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Description

Technical Field

[0001] The present invention relates to an internal
combustion engine, and more particularly, to an internal
combustion engine lubricated with oil.

Background Art

[0002] Conventionally, internal combustion engines
are disclosed in, for example, Japanese Patent Laying-
Open No. 2003-301744 (Patent Document 1), Japanese
Patent Laying-Open No. 9-49456 (Patent Document 2)
and Journal of Technical Disclosure No. 91-6590 (Non-
patent Document 1).
[0003] FR 2745329 A1 relates to an IC-engine lubrica-
tion circuit.
JP H07317519 A relates to a lubricating/cooling device
for an internal combustion engine.
DE 10106435 A1 relates to a piston for an internal com-
bustion engine.
JP S5066052 U and JPH0717937 U are hereby acknowl-
edged.
DE 102004056769 A1 relates to a piston for an internal
combustion engine and a combination of such a piston
with an oil injection assembly.
[0004] As to conventional internal combustion en-
gines, Patent Document 1, for example, discloses a con-
figuration in which oil is injected from two oil jets to the
inside of a piston skirt. Specifically, Patent Document 1
discloses the art of providing nozzles from which oil is
injected toward the crankshaft side of a piston.

Disclosure of the Invention

[0005] With the conventional art, however, it is difficult
to cool a bore although the temperature of the central
portion of the piston can be reduced because the oil is
injected to the inside of the piston skirt. If the oil is directly
injected to the bore in order to cool the bore, the con-
sumption of oil is undesirably increased.
[0006] Therefore, the present invention is directed to
solving the problems as described above, and an object
thereof is to provide an internal combustion engine in
which the inside thereof can be uniformly cooled.
[0007] An internal combustion engine according to the
present invention is defined in claim 1.
[0008] In the internal combustion engine configured in
such a manner, the outside of the skirt can be cooled and
the bore can be cooled indirectly. As a result, the internal
combustion engine can be uniformly cooled.
[0009] Preferably, the piston has a pin boss having a
piston pin attached, and oil is injected from the oil supply
portion to a portion located above the pin boss in the
outside of the skirt.
[0010] Preferably, oil is injected from the oil supply por-
tion to a peripheral portion of the piston in the portion

located above the pin boss. In this case, when oil is in-
jected to the outside of the skirt, cooling of the bore can
be maximized.
[0011] More preferably, a plurality of the oil supply por-
tions are arranged symmetrically with respect to a center
of the piston. In this case, the oil supply portion is ar-
ranged symmetrically with respect to a point (on a diag-
onal line), so that the temperature of the piston can be
made uniform and the temperature of a ring groove can
be reduced. As a result, fixation and the like of a ring can
be prevented.
[0012] The oil supply portion includes a first oil supply
portion from which oil is injected to the inside of the skirt
and a second oil supply portion from which oil is injected
to the outside of the skirt. A first valve opening pressure
at which the first oil supply portion starts oil injection is
lower than a second valve opening pressure at which the
second oil supply portion starts oil injection.
[0013] Preferably, the oil supply portion includes the
second oil supply portion from which oil is injected to a
region between the bores in the outside of the skirt and
a third oil supply portion from which oil is injected to a
cylinder block end in the outside of the skirt. The second
valve opening pressure at which the second oil supply
portion starts oil injection is lower than a third valve open-
ing pressure at which the third oil supply portion starts
oil injection.

Brief Description of the Drawings

[0014]

Fig. 1 is a diagram for explaining a hydraulic circuit
of an internal combustion engine according to a first
embodiment.
Fig. 2 is a bottom view of a cylinder block forming
the internal combustion engine according to the first
embodiment.
Fig. 3 is a bottom view of the cylinder block having
pistons incorporated therein.
Fig. 4 is a schematic diagram of the piston at the top
dead center.
Fig. 5 is a bottom view of the piston as seen from
the direction shown by an arrow V in Fig. 4.
Fig. 6 is a schematic diagram of the piston at the
bottom dead center.
Fig. 7 is a bottom view of the piston as seen from
the direction shown by an arrow VII in Fig. 6.
Fig. 8 is a cross-sectional view of a piston at the top
dead center and at the bottom dead center in an
internal combustion engine according to a second
embodiment.
Fig. 9 is a bottom view of the piston at the top dead
center as seen from the direction shown by an arrow
IX in Fig. 8.
Fig. 10 is a cross-sectional view of the fourth piston
from the front at the top dead center and at the bottom
dead center in the in-line four-cylinder engine.
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Fig. 11 is a bottom view of the piston at the top dead
center as seen from the direction shown by an arrow
XI in Fig. 10.
Fig. 12 is a cross-sectional view of the second or the
third piston from the front at the top dead center and
at the bottom dead center in the in-line four-cylinder
engine.
Fig. 13 is a bottom view of the piston at the bottom
dead center as seen from the direction shown by an
arrow XIII in Fig. 12.
Fig. 14 is a cross-sectional view of the fourth piston
from the front at the top dead center and at the bottom
dead center in the in-line four-cylinder engine.
Fig. 15 is a bottom view of the piston at the bottom
dead center as seen from the direction shown by an
arrow XV in Fig. 14.
Fig. 16 is a perspective view of a rear-side oil jet of
the second piston from the front in an enlarged man-
ner.
Fig. 17 is a perspective view of a front-side oil jet of
the third piston from the front in an enlarged manner.
Fig. 18 is a perspective view of a plurality of oil jets.
Fig. 19 is a perspective view of an oil jet from which
oil is supplied to the fourth piston from the front, in
an enlarged manner.
Fig. 20 is a perspective view of the oil jet from which
oil is supplied to the fourth piston from the front, in
an enlarged manner.
Fig. 21 is a perspective view of a rear-side oil jet of
the fourth piston from the front in an enlarged man-
ner.
Fig. 22 is a perspective view of the rear-side oil jet
of the fourth piston from the front in an enlarged man-
ner.
Fig. 23 is a bottom view of an internal combustion
engine according to a third embodiment.
Fig. 24 is a bottom view of a cylinder block forming
an internal combustion engine according to a fourth
embodiment.
Fig. 25 is a bottom view of a cylinder block forming
the internal combustion engine according to the
fourth embodiment.
Fig. 26 is a bottom view of a cylinder block forming
the internal combustion engine according to the
fourth embodiment.
Fig. 27 is a bottom view of a cylinder block forming
the internal combustion engine according to the
fourth embodiment.
Fig. 28 is a bottom view of a piston and an oil jet in
an internal combustion engine according to a fifth
embodiment of the present invention.
Fig. 29 is a bottom view of a piston and an oil jet in
an internal combustion engine according to another
aspect.
Fig. 30 is a bottom view of a cylinder block having
the oil jets according to the fifth embodiment of the
present invention attached thereto.
Fig. 31 is a plan view of the oil jet according to the

