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(57) Abstract: In an oil jet system that directs an oil jet toward a back face of a piston, when a coolant temperature of an engine has
increased to a predetermined temperature in a stopped state of the oil jet (YES in ST3), the piston is cooled by starting the oil jet
(ST4). When a lubricating oil temperature of the engine has decreased to a predetermined temperature in an operated state of the oil
O jet (YES in ST5), a delay time is determined on the basis of a variation amount in engine rotation speed and a variation amount in
intake air filling factor during a predetermined period (ST6), and the oil jet is stopped after a lapse of the delay time (ST7, ST8).
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OILJET SYSTEM FOR INTERNAL COMBUSTION ENGINE, AND CONTROL
METHOD FOR OIL JET SYSTEM |

BACKGRO_UND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to an oil jet system that injects oil toward a piston of
an internal combustion engine, and a control method for the oil jet system. Particuvlarly,
the invention relates to measures for optimizing the timing of switching ’betWeen an

operated state and stopped state of an oil jet.

2. Description of Related Art

[0002] Asis described in, for example, Japanese Patent Application Publication ‘
No. 61-138816 (JPl 61-138816 A) and Japanése Patent _Appliéation qublication No.
2010-236438 (JP 2010-236438 A), there is known an engine including an oil jet system
that injects engine oil (lubﬁcating oil) (directs an oil jet) toward the back face side of a .
piston. By cooling the piston with the oil jet, it is poésible to suppress an excessive
increase in tﬁe temperaturé of the piston. |

[0003] As control over the oil jet, JP 61-138816 Avdescribe»s that an oil jét' is
started when the temperature of the engine - oil becomes higher than or equal to a
predetermined value, and the amount of oil jet-at that time is calculated on the basis of an
engihe rdtatioﬁ speed and a fuel‘injecti‘on amount. _

[0004] JP 2010-236438 A ‘describes that an oil jet is stopbed When the
temperature of coolant of the enginre becomes lower than or equaln to a‘p’redetermined

value.

SUMMARY OF THE INVENTION

[0005]  Incidentally, if the timing of switching betWeen_ an operated state and
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stopped state of an oil jet (the‘timing of switching from the stopped state to the operated
state (hereina‘fter,‘ referred to as "oil jet start timing") and the timing of switching from the
operated state to the stopped state ‘(hereinafter; referred to as "oil jet stop timing")) is not
appropriately obtained, there fs a possibility that the following inconvenience arises.

[0006] iThe case where the oil jet stop timing is not appropriately obtained will be
described as an example. Initially, When the oil jet stop timing is late and, as a result, an
oil jet operation period is long, engiﬁe oil is easy to flow ihtd a combustion chamber (oil is
easy to leak into the combustion chamber) via the clearance between a cylinder inner wall |
surface (bore wall surface) an’d‘a piston.. In this way, when there occurs a leakage of oil
into the combustion chamber, the consumption of engbine oil iﬁcfease’s. Moreover, there is
a concern that the engine oil forms a depos’itt (carbon deposit is produced because of
carbonization of eil sludge) on the eylinder inner wall surface or the piston top face.. This
deposit causes pre-ignition (phenomenon that air-fuel mixture is ignited before intended
ignition timing) at the time when the cylinder inner wall surface or the piston top face has
reached a predetermined temperature or higher while the engine is operating at a low
er?tion high load. Hereinafter, this pre-ignition is termed low speed pre-ignition (LSPD.

[0007] When the oil jet stop timing is early aﬁd, as a result, ’theoil jet operation
period is short, it is not possible to sufficiently cool the pistbn,l so there is a possibility’ that

an excessive increase in the temperature of the piston arises.

[0008] In the configuration that stars an oil jet at the timing at which -the
temperature of the engine oil becomes higher than or equai to the predetermined value as
described in JP 61-138816 A, there is a possibility that the oil jet start timing is not
appropriately obtained, with the result that there is a possibility that the piston is cooled
more than necessary (when the oil jet start timing is early) or an excessive increaée in the
temperature ‘of the piston arises (when the oil jet start timing is late).

[00091  Considering that the timing of switching between an operated-etat_e and
s‘topped state of an oil jet is appropriately obtained, the inventor of the invention studied
parameters for determining the oil jet start tfrning and the oil jet stop timing. |

'[0010]  The invention provides an oil jet system for an internal combustion engine,
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which is able to appropriately obtain the timing of switching between an operated state and
stopped state of an oil jet, ahd a control method for the oil jet system. | |

[0011] In an aspect of the invention, the timing of switching the oil jet from the
stopped state to the operated state is set on the bésis of a temperature that highly correlates
with a temperature of a piston in the-stopped state of the oil jet (specifically, a coolant
temperature of the internal combustion engine). The timing of switching the oil jet from
the operated state to the stopped state is set on the basis of a temperature that highly
éorreiates with a temperature of the piston in the operated state of the oil jet (specifically, a
lubricating oil temperature of the internal combustjori engine).

[0012] Specifically, a first aspect of the invention provides an oil jet system for an
internal combustion engine. The oil jet system includes an oil jet mechanisfn and an ECU.
Thev oil jet mechanism is configured to direct an oil jevt toward a piston of the internal -
combustion engine. The ECU.is configured to: (a) control the oil jet 'between an operated
state and a stopped‘state; (b) in the stopped state of the o'il‘ jet, control timing of an oil jet
start operation on the basié of a coolant temperature of the internal combustion éngihe; and
(¢) in the operated state of the oil jet, control timing of an oil jet stop operation on the basis
of a lubricating oil temperature of the internal combustion enigine. |

[0013] As a relationship between each temperature and an operation to switch
between the operated state‘and stopped state of the oil jet, specifically, the ECU may be

~configured to, in the stopped state of the oil jet, execute the oil jet start operation at the
time when the coolant temperature of the internal combustién'engine has increased to a
predetermined temperature, and the ECU may be configured to, in the operated state of the
oil jet, execute the oil jet stop operation at the time when the lubricating oil temperature of
the internal combustion engine has decreased to a predetermined ’vtemperature..

