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(57) Abstract: A fitting clearance (102) of a relief valve (58) functions as an air bleeding oritice. When a discharge pressure (Pe)
reaches a relief pressure (Per) so that the relief valve (58) turns into a relief state, a spool (100) is moved so as to limit flow-out of
hydraulic oil (40) through the fitting clearance (102). As a result, generation of air trapping is suppressed by air bleeding function of
the relief valve (58) in a closed state. Air in a discharge oil passage (52) is discharged quickly in the initial period of the startup of an
electric oil pump (32), thereby improving rise-up of discharge pressure (Pe). During normal pump operation in which the relief valve
(58) is held in a relief state, pressure loss due to flow out of the hydraulic oil (40) from the fitting clearance (102) is suppressed and
consequently, an electric oil pump (32) having substantially the same discharge performance as conventionally can be used.
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HYDRAULIC CIRCUIT FOR POWER TRANSMISSION DEVICE OF VEHICLE

| BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a khydrau‘li'c circuit for a poWer
fransmission device of a s/ehicle and mbra particularly, :to improvement of the hydraulic
circuit in which a discharge oil passage of an oil pump thereof is provided with an air

bleeding orifice.

2. Déscriptibn of Related Art
| [0002] There has been known a hydraulic cir.cuit“of a power transmission device

for a vehicle which includes (a) an oil pump for use as.a hydraulic pressure source of .
hydraulic oil for actuating a.hydraulic actuator of the power transmission device for the

vehicle and (b) an air bleeding orifice which is. prov.ided SO as to communicate with the

discharge oil passage of the oil pump and discharge air in the discharge oil passage.

Because hydraulic oil in the power transmission device is geaerally used as lubricant also,
air is'mixed dufing stirring at the time of lubrication. In addition, when the hydraulic oil

is returned to an oil tank and used repeatedly, air trapping occurs in an intake oil passage

and the diScharge oil passage in the per1;0,d of \p.ump stop. Because this can obstruct

rise-up of discharge pressuré (oii pressure inside the discharge oil passage) at the initjal

period‘of the pump startup, an air bleeding orifice is provided to suppress occurrence of

.aif trapping and at the same fime, allow air to be discharged quickly at the initial period

of the pump startup. In case ;)vhere a mechanical pump and an electric oil pump are

provided as oil pumps, there is a fear_that at the time of the startup of the oil pamps, the

rise-up of -th'e discharge pressure may be délayed due to air in the oil passages thereby

causing-a shock or the like due to t:he operation delay of the hydraulic actuath of the

power transmission device such as a gear ratia transmission. Thus, Japanese Patent

Application Publication No. 2007-113640 (JP 2007-113640 A) has pioposed provision of

CONFIRMATION COPY
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an air bleeding orifice in the discharge oil passage of the mechanical oil pump or the

discharge oil passage of the electric oil pump.

SUMMARY OF THE INVENTION
[0003] | However, such provision ef the air bleeding orifice in the discharge oil
passage of the oil pump allows hydraulic oil to flow out from the air bleeding orifice even
during normal pump bperation thereby causing a pressure loss. Thus, ‘the discharge
performance of the 011 pump must be increased by a correspondmg amount, so that the
size of the 011 pump is 1ncreased thereby deteriorating mountablllty and fuel efflclency
cand i mcreasmg manufacturmg cost. |

[0004] The present. inventien provides a pump which suppresses the pressure

loss during normal pump operation in case where the air bleeding orifice is provided on |

the discharge oil passage of the oil pump and has substantialiy the same discharge
performance as conventionally. |

[0005]  An aspect of the present invention relates to a hydraulic circuit for a
power transmission device of a vehicle. " The hydraulic circuit includes ah oil pump, a
“discharge oil passage, -an orifice; and an orifice switching-device. - The -oil pump is a
hydraulic pressure source of hydraulie oil. The oil pump is configured to actua/te a
hydraulic actuator of the. power transmission -device. The discharge oil pasvsage is
conflgured to communicate with the 011 pump. The dlscharge oil passage includes an
0r1flCC "The orifice is configured to commumcate with the discharge oil passage and
_discharge air in the discharge oil passage. ... The orifice switching device is configured to
lir‘nifv the discharge function of the orifice when the discharge pressure in the discharge oil
passage rises and reaches a set bressure. |

[0006] = Because such a hydraulic circuit for the power transmission device bf a
vehicle includes an orifice switching device Which limits the discharge fuﬁeti'on of the air
bleeding orifice when the discharge pressure in the discharge oil passage reaches the
predetermined set pressure, generation of air trapping is suppressed by the air bleeding

orifice and at the same time, air in the discharge oil passage is discharged quickly in the
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initial period of the pump startup thereby irhproving the rise-up of the hydraulic pressufe.
During normal pump operation in which the discharge pressure is equal to or higher than
a set pressuré, the .discharge fuhction of the air bleeding orifice is limited so that pressure
‘loss due to flow-out of hydraulic oil is suppressed, and thus, the oil- pump having
substantially the same discharge performance as conventionally can be used. | That is,
while avoiding deterioration in mountability of the electric oil pump onto a vehicle and in
fuel efficienCy due to an increased size .thereof and increase of manufacturing cost, the
rise-up performance of the discharge pressure can be ‘improved by méans of the air
bleeding orifice.

[0007] In the above-described hydraulic circuit, the discharge oil paésage may
be provided with a relief valve including the orifice swit;:hing device. The relief valve
may be configured to relieve hydraulic oil in the discharge oil passage when the
discharge pressure reaches a predetermined relief pressure. The‘set pressure may be
equal to or lower than the relief pressure.

[0008] Because the set pressure of the bfifice switching device is equal to'or

“lower than the relic:_f pressure when the discharge oil passage is provided with the relief
valve, air is discharged quickly through-the air =b‘leeding“orifice‘in the initial-period of the
startup of the oil pump before the relief pressure is reached, so that the discharge pressure
rises up to the relief pressure quickly. On the other hand, during the normal pump
operation in which the discharge pressure reaches the relief pressure so that the relief
valve is turned into the relief state, the discharge function of the air bleeding orifice is
limited by the. orifice switching device. . As.a result, pressure loss due.to flow-out of
hydraulic oil through the air bleeding orifice is Suppressed and thus, aﬁ oil pump having
svubs‘tantially the same discharge performance as conventionally can be adopted.

.1[0009] . In the above-described hydraulic circuit, the relief valve may include a
valve body, a spool, and an urging member. The orifice switching device may be the
spool and the urging member. The valve body may include a cylindrical hole, an intake
bort and a discharge port. The intake port may be provided at an end portibn in the axial

direction ‘of the cylindrical hole so as to communicate the. cylindrical hole with the



WO 2015/049564 PCT/IB2014/001931

4

discharge oil paissage. The discharge port may be provided at an intermediale portion in
the axial direction of the cylindrical hole so as to cornmunicate with the cylindrical hole.
The spool may be fitte(i to the cylindrical hole so as to be rnov_able:in the axial direction
within the cylindrical hole in the valve body. The spool may“be configurecl to be turned
into a closed state in which the spool is pnshed up to the end portion with the urging force
of the urging member so as to. intercept a communication between the intake port and the‘
discharge port. The spool is configured to be turned into a relief state in which when
hydraulic pressure in the discharge oil passage reaches the relief pressure,' the_‘s}pool is
retreated to a relief position ‘communicating the inlake‘ port with the discharge port

through the cylindrical hole while resisting the urging force of the urging member. The

orifice may be provided on the spool so‘ as to discharge 'air_from the intake_port to the

discharge port in the closed state. The orifice may be configured to limit discharge of

air when the spool is retreated up to the relief position.