fifth embodiment of the present invention.
Fig. 32 is a cross-sectional view of the oil jet taken
along line XXXII-XXXII in Fig. 31.
Fig. 33 is a side view of the oil jet as seen from the
direction shown by XXXIII in Fig. 31.
Fig. 34 is a plan view of an oil jet according to another
aspect.
Fig. 35 is a cross-sectional view of the oil jet taken
along XXXV-XXXV in Fig. 34.
Fig. 36 is a side view of the oil jet as seen from the
direction shown by an arrow XXXVI in Fig. 34.
Fig. 37 is a graph showing the relationship between
the oil pressure and the revolution speed of the en-
gine.
Fig. 38 is a graph showing the relationship between
the oil pressure and the revolution speed of the en-
gine.

Best Modes for Carrying Out the Invention

[0015] The embodiments of the present invention will
be described hereinafter. In the following embodiments,
the same or corresponding parts are represented by the
same reference characters, and the description thereof
will not be repeated. Embodiments can also be com-
bined, as defined in the appended claims.

(First Embodiment)

[0016] Fig. 1 is a diagram for explaining a hydraulic
circuit of an internal combustion engine according to a
first embodiment. Referring to Fig. 1, in the hydraulic cir-
cuit of an engine 1 serving as the internal combustion
engine, oil is stored in an oil pan 19 provided at the lower
part of an engine block. The oil stored in oil pan 19 is
supplied to an oil pump 3 through an oil strainer 2 for
removing foreign substances. Oil pump 3 is driven by
motive power of the engine and pressurizes the oil. The
pressurized oil is cooled in an oil cooler 5. The cooled oil
is filtered by an oil filter 6. A part of the oil drained out of
oil pump 3 lubricates a timing chain 4 and is returned to
oil pan 19.
[0017] The oil having passed through oil filter 6 and
having the oil pressure applied is supplied to a main oil
hole 7. Main oil hole 7 extends to various parts in the
engine. A part of the oil in main oil hole 7 is supplied to
piston jets (oil jets) 210 and 220, and furthermore, inject-
ed toward a piston 100. The oil having cooled and lubri-
cated piston 100 is returned to oil pan 19.
[0018] The oil supplied to main oil hole 7 is led to a
crank journal 8 and lubricates crank journal 8. Further-
more, the oil having lubricated crank journal 8 lubricates
a con rod (connecting rod) 130 and a chain tensioner 9,
and is returned to oil pan 19.
[0019] The oil in main oil hole 7 lubricates a balance
shaft 11, and then is returned to oil pan 19.
[0020] The oil in main oil hole 7 is supplied to a cylinder
head 12. A part of the oil in cylinder head 12 lubricates
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a cam journal 14 and a lash adjuster 15, and is returned
to oil pan 19. The oil in cylinder head 12 is also supplied
to an oil control valve 13 and used to change the intake
and/or exhaust valve timing.
[0021] Furthermore, the oil in cylinder head 12 is sup-
plied to an oil shower 16 and a rocker arm 17, and then
is returned to oil pan 19.
[0022] Fig. 2 is a bottom view of a cylinder block form-
ing the internal combustion engine according to the first
embodiment. Referring to Fig. 2, a cylinder block 20 is a
metallic body and has a plurality of bores 21 provided to
align in one direction. Although cylinder block 20 applied
to an in-line four-cylinder type engine is shown in the
present embodiment, cylinder block 20 may be applied
to various types such as an in-line type, a parallel type,
a V-type, a W-type, or a horizontally opposed type.
[0023] Cylinder block 20 is designed not only for a
gasoline engine, but also for a diesel engine. Further-
more, any number of bores 21 may be provided in one
cylinder block 20 if one or more bores 21 are provided.
[0024] A rear-side oil jet 210 serving as an oil supply
portion is provided on the bottom surface side of cylinder
block 20. Rear-side oil jet 210 has a front-side nozzle
211 and a rear-side nozzle 212, and oil is injected from
each nozzle. It should be noted that all rear-side oil jets
210 do not need to have a plurality of nozzles. The fourth
rear-side oil jet 210 from the front in Fig. 2 has only one
front-side nozzle 211. In the present embodiment, the
first to third rear-side (Rr) oil jets from the front have rear-
side nozzles in order to promote cooling of a region be-
tween adjacent bores 21. As a result, cooling of a region
between bores 21 is achieved.
[0025] Fig. 3 is a bottom view of the cylinder block hav-
ing pistons incorporated therein. Referring to Fig. 3, pis-
ton 100 is installed in each bore 21. Piston 100 has a
skirt 110, and a pin boss 120 for attaching a piston pin
131 is provided at this skirt 110. Skirt 110 defines a skirt
inner region 111 and a skirt outer region 112. Skirt inner
region 111 refers to a region surrounded by skirt 110,
and skirt outer region 112 refers to an external region
that is not surrounded by skirt 110. Oil is injected from
front-side nozzle 211 to skirt inner region 111, and from
rear-side nozzle 212 to skirt outer region 112.
[0026] Pin boss 120 supports piston pin 131, and pis-
ton pin 131 is arranged between two pin bosses 120.
Piston pin 131 is a member for coupling the connecting
rod and piston 100. Although rear-side oil jet 210 is pro-
vided only on one side (on the left side in Fig. 3) in a
direction in which the plurality of bores 21 are aligned in
the present embodiment, the present invention is not lim-
ited thereto. The oil jet may be provided both on the right
and left sides or only on one side in the direction in which
bores 21 are aligned. Furthermore, although front-side
nozzle 211 and rear-side nozzle 212 are provided in three
bores 21 among the four cylinders, the present invention
is not limited thereto. Front-side nozzle 211 and rear-side
nozzle 212 may only be provided in any one of bores 21.
In the other bores, any one of front-side nozzle 211 and