[0014]  The temperature of the piston‘that is a cooled target of the oil jet highly
correlates with the coolant temperéture of the internal combustion engine in the stopped
state of the oil jet, and highly correlates with the lubricating oil temperature of the internal
combustion engine in the operated state of the oil jet. In consideration of this point, in -

this aspect, the timing of executing the oil jet start operation is controlled on the basis of
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the coolant temperature in the stopped state of the oii jet, and 'thé timing of executing the
oil jet stop operation is controlled on the basis of the lubricating oil temperature in the
operated state of the oil jet. Therefore, it is possible to determine the oil jet start timing
and the oii jet stop timing that are suitable for an actual temperature of the piston, so it is
possible to prevent inconveniences (ocCurrénce of the LSPI, an excessive incfease in the
t;:mper\ature of the piston, and the like) due to inappropriate oil jet stért timing ‘or
inappropriate oil jet stop timing. | |

[0015] The phrase "executing the oil jet start dperation at the time when the
coolant temperature of the internal combustion eng.ine has increased to a predetermined
temperature'.l means a cbrfcept including not oilnl'y the case where the oil jet is started at the
timing at which the coolant temperature has increased to the predetermined temperature
but also executing control for starting the loil jet from the timing at which the coolant
temperature has increased to the predetermined temperature (for example, an operation to
determine a delay time (described later), or the like). ~ Similarly, the phrase "executing the
oil jet stop operation at the time when ‘the lubricating oil temperature of the internal .
combustion engine has d;breaéed to a predétermiﬁed temperature” means a concept
including not only the case where the oil jet is stdpped at’ the timing at- which the
lubricating oil temperature has decreased to the predetérmined temperature butv ‘also.
executing control for stopping the oil jet from the timing at which the lubricating oil
temperatu-re has decreaé‘ed to the prc_:deterrriined témpera’ture (for example, an operation to
determine a delay time (described later), or the like). | |

[0016] The ECU may be configured to set .oﬂ jet stof) timing in executing the dil
jet stop operation in accordance with an estimated temperature of the piston. |

[0017] This is to estimate an actual temperature of the pistoh on fhe basis. of the
lubricating oil terﬁperature of the internal combustion engine and control the timing of
executing the oil jet stop operation on the basis of the temperature of the pistbn.- Thus,
the accuracy of ’estimat‘ing the temperature of the piston is increased, so it is possible to
further appfopriately set the oil jet stop timing.

- [0018]  Specifically, the ECU may be configured to, in the oil jet stop operation,
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determine a delay time of oil jet stop timing in reSponse to a rotation speed of the internal
combustion eng/ine and an intake'air filling factor. More specifically, the ECU may be
configured to, when the lubrrcating oil temperature of the internal combustion engine has
decreased to a predetermined temperature, set the delay time of the oil jet stop timing such
that the delay time of the oil jet stop -tiining extends as at least one of a variation amount in
the rotation speed of the internal combustien engine during a predetermined period or a
\rariation amount in the intake air filling factor during the pre'determined period increases.

t0019] Even when the lubricating oil temperature of the internal combustion
engine has decreased to the predetermined temperature, tlrere is a possibility that an actual
terrl“perature of the piston is still high. For‘ example, this is the case where the 'irrternal
‘comb.ustion engine shifts from a high rotation high load operation region to a low rotation
low load operation region. In this case, even when the lubricating oil temperature of the
internal combustion engine has decreased to the predetermined temberature, there is a
possibility that an actual températur‘e of the piston is s'rill high because of the fact that the
internal combustion engine is Operared at a high rotation high load until just before. At
this tim‘e, if the oil jet is stopped at the timing at which the lubricating oil temperature of
the internal combusrion engine has decreased to the predetermined temperature, there is a
possibility that the temperature of the‘ piston is kept high. Therefore, in the above aspect,
even when the lubricating oil temperature has decreased to the predetermined temperature,
but when a r/ariation amount in the rotation speed of the internal combustion engine till
then is large or when a variation amount in the intake air filling factor tillvthen is large, it .is
estimated that the temperature of the piston is high. Therefore, a delay time until rhe oil
jet rs stopped is provivded. Thus, necessary minimum cooling of the piston is continued.
As 5 variation in tlre rotation speed of the internal combustion engine increases or as a
variation in the intake air filling faeror increases, it is estimated that the temperature of the .
piston is high, so the delay time is set so as_te extend. |

[0020] A plurality of temperatures may be set as a lubricating 0.1'1 temperature for
starting the oil jet stop operation, and the delay time of the oil jet stop timing may be

defined in response to a variation amount in the rotation speed of the internal combustion