[0010] 'The ’ab‘bve-described relief valve is a spool valve having the spool and
the spool is proi/ided with the air bleeding orifice. That is, the air l)le.eding orifice and
the orifice switching vdevice are constructed integrally with the relief valve, thereby
*‘constitutin'g‘the' h'ydraulic*circuit easily; at a'fow cost and with a compact structure.

- [0011] In the above-describe»d hydrahlic circuit, the orifice may be an annular
clearance iwhich is defined between the internal circumferential surface of the cylindrical
hcle and the external circumferenlial surface of the spool. 1In the closed state, a
communication passage for air bleeding may be pro}vided‘ between the valve body

..provided. with the intake port and the end portion of the spool.sc.as to. communicate the
clearance with the intake port. -

[0012] Because the fitting clearance between the internal circumferential surface
of the cylindrical liole of the relief valve aind the external 'circumferential surface of the -
spool functions as an air bleeding orifice and therefore, nlo large-scale design change of -
the.relief valve is required. Only by changing the diameter dimension thereof,'the
clearance can be regulated easily to obtain a predetermined éir_bleeding performance |

while securing sealing performance of the hydraulic oil.
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[0013] In the above-described hydraulic cfrcuit, the communication passage
may include an annular groove and a rugged portion. An end portion of the spool may
. be ‘the small-\dia'metevr pdrtion having a smaller diameter than the other portions of the
spool. The annular groove may be located at an outside of the small-diameter portion in
a ‘radial difection. The annular groove may be continuous with the clearance. The
" annular groove may be defined between the cylindrical hole and the spoozl. The rugged
portion may be provided on an end face of an end portion side of the spool so as to
communicate the annular groove with the intake port in the closed state.

[0014]  The air bleeding communication passage which communicates the fitting
clearance with the intake port is constituted of the annular groové provided on thé end
portion of the sp‘ool and the rugged portion provided on the end face of the spool. . Thus,
in the closed state of the relief valve, hydraulic oil containing air in the dis;:harge oil
passage flows into the annular fitting clearance smoothly through the annular groove
from the rugged po;tion, so that the fitting clearance functions as the air bleeding orifice
properly. |

[0015] In the above-described hydraulic circuit, hydraulic oil discharged from
~the- orifice ‘together with air 'inay“ be-returned “to “an” oil tankdirectly or through a
lubrication portion.

_[0016] The hydraulic oil coﬁtaining a large amount of air dischargcd from the
air bleeding orifice in the initial period of the startup of the oil pump is returned to the oil
tank, .thereby further imprbving the startup performance of the discharge pressure.' In
..case where the air bleeding orifice.is.incorpdrated, in the relief valve as.meﬁtioned in the
third invention to thé fifth invention, for example, the hydraulic oil diséharged from the
discharge port of the relief valve may be returned to the intake oil passage of the oil
pump in order to reduce load of the oil pump. However, when the Hydraulic oil
containing a large amount of air dilscharged through the fitting clearance in the initial
period of the starfup of the pump is returned from the air bleeding orifice to the intake oil
passage and then, it absorbs air again and is discharged to the discharge oil passage. As

a result, the rise-up performance of the discharge pressure is hampered.
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[0017] In the above-deséfibed hydraulic circuit, the orifice may be disposed
‘abo've‘ the discharge oil passage so as to communicate with a top portion of the discharge
oil pa’ssage. The “above” or “top portion” means “above” or “top portion” in the
perpendicular direction when a vehicle is held in the horizbntal posture and they do not
have to be just ‘above but may be obliquel)-/ above. In a word, when air mixed in the
hydraulic oil rises due to buoyancy, they mny be in any direction as long as it can rise.
[0018] Because the air bleeding orifice is disposed above the discharge oil
passage and communicates with the top portion of the discharge oil passage, air in the
discharge oil passage is discharged more quickly fhrough the air bleeding orifice. That
is, air is likely to be trapped at unper portions and the air trapping is likely to be
generated ata portion which cornmunicates with the air bleeding orifice. Thus, with a
startup of the pump, the air trapping is discharged quickly through the air bleeding orifice.
Further, even in the period of pump stop, air is raised by vibration or the like of the
vehicle so that it is discharged through the air bleeding erifice properl\y.
[0019]  In the above-described hydranlic circuit, the oil pump m‘a'.'y be an electric |
oil pump. ‘The hydraulic circuit may include a mechanical oil pump. The mechanical
-oil” pump  may-be configured "'tO"be' driven by an-internal- combustion ‘engine that is-a
driving power source for traveling of the vehicle. The discharge oil passage of the
electric oil pump may be connected to an oil passage communicating with the mechanical
oil pump at a connecting point. A check valve may be configured to permit distribution

| of hydraulic oil to theiconnecting‘ point side and block the distribution.ofvhyc‘iraulic oil to |

,,the:.electric. oil pump side. . The check valve. may be .disposed..on. the discharge oil
passage between the connecting point and the electric oil pump. The orifice -may
commun;’cate with the discharge oii passage between the electric oil pump and the check
valve. ‘ | |

[0020]  In case where, in addition to the electric oil pump provided with the air
‘bleeding orifice, the mechanical oil pump is provided in parallel thereto, the check Valve

is I.)roxr/ided between the connecting poinf of the both discharge oil passages and the

electric oil pump and the air bleeding orifice communicates between the check valve and
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the electric oil pump. - A$ a result, air is discharged through the air bleeding orifice |
before the check valve thereby stabilizing the Valve. opening characteristic of the check

valve. -

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]-  Features, advaﬁtages, and technical and industrial significance of
exemplary embodimer‘ltsiof the inv.enfidn will be described below with reference to the
accompanying dfawings, iﬁ which like numerals denote like elemenfs, and wherein:

FIG. 1 is a diagram for explaining a schematic structure of a \}ehicle provided with a
hydraulic circuit'aécording to an émbodimen( of the pfesent invention; |
| FIG. 2 is a diagram showing a section of a relief valve provided in the hydraulic
circuit of FIG. 1 with a hydraulic éircuit of a hydraulic préssure source portion; ’
| FIG. 3 is a perspective view showing a sonl of the relief Vaive of FIG. 2
independently; - |
FIG. 4isa sectional view showing a relief stéte of the relief valve of FIG. 2;

FIG. 5 is a hydraulic circuit diag.ram'in éése where the relief valve of FIG. 2
’-‘functi'onS"'as amrair bleeding orifice when "it is*iI; aclosed state;”

FIG. 6. is an e)%ample of a time chart showing changes_"in rotational speed of an
engine an'd-discharge pressure when an electric oil pﬁmp is actuated with an ehgine stop
Ofa vehicle of FIG. 1;

FIG.7is a secti(‘)n.al view showing another example of the relief valve for use in the
-hydraulic circuit of FIG. 1; |

FIG. 8 is a perspec‘tiv‘é view showing a spool of the‘ relief valve of FIG. 7
independently; |

FIG. 9 is a sectional view showing still another example of the felief valve for use
" in the hydraulic circuit of FIG. 1; |

FIG. 10 is a sectional view showing a relief state of the relief valx)e of FIG. 9;
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FIG. 11 is a diagram for explaining still further embodiment of the present
invention, which is a hydraulic circuit diagram of a Vhydraulic pressure source portion
including the air bleeding orifice; and | |
FIG. 12 is a diagram for explaining still further embodiment of the present in§¢ntion
or a hydraulic pressure diagfam in case where the air bleeding orifice is connected to the

discharge oil passage of the mechanical oil pump.