rear-side nozzle 212 may be provided, and furthermore,
the oil jet may not be provided.
[0027] Fig. 4 is a schematic diagram of the piston at
the top dead center, and Fig. 5 is a bottom view of the
piston as seen from the direction shown by an arrow V
in Fig. 4. Referring to Figs. 4 and 5, at the top dead center,
piston 100 is situated at a position farthest from a crank-
shaft 140. In piston 100 at the top dead center, connecting
rod 130 is arranged in parallel to the direction in which
piston 100 reciprocates. Oil is injected from front-side
nozzle 211 in the direction shown by an arrow 2110. As
a result, the oil collides with the piston in an injection
region 2111. Oil is injected from rear-side nozzle 212 in
the direction shown by an arrow 2120. The injected oil
collides with piston 100 in an injection region 2121. In-
jection region 2111 is situated in skirt inner region 111,
and injection region 2121 is situated in skirt outer region
112. Furthermore, injection region 2121 is located above
pin boss 120.
[0028] Bifurcated front-side nozzle 211 and rear-side
nozzle 212 are arranged to straddle skirt 110, and oil is
injected from front-side nozzle 211 and rear-side nozzle
212 to the inside and the outside of skirt 110, respectively.
Although the piston is circular in the present embodiment,
the piston is not necessarily limited to a perfect circle.
The piston may be oval.
[0029] Fig. 6 is a schematic diagram of the piston at
the bottom dead center. Fig. 7 is a bottom view of the
piston as seen from the direction shown by an arrow VII
in Fig. 6. Referring to Figs. 6 and 7, at the bottom dead
center, piston 100 comes closest to crankshaft 140. At
the bottom dead center, oil is also injected from front-
side nozzle 211 and rear-side nozzle 212 to piston 100
in the directions shown by arrows 2110 and 2120. The
distance between front-side nozzle 211, rear-side nozzle
212 and piston 100 at the bottom dead center is shorter
than that at the top dead center. Therefore, injection re-
gions 2111 and 2121 are different from those at the top
dead center. Specifically, injection regions 2111 and
2121 are located at positions close to front-side nozzle
211 and rear-side nozzle 212.
[0030] Engine 1 serving as the internal combustion en-
gine according to the first embodiment is an internal com-
bustion engine in which piston 100 reciprocates within
bore 21 provided in cylinder block 20 and connecting rod
130 coupled to piston 100 transmits motive power to
crankshaft 140. The internal combustion engine includes
rear-side oil jet 210 serving as the oil supply portion
through which oil is injected from the connecting rod 130
side of piston 100 to skirt inner region 111 located inside
of skirt 110 of piston 100 and skirt outer region 112.
[0031] Piston 100 has pin boss 120 having piston pin
131 attached thereto, and oil is supplied from rear-side
oil jet 210 onto pin boss 120.
[0032] In engine 1 configured in such a manner, oil is
injected to skirt outer region 112 located outside of skirt
110 and skirt outer region 112 can be intentionally cooled.
As a result, bore 21 close to skirt outer region 112 can
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be cooled.