WO 2015/049569 PCT/IB2014/001962

6
engine and a variation amount in the intake air filling factor for.each temperature. The
ECU may be conﬁgured io, when ' the lubricating oil temperature has decreased and
reached any one of the plurality of set temperatures, set the delay time of the oil jet stop
timing in response to all of the reached temperature, the variation amount in the rotation
speed of the internal combustion engine and the variation amount in the intake air filling‘-
factor.- For the same variation amount in the rotation speed of the internal combustion
engine and the same variation amount in the intake air filling factor, a relationship between
jthé plurality of set temperatures and the delay time of the oil jet stop timing may be set
such that the 'delay time of the oil jet stop timing extends as the temperature incfeases.
| [0021] This is because it is estlmated that the temperature of the piston 1ncreases
as the lubricating oil temperature increases for the same variation amount in the rotation
speed of the internal combustion engine. and the same variation amount in the intake air
filling factor. Therefore, this is to reliably reduce the temperature of the piston by setting
the delay time such that the delay‘ time extends as the lubnicating oil temperature increases. |
[0022] Specifically, the ECU may be‘ configured to, in the oil jet start operation,
~determine a delay .time of the oil jet start timing in reéponse to ‘a rotation speed of the
internal combustion engine and an intake air filling factor. More specifically, the ECU
may be configured to, when the coolant temperature of the internal combustion engine has
- increased to a predetermined temperature, set the delay time of the oil jet start timing such
} that the delay time of the oil jet start timing extends as at least one of a variation amount in
the rotation speed of the internal combustion engine during a predetermined period or a
variation amount in the intake air filling‘ factor 'during the pred’eterminéd témperature»
increases. |
[0023] Even when the coolant temperature of the internal combustion engine has
increased to the predetermined temperature, there is a possibility that an actual temperature
of the piston is still low. For example, this is the case where the internal combustion
engine shifts into the high rotation high load operatiun region during wurm-up operation’ of
.the internal combustion engine. In this casé:? even when the coolant temperature of the

internal combustion engine has increased to the predetermined temperature, there is a
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possibility that an actual temperature of the piston is still low because of the fact that the
- internal combustion engine is opérated at a low rotation low load until just before. At this
time, if the oil jet is'started at the timing at which the coolant témperature of the internal
.combustion engine has increased to the predetermined temperature, there is a possibility
that the piston is cooled more than necessary. Therefore, in the above aspect, even when
the coolant témperaturc has increased to- the predetermined ‘temperature, but when a
variation amount in the rotatién speed of 4the internal combustion engine till then is large or
- when a variatioﬁ amount in the intake air filling factor till then is large, it is estimated that
the piston temperature is still low. Therefore, a delay time until the oil jet is started- is
provided. Thus, the piston is not cooled more than necessary. As a variation invthe
rotation speed of the internal combustion engine increases or as a variation in the intake air. :
filling factor increases, it is estifnated that the temperature of the piston is [ow, so the delay
time is set so as to extend. | .

[0024] A plurality of temperatures may be set as a coolant temp:era‘tur‘e for starting
the oil jet start operation, and the_: delay time of the oil jet start timing may be defined in
- response to a variation amount in the rotation speed of the internal combustion engine and
a variation amount in the intake air filling factor for each temperature. | The ECU may be
configured to, when the coolant temperature has increased and reached any one of the
plurality of set temperatures, set the> delay time of the oil jet start tim.ing in respbnse to all
of the reached tempéfaturé, the variation amount in the rotation speed of the intérnal
combustion engine and the variation amount in the intake air filling factor. For the same
variation amount in the rotation speed of the internal combustion engine and the same
variation amount in the intake,'air filling factor, a relationship between the plurality of set
temperatures and the delay time of the oil jet start timing may be set such that the delay
time of the oil jet start timing extends aS the temperature decreases.

[0025]  This is because it is estimated that the tempe'rature of the piston increases
as the coolant temperature decreases for the same variation amount in the rotation speed of
the internal combustion engine énd th’e.same variation amount in the intake air filliﬁg factor.

Therefore, the delay time is set such that the delay time extends as the coolant temperature
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decreases. Thus, the piston is not cooled more than necessary.

[0026] A second -aspect of the invention provides a control method for an oil jet
system for én i‘nter.nal combustion engine. The oil jet system includes an oil jet
mechanism and an ECU. The oil jet mechanism is configureci to direct oil jet toward a
piston of the internal combustion -engine. - The control method inéludes: (d) controlling,
by the ECU, the oil jet between an operated state and a stopped state; (e) in the stopped
state of the oil jet, controlling, by the ECU, timing of an oil jet start operation on the basis
of a coolant témperéture of the i-nternal\cofnbustibon engine; and (f) in the operated state of
the oil jet, controlling, by the ECU, timing of an Qil jet stop opefation on the basis of a‘(
lubricating oil temperature of the internal combustion engine.

[0027) According to the aspects of the invention, the timing of executing the oil
jet start operation is controlled on the basis of th‘e coolant temperature of the internal
combustion engine, and the timing of executing the oil jet stop operation is controlled on
the basis of the lubricating oil temperature of the internal combustion engine. Therefore,
it is possible to determine the oil jet start timing and the oil jet stop timing that are suitable

for an actual temperature of the piston, so it is possible to optimize these timings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Features, advantages, and technical and- industrial significance of
exemplary embodiments of the invention will be deséribed below with reference to the
accompanying drawings, in which like numeréls denote like elements, and wherein:

FIG. 1 is a view that shows the schematic configuration of an oil sﬁpply sysferri of an
engine according to an embodiment;

| FIG.2isa cross;sectionél view of the engine;

FIG. 3 is a block diagram that shows a control system of an’OCV:;

FIG. 4 is a graph for illustrating a shift in an operation region of the engine;

FIG. 5 is a flowchart that shows thé procedure of oil jet control;

FIG. 6A to FIG. 6C are graphs that show delay time setting maps;

'FIG. 7 is a timing chart that shows changes in oil ring groove bottom temperature
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with a éhéngc in engine rotation speed in each of the case where an oil jet is operated and
the case where the oil jet- is not operated; and |
| FIG. 8 is a ﬂowchart that shows the pfocedure of oil jet‘ control according to an

alternative embodimentﬁ

' DETAILED DESCRIPTION OF EMBODIMENTS

7 [0029] Hereinafter, an embodiment of the invention will be described with
reference to the accompabnying drawings. In the pre‘sent embodiment, the case where the
invention is applied to a multicylinder (for éxam‘pie, in-line'four;cylinder) gasqline'engine
for an automobile will be described. |
Oil Supply System for Engine |