DETAILED DESCRIPTION OF EMBODIMENTS

[0022] The présent invention can be applied to a hydraulic circuit’ of a power
transmission device for various vehicles such Kas an engine-driven vehicle having only an
internal combustion engine as its traveling power source, a\ hybrid §éhicle having the
vint'ernal combus'tion‘éngine and an electric motor, and an electric vehicle having only an
| electrié motor. The power transmission device for the vehicle includes, for exaniple, a
belt type continuously variable transmission in which belt -compréssioh force or
transmission gear ratio is controlled by a hydraulic actuator,‘ stepped automatic variable
transmission containing a plurality of friction engagin'g units (clutch, brake) which are
~engaged B‘y 'e‘a'ch'of*hydraulié actuators to*switéh' ‘a'pl.uralityfof gear positions each having
é different trarllsmissilon gear raﬁo, and- a forward/backward vswitching device for
switching forward/backward traveling by means of a friction engaging unit (clutch,
bréke) which is engaged by the hydraulic actuator. Hydraulic oil output from én_ oil
pump is used for operating those hydraulic actuators a.nd also a>s lubricant for lubricating
. meshing parts and the like of a bearing porﬁon‘ and gears. With air mixed by stirrfng :
upon lubrication,vthe hydraulic oil is returned to the oil tank and then, pumped u'p by the

oil pump for repeated use. ' |
[0023] For a vehicle including a méchanical oil pump which is driven by an
internal coinbustion engine used as a traveling power source as weli as an electric oil
pump and further having an idling stop “control -means for stopping the internal
combustion engine wheﬁ the vehicle is stopped, the present invention is preferably'

applied to its hydraulic circuit which, when the idling stop control is executed, outputs a



WO 2015/049564 PCT/IB2014/001931

9

hydrauiic pfessure (standby pressure or the like) through the electric oil pumpﬂin order to
prevent power transmission of its power transmission device from being deteriorated due
to a shortage of the hjdraulic pressure of the hydraulic actuator when the idling stop
control is released by oil retreat accompanied by a stop of the mechanical oil pump.
The preé-ent-in;/ention can be executed in various ’aspects. For example, although the
hydraulié pressure may be supplied by the ‘electric‘ oil pﬁmp in the period of the idling
“stop control; the electric oil pump may be actuated to supply the hydraulic pressuré
quickly when the idling stop control is released because the response of the electric oil
pump is excellent. As well as upon the idling stop control, the present invention can be
~ applied to also a vehicle having economic run control ﬁleans for stopping the intérnal
cbmbustionvengine at the time of inertia traveling with an accelerator OFF or decelerated
traveling. In the mean tirhc, the present invention can be applied to élso a hydraulic
circuit of a poWer transmission device for a vehicle having no mechanical oil pump. A
discharge oil passage of the mech'anical oil pump may be provided with an air bleeding
orifice. The present invention can be applied to such a hyd/ra'ulic circuit.

[0024] A set preésure_ for limiting the discharge function of the air bleeding
--orifice'by means'of an-orifice-switching device is-determined appropriately dépending on
a usage condition of the oil pump or the like in order to limit the dischargé function of the
air bleeding orifice at the time of normal oil pump operation, foir example, when the relief
valve is turned into a relief state. ~ Although the set pressuré may bevcor‘lstant, it can be
éet variable to open/close the oil passage by means of an on/off valve or the like by
~.detecting..the outlet. pressufe.through.,a hydraulic sensor or the like. . Although the
limitation of the discharge function can be performed byi disabling the discharge function
by ‘shutting down a flow of hydraulic oil passing the air bleeding orifice with the on/off
valve or the like, distribution of the hydraulic oil may be limitéd by increasing passage
resistance by pfolonging the air bleeding orifice or reducing the passage sectional area.

[0025] According to an ‘a'sApect of the present invention, -a circular fittihg |
\clearanc‘e befween the internal circumferential surface of a cylindrical hole and the

external circumferential surface of a spool functions as an air bleeding orifice. If the air
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bleeding is» enabled by reducing only the diameter dimension of the spool with the
internal circumferential surface of the cylindrical‘ hole kept as it is compared to a
conventional product, the conventional oil pump can be used as it is with the hydraulic
characteristic in' the relief condition kept the same as conventionally. In a closed
conditiorn,v it can be .ihade to function as an air bleeding orifice. In the aspect of thé
present invention, a communication hole for air bleeding which communicates an intake
port with a discharge port in the closed state so as to enable the air bleeding may be also
‘provided in the spool. In the aspect of the presentv invention, for example, it is
permissible to provide an air bleeding orifice in parallel. to the relief valve while the
on/off valve is connected in series to the air bleeding orifice so that whén the hydraulic
pressure exceeds a set press;ure, the on/off valve is closed‘ to disable the discharge
.fun'ction of the air bleeding orifice. .

[0026] In the relief ‘valve, its relief pressure is determined by an urging force of
an u\rging means. For example, to relieve the hydraulic oil with a predetermined
_constant relief pressure, the urgiﬁg means is constituted of a coil spring or the ﬁke. It is
aléo permissible to adopt a relief valve capable of controllih'g a relief pressure electrically
‘by-urging “the ’spooi‘f\xfith’a solenoid -or by urging'the"’spool' with-a signal hydraulic -
pfessure regulated with a pressurqregulating valve.

[0027] In the aspect of the present invention, the aif blxeeding orifice is disposed
above a discharge oil paSsage. If the air bleeding orifice is provided in the spool of the
relief valve,‘it is preferred to be di‘sposed so that an intake port is positioned at a down
_position in the up-down direction in such a.posture that ihe center line of the relief valve
is along the up-down direction. It doeé not have to be completely in the up-down
“direction but may be inclined. Although a"check valve is used in the aspect of the
present invention, instead of the check valve, it is permissible to provide an
electfomagnetic 6n/off valve and open/close the oil pas‘sage electrically with a
predetermined timing. |

| [0028] Hereinafter, an embodiment of the present inventioh will be described in