(Second Embodiment)

[0033] Fig. 8 is a cross-sectional view of a piston at the
top dead center and at the bottom dead center in an in-
ternal combustion engine according to a second embod-
iment. Fig. 9 is a bottom view of the piston at the top dead
center as seen from the direction shown by an arrow IX
in Fig. 8. Referring to Figs. 8 and 9, as shown in Fig. 9,
an engine 1 according to the second embodiment is dif-
ferent from engine 1 according to the first embodiment
in that front-side oil jet 220 and rear-side oil jet 210 serving
as two oil supply portions are provided at one piston 100.
Front-side oil jet 220 has one front-side nozzle 221. Oil
is injected from front-side nozzle 221 toward the direction
shown by an arrow 2210 and the oil collides with piston
100 in an injection region 2211. The oil collides in skirt
outer region 112 in piston 100. Oil is injected from bifur-
cated front-side nozzle 211 and rear-side nozzle 212 in
the directions shown by arrows 2110 and 2120 to skirt
inner region 111 and skirt outer region 112, respectively.
[0034] It should be noted that symbols "#1, 2, 3" in the
figure indicate the first to third pistons from the front. "#"
is interpreted similarly in the other figures. For example,
"#1" indicates the first piston from the front.
[0035] Although front-side oil jet 220 and rear-side oil
jet 210 are provided in the same direction with respect
to pin boss 120 in the present embodiment, the present
invention is not limited thereto. The oil jets may be pro-
vided symmetrically to each other with respect to pin boss
120.
[0036] Figs. 8 and 9 show the first, the second and
third pistons from the front side in an in-line four cylinder.
Furthermore, Fig. 8 shows only rear-side oil jet 210. Pis-
ton 100 has three piston ring grooves 151,152 and 153,
and piston rings are fitted into piston ring grooves 151,
152 and 153.
[0037] As shown in Fig. 8, injection regions 2111 and
2121 at the top dead center are different from those at
the bottom dead center. This is because the directions
shown by arrows 2110 and 2120 are inclined with respect
to the direction in which piston 100 reciprocates.
[0038] Fig. 10 is a cross-sectional view of the fourth
piston from the front at the top dead center and at the
bottom dead center in the in-line four-cylinder engine.
Fig. 11 is a bottom view of the piston at the top dead
center as seen from the direction shown by an arrow XI
in Fig. 10. Referring to Figs. 10 and 11, in the fourth pis-
ton, that is, the rearmost piston of the in-line four-cylinder
type, front-side oil jet 220 has front-side nozzle 221 and
a rear-side nozzle 222 serving as two nozzles, and rear-
side oil jet 210 has only one front-side nozzle 211. This
is because a front-side bore of the fourth piston is adja-
cent to the third piston and it is necessary to remove heat
accumulated in this portion. In other words, front-side
nozzle 221 shown in Fig. 11 is provided in order to remove
heat between the third bore and the fourth bore. Oil in-

jected from front-side nozzle 221 in the direction shown
by arrow 2210 is directed to injection region 2211 located
at an outer peripheral portion of piston 100. Since this
injection region is close to the adjacent third piston from
the front, a region between the third bore and the fourth
bore can be cooled.
[0039] Fig. 12 is a cross-sectional view of the second
or the third piston from the front at the top dead center
and at the bottom dead center in the in-line four-cylinder
engine. Two pistons shown in the figure indicate the pis-
tons located at the top dead center and at the bottom
dead center, respectively. Fig. 13 is a bottom view of the
piston at the bottom dead center as seen from the direc-
tion shown by an arrow XIII in Fig. 12.
[0040] Referring to Figs. 12 and 13, oil is injected from
front-side nozzle 221 of front-side oil jet 220 in the direc-
tion shown by arrow 2210. When piston 100 is at the top
dead center, oil is injected to injection region 2211 near
pin boss 120. On the other hand, when piston 100 is at
the bottom dead center, oil is injected to injection region
2211 close to front-side nozzle 221. As shown in Fig. 13,
oil is injected from front-side oil jet 220 and rear-side oil
jet 210 toward piston 100 in the directions shown by ar-
rows 2210, 2110 and 2120. The injected oil is directed
to injection regions 2211, 2111 and 2121, and cools and
lubricates these portions.
[0041] Fig. 14 is a cross-sectional view of the fourth
piston from the front at the top dead center and at the
bottom dead center in the in-line four-cylinder engine.
Fig. 15 is a bottom view of the piston at the bottom dead
center as seen from the direction shown by an arrow XV
in Fig. 14.
[0042] Referring to Figs. 14 and 15, oil is injected from
front-side nozzle 221 and rear-side nozzle 222 of front-
side oil jet 220 as well as front-side nozzle 211 of rear-
side oil jet 210 in the directions shown by arrows 2210,
2220 and 2110, respectively. As a result, the oil is injected
to injection regions 2211, 2221 and 2111, and these re-
gions are cooled and lubricated. As shown in Fig. 14, the
position of injection region 2111 when piston 100 is at
the top dead center is different from that when piston 100
is at the bottom dead center.
[0043] Fig. 16 is a perspective view of the rear-side oil
jet of the second piston from the front in an enlarged
manner. Referring to Fig. 16, rear-side oil jet 210 has
front-side nozzle 211 and rear-side nozzle 212 extending
in a bifurcated manner. Oil is supplied to front-side nozzle
211 and rear-side nozzle 212, and the oil can be injected
from each nozzle. When piston 100 is located at the bot-
tom dead center, front-side nozzle 211 and rear-side noz-
zle 212 are arranged in skirt inner region 111 located
inside of skirt 110 and skirt outer region 112 located out-
side of skirt 110 with skirt 110 interposed therebetween.
The length of front-side nozzle 211 and rear-side nozzle
212 may be substantially equal to each other, or may be
different from each other. Furthermore, front-side nozzle
211 and rear-side nozzle 212 may have a constant inner
diameter. The inner diameter may be decreased toward
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the tip, or may be increased toward the tip.
[0044] Fig. 17 is a perspective view of the front-side oil
jet of the third piston from the front in an enlarged manner.
Referring to Fig. 17, front-side oil jet 220 has front-side
nozzle 221. Oil injected from front-side nozzle 221 is di-
rected to skirt outer region 112. This directed oil cools
piston 100 and also enters between piston 100 and the
bore to lubricate piston 100. Furthermore, the oil is also
directed to the pin boss, so - that motion of the connecting
rod operating within the pin boss is smoothed.
[0045] Fig. 18 is a perspective view of a plurality of oil
jets. Referring to Fig. 18, front-side oil jet 220 and rear-
side oil jet 210 are arranged on the lower side of piston
100. Front-side oil jet 220 and rear-side oil jet 210 are
arranged on the upper side of crankshaft 140 and on the
lower side of piston 100. Although front-side oil jet 220
and rear-side oil jet 210 are provided at the same height
in the present embodiment, front-side oil jet 220 and rear-
side oil jet 210 may be provided at the different height.
In this case, any one of front-side oil jet 220 and rear-
side oil jet 210 is provided at a higher position, and the
other is provided at a lower position. Skirt 110 has a cy-
lindrical portion and a flat portion, and the pin boss is
provided at the flat portion. The cylindrical portion is
shaped along a wall of the bore. Skirt 110 is thickened
at the flat portion in order to provide the pin boss.
[0046] Figs. 19 and 20 are perspective views of the oil
jet from which oil is supplied to the fourth piston from the
front, in an enlarged manner. Referring to Figs. 19 and
20, since the fourth piston from the front is adjacent to
the third piston from the front, front-side nozzle 221 is
provided in order to cool the region between these pis-
tons. Oil injected from front-side nozzle 221 is directed
to skirt outer region 112 to cool the bore, and also lubri-
cate piston 100.
[0047] Figs. 21 and 22 are perspective views of the
rear-side oil jet of the fourth piston from the front in an
enlarged manner. Referring to Figs. 21 and 22, oil is in-
jected from front-side nozzle 211 to skirt inner region 111.
Front-side nozzle 211 is arranged at a position where
front-side nozzle 211 does not contact crankshaft 140
and connecting rod 130.