[0030] :FIG. 1 is a view that shows the schematic cohfiguration of an oil suppvly
system for Vari" engine (internal éombustion engine) 1 according to the present embodiment.
As shown in FIG. 1, the engihe 1 includes a cylinder head 2, a cylinder block 3, aﬁ oil pan
4, and the oil supply system 5. The cylinder head 2 and the cylinder block 3 constitute an
engine body. ~‘The oil pan 4 is connected to the lower end of the cylinder block 3. The
oil supply system 5 circulates engi‘ne oil (hereinéfte‘r, which may be sifnply referred to as
A;’oil"y) inside the ,enginé' 1 for internal lubrication, intefnal cooling, and the like, of the
engine 1. | | | |

[0031] A plurality of lubricated members and cooled members, such as pistons 11,
a crankshaft 12 ?nd camshafts 13, are accommodated inside the engine 1. - |

[0032] Four cylinders are formed in the cylinder blbck 3. These cylinders are\‘:~
arranged in a cylinder array direction (hofizontal difection_ in the drawing). The pistons
11 are respectively accommodated inside the cylinders so as to be reciprocally movéble
‘vertically in the drawing (see FIG. 2). \ |

[0033] The oil supply system 5 i‘s configured to draw oil stored in the oil pan 4,
supply the oil to the lubricated- members and cooled members and return the oil from ‘these
lubricated members and cooled members into the oil pan 4.

[0034]  An oil strainer 61 is arranged near the bottom inside the oil pan 4. The



WO 2015/049569 PCT/IB2014/001962

10
oil strainer 61 has an inlet 61a for drawing oil stored inside the oil pan 4. The oil siraiper
61 is connected to an oil pump 62 via a stralner flow passage 61b. The oil pump 62 is
provrded on the cylinder block 3.

[0035]  The oil pump 62 is formed of a known rotary pump. A rotor 62a of the
oil pump 62 iis mechanically coupled to the crankshaft 12 so as to rotate together with the
crankshaft 12. The oil pump 62 is connected to an oil inlet of an oil filter 63 via an oil
transport passage 64. The oil filter 63 is provided outside the cylinder block 3. An oil
outlet of the oil filter 63 is conrlecfed to an oil supply passage 65. The oil supply passage
65 is provided as an oir flow passage extending toward the lrrbricafed members and the
cooled members. The oil pump 62 may be_:van electric oil pump.

[0036] The specific configuration of the oil supply system S to which oil is
supplied via the oil supply_ passage 65 will be described BeIQW.

[0037] The oil supply S_ystem S draws oil from the oil pan 4 via the o.il strainer 61.
The oil supply system 5 utilizes the oil as lubricating oil by supplying the oil to the
lubricated members with the oil pump 62, utilizes the oil as coolirrg oil by supplying the oil
to the cooled members, such as the pistons 11, or utilizes the oil as hydraulic oil by
supplying the oil to hydraulically operatmg devices.
| [0038] Specrflcally, oil fed under pressure from the oil pump 62 passes through
the oil filter 63 and is then delivered to a main oil hole (main gallery) 51 extending in the
cylinder array direction. Oil passagés 52, 53 respectively communicate with one end and
the other end of the mairr oil hole 51. The oil passages 52, 53 extend upward over the
range from the cylinder block 3 to the cylinder head 2.

[0039]  The oil passage 52 that communicates with the one end (left side in FIG.
1) of the m(z‘i»in oil hole 51 is flrrther branched off into a chain tensioner-side passage 54 and
a variable valve timing (VVT)-side passage 55. ~

[0040]  Oil supplied to the chain tensioner-side passage 54 is utilized as hydraulic
oii for a chain tensioner 71. On the other hand, oil supplied to the VVT-side passage 55
passes thrdugh an oil filter 72a for an oil control valve (OCV), and is utilized as hydraulic

oil for an OCV 72b for a VVT and variable valve timing mechanisms 72, 73.
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‘ [0041]  On the other hand, the oil passage 5_3 that communicates with the other _
end (right side in FIG. 1) of the main oil hole 51 is branched off into a lash adjuster-sidé
passage 56 and a shower pipe-side passage 57. ‘ ‘ .
[0042] The lash adjuster-side paslsage 56 is further branched off into an
intake-side passage 56a and an exhaust-side passage 56b. ..Qil sppplied to the intake-side
passage 56a is utilized as hydraulié oil for intake-side lash adjusters 74. Oil supplied to
the exhaust-side passage 56b is utilized as hydraulic dil for exhaust-side lash adjusters 75.
| ‘[0‘043] The shower pipe-side passage 57 is also branched off iﬁto an intake-side
passage 57a and an exhaust-side passa\ge 57b. Oil supplied to the intake-side passage S7a
is sprayed toward cam lobes of the intake »camshaft'.‘ Oil supplied to the exhaust-side
p;;\ssage 57b is sprayed toward cam lobes of the exhaust camshaft.
Oil Jet Mechanism ’ |

[0044] The oil supply system 5 includes an oil jet mechanism 8 for cooling the
pistons 11. Hereinafter, the oil jet mechanism 8 will be described.

