the
space 21 in which the one-way clutch 20 is, disposed and which is located above the first
oil sealing member 32, As such, an increase in-the amount of lubricant that stagnates
above the first oil sealing member 32 can be suppressed,

[0058] Further, because the gap between the ring gear 12 and the outer race member
14 is narrow at the internal peripheral end 12i of the ring gear 12, under no circumstance,
a large amount of lubricant rapidly flows out from the space 21 in which the one-way
clutch 20 is disposed. Therefore, it is‘:pos_sible to'(siecure the lubricant of an amount needed
for the one-way clutch 20 and reduée the amount of lubricant that stagnates above the
first sealing member 32. Thus, bubbling of lubricant and production of sludge, which
may otherwise be caused by agitation of the lubricant surface Of, can be prevented.

[0059]) (4) The lubricant-return holes 12d are arranged such that any lubricant-return

hole 12d is not located at a position that is point-symmetrical to other lubricant-return
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hole 12d about the center of the ring gear 12 (the axis C). With this arrangement, the
necessary flexural strength of the entire part of the ring gear 12 can be obtained without
increasing the rigidity of the ring gear ,IZL by,,,fqr e;T'ample, increasing the thickness of the
ring gear 12, and therefore the ring gear 312',c;an be made light in weight.

[0060] (5) As described above, thé _sp'()l:(e ’;{)ortion is provided in the radially outer
side of the first oil sealing member 32 for the s‘ake of reducing the weight and increasing
the ease of assembly, and the phase position of each lubricant-return hole 12d is set so as
not to overlap the phase position at which the radial dimension of the opening 12f is
maximum (maximum width region M). According to this structure, a desired flexural
strength of the entire part of the ring gear 12.can bé‘ébtained, which prevents deformation
of the ring gear 12 and thereby ilﬁbroVés the réliability of oil-sealing by the first oil
sealing member 32 and the second oil sealing member 34. As such, the rigidity of the ring
gear 12 can be made enough to prevent low-frequency resonance when the internal
combustion engine is running in a stegdy manner.

[0061] In the second exemplar}/ en;gsd’c;iii‘:ncht‘, the relation between the sectional area
Al of the lubricant passage that is 'indicéted'illﬁy the arrow F1 in FIG. 6 and is located
upstream of the one-way clutch 20 andltﬁe secéio"n’al area A2 of the lubricant passage that
is indicated by the arrow F2 in FIG. 6 and’is located downstream of the one-way clutch
20 is Al < A2. Thus, the relation between the flow rate V1 at the lubricant passage
indicated by the arrow F1 and the flow rate V2 at the lubricant passage indicated by the
arrow F2 can be maintained to be VI IISVZm a wide operation range of the internal
combustion engine. | ) |

[0062] Further, the relation between 'éﬁe sectional area A2 of the Iubricant passage
downstream of the orie-way clutch 20 andl éhe sectional area A3 of the Jubricant passage
in the lubricant-return hole 12d, which is indicated by the arrow F3 in FIG. 6, is A2 < A3
at any rotational phase of the ring gear 12. Thus, the relation between the flow rate V2 at
the lubricant passage indicated by the arrow F2'and the flow rate V3 at the lubricant
passage indicated by the arrow F3 car;'be maintained to be V2 £ V3 in a wide operation

range of the internal combustion engine.
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[0063] That is, the relation between the seétional areas of the lubricant passages in
the respective gaps and lubricant-return holes 12d is set to be Al < A2 < A3, so that the
relation between the flow rates V1, V2, V3 can be maintained to be V1 £ V2<V3ina
wide operation range of the internal combustion engine.

[0064] Other structures in the s‘e‘(I:(')n.d exémblary embodiment are the same as those

in the first exemplary embodiment. According to the second exemplary embodiment
described above, the following advantageoﬁs effects can be obtained.
(1) Because the relation among the flow rates V1, V2, V3 can be ﬁlaintained tobe VI <
V2 £ V3 in a wide operation range of the internal combustion engine, an appropriate
amount of lubricant can be supplied to the onie-way clutch 20, and therefore the lubricant
does not stagnate in the space 21. Thug; 'bubiblii:lg of lubricant and production of sludge,
which may otherwise be caused by agitatibnv 6f the lubricant surface in the space 21, can
be prevented.