detail with reference to the drawihgs. FIG. 1 is a diagram for explaining a schematic
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| structure of a vehicle provided with a hydraulic‘circui.t 10 according to an embodiment of
‘the present invention. An output of an engine 12 which is an internal cgmbhstion
engine as _é traveling driving power source is transmitted from a power transmission
device 14 to right and left drive wheels 18 through é differential gear unit 16. In the
present embodiment, | the power transmission device -14 includes a belt-typé
continuously-variable transmission in which, belt compression force or transmission gear
ratio is controlled by .a hydraulic actuator (hydraulic cylinder), a forward/backward
'switching'device for switching forward/backward traveling by means of a h};drauli‘c
actuator (ciutch, brake). The aforementioned hydraulic circuit 10 is constituted so as to
fnclude a hydraulic operation control unit 20 which contains the hydraulié actuator,
hydraulic éontrol valve, electromagnetic switching valve and the like. Part of hydraglic
oil 40 supplied to the 'hydraulic operatibn control unit 20 is used as lubricant, which
lubricates each seétion of the power trén‘smissjon device 14 and is returned to an oil pan
48 through a distribution oil passage (not shown). The oil pan 48 is equivalent to an oil
tank. - ‘
[0029] The hydraulic circuit 10 includes the mechanical oil pump 30 and the
~electric-oil pump 32, and the mechanical-oilpump-30 is:connected mechanically' to the-
engine 12 so that it is. rotationally drivén mechanically. On the other hénd, iﬁ the
électric oil pump 32, its pump 34 is rotationally driven only in an arbitrary period at an
arbitrary timing by an electric motor 36. The mechanical oil pump 30 and the electric
v(iil pump 32 are provided with a qommon intake port (strainer)v42, which is connected to
intake..oil passages 44, 46 which .are branched .at.a branch point 43 located halfway.
Hydraulic 0il 40 returned to an oil pan 48 provided at the bottom of a transmission case is
pumped up through the intake port 42 and discharged to the discharge oil passages 50, 52.
The discharge oil passages 50, 52 are connectéd fo each .other;at a connecting point 54 to
supply ihe ‘hydraulic oil 40 fo ;the hydraulic operation control unit 20. The output
performance of the mechanical oil pump 30 is sufficiently higher than the electric oil -
pump 32. The discharge oil passage 52 is provicied with a check valve 56 for preventing

the hydrauli_é oil 40 discharged from the mechanical oil pump 30 from flowing into the
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electric oil pump 32 side. Further, a relief valve 58 whiéh; when a diacharge pressure
Pe which is a hydraulic pressure in the discharge oil passage 52 is equal to or higher than
a predetermined relief pressure Per, relieves the hydraulic oil 40 in the discharge oil |
passage 52 to a drain oil passage 60 and returns it to the oil pan 48 is provided between

the check valve 56 and the electric oil pump 32 \ |
[0030] FIG. 2 is a circuit diagram illustrating the structure of the
aforementioned relief valv_e 58 with its sectional view to explain it specifically. The
relief valve 58 is a spool valve which includes a valve body 80 having a cylindrical hole
82 and .a‘spool 100 which is fitted into -the cylindrical hole 82 movably in the axial
~direction and is disposed in a pdsture in which vit>s center line is substantially aiong the
up-_dowﬁ direction of a vehicle. The valve 'body. SQ includes a first member 84
containing the cylindrical ho_lé 82 and a second member 86 containing a through hole 88
which functions as a part bf the discharge oil passage 52. The second member 86 is
fixed integrally on the Bottom end of the first member 84 such that the through hole 88 is
substantially in a horizontal posture. _Thercyli'nd'rical hole 82 is open at the bottom end
of the first membér 84 and the second member 86 has an intake port 90 having a smaller
'fdiam’etcr than the cylindrical hole 82, the intake-port-90- being: provided in a-wall portion
‘of the top side of the through hole 88 such that it is substantially co‘axial with ‘the
cylindrical hole 82. The discharge oil passage 52 communicates with the cylindrical
hole 82 through the intake port 90. - The bottom eﬁd_ portion of the ‘c.yli.ndrical hole 82
communicating with the intake port 90 is equivalent to an end portion thereof ih the axial
- direction. . In the first member 84, a dischar‘.ge.aport.92 is provided at an.intermediate

portion in the axial direction of the cylindrical hole 82. | \
[0031] The communication vbetween the intake port 90 and the discharge port 92
is achieved and shut down by the spool 100. The spool 100 is urged downward with a
constant urging force which is predet‘ermined by a compression coil spring 110 as an
urging means. When the bottom end portion thereof contacts the second member 86 as
show in FIG. 2, the spool 100 is in a closed state of shutting down the communication

between the intake port 90 and the discharge port 92. On the other hand, if the
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discharge pressure P‘e in the discharge oil passage 52 reaches the relief pressure Per,'the
spool 100 is retreated upward resisting the urging‘force of _the' compression coil spring
110. As a result, as shown in FIG. 4 the relief sfate is attained so that the intake port 90
and the dlscharge port 92 communicates with each other through thc cyhndrlcal hole 82.
Then the hydrauhc oil 40 in the dlscharge oil passage 52 is returned from the relief valve
58 to the oil pan 48 thrqugh the drain oil passage 60. As a consequence, the discharge
pressure Pe in the discharge oil passage 52, further a hydraulic pressuré supplied froﬁ1_th¢
discharge oil passage 52 to the hydraulic operatioﬁ control unit 20 through the check
valve 56 is held at the relief pressure Per or more. In the mean time, instead of the
compression coil spring 110, other urging means may be used, for example, by urging the
spool 100 w1th a solenoid together with the compressmn coil sprmg 110 or urging the
spool 100 with a 51gnal oil pressure regulated by a pressure regulatmg valve.

[0032] A circular fitting clearance 102 between the e‘xternal circumferential
surface of the sp001.100 and the internal circumferential surface of the cylindrical hole 82,
is set relatively larger than‘conven.tionally bS/ reducing the outside diameter of the spool
100, so that in the above-described closed state, it functions as an air bleeding 'orificevfor

~discharging air from the intake port"90"t01he‘discharge“p’ort 92 ~That is; td discharge air
mixed in the hydfaulic oil 40 while suppréssing flow out of the hydréulic oil 40, a
difference in dimension between the outside diameter of the spool 100 and the inside
diameter of the cylindrical hole 82 is set to an appropriate vaiue in a range of for example,
10 to 150 um through experiments by éonsidering a height dimens‘iOn (length of the
fitting clearance 102) from the bottom end of the cylindricél.hole:82aup:t(_) the discharge
~port 92 and the like. | As evidentl from the pérspective view of F.IG. 3 indicating the
spool 100 independently, a small-diameter portion 103 is p‘rovided at the bottom end of
the spool 100 so that in the closed state, an aﬁnular grobvé 104 is formed relative to the
éylindrical hole 82. A slit (groove) 106 is provided on an end face of the small-diameter
portion 103 in a direction perpendicular to the axis. As a result, in the closed state, the
fitting clearance 102 communicates with the intake port 90 so that the fitting clearance

102 functions as an air bleeding orifice properly. The slit 106 is equivalent to an uneven
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part provided on the end face of an end portion side of the spobl 100 configured to
communicate the . annular groove 104 with the intake port 90 and an air bleeding
communiéation passage 108 is constituted of the annular groove 104 and the slit 106.
FIG. 5 is a hydraulic circuit diagram inlcase» where the relief valve 58 functions as an air
bleeding orifice when it is in the closed s‘tate;

o [0(_)33] On the other hand, in the relief state shown in FIG. 4, the intake port 90
communicates with the dischérge port 92 through the cylindrical hole 82, so that thé
hydraulic o0il 40 in the discharge oil pass‘age 52 flows out directly to the discharge port 92
from th'{:v intake port 90 through the cylindrical hole 8\2. * Thus, the 'fittin'g clearance 102
ié disabled from’ fuhctioning as the air bleeding orifice properly. Although there is a
possibility that part of the hydraulic oil 40 may flow out upward of the cylindrical hole 82
through the fitting clearance 102, because the length dimension of the f@tting clearance
102 above the diécharge port 92 is larger than the length dimension from'fhe bottom end
to the discharge port 92 in lthe closed ‘étate, distribui‘i'onb resistance increases by a
corresponding éi’fnounttthereby limiting the ﬂoW—OI‘Jt. That is‘,‘ although the fitting
clearance 102 functions as the .air bleeding orifi;c» in‘tht'z closed state, the spool 100 is