[0045] The oil jet mechanism 8 includes a plurality of ‘(four in the present
embodiment) piston jet nozzles 81, an oil sﬁpply pas‘sage 82, and an oil control valve
(OCV) 83. The plurality of pi‘ston jet nozzles 81 are arranged in correspondénce with the
cylinders. The oil supply passage 82 is used to supply oil from the main oil hole 51 to the
pisfon jet nozzles 81.  The OCV 83 adjusts. the amount of oil that is supplied to the piston :
jet nozzles 81 (switches between an oil supply state and an oil stopped staté, and adjusts

. the amount of oil supplied). |

[0046]  Each of the piston jet ﬁozzles'81 has an injection hole directed toward the
back face of a corresponding one of the pistons 11.’ When oil is supplied from the oil
supply passage 82 to each piston jet nozzle 81, the pisfon jet nozzle 81 injects oil toward
| the back face of the corresponding piston 11. |

[0047] That is, when the OCV 83 is in an open state, oil in the main oil hole 51
passes through >the oil supply passage 82, the oil is supplied to the piston jet nozzles 81
corresponding to the'cylinders,-and-the oil is injected frdm these piston jét nozzles 81

toward the back faces of the corresponding pistons 11. The pistons 11 are cooled by the
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injected oil, so, for example, an excessive increase in in-cylinder temperature is suppressed.
Thus, it is possible to prevent occurrence of knocking. ‘
| [0048] On the other hand, thn the OCV 83 is -in a élosed state, supply of oil
from the main oil hole 51 to the oil supply passage 82 is stopped, and injection of engine
‘oil from the piston jet nozzles 81 is also stopped. |
| Configuration of Engine | |
| [0049] Next, the configuration of the enginé 1 and the afrahgement structure of
the oil jet mechanism 8 according to the present embodiment will be described.
| [0050]> As shown in FIG. 2, in the engine 1 acco‘rding to the present embodiment,
| a‘plurality of cylinder bores 31 are arranged in the longitudinal direction of the cylinder
block 3 (only one cylinder is shown in FIG. 2). - The pistons 11 are respectively
accommodated in the cylinder bores 31. | | |
[0051] . Intake p;)rts 21 and exhaust pdrts 22 are prov‘ided in the cylilnder head 2.
The intake ports 21‘ and the exhaust ports 22 respeétively communicate with co;responding
combustjon chambers 14. Each of the intake ports 21 is opened or closed by driving a.
corresponding one of intake valves 23 with the intake camshaft 13, and the like. Each of
the exhaust ports 22 is opened or closed by driving a corresponding one of exhaust valves
24 with the exhaust' camshaft 13,_ and-,the like.." The intake Valv‘es, 23 and the exhaust
valves 24 are provided on the cylinder head 2. | |
[0052] A cylirlldefblock-side water jacket 32 is provided in a groove shape in the
cylinder block 3 so as to surround the cylinder bores 31 and open toward é‘deck face.
[0053] | A cylinder heéd-side water jacket 25 is open toward the cylinder block 3,
and communicates with the cylinder block-side water jacket 32.
. [0054] The cylirider block 3 and the cylinder head 2 arc;, cdupled to each other via
a head gasket 15 by head bolts (not showh). | | |
[00s5] T he oil jet mechanism 8 is arranged at the lower portion of the cylinder
block 3, and the piston jet nozzle 81 is provided one by one for each cylinder. Each
piston jet niozzle 81 extends horizontally from a portion connected to the oil supply passage

82, and then extends substantially vertically upwafd. Each piston jet nozzle 81 has the
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injection hole at its upper end. The injection hole is directed toward the back face of the
corresponding piston 11. As described above, when the OCV 83 is in the open state, oil
supplied from the oil supply passage 82 is injected from the piston jet nozzles 81 toward
the back faces of the corresponding pistens 11 (see the arrO'w in FIG. 2), with the result that

the pistons 11 are Coeled. | | ‘ |
[0056]  As described above, this cooling of the pistons 11 is mainly intended to
“prevent’ occurrence of knocking in a combustion stroke of the engine 1. Therefore,
basically, for example, during warm-ﬁp of the engine 1, there is a sma11 request for cooling
the pistons 11; whereas, éfter completion of warm-\up of the engine 1 (particularly, a high
load operation region or high rotation speed region after completion of warm-up), there is a
large request for cooling the pistons 11. Therefore, for example, in a predetermined
eperation regio_n. aftef completien of warm;up of the engine 1, the OCV 83 becomes the
released state. As a result, engine oili is supplied to the oil supply passage 82, and the
engine oil is injected (an oil jet is directed) from each piston jet nozzle 81 toward ihe back
face of the corresponding‘ piston 11. The.operation of switching between an operated
state aﬁd stopped state of the oil jet will be described later. The configuration of fhe ocv

83 is known, so the description thereof is omitted here. ' |
Control Systemvof OCV |
0057] FIG. 3 is a block diagram that shows a control system assoc1ated with the
' OCV 83. The ECU 100 is an electromc control unit that executes, for example, operatlon‘
control over the engine 1. The ECU 100 includes a central processing unit (CPU), a read
only memory (ROM), a random access memory (RAM), a backup RAM, and the like.

[0058] vThe ROM stores various control programs, maps, and the like. The maps
are consulted when those various control programs are executed. The CPU executes
arithmetic processing on the basis of the various control programs aﬁd maps stored in the
ROM. The RAM is a memory thet terﬁporarily sfores results computed in the‘CPUl, data
input from sensors, and the like. The backup RAM is a nonvolatile memory that stores

data, and the like, to be saved, for example, at the time of stop of the engine 1.