[0065] Further, in the structure described above, the lubricant does not stagnate in
the space 12h above the first oil sealing member 32, and therefore bubbling ‘of lubricant
and production of sludge, which may‘otherw‘iéefbe caused by agitation of the lubricant
surface in the space 12h, can be prevented. Note that, as mentioned in connection with
the first exemplary embodiment, the lubﬁdant is splashed into the space 12h from the
narrow gap between the outer race 30 and the intermediate portion 12¢ of the ring gear 12,

" which is indicated by the arrow F2 in FIG. 6. Therefore, the lubricant reaches, in the form
of droplets, the slide-contact portion between the seal rip 32a of the first oil sealing
member 32 and the sealed slide surfdce 30a of :the"ohter race 30, so that the slide-contact
portion is lubricated and cooled. | ;

[0066] In the third exemplary embodiment, as shown in FIG, 9, the sectional area of
each lubricant-return hole 1124 of the ring gear 112 is so large that the lubricant-return
hole 112d does not serve to adjust the level of the Iubricant surface Of in the space 122h
above the first oil sealing merr‘lber; 132, Instead,..?l;; adjustment of the level of the
lubricant surface Of is accompl'i'shed by the position (i.e., the sectional area Al) and

shape (i.e., the height H) of a lubricant bu.tlet' hole 136c that is formed in a wall 136b of
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the oil pan 136 so as to face the Jubricant-return:hole 112d.

[0067] Specifically, the lubﬁcané outlet hole 136¢ is positioned and shaped such that
a flow rate V14 at the Jubricant passage indicated by the arrow F14 in FIG. 9 and a flow
rate V15 at the lubricant passage indicated by the arrow F15 in FIG. 9 are equal with each
other in the state where the level of the lubricant surface Of is lower than the sealed slide
surface 130a of the outer race 130 wheri‘the internal combustion engine is running in a
steady manner. That is, the lubricant outlet h61§.1360 is positioned and shaped such that,
when the internal combustion engine is running in a steady state, the level of the lubricant
surface Of of lubricant stagnating betweén the ring gear 112 and the outer race member
114 does not exceed the horizontal line that is tangent to the lower side of the sealed
slide surface 130a of the outer race 130, Note that FIG. 9 shows the state in which the
lubricant surface Of and the horizontal line are at the same level, Also, note that the flow
rate V14 at the lubricant p‘assag’e indicated by the arrow F14 is equal to the sum of the
flow rate V12 at the lubricant passage indicated by the arrow F12 (of F11) and the flow
rate V13 at the lubricant passage indicafe;d by the'arrow F13.

[0068] For example, the sectional areé A15 of the lubricant outlet hole 136¢ and the
height H from the lubricant outlet hole 136¢ to the sealed slide surface 130a are set such
that the relation among the flow rafe V14, the sectional area A15, the height H, and the
flow rate coefficient Cf of the lubricant satisfies Inequality (1) shown below.

[0069]

Vi4<Cf-A15 gH) Q)

where \/— () is an operator indicating the square root of the value in the parentheses
and g represents the gravitational acceleration, The right side of Inequality (1) represents
the amount of lubricant that is discharged. via;the lubricant outlet hole 136¢ per unit time,
i.e., the flow rate V13,

[0070] Other structures in the third exemplary embodiment are the same as those in
the first exemplary embodiment. Accordl:ﬁg to the third exemplary embodiment, the
following advantageous effects can be obtained.

(1) By using the lubricant outlet hole 136 in place of the Iubricant-return holes 112d, it is
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possible to control the level of the lubricant surface Of of the lubricant stagnating
between the ring gear 112 and the outer race member 114 while preventing reverse flow
of the lubricant from the oil pan 136 side. Thus, the lubricant surface Of can be prevented
from being agitated by the outer race membeil14, and therefore prevents bubbling of
lubricant and production of sludge can be prevented.

[0071] Further, in the structure of the third exemplary embodiment, even when the
level of the lubricant surface Of is setfﬁelow the foregoing horizontal line, because the
lubricant is splashed from the -narrow - gap 'Bctween the outer race 130 and the
intermediate portion 112c of the ﬁﬁg gear',l‘l 2, which is indicated by the arrow Fi2 in
FIG. 9, the lubricant reaches, in the form of droplets, the slide-contact portion between
the seal rip 132a of the first oil sealing member 132 and the sealed slide surface 130a of
the outer race 130, so that the slide-contact portion is lubricated and cooled.