(Third Embodiment)

[0048] Fig. 23 is a bottom view of an internal combus-
tion engine according to a third embodiment. Referring
to Fig. 23, in an engine 1 according to the third embodi-
ment, rear-side oil jet 210 and a front-side oil jet 3210
are arranged symmetrically with respect to a center point
100C of piston 100. Front-side oil jet 3210 has a front-
side nozzle 3211 and a rear-side nozzle 3212. Oil is in-
jected from the respective nozzles in the directions
shown by arrows 3110 and 3120 to injection regions 3111
and 3121.
[0049] In such engine 1, the inside thereof can be
cooled more uniformly.

(Fourth Embodiment)

[0050] Figs. 24 to 27 are bottom views of a cylinder
block forming an internal combustion engine according
to a fourth embodiment. In Fig. 24, front-side oil jet 220
having front-side nozzle 221 as well as rear-side oil jet
210 having front-side nozzle 211 and rear-side nozzle
212 are provided in the first to third bores 21 from the
front. Front-side oil jet 220 having front-side nozzle 221
and rear-side nozzle 222 is provided in the fourth bore
21 from the front.
[0051] In Fig. 25, rear-side oil jet 210 having front-side
nozzle 211 and rear-side nozzle 212 is provided in the
first bore 21 from the front. Front-side oil jet 220 having
front-side nozzle 221 as well as rear-side oil jet 210 hav-
ing front-side nozzle 211 and rear-side nozzle 212 are
provided in the second to third bores 21 from the front.
Front-side oil jet 220 having front-side nozzle 221 and
rear-side nozzle 222 is provided in the fourth bore 21
from the front.
[0052] In Fig. 26, rear-side oil jet 210 having front-side
nozzle 211 and rear-side nozzle 212 is provided in the
first bore 21 from the front. Front-side oil jet 220 having
front-side nozzle 221 and rear-side nozzle 222 as well
as rear-side oil jet 210 having rear-side nozzle 212 are
provided in the second to third bores 21 from the front.
Front-side oil jet 220 having front-side nozzle 221 and
rear-side nozzle 222 is provided in the fourth bore 21
from the front.
[0053] In Fig. 27, front-side oil jet 220 having front-side
nozzle 221 as well as rear-side oil jet 210 having front-
side nozzle 211 and rear-side nozzle 212 are provided
in the first to fourth bores 21 from the front.
[0054] An engine 1 configured in such a manner also
has an effect similar to those of engines 1 according to
the first to third embodiments.