[0059] In the control system associated with the OCV 83, a plurality of sensors
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are ct)nnected to the ECU 100. Specifically, a crank pos‘ition sensor 101, én‘air flow
-meter 102, an accelerator opetation amount sensor 103, a coolant témperature sensor 104,
an oil temperature sensor 105, and the like, are éonnected to ‘the ECU 100. ‘The crank
'pqsition senéor 101 transmits a pulse signal each time the crankshaft 12 that is an output
shaft of the engine 1 rotates by a predetermined angle. The air flow meter 102 detects an
intake air amount. The accelerator operation amount sensor 103 detects an acceleratof
opefation amount that is a depression amount of an accélerator pedal. | The coolant
| temperature sensor 104 detects the.temperature of engine coolant. The oil temperature
sensor 105 detects th}e tentperature of engine oil. Signals from these sensors 101 to 105
are input to the ECU 100. | |
t0060] Specifically, the coolant temperature sensor 104 is arranged at the gide of

the cylinder block 3 (see FIG. 2), and detects the temperature of coolant flowing through
the inside of the Cylinde_r\block—side water jetcket 32. The oil temperature sensor 105 is
» artanged in the oil pan 4, and detects the temperature of engine oil stored at the bottom of
the oil pan 4. The oil température sensor 105 may be arranged in the main oil hole 51 or
the oil supply passage 82 in order to increase the detection accuracy of the tetnperature of
enginc oil that is injected from the pistoh jet nozzles 81.

[0061] Othér than the above-described sensors, a throttle ’opening degree sensor, a
shift pbsition sensor, a wheel speed sénsor, a brake pedal sensor, an intake air temperature
sensor, an intake air ;tressure sehsor, an A/F‘ sensor, an O, sensor, a cam position Sensor,
and the like, (all are not shown) aré connected to the ECU 100 as known sensors, and
signals from these sensors are also input to the ECU 100.

[0062] The ECU ‘1‘00 executes not only control over various actuators (a throttle
ttlotor, injectors, igniters, and the like).of the engine 1 but also open/élose control (oil jet
control) over the OCV 83 on the bats’is of the signals output from the various sensors. ‘The
open/close control over the OCV 83 will be described later. The ECU 100 and the oil jet
mechanism 8 constitute an oil jet system according to the invention.

Oil Jet Control o |

[0063] Next, oil jet cbntrol that is characterized control of the present -
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embodiment will be described.
[0064]  As described above, in the existing technique, when the oil jet sfop timing
is not appropriately obtained, the oil jet stop timing is late and the oil jet operation period is
| long, oil is easy to leak via the clearance between the cylinder inner wall surface and caéh
piston into the cofresponding combustion chamber. When a leakage of oil into the
combustion chamber occurs, rth-ere is a cbnccrn that the éngine oil may form a deposit on
the cylinder,inne_r‘wall surface or the f)iston top face. This deposit causes pre-ignition at
the time when the cylinder inner wall surface or the piston top face has reached a
predetermined temperature or higher while the engine is operated at a low rotation high
load. On the other hand, when the oil jet stop timing is early and the oil jet operation
period is _shbrt, it is not possible to sufficiently cool the piston, so there is a possibility that
‘an excessive increase in the témperature of the pisth arises. © When the oil jet start timing
is earlier than optimal timing, the piston is cooled more than necessary; whereas, when the
oil jet start timing is later than the optimal timing, an excessive increase in the temperature
of the piston arises. | |
[0065] - In consideration of these points, in the present embodiment, in order to '
appfopriately obtain the timing of switching the oil jet b;tween the operated state and the
stopped state, in the stopped state of the oil jet, the timing of the oil jet start operation is
controlled on the basis of the temperature of coolant (hereinaffer, which may be simply
referred to as "coolant temperature") of the engine 1. In the operated state of the oil jet,
the timing of the oil jet stop. operation is controlled on the basis of the temperature of
engine oil (hereinafter, which may b‘e simply referred to as "oil tgmperature").
Specifically, in the‘ stopped state of the oil jet, the oil jef start operation iS executed at the
time when the coolant temperature of the engine 1 has increased to a /predetermined
temperature, whereas, in the operated state of the oil jet, the/oil jet stop 6peration is
executed at the time when the oil temperature of the engine 1 has decreased to a
predetermined temperature. In this oil jet stop operation, a delay time until the oil jet is
‘stopped is changed in responSe to a variation amount in engine ‘rotation- speed and a

variation amount in intake air filling factor.
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[0066] ‘ The reason why the _delay time is set will be described below. Even
when the oil temperature of the engine 1‘has decreased to the predetermined tempeiature,
there is a possibility that an actual temperature of each piston is still high. For example, it
1s assumed thiat the engine 1 shifts from the high rotation high load operation region into
the low rotation low load operation region aé a result of, for example, braking of the
vehicle (deceleration of the vehicle). FI‘G.'4 is a graph that shows a shift in the operation
region of the engine 1 based on the engine rotation speed and the intake air filling factor.
When the operation region shifts from the‘l high rotation high load operation region
indicated by A in the graph to the low ‘rotation low load operation region indieated by Bin -
the graph (see "during deceleration” in the graph), there is a possibility that the actual
temperature of each .piston is still high because ‘of the fact that the engine 1 has been
operated at a high rotation high load until just before even when the oil temperature of the
engine 1 has decreased to the predetermined temperature. At this time, if the oil jet is
stopped at the timing at which the oil temperature of the engine 1 has decreased to the
predeterrnined temperature; there is a possibility that the tempereiture of eaeh piston is kept
high.. Therefore, in the present embodiment, even when the oil temperature has decreased
to the predetermined temperature but when it is estimated that the temperature of each ‘
piston is high, the delay time ‘until the oil jet is stopped is provided, and :necessary
minimum coeling of the pistons 11 is chontinueid. In the present embodiment, at the time
when the oil temperature has decreased to the predetermined temperature, the delay time is
set on the basis of a variation amount in engine rotation speed and a variation ztmount in
intake air filling factor during a piedetermined period just before then. Specifically; as
the variation amount in engine rotation speed increases or as the variation amount in intake
air filling factor increases, the delay time is set so as to extend. .