-retreated-resisting the urging force of the-compression coil- spriﬁg"l"l‘(} in the relief state. -
Conse’quently, flow-out of the hydraulic oil 40 from the fitting clearance 102 ié limited
thereby allowing the electric oil pump 32 having 'sﬁbstan'tially. equivalent discharge
performance as coﬁventionally to be used. Iﬁ the present embodiment, when the
discharge pressure Pe r'eachés the predetermined set pressure, the spool 100. and.the
-compression coil.spr.ing..110...function,‘ as .an orifice switching device which limits the
dischargé function of the air bleeding orifice, and the relief pressure Per which retreats‘
the spool 100 is the set pfcssure.‘

[0034]  Returning to FIG. 1, a vehicle having such a hydraulic circuit 10 includes
| a vehicle control ECU (electfonic control unif) 70 and a pump control ECU 74. Each of
the vehicle control ECU 70 and the pump control ECU 74 is constituted of a
microcomputer and - performs a pfedeterminqd' signal processing according to a

preliminarily determined program in a ROM while uSin'g a temporary' storage function
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such as a RAM. The \./ehicle control ECU 70 executes output control of the engine 12
corresponding to an accelerator operation amount or the like and speed control of the
powef transmission device 14 corresponding to the accelerator operation amount, vehicle
velocity and the like. "A‘necessary sigﬁal is supplied from an accelerator operation
amount sensor or a vehicle Vélocity sensor (not shown) or the like.

[0035] ' The Véhicle contfol ECU 70 has functions for executing idling s;op
control and economic run control. ~ Upon executing those controls, the engine 12 is
automatically stopped by an engine automatic stop means 72. The pump control ECU
74 has an engine stop time hydraulic pressure v01‘1tput means 76 as a funCtiZon. When the
engine 12 is automatically stopped, the engine stop time hydraﬁlic pressure output means
76 rotationally drives the electric motor 36 through a motor driver 38 to oﬁtput hydraulic
pressure ‘fro:m the electric oil pump 32. By supplying the hydraulic pressure to the
hydraulic operation control unit 20, the power transmission performance of the power
transmission device 14 is prévented from being deteriorated due to ‘a shortage in
hydraulic pressure when the idling stop control or the economic run control is released.
That is, wheh the cn\gine 12 is stopped, the mechanical éil pump 30 is also stoﬁped
- correspondingly so-that-the "hydrauliC"'pre'ssure;of the’hydraulicoperation" control unit 20
is reduced due to the oil rétreat. When the engine 12 is driveh with restart of
reacceleration, the hyd_réulic pressure is output from the mechanical oil pump- 30.
However, if no sufficient hydraulic pressure is supplied to the hydraulic operation cbntrol
unit 20 due to a delay in rise-up of the hydraﬁlic pressure, there is a possibility that the
- friction engaging unit.of the power transmission. device .1.4~,mayj.be slipped or a shbck
- may occur duev to a delay in engagement. Cdrrespondirig to this, if hydraulic pres‘sure’ is
‘supplied from the electric oil pump 32 at the time of an engine stop to éupplement a

shortage in hydraulic pressure due to the oil rétreat, a sufficient hydraulic pressure can be
genératéd quickly' with a restért of the operation of the‘_engine 12 thereby actuating the
power ;[rans,mission device 14 properly.. | | | .

[0036] Fur’;her, in the present embbdiment, because the fitting clearance 102 of

the relief valve 58 functions as the air bleeding orifice, when the electric oil pump 32 is
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started to supply hydraulig pressure to the hydfaulic operation control unit 20 at the time
of engine étop, the discharge pressure Pe can be raised quickly as iﬁdicated with a solid
line in FIG. 6.. In 'the present invention, because the hydraulic oil 40 is used as lubricant,
fine air (air bubble) is mixed in the hydraulic oil 40 due to stirring upon lubrication.
Because the hydraulic oil 40 is returned to the oil pan 48 and used repeatedly, there is a
possibility thaf the rise-up of the discharge pressure Pe may be delayed by existence of
the air as indicated with a dotted line in FIG. 6 when the electric oil pump 32 is started.
However, because the relief valve 58 functions as the air bleeding‘ orifice, genefation of
air trapping is suppresse}d,‘ and furthe_f, air is discharged quickly ,in- the initial period of the
startup of the electric oil pump 32, so that theAdischarge pressure Pe is raised quickly. -
That is, during a stop of the electric oil pump 32, air in the hydraulic oil 40 is moved as
indicated by a dotted line in FIG. 5, for exambl_el As a result, the air trapping occurs at
the intake port 90 and the like of the relief valve 58 and with a start of the electric oil
pump 32, the air is discharged qui‘c.kl_y through the fitting clearance 102. Also, even
during a stop of the electric oil pump 32,‘a-pa‘rt of the air is discharged through the fitting
clearance 102 due to vibration of the-vehicle or the like thereby suppressing generation of
“the air‘trappiﬁ'g.' “Asa ’consequénce,’the“disch'arge pressure Pe can be raised quiékly with ™
the start of the eleciric oil pump 32. Further, even if the accelerator pedal ispresséd
repeatedly in a short time after the engine 12 is stopped, the shortage of the hydraulic
pressure in the hydraulic operation control unit 20 is suppressed. Contrary to this, if no
air bleeding is executed, the air in the air'trapping- needs to be compressed and dispersed
finely when..the..disc‘harge ..pressure..Pe‘..is..,raised....A‘ Because. the ;change”ih hydraulic.
pressure is small during compreséion of air, the gradient of the rise-up of the discharge
pressure Pe is mild as indicated with a dotted liné in FIG. 6. A time tl in FIG. 6 is a
time when engine rotational speed Ne becomes equal to or lower than a predetermined
determination v‘alue/ so that a startup instruction of the electric oil pump 32 is output.