(Fifth Embodiment)

[0055] Fig. 28 is a bottom view of a piston and an oil
jet in an internal combustion engine according to a fifth
embodiment of the present invention. Referring to Fig.
28, in an engine 1 serving as the internal combustion
engine according to the fifth embodiment of the present
invention, three oil jets are provided. Oil jets 310A, 320B
and 330C are attached to a cylinder block with a prede-
termined spacing therebetween, respectively, and oil jets
310A, 320B and 330C have nozzles 311, 321 and 331,
respectively. Oil is injected from nozzles 311 and 331 to
skirt outer region 112, and from nozzle 321 toward skirt
inner region 111. The oil injected from nozzle 311 moves
in the direction shown by an arrow 4110 and reaches an
injection region 4111. Injection region 4111 serving as a
point to which the oil is directed is located at an edge of
the outer circumference of piston 100. Furthermore, in-
jection region 4111 is situated on the cylinder block end
side.
[0056] An injection region 4211 is situated in skirt inner
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region 111 and is a region in piston 100 where the tem-
perature thereof is especially increased. The oil injected
from nozzle 321 moves in the direction shown by an arrow
4210 and reaches injection region 4211.
[0057] Although an injection region 3311 is situated at
an outer circumferential portion of piston 100, injection
region 3311 is not located at the cylinder block end but
in a region between the bores, unlike injection region
4111. The oil injected from nozzle 331 moves in the di-
rection shown by an arrow 3310 and reaches injection
region 3311.
[0058] In other words, piston 100 shown in Fig. 28 is
a piston of the first cylinder located at the cylinder block
end. The cylinder block end is situated near injection re-
gion 4111.
[0059] Oil jet 320B from which oil is injected to the top
surface of the piston requires rapid cooling. Therefore,
the valve opening pressure of oil jet 320B (the minimum
oil pressure that is necessary for oil jet 320B to start oil
injection) is set lower than those of oil jets 310A and 330C.
[0060] On the other hand, in oil jets 310A and 330C,
the valve opening pressure (the minimum oil pressure
required to start oil injection) of each of oil jets 310A and
330C is higher than that of oil jet 320B in the center. In
the case where oil is injected from oil jets 310A and 330C
to the region between the bores, the oil may only be in-
jected when the maximum torque point is exceeded, for
example, in order to reduce the temperature of the region
between the bores. In the case where oil is injected from
oil jets 310A and 330C toward the cylinder block end, the
oil may only be injected, for example, only at the maxi-
mum output point because the temperature of the bores
at the end is low. Therefore, the valve opening pressure
in this case can be set even higher than that in the case
where the oil is injected to the region between the bores.
As shown in Fig. 28, in the case where oil is injected from
oil jet 310A to the cylinder block end, and oil is injected
from oil jet 330C to the region between the bores, oil jet
310A has the highest valve opening pressure, oil jet 330C
has the second highest valve opening pressure, and oil
jet 320B has the lowest valve opening pressure.
[0061] Fig. 29 is a bottom view of a piston and an oil
jet in an internal combustion engine according to another
aspect. Referring to Fig. 29, a nozzle of oil jet 320B may
be configured to be bifurcated so that oil jet 320B has
two nozzles 321A and 321B. In this case, the valve open-
ing pressure of oil jet 320B becomes lower than that of
oil jet 310A. As a result, it is more likely to inject oil from
nozzle 321A, and oil is injected from nozzle 321 A before
oil is injected from nozzle 311.
[0062] The oil injected from nozzle 321B moves in the
direction shown by an arrow 3210B and reaches an in-
jection region 3211B. The oil injected from nozzle 321A
moves in the direction shown by an arrow 3210A and
reaches injection region 3211 A. It should be noted that
piston 100 shown in Fig. 29 is a piston of the second and
third cylinders (a piston located in the central portion of
the cylinder block) in the case of a four-cylinder engine.