[0067]  Hereinafter, the procedure of oil jet control will be specifically described
with referenee,to the flowchart of FIG. 5. The flowcliart shown in FIG. 5 is executed at
intervals of several milliseconds or each time the crankshaft 12 rotates by a predetermined
rotation angle after the engine 1 starts up.

[0068] Initially, in step ST1, an engine rotation speed Ne, an intake air filling
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factor KL, a coolant temperature THw and an oil temperature THo are acquired. The
engine. rotation speed Ne is calculated on the basis of a signal output from the crank
position sensor 101.  The intake air filling factor KL is calculated on the basis of an intake -
air amount, the enginé rotation speed, and the like. The intake air amount is detected by
the aif flow meter 102. The intake air filling‘factor may be calculatéd on the basis of an
intake air pressure that is detected by the intake air pressure sensor. The coolant
temperature THw is detected by the coolant temperaturé sensor 104. The oil temperature
THo is detected by the oil temperature sensor 105.-

[0069] After various pieces of information are acquired in this Way, thé process
.proceéds to step ST2, and it isdetérmined whether an oil jet operation flag prestored in the
ECU 100 is in an on state. The oil jet operation ﬂég' is set to the on state when an oil j;:t
operation condition ‘(described 'l.ater) is satisfied and the oil jet is being operated. The oil
jet operation flag is set to an off state when an oil jet stop condition (described later) is
satisfied angi the oil jet is stopped. ,

[0070] During engine start-up (for example, during warm-up operation in cold
start-up), the oil jet operation condition is not satisfied, and the oil jet operation flag is set
to the off state. In this case, negati\ve‘determinati()'n is"made i‘n step ST2, and the process
proceeds to step ST3. |

[0071] In step ST3, it is determined whefher the coolant tempera/ture detected by
the coolant temperature sensor 104 is higher than or equal to a prevdetcrminvedv temperaturé
a. The predetermined temperature o is set by an éxperiment or simulation in advanéé as
a coolant temperature corresponding to a situation that the temperature of each pistoh has
ihcreaSeq to a temperature at which cooling of the pistons 11 is required. The
predetermined temperature o is set .to, | fof eXamplé, 80°C. The predetermined
temperature o is not limited to this Value, and ﬁlay be set as ﬁeeded.

[0072] | When the coolant temperature is lower fhan the predetermined
temperature o and negative determination is made in step ST3, the process retums on the
aséumption that it is not required to cool the pistons 11 by the oil jet (it is not required to

start the oil jet) because the coolant temperature is relatively low, that is, the témperature of
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each piston 11 is relatively low. That is, tlle closed state of the OCV 83 is continued.

[0073]  On the other hand; when tlxe coolant temperatufe is higher than or equal to
the predetermined temberature oo and- affirmative determination is made in step ST3, the
process proceeds .to step ST4. In step ST4, on the assumption that it is required to cool
the pistons 11 by the oil jet becauée the Coolarﬁ tem:peraturé is r<:latively~ high, that is, the
lemperature of each piston 11 is relétively high, the oil jet is operated by opening the OCV
83, and the oil jet opération flag is set to the on state. Thus, cooling of the pistons 11 by
the oil jet is started. -

[0074] After that, the proéess proceedé to step STS, and it is determined'whether
the oil temperaturé detected by the oil temp‘e‘rature sensor 105 has decreased to a
predetermined delay time determination temperafure. - The delay time determination
température is prescribed as a temperalure at which it is required to set the delay time until
a stop of the oil j‘et in stopping the oil jet. Specifically, va plurality 6f temperatures ale set
as the delay time determination temperature. When the oil temperature has decreased to
one of these plurality of delay time determination temperatures, affirmati\}e determination»_
is madé in step ST5. -

- [0075] Specifically, as an example of the delay time determination temperature,
"100°C", "90°C", "80°C", and the llke, are set in advance, and affirmative determination is
made in step STS at the timing at which the oil temperatur.e.has decreased and reached any
one of the temperatures. For exalnple, when the oil temperature has decreased from ‘_a
state over "100°C" to "100°C", when the oil temperature has decreased from a value (for
example, ‘_'98’°C") between "100°C" and "90°C" to "90°C", or when the oil lemperature hzls
decreased from a Value‘(for example, l'88°C”) between "90°C" and "80°C" to "80°C",
affirmative determirlation is nlade in step STS. '

[0076]. When lhe oil temperature has not decreésed to any one of the delay timeb
determination temperatures yet, négative determination  is' made in step ST5, and the
process léturns on the assumption that it is not required to stop the oil jet yet (it is not
required to set the delay time for stopping the oil jet). In this ¢ase, because. thg oil jet

~operation flag is already set to the on state (the oil jet operation flag is set to the on state in
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step ST4), in the next routine after the return, affirmative determination is made in step
ST2, and it is determined in step ST5 whether the oil temperature has decreased to any one
of the delay time determination temperatures. That is, the operations of step ST1, step
ST2, step STS are repeated until the oil temperature decreases to any one of the delay time
determination temperatures. | |
| [0077] When the oil temperature has decreased to the delay time determination

temperature and affirmative determination is made in step STS,ithe process proceeds to
step ST6, and the delay time for stopping the oil jet is determined. The delay time is
determined in accordance with a delay time setting map (described later) 01/1‘ the basis of a
variation amount ANe in engine rotation speed and a variation amount AKL in intake air
filling.factovf during a predetermined period (for example, during a period of three seconds.) :
just before the oil temperelture decreases to the delay time determination temperature.