[0037] On the other hand, if the discharge pressure Pe reaches the relief pféssure
Per so that the hydrauli‘c oil 40 in the discharge oil passage 52 is relieved from the relief

valve 58 to the drain oil passage 60, the spool 100 of the relief valve 58 is retreated.  As
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a resuit, the fitting clearance 102 is disabled to function as the air bleeding orifice
properly. Thus, flow-out of the hydfaulic oil 40 through the fitting clearance 102 is
limited. Consequently, a predetermined discharge flow rate can be secured using the
.electric oil pump 32 having substantially the same discharge performance as

conventionally. | ’ |
[0038] In the hydraulic circuit 10 of the present embdldiment, the fitting
clearance ‘102 of the relief valve 58 functiohs as the air bleeding orifice. If the diScharge
pressure Pe in the discharge oil paésa‘ge 52 reaches .the relief preésure Per so that the
relief valve 58 is tﬁm‘ed into the relief state, the air bleeding function is limited by
movement_of the spool 100 thereby suppressfng flow-out 0f_ the hydraulic oil 40 from the -
fitting clearance 102. As a result, generation of the air trapping is épppressed by the air
bleeding function of the relief Qalve 58 in the closed state and air in ,fhe discharge oil
passage 52 is diScharged quickly in the initial period o.f thé startdp of the e}ectrié oil
pump 32. Then, the rise-up of the di'schalrge pressure Pe is improved. During normal
pump operation in which the discharge pressure Pe in the discharge oil paésage 52
reaches the. relief pressure Per so. that the relief valve 58 is held in the relief state,
““‘pressure‘l'oss*dIie"tO‘iﬂow out of the-hydraulic 0il 40 from-the air bleedingorifice (fitting -
clearance ‘102)A is‘ suppressed. | Thus, the electric oil pump 32 having substantially the
same discharge performancé as ‘conventionallly, can be used. That is, while avdiding
deterioration in mountability of the electric oil pump 32 onto‘ a vehicle and.in fuel
efficiency due to an increased size thereof and increase of manufacturing cost, the rise-up -
;perfo.rmancé of the dis,c_harge,pressureAP.e can.be .iﬁproved.by diScharging air through the

,fitting clearance 102 which functions as the air bleeding orifice.
[0039]  The relief valve 58 is a'spdol valve having the spool 100. The spool .
100 is formed ‘in 'a. small -diameter so as to provide the fitting cl’earanc'e 102 which
functioris as the vair bleeding orifice. Then, the spool 100 and the compression coil
Spring 110 function as an orifice switching device. Thaf is, the air bleeding orifice and
the orifice switching device are constructed integrally with the relief valve 58 theréby'

constituting the hydraulic circuit 10 easily, at a low cost and with a compact structure.
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[00401 Furthef, t_he fitting clearance 102 BetWeen the iﬁternal circﬁlﬂferential
surface of the cylindrical hole 82 of the relief valve 58 and the external circumferential
surface of the spool 100 \functions as an air bleeding orifice and therefore, no large-scale
design change of the. relief valve 58 is required. O‘nlyb t;y changing the diameter ‘
dimension thereof, the cleafance can be regulated (tuning) easily to obtain a
pred‘etérmined air bleeding performance while securing sealing performance of the
hydraulic ol 40. |
[0041] Further, the air .bleediﬂg communication passage 108 which
communicates the fitting clearance 102 with thé intake port 90 is constituted of the
“annular groove 104 provided oﬁ the bottom end vportion of the spool 100 and the slit 106
provided on the end face of the spool 100. .Thus, in the closed state of the relief Val\\/e ’
58, the hydraulic oil 40 containing air in the. discharge oil passage 52 flows into thé
annular fitting clearance 102 through the annular groove 104 from the slit 106, so that the
/fitting Ciearaﬁce 102 fuhctions as the air bleeding orifice properly. -, |
- t6042] * Further, tﬁe -hydraulic 0il 40 containing a large amount of air discharged
from Vthe air bleeding orifice (fitting clearance 102) in the initial period .of the startup of
-the-electric oil pump-32 is.;etﬁrned'directly'to the-oil pan 48 from the drain oil passage 60, |
thereby improvvving the startup perforrﬁance of the discharge pressure Pe. That is,
“although in the present embodiment, the fitting clearance 102 which functions as the air
bleeding orifice is provided in the relief valve 58, the hydraulic oil 40 discharged ffom
‘the discharge port 92 of the relief valve 58 is sometimes returned to the intake oil passage .
46 of the electric oil pump 32 in order to.reduce load of the.electric oil .pump' 32. . In that
case, the hydraulic oil 40 containing a Iarge a1‘110uht of air discharged thfough the fitting |
clearance 102 in the initial period of the startljp is returned to the intake oil péssage 46
and ther, .the hydraulic oil absorbs air again and is discharged to the discharge oil passage
52. Asa result,l the rise;up performa{hce of the dischérge pressure Pe is hampered.
[0043]  The relief valye Sé having a functi;on bf the air bleedi‘ng orifice is
disposed above the through hole 88 which functions asvthe discharge oil passége 52 so0 as

to attain communication with a upper portion of the through hole 88. Thus, air in the
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discharge oil passage 52 and the through hole 88 is discharged through the fitting
-clearance 102 furthér quickly. That is; air is likely ‘\to bé trapped at upper porﬁons z,md
the air trapping is likely to be generated at the intake port 9(). Thus, with a startup of the
electric oil pump 32, the air trapping is discharged through the fitting clearance 102
quickly. Further, during a stop of the electric oil pump 32; air fises due to vibration of a
vehicle as shown witﬁ a dotted line in FIG. 5 so that it is discharge appropriétely .throug‘h
the fitting clearance 102 of the relief valve 58. |
[0044] In addition to the electric oil pump 32, the mechanical oil pump 30 is
disbdéed in parallel thereto and the check valve 56 is provided between the connecting
point 54 of tﬁe discharge oil passages 50, 52 of both and the electric oil pump 32. The -
relief valve 58 having the function of the air bleeding orifice is adapteél to communicate
between the check valve 56 and the electric oil pump 32. »As a' result, air is discharged
from the air bleeding orifice (fitting clearance 102) before the check valve ‘56 thereby
stabilizing the valve opening characteristic of the check valve 56. |
| - [0045] Next, o'therv’embodimerits of the present invention will be described. In
‘the meantime, in a following embodiment, like reference numerals are attached to
~substantially -common-components "tO"'the’ -above=described -embodiment -and a detailed
description theréof is omitted. |
[0046] A rleief valve 120 shown in FIG. 7 is used instead of the aforementioned
relief valve 58 and equal to the relief valve 58 in that the fittihg clearance 102 is provided -
as the air bleeding orifice. However, as evident from a perspective view of FIG. 8 |
_illustrating the spool 100. .independe.ntly,a..protruded. row..122 is provided instéad of the
slit 106 on an end face of the small-diameter portion 103 of the spool 100 such that it
intersects with the axis.. The protruded row 122 is equivalent to the rugged portion and
its width dimension is sufficiently smaller than the diameter dimeﬁsion of the‘intlgtke port
90. When the protruded row 122 is brought into contact with the second member 86, a
communication passagé which éomrﬁunicates the intake port 90 with- the annul‘ar groove
104 is formed on both sides of the prbtruded‘row 122. The air bleeding communication

passage 124 which communicates the intake port 90 with the fitting clearance 102 is
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configured with the communication passage on both sides of the protruded row 122 and
the annular'groove 104. The present embodiment also can secure substantially the 'same.
operation and effect as the above-described embodfmént.