[0063] Fig. 30 is a bottom view of a cylinder block hav-
ing the oil jets according to the fifth embodiment of the
present invention attached thereto. Referring to Fig. 30,
in an in-line four-cylinder type engine, for example, ar-
rangement of the oil jets can be changed in various ways
in the first piston (#1) to the fourth piston (#4). Specifically,
in order to cool the first and fourth pistons, three types
of oil jets 310A, 320B and 330C are used. This is be-
cause, in first piston 100 and fourth piston 100, oil jet
320B having the lowest valve opening pressure to inject
oil to the top surface of the piston, oil jet 310A used to
cool the cylinder block end where the temperature thereof
is not so increased and having the highest valve opening
pressure, and oil jet 330C cooling the region between
the bores and having the medium valve opening pressure
are used together.
[0064] On the other hand, in the second and third pis-
tons, oil jet 320B having the lowest valve opening pres-
sure to cool the top portion of the piston, and oil jet 330C
having the medium valve opening pressure to cool the
region between the bores are used.
[0065] It should be noted that provision of oil jet 310A
for cooling the cylinder block end is not necessarily re-
quired.
[0066] It should be noted that oil jet 320B may have
the lowest valve opening pressure, oil jet 310A may have
the highest valve opening pressure, and oil jet 330C may
have the medium valve opening pressure.
[0067] Fig. 31 is a plan view of the oil jet according to
the fifth embodiment of the present invention. Fig. 32 is
a cross-sectional view of the oil jet taken along line XXXII-
XXXII in Fig. 31. Fig. 33 is a side view of the oil jet as
seen from the direction shown by XXXIII in Fig. 31.
[0068] Referring to Figs. 31-33, oil jet 310A has a body
312, nozzle 311 connected to body 312, and a flange
314 by which body 312 is attached to the cylinder block.
An opening 317 is provided in body 312 and a ball 315
forming a check valve is arranged in opening 317. Ball
315 is biased by a spring 316 and serves to stop oil that
tends to enter from opening 317 in the direction shown
by an arrow 318. The oil whose pressure shown by arrow
318 overcomes the pressing force by spring 316 flows in
from the direction shown by arrow 318, flows through an
oil flow path 313 and is injected from the tip of nozzle
311. With various changes in the strength of spring 316,
the pressure at which oil jet 310A starts oil injection (valve
opening pressure) can be changed.
[0069] Fig. 34 is a plan view of an oil jet according to
another aspect. Fig. 35 is a cross-sectional view of the
oil jet taken along XXXV-XXXV in Fig. 34. Fig. 36 is a
side view of the oil jet as seen from the direction shown
by an arrow XXXVI in Fig. 34. Referring to Figs. 34-36,
the oil jet in this example is different from the oil jet shown
in Figs. 31-33 in that opening 317 is provided at the top
of body 312 and nozzle 311 is connected to the bottom.
In this example, ball 315 is also pressed by spring 316
and spring 316 stops oil that tends to enter in the direction
shown by arrow 318. When the pressure of the oil over-
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comes the pressing force of spring 316, ball 315 moves
and the oil flows from opening 317 toward oil flow path
313 in nozzle 311.
[0070] Fig. 37 is a graph showing the relationship be-
tween the oil pressure and the revolution speed of the
engine. Referring to Fig. 37, when the revolution speed
of the engine (the horizontal axis) is increased, the oil
pressure (the vertical axis in Fig. 37) is also increased
because the revolution speed of the oil pump is also in-
creased. The relationship between the valve opening
pressure of the piston jet (oil jet) and the first valve open-
ing pressure of the oil pump can be set in various ways.
In Fig. 37, the valve opening pressure of the piston jet is
set lower than the first valve opening pressure of the oil
pump. Conversely, the valve opening pressure of the oil
jet may be set higher than the first valve opening pressure
of the oil pump.
[0071] In order to inject oil from the oil jet at low revo-
lution speed, it is necessary to set the valve opening pres-
sure of the oil jet not to exceed the first valve opening
pressure of the oil pump.
[0072] Furthermore, in order to stop the oil jet at low
revolution speed, it is necessary to set the first valve
opening pressure of the oil pump not to exceed the valve
opening pressure of the oil jet.
[0073] For example, the valve opening pressure of oil
jet 320B can be set to the pressure close to the piston
JET valve opening pressure, and the valve opening pres-
sure of oil jets 310A and 330C can be set to the pressure
that is slightly lower than the oil pump relief pressure.
[0074] Fig. 38 is a graph showing the relationship be-
tween the oil pressure and the revolution speed of the
engine. Fig. 38 shows how the oil pressure at an outlet
of the oil pump, the oil pressure at a main gallery (main
oil hole), the oil pressure at an inlet of the oil control valve
(OCV) having variable valve timing, and the oil pressure
at a hydrolash adjuster (EX-HLA) of an exhaust valve
change in accordance with the revolution speed of the
engine. The oil pressure of the oil entering the oil jet is a
little lower than the oil pressure at the main gallery and
changes with the revolution speed of the engine.
[0075] In other words, in engine 1 serving as the inter-
nal combustion engine according to the fifth embodiment
of the present invention, the oil supply portion includes
oil jet 320B serving as a first oil supply portion from which
oil is injected to skirt inner region 111, and oil jet 330C
serving as a second oil supply portion from which oil is
injected to skirt outer region 112. Furthermore, the oil
supply portion has oil jet 330C serving as the second oil
supply portion from which oil is injected to the region be-
tween the bores in skirt outer region 112, and oil jet 310A
serving as a third oil supply portion from which oil is in-
jected to the cylinder block end. Oil jet 320B has the low-
est valve opening pressure, oil jet 310A has the highest
valve opening pressure, and oil jet 330C has the medium
valve opening pressure.
[0076] It should be understood that the embodiments
disclosed herein are illustrative and not limitative in any

respect. The scope of the present invention is defined by
the terms of the claims, rather than the description above,
and is intended to include any modifications within the
scope of the claims.

Claims

1. An internal combustion engine in which a piston
(100) reciprocates within a bore (21) provided in a
cylinder block (20) and a connecting rod (130) cou-
pled to the piston (100) transmits motive power to a
crankshaft (140), comprising:

an oil supply portion (210, 220) through which
oil is injected from a connecting rod side of said
piston toward a part of the piston in an inside
(111) and a part of the piston in an outside (112)
of a skirt of said piston,
wherein said oil supply portion (210, 220) in-
cludes a first oil supply portion (211) from which
oil is injected to said inside of the skirt and a
second oil supply portion (212) from which oil is
injected to said outside of the skirt, said internal
combustion engine being characterised in that
a first valve opening pressure at which said first
oil supply portion (211) starts oil injection is lower
than a second valve opening pressure at which
said second oil supply portion (212) starts oil
injection.