[0072] The present invention is not limited to the embodiments described above but
may be modified into the following alternative embodiments,

| While the lubricant-return holes are provided at the same phase intervals in each of the
exemplary embodiments described above, the lubricant-return holes may not be provided
at the same phase intervals. That is, even if the lubricant-return holes are not provided at
the same phase intervals, the .advantageous effect (4) that has been descried above in
connection with the first exemplary embodiment can be obtained by arranging the
positions of the respective lubri’cant-retur‘n holes such that any lubricant-return hole is not
located at a position that is point-symmetrical to another Jubricant-return hole about the
center of the ring gear. That is, forming an odd number of lubricant-return holes at the
same phase intervals in the intermediate portion of the ring gear provides an arrangement
of the Jubricant-return holes in which any lubricant-return hole is not located at a position
that is point-symmetrical to another lubricarit-return hole about the center of the ring gear,
Such an arrangement of the lubﬁcant—remrn holes can be obtained also by forming an
even number of lubricant-return holes at unéven intervals such that any lubricant-return
hole is not located at a position that is point-symmetrical to another lubri.cam-return hole

about the center of the ring gear.



WO 2007/105109 PCT/IB2007/001500

- 23

[0673] The same applies to the relation between the lubricant-return holes and the
openings formed in the spoke portion. That is, even when the lubricant-return holes are
provided at uneven intervals, the advantageous effect (5) that has been described above in
connection with the first exéﬁ:plary embodiment can be obtained by arranging the
positions of the lubricant-return holes and the positions of the openings of the spoke
portion such that the phase position of each lubricant-return hole does not overlap the
phase position of the portion of each 0péning in the spoke portion at which the radial
dimension of the same opening is maximum,

[0074] While the level of the lubﬁc‘ant‘surface Of is substantially aligned with the
horizontal line tangent to the lower sidé of thé sealed slide surface (i.e., the lowest
position level RL) in the first exemplary embodiment, if lubrication and ceoling of the
first oil sealing member are not directly performed by the lubricant surface Of, the level
of the lubricant surface Of may be set below the lowest position level RL.

[0075] For example, the level of the lubricant surface Of may be set below the
lowest position level RL in a structure in - which the lubricant is splashed from the narrow
gap between the outer race and the intermediate portion of the ring gear (i.e., the gap
indicated by the arrow F2, the gap indicated by the arrow F12) so that the lubricant -
reaches, in the form of droplets, the seal rip of the first oil sealing member and the sealed
slide surface of the outer race, as in the second and third exemplary embodiments.

[0076] While the outer periphery of the outer race member is the outer race of the
one-way clutch in each of the exemplary embodiments described above, if there is any
part or portion that protrudes outward from the outer periphery of the outer race member,
the structures in the respective exemplary embodiments may be designed by using the
horizontal line that is tangent to the protruding part or portion as the lowest position level
RL. Nevertheless, if the structural elements of the outer race member that are present on
the radially inner side of the outer race are significantly responsible for agitation of the
lubrication surféce Of, the lubricant surface Os-may be sét with respect to the outer
peripheral surface of the outer race, as it is in the respective exemplary embodiments

described above.



WO 2007/105109 PCT/IB2007/001500
- 24

[0077] In each of the exempla:y‘embodimenté, the outer race member may be
provided as a part of the flywheel (or the drive plate), rather than as an independent
member, That is, the flywheel (or the drive plate) and the outer race member may be
provided as a single component by forming a portion of the flywheel (or the drive plate)
as an outer race. In this case, the flywheel (or the drive plate) corresponds to the outer
race member.

[0078] While the invention" has bccn‘ ﬁesci*ibcd with reference to the example
embodiment thereof, it is to be understood. that the invention is not limited to the example
embodiment and construction. To the contrary, the invention is intended to cover various
modifications and equivalent arrangements. In addition, while the various elements of the
example embodiment are shown in various combinations and configurations, which are
exemplary, other combinations and COnﬁgurations, including more, less or only a single

element, are also within the sprit and scope of the invention.
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CLAIMS

1. A lubrication structure of a c'rénkin’g rotational force transmission mechanism for an
internal combustion engine, the cranking rotational force transmission mechanism having
an outer race member that is coupled with a rotational output shaft of the internal
combustion engine; a ring gear to which a rotational drive force is transmitted from a
starter motor and a portion of which faces the outer race member from the side of the
internal combustion engine; and a one-wziy'*ci_utgh that is provided in a position across
which the portion of the ring gear facés the outer race member and that transmits a
rotational force of the starter motor in one 'rotational‘d,irection from the ring gear to the
outer race member and interrupts transmission of a rotational force of the starter motor in
the other rotational direction from the ring gear to the outer race member, the lubrication
structure being characterized in that:

a sealing member is provided t0 oiliéeal'é gap between the ring gear and the outer race
member so that the one-way clutch is in an oii-seéled area in the internal combustion
engine side; and |

a lubricant-return hole is formed in a portion of the ring gear between a portion of the
ring gear at which the one-way clutch is provided and a portion of the ring gear at which
the sealing member is provided, the lubricant-return hole penetrating the ring gear from

one side to the other side.