[0047] A relief valve 130 shown in FIG. 9 is also used instead of t'he\ ‘
aforementioned relief valve‘58 and a spool 132 which is fitted to the cyliﬁdrical hole 82
in the valve body 80 movably in the axial directidn is different. The spool 132 has a
larger diameter than’ the spool 100 and the fitting clearance relative to the internal
circumferential Surface of the cylindrical hole 82 is smaller than the fitting clearance 102
of the above-described embodiment and does not functioﬁ as the ai.r bleeding orifiée.
Instead, a communication hole 134 is provided in the spooi 132. The communication
hole 134 functions as the air bleeding orifice and the diameter of the vhole, that is, the
passage sectibnal afea and length thereof are determined appropriately so as to enable the
air bleeding while supp\ressing a flow-out of the hydréulic oil 40. An end of the
communication hole 134 is open at an axial portioh of bthe bottom end face of the spool
132, as shown in FIG. 9, and even in the closed sltate in which the bottom end portion of
the spool 132 contacts the secoﬁd mémber 86, it communicates with the intake po}t 90. -

The-other end-of the-‘comm‘unicati’on‘ ‘hole134 is open to a side face of the spool 132 and
an annular groove 136 is provided at its opening, so that in the closed state shown ifl F1G.
9, it communicates with the discharge port 92 through the annular grbove 1\36. In the
relief state shown in FIG. 10, the annular groove 136 is located above the discharge port
92 Sb that it is closed by the cylindrical hole 82. As a result, air bleeding function
thr(‘)u.gh.:the.. communication . hole. 134 is disabled. théreb.y -blocking flow .out of the
hydraulic oil 40. | |

[0048]  In the present embodimerﬁ, in the closed state of the relief valve 130, the
communication hole 134 functions as the air bleeding orifice to suppress generation of air -
trapping. At the same time, air in the- discharge oil passage 52 is discharged quickly n
the initial period of the startup of the electric oil,pumi) 32, so that the risé-up of the
discharge pressure Pe is improved. During normalb_pump operation in which the

~discharge pressure Pe reaches the relief pressure Per to hold the relief valve 130 in the
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relief state, the communication hole 134 is clb;e\d so that the function as the air bleeding
orifice is disabled. Bécause ﬂovw.out of the hydraulic oil 40 from the communication
hole 134 is blocked, the electric oil pump 32 having substantially the samé discharge
performance as conventionally can‘be used. That is, in the present embbdiment as well
as, wh1:Ie avoiding deterioration in mountability of the electric oil pump 32 ohto a vehicle
and fuel efficiency dué to an incfeased size thereof and increase of manufacturing cost,
the rise-up pérfdrmance of the discharge pressure Pe can be improved by discharging air
“through the communication hole 134 which functions as the air bleéding orifice. As a
result, substantially the same operation and effect as thc. above—déscribed embodiment
can be (')btainved. ,

"~ [0049] In a hydraulic . circuit 140 shown in FIG. 11, compared to thé
above-described hydraulic circuit 10, a relief vglve_: 1142 is used instead of the relief valve -
58, an air bleedihg orifice 144 is provided in parallei to the relief valve 142 énd an on/off
valve 146 is connected in series to the air bleeding orifice 144. The relief valve 142 is
produced by omitting the ‘c'ommunication hole 134 and the aﬂnular_ groove 136 in> the
relief valve 130 of FIG. 9 and has no function as the air bleeding orifice and therefore, it

" is used purely-as a relief valve. - ‘If thé ‘discharge:‘pre'ssure‘ Pe-is ‘equal to orlower than a-
‘predetermined switching pres.sure; the on/off val?e 1-46 is bpenéd according to an urging
force of the urging means such as a éprihg, and the air bleeding orifilce 144 communicates
with the ‘discharge oil passage 52. Then, air in the dischargé oil passavge' 52 is
discharged from the air bleeding orifice 144.  On the other hand, if the discharge
‘..p.ressure‘.Pe..exceeds«.théAswitchi.ng‘.preséure,‘v the on/off valve .is.closed by using fhe
discharge pressure i’e as a pilot pressure, so that distribution of the hydraﬁlic oil 40 is
blocked to disable the air bleediﬁg function by the air bleeding orifiée 144. The -
switching pressﬁre of the on/off valve 146 is a set pressure for limiting the function of the
air bleeding orifice 144. In the pre‘sent embodiment, the sWitching pressure Pe is set at a
hydraulic pfessure value slightly lower than the relief pressure Per so that the on/off valve
146 is cidsed during the normal pump operation in which the discharge pressure Pe

reaches the relief pressﬁre’Per to keep the relief valve 142 in the relief state. The on/off
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“valve 146 and the air bleeding orifice 144 are disposed above the discharge oil p‘aésage
" 52 and the on/off valve 146 communicates with a top porti’oﬁ of the discharge oil passage
52. Whén the on/off valve 146 is opened, air in the intake oil \passage 46 and the
discharge oil passage 52 moves as indicated with a dotted line in FIG. 11 due to vibration
of the vehicle or the like so that it is discharged through the air bleéding orifice 144.
The on/off valve 146 is equival‘entyto the orifice switching device. In the meantime,
instead of the pilot switching type on/off valve 146, an elect’romagnetic on/off valve
which is opened/closed by an electric signal can be used. It is permissible to connect
the air bleeding orifice 144 between the on/off valve 146 and the discharge oil passage -
52, . | | B

[0050] In the present embodiment also, if the dis;harge pressure Pe is equal to
or lower than the predeterminéd switching pressure which ié lower than the relief
pressure Per, the on/off valve 146 is opened so that air bleeding through the air bleeding
o'rifice 144 is enabled. Thﬁs, geﬁeration of the air tfapping is suppressed and at the
same time, air in the discharge oil pass‘age’ 52 is discharged quickly iﬁ the initial period of
the startupv of the electric oil pump 32, théreby improving the rise-up of the discharge
'ﬂpreséure Pe: - Further, during the normal pump operation in whichthedischarge pfessure
Pe reaches the relief pressure Per so that the relief valve 142 is held in the relief state, the
o_n/off valve 146 is closed so as to b.lock flow-out of the hydraulic oil 40 through the air
bleeding orifice 144. Thus, the electric oil pump 32 having substantially fhe same
discharge performance as conVentionaliy can be used. That is, in the present
- embodiment also, while avoiding deterioration in mountability. of the electric oil pump 32
onto a vehicle and in fuel efficiency due to an increased size theréof aﬁd increase of
manufacturing cost, the rise-up performance of the discharge préssure Pe can be
'improved by discharging air through the air bleeding orifice 144.  As .a result,
substantially the same operation and effect as the abbve-deséribed embodifnevnt Cah be
obtained. ’ | |