2. The internal combustion engine according to claim
1, wherein more than one bore is provided in the
cylinder block and
said oil supply portion (210, 220) includes said sec-
ond oil supply portion (330C) from which oil is sup-
plied to a region (3311) situated at an outer circum-
ferential portion of said piston and located in a region
between the bores and a third oil supply portion
(310A) from which oil is supplied to a region (4111)
located at an edge of the outer circumference of said
piston in said outside of the skirt and situated on the
cylinder block end, and the second valve opening
pressure at which said second oil supply portion
(212) starts oil injection is lower than a third valve
opening pressure at which said third oil supply por-
tion (221) starts oil injection.

Patentansprüche

1. Verbrennungsmotor, in welchem ein Kolben (100)
sich innerhalb einer Bohrung (31) hin- und herbe-
wegt, die in einem Zylinderblock (20) vorgesehen
ist, und eine mit dem Kolben (100) verbundene Ver-
bindungsstange (130) Antriebsenergie auf eine Kur-
belwelle (140) überträgt, mit:
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Einem Ölzuführabschnitt (210, 220), durch wel-
chen Öl von einer Verbindungsstangenseite des
Kolbens in Richtung eines Teils des Kolbens in
einem Inneren (111) und einem Teil des Kolbens
in einem Äußeren (112) eines Kolbenmantels
eingespritzt wird,
wobei der Ölzuführabschnitt (210, 220) einen
ersten Ölzuführabschnitt (211), von welchem Öl
zu dem Inneren des Mantels eingespritzt wird,
und einen zweiten Ölzuführabschnitt (212), von
welchem Öl zu dem Äußeren des Mantels ein-
gespritzt wird, wobei der Verbrennungsmotor
dadurch gekennzeichnet ist, dass ein erster
Ventilöffnungsdruck, bei welchem der erste Öl-
zuführabschnitt (211) eine Öleinspritzung be-
ginnt, geringer ist als ein zweiter Ventilöffnungs-
druck, bei welchem der zweite Ölzuführab-
schnitt (212) ein Öleinspritzung beginnt.

2. Verbrennungsmotor nach Anspruch 1, wobei mehr
als eine Bohrung in dem Zylinderblock vorgesehen
ist und
der Ölzuführabschnitt (210, 220) den zweiten Ölzu-
führabschnitt (330C), von welchem Öl zu einem Be-
reich (3311) zugeführt wird, der an einem Außenum-
fangsabschnitt des Kolbens gelegen ist und in einem
Bereich zwischen den Bohrungen liegt, und einen
dritten Ölzuführabschnitt (310A) umfasst, von wel-
chem Öl zu einem Bereich (4111) zugeführt wird,
der an einem Rand des Außenumfangs des Kolbens
in dem Äußeren des Mantels liegt und an dem Zy-
linderblockende gelegen ist, und der zweite Ventil-
öffnungsdruck, bei welchem der zweite Ölzuführab-
schnitt (212) eine Öleinspritzung beginnt, geringer
ist als ein dritter Ventilöffnungsdruck, bei welchem
der dritte Ölzuführabschnitt (221) eine Öleinsprit-
zung beginnt.

Revendications

1. Moteur à combustion interne dans lequel un piston
(100) effectue un mouvement alternatif à l’intérieur
d’un alésage (21) formé dans un bloc-cylindres (20)
et une bielle (130) accouplée au piston (100) trans-
met une puissance motrice à un vilebrequin (140),
comprenant :

une partie d’alimentation en huile (210, 220) par
le biais de laquelle de l’huile est injectée depuis
un côté bielle dudit piston vers une partie du
piston se trouvant d’un côté intérieur (111) et
une partie du piston se trouvant d’un côté exté-
rieur (112) d’une jupe dudit piston,
ladite partie d’alimentation en huile (210, 220)
comprenant une première partie d’alimentation
en huile (211) à partir de laquelle de l’huile est
injectée vers ledit côté intérieur de la jupe et une

deuxième partie d’alimentation en huile (212) à
partir de laquelle de l’huile est injectée vers ledit
côté extérieur de la jupe, ledit moteur à combus-
tion interne étant caractérisé en ce qu’une pre-
mière pression d’ouverture de soupape à laquel-
le ladite première partie d’alimentation en huile
(211) commence l’injection d’huile est inférieure
à une deuxième pression d’ouverture de soupa-
pe à laquelle ladite deuxième partie d’alimenta-
tion en huile (212) commence l’injection d’huile.

2. Moteur à combustion interne selon la revendication
1, dans lequel plus d’un alésage sont formés dans
le bloc-cylindres et
ladite partie d’alimentation en huile (210, 220) com-
prend ladite deuxième partie d’alimentation en huile
(330C) à partir de laquelle de l’huile est fournie à une
région (3311) située au niveau d’une partie circon-
férentielle extérieure dudit piston et se trouvant dans
une région entre les alésages et une troisième partie
d’alimentation en huile (310A) à partir de laquelle de
l’huile est fournie à une région (4111) se trouvant au
niveau d’un bord de la circonférence extérieure dudit
piston sur ledit côté extérieur de la jupe et située sur
l’extrémité du bloc-cylindres, et la deuxième pres-
sion d’ouverture de soupape à laquelle ladite deuxiè-
me partie d’alimentation en huile (212) commence
l’injection d’huile est inférieure à une troisième pres-
sion d’ouverture de soupape à laquelle ladite troisiè-
me partie d’alimentation en huile (221) commence
l’injection d’huile.
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