2. The lubrication structure accorqing to claim 1, wherein

the lubricant-return hole is provided in plurality and the lubricant-return holes are
formed around a rotational axis of the ring gear, such that, at any rotational phase of the
ring gear, at least a part of one of thé lubﬁcant—retum holes is present below a horizontal

line that is drawn tangent to a lower side of an outer periphery of the outer race member.

3. The lubrication structure according to claim 1, wherein

the lubricant-return hole is provided in plurality and the lubricant-return holes are
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formed around a rotational axis of the ring gear, such that, at any rotational phase of the

ring gear, at least a part of one of the lubrlcant~return holes is present below a horizontal

line that is drawn tangent to a lower mde of an outer periphery of an outer race of the

one-way clutch.

4. The lubrication structure according to claim 2 or 3, wherein

an outermost peripheral portion of the outer race member forms an outer race of the
one-way clutch, and

an inner peripheral end of each of the lubricant-return holes is radially close to the

outer race of the one-way clutch.

5. The lubrication structure according to any one of claims 2 to 4, wherein
at least one of the position of each of the lubricant-return holes, the number of the
lubricant-return holes, and the shape of each ,of the lubncant—retum holes is set such that,
when the internal combustion cngme is ruhning in a steady manner, the level of a surface
!

of lubricant is below a level that is substantially aligned with a horizontal line that is

drawn tangent to a lower side of the outer periphery of the outer race member,

6. The lubrication structure according to any one of claims 2 to 4, wherein

the sealing member is slidably in contact with the outer periphery of an outer race of
the one-way clutch from the radially outer $idé df the outer race, the outer race being
formed with the outer race member, and

at least one of the position of each ofi the iubﬂcant—remm holes, the number of the
lubricant-return holes, and the shape of each of the lubricant-return holes is set such that,
when the internal combustion engine is running in a steady manner, the level of a surface
of lubricant is substantially aligned with a horizontal line that is drawn tangent to the

lower side of a slide-contact portion between the outer race and the sealing member.

7. The lubrication structure according to any one of claims 1 to 6, wherein
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the lubricant-return hole is provided in plurality, and the lubricant-return holes are

formed such that any two of the lubricant-return holes are not located in phase positions,

respectively, which are point-symmetrical to each other about the center of the ring gear.

8. The lubrication structure according to 'z’;.ny'yqn'e of claims 1 to 7, wherein

the ring gear has a spoke portion Wthh 1s provided on the radially outer side of the
sealing member and in which spokes and openings are alternately provided in the
peripheral direction of the ring gear, and |

' the phasé positions of t‘he lubricant-return holes are arranged so as not to overlap phase

positions at which the radial dimensions of the openings are maximum.

9. The lubrication structure accofding to any one of ciaims 1 to 8, wherein

a sectional area Al of a lubricant passage upstream of the one-way clutch, a sectional
area A2 of a lubricant passage downstream vof the one-way clutch, and a sectional area A3
of a lubricant passage in the lubricant-return hole are set such that A1 £ A2 < A3 is true at

any rotational phase of the ring gear.

10. The lubrication structure according to any -6ne of claims 1 td 8, further comprising a
wall which is provided on the side of an oil pan of thé internal combustion engine , the
wall having a lubricant outlet hole formed therein, wherein lubricant that has been
returned from the lubricant-return hole falls to the side of a lubricant storage of the oil
pan through the lubricant outlet hole, wherein

the lubricant outlet hole is shaped ,an’d_pdsitio’ned such that, when the internal
combustion engine is running in a‘"steatii'y"manner, the level of a surfé\ce of lubricant
stagnating between the ring gear and the outer race hember does not exceed a hérizontal
line that is drawn tangent to the lower side of the outer periphery of the outer race

member,

11. The lubrication structure according to claim 10, wherein
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Vid<Cf- AIS\/_ (2gH) istrue where V14 is-a flow rate of lubricant flowing to the
lubricant outlet hole, A15 is the sectional area of a lubricant passage in the lubricant
outlet hole, H is the height from th¢ lubrit:qnt outlet hole to a sealed slide surface of the
sealing member at which the sealing. memblar slidably contacts the outer race member, g

is a gravitational acceleration, and ¢f is a flow rate coefficient of lubricant,
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