[0051] A hydraulic circuit 150 shown in FIG. 12 indicates a case where the air

 bleeding orifice 144 and the on/off valve 146 are connected to the discharge oil passage
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50 of the mechanical oil pump 30. If a discharge pressure Pm of the mechanical oil
pump 30 is equal to or lower than the predetermined switching pressure, the on/off valve
146 is opened according to th;: urging force of the ufging means such as a spring, éo that
the air bleeding orifice 144 communicates with the discharge oil passage 50. Then, air
in the discharge oil passage 50 is discharged through the air bleeding orifice 144. If the
discharge pressure Pm exceeds the switching pressure, Vthé on/off valve is closed by using
the discharge pressure Pm as the pilot preséure, so as to block distri_bhtion of the
hydraulic oil 40 thereby disabling the air bleeding fhnction of the air bleeding orifice 144.
The switching préssure of the 0n/bff valve 146 is a set pressure for limiting the function
of the air‘bleeding orifice ‘144 and during the normal operation of the mechanical oil
pump 30, is determined appropriétely so that the on/off valve 146 is closed. The on/off
‘valve 146 and the air bleeding orifice 144 are disposéd above the discharge oil passage
SO and the on/off valve 146 communicates with a top portion of the discharge oil passage
50. Wheh the on/off valve 146 is opened, air in the intake oil passage 44 and the
discharge oil passége 50 is moved as indicated with a dotted line in FIG. 12 due to
vibraﬁon of the vehicle or the like so that it is discharged through the air bleedihg orifice
-“144.--The ‘on/off -valve ~146 ="‘iSj"'eq_uival'ént:‘t0" ‘the "orifi'ce'“sv;fitching"device. In the
meéntime, instead of the pilot éwitchihg type on/off yalve 146, an\ electromégnetic_ hon/off
vralve which is opened/closed according to an electric signal can be used and the air
bleeding orifice 144 may be conn'ected'between the on/off valve 146 and th«;, discharge oil.
passage 50.
Lo [0082) . In the present.embodiment also,.if the discharge pressure. Pm is equal to
or lower than the predetermined switching pressure, the on/off valve 146 is opened so
that air bleeding by the air bleeding orifice 144 is enabled. As a result, generation of air
trapping is suppressed and-at the same time, air in the discharge oil passage 50 is-
discharged quickly in the initial period of the startup of the ;neChanical oil pump 30
thereby improving the rise-up of the diScharge préssure Pm. Durihg the normal pump -
operation in which the discharge préssure Pm is equal fo or higher than the'prcdetermihed

switching pressure, the on/off valve 146 is closed so that the flow-out of the hydraulic oil
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40 through the air b}eeding orifice 144 is blocked. Thus, the meclllanical oii pump 30
having .s'ubstantially the same disc\héirge performance as conventionally can be used.
That is, while avoiding deterioration in mountability of the mechanical oil pump 30.onto
a vehicle and in fuel efficiency due to an increased size thereof and increase of
manu‘facturing cvost,“th'e rise-up performance of thev discharge pressure Pm can be
improved by discharging air through the air bleeding orifice 144.

: [0053] In the meantime, in the embodiment shown in YFIG. 12 also, the ’air
bleeding orifice and the orifice switching device can be provided }on‘the discharge oil
passage 52 of the electric oil pump 32 like in each of the above-described embodiments.
Thét is, instead of the relief vaive 142, it is permissible to uSe the reliéf valves 58, 120,
130 or connect the air bleeding orifice 144 and the on/off valve 146 in parallel to the
.reiief valve 142. | ‘ |

[0054]' The embodiments of the pfesAent‘i'n\‘/ention héVé been described in detail
based on the drawings above. However, they are just ex_amplés of the embodiﬁent and
the present invention can be modified in various ways based on knowledge of those

skilled in the art and carried out éccording to aspects subjected to improvement.
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CLAIMS

1. A hydraulic circuit for a power transmission device of a vehicle, the hydraulic
circuit comprisiné:
“an oil pump that is a hydraulic pressure source of hydraulic oil, the oil pump
configured to actuate a hydraulic actuator of the power transmission device;
a discharge oil passage corvlfigu_red- to communicate with the oil pﬁmp, the discharge
oil passage including an orifice, and the orifice "‘configur‘ed to communicate with the .
discharge oil passage and discharge air in the discharge oil passage; and
an orifice switching device configured to limit a dis‘charg»e function of the orifice

when a discharge pressure in the discharge oil passage rises and reaches a set pressure.

2. The Hydraulic circuit according to claim 1, wherein
the discharge oil passage is provided with a relief valve including the orifice
switching device, | | |
the relief valve 'i_s configured to relieve hydraulic oil in the discharge oil passage
~when the discharge pressure reaches a predetermined relief pressure, and |

the set pressure is equal to or lower than the relief pressure.

3. The hydraulic circuit according to claim 2, wherein
the:relief valve includes a valve body, a spool, and an urging member,
..the orifice switching device is the Spbol and the urging member,
the valve body includes a cylindrical hole, an intake port.and a discharge port,
the intake port is pfovided at an end portion in an axial direction of the cylindr"ical‘

‘hole so as to communicate the cylindrical hole with the discharge oil passage,

the discharge port is provided at an intermediate portion in the axial direction of the N |

cylindric‘al.hole so as to communicate with the cylindrical hole,
the spool is fitted tolthe cylindrical hole so as to be movable in the axial direction

within the cylindrical hole in the valve body,



WO 2015/049564 PCT/IB2014/001931

26
the Spoql_is configured to be turned into a closed-étate in which the .spool is pushed
up to the end portion with an urging force of the urging member so as to intercept a
communication between the intake port and the discharge port, |
o the spool is configured to be turned into a relief state in which when hydra‘ulic.
pressure in the discharge oil passage reaches the relief pressure, the spool is retreated to a
r'elief position communicating the intake | port with the discharge port through the
cylindrical hole while resisting the urging force of the urging member, |
~ the orifice is provided on the spool so as to discharge air from the intake port to the
discharge port in the closed state, and |
the orifice is configured to limit discharge of air when the spool is retreated up to

the relief position.

4. The hydraulic circuit according to claim 3, wherein‘

the orifice is an annular clearance . which is defined between an internal |
circumferential surface of the cylindrical hole and an external circumferential surface of
the spool, and ' |

a ‘communication~ passage™for- air ‘bleeding LiS‘provide'd" bétwcen the valve body
provided with the intake port and- an end portion of the spool S0 as to communicate the

clearance with the intake port in the closed state.

5. The hydraulic circuit according to claim 4, wherein
~the communication passag‘e ,incl_udés,an annular grobve and a rugged portion,
the end portion of thé spool is a small-diameter portion having é smaller diameter
than the other portions of the spool, |
. the annular groove is located at an outside of the small-diameter portion in a fadial '
direction,
the annular groove is continuous with the clearance,

the annular groove is defined between the cylindrical hole and the spool, and
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the rugged portion is provided on an end face ‘of an end portion side of the spool so -

as to communicate the annular groove with the intake port in the closed state.

6. The hydraulic circuit according to any one of claims 1 to 5, wherein
hydraulic oil dischargéd from the orifice together with air is returned to an oil tank

directly or through a lubrication portion.

7. The hydraullc circuit accordmg to any one of claims 1 to 6, Wherem
the orifice is disposed above the dlscharge oil passage so as to communicate with a

‘top portion of the discharge oil passage.

8. The hydraulic circuit according to any one of claims 1 to 7, wherein

the oil pump is an electric oil pump, |

the hydrau]‘ic circuit further comprising:

a mechanical oil pump conflgured to be driven by an internal combustion engine
that is a driving power source for travehng of the vehicle, -

wherein-the-discharge -oil passage “of th'e electric- '011-r=pump 1s ‘connected: tb an oil -
passage communicating with the mechanical oil pump at a connecting point,

a check valve configured to pe‘rmit.distribution of hydraulic oil t’o‘ a connecting
point side and block the distribution of hydraulic oil to an electric oil pump side, the
check valve is disposed on the discharge oil passage between the connecting point and
the electric 011 pump,.and.

~ the orifice communicates with the discharge oil passage between the electric oil

purhp and the check valve.
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