[0078] = FIG. 6A to FIG. 6C are graphs that show delay time setting maps stored in |
the ROM. FIG. 6A to FIG. 6C respectively have different target oil temperatures. For
example, FIG. 6A shows the delay time setting map in the cése where the oil femperature is‘
100°C.  FIG. 6B shows the delay time setting map in the cése where the oil temperature is
90°C{ . FIG. 6C shows the delay time setting map in the case where the oil temperature is
80°C. That is, when the oil temperature has decreased from a state over "100°C" to
"100°C" as described above and affirmative determination is made in step STS5, the.delay
time setting map shown in FIG. 6A is extracted from the ROM. When the oil temperature
has decreased from a value between "100°C" and "90°C" to "90°C" and affirmative
determination is made in step ST57 the delay ﬁme setting map shown in FIG. 6B is -
extracted from the ROM. When the oil temperature has‘ decreaeed from a value between :
"90°C" and "80°C" to "80°C" and affirmative determination is made in step ST5, the delay
time setting map shown in FIG. 6C is extracted frem the ROM. A delay time is
determihed by applying the variation ANe in engine rotation speed and the variation AKL
in intake air.. filling’factor to the extracted delay time setting map.

[0079] Here, .the caee where ;he three maps for three target temperatures are

stored in the ROM as the delay time setting maps is described; however, the number of
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maps is not limited to three. Four or mbre maps for four or more target temperatures may
be stored in the ROM.

[0080] -Each‘ of these delay time setting maps is used to determine the delay time
on the basis of a Variatibn arﬁount ANe in engi‘ne rotation speed and a variation amount
AKL in.intake air filling factor as-described abéve. As regions for setting the‘delay tifne,
shown in each of FIG. 6A to FIG. 6C, the delay time éxtends in order of Region I, Region
I, Regibn 111, Region IV. For example, the delay time is set to "0 sec” in Region I, the
delay time is set to "1 sec" in Region II, the delay time is set to "2 sec" in Regioﬁ 111, and
the delay time is set to "3 sec” iﬁ Region IV. The delay time is not limited to these values,
and may be set as needed.

[0081] - | The delay time setting mapé are-set such that the region in which the delay
time is set to extend is expanded for the map of which the target oil temperature is higher.
That is,A boundary lines befween adjacent regions are set to ‘a side at which the variation
amount ANe in engine rotation speed is small and a side at which the variation amount
AKL in intake air filling factor is small as the targét oil temperature of the map increases.-
Speéifically; when Region IV (region m which the dela}\/ time is set to "3 Sec") of each of
the maps is compared with cach bfher, Region IV expands in order of the delay time setting
map (map of which the target oil températuré is "80°C") shown in FIG: 6C, the delay time
setting map (map of which the target oil terriperature is "90°C")-shown in FIG. 6B, and the
delay time /setting' map (map of whiéh—the target oil temperature is "100°C") shown in FIG.
6A. As thevtarget oil temperature increases, the delay time is set so as to extend for the .
same Variatioﬁ amount in engine rotation speed and the same variation anﬁountvin intake air
filling factor. This corresponds to that "for the same Variation amount in rotation Speed of
an internal combustion engine and the same variation amount in intake air filling factor, a
relationship between the plurality of set temperatures and the delay time of the. oil jet stop
vtiming is set such that the delay time of thé oil jet stop timing extends as the temperature
increases" accordihg to the invention. The reason Why the delay time is set in this way is
to reliably reduce the temperature of each piston by extending the delay time until a stop of

the oil jet because it is estimated that the temperature of each piston increases as the oil
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temperature increases. ‘

[0082]  In this way, after the delay time is determined on the basis of the delay
ti'me setting map extracted in response to the oil temperature, the process proceeds to step -
—ST7 and it is determined whether the delay time has elapsed.

[0083] . When the delay time has elapsed and affirmative determination is made in
step» ST7, the process proceeds to step ST8, the oil jet is stopped by closing the OCV &3,
and the oil jet operation flag is set to the off state. Thus, coolirrg of the pistons 11 by the
- oil jet is stopped. | h

[0084] Beeause the delay time determined as described above is relatively short
(3 sec at the maximum in the above-described case), if the oil temperature further
decreases before a lapse of the once determined delay time, there is a low possibility that
the oil temperature reaches the low-temperature-side delay time determination temperature.
That is, in the aboue-described case, there is a low possibility that the orl temperature
decreases by 10°C or more b‘efore the 'delay time.elapses. For example, there is a low
possibility that the oil temperature decreases to "90°C" before a lapse of the delay time
determined on the Abasisdof the delay time setting map (shown in FIG. 6A) of which the
target oil temperature is "100°C".  Therefore, the once determined delay time is kept at a
certain ualue until the delay time elapses, and the oil jet is stopped.

| [0085] - FIG. 7 is a timing chart that shows changes in oil ring groove bottom
temperature with a change in ehgine rotation speed in each of the case where the oil jet is
operated and the case where the oil ]et is not operated Here the temperature of each
piston 111 is replaced with the oil ring groove bottom temperature

[0086] When the engine rotation speed and the engine load increase at timing t1
“in the timing ehart from an idling operation state of the engine 1,»thevoil ring groove
bottom temperature (piston temperature) also increases accordingly.

[0087]’ Ttre coolant temperature exceeds the predetermined temperature o at
timing t2 in the timing chart, and the oil jet is started accordingly (step ST3 and step ST4
in the flowchart of FIG. 5). With the start of the oil jet, an increase in the oil ring grdove

bottom temperature (the temperature of each piston) is suppressed. A waveform indicated
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by the alternate long and two-short dashed line in the timing chart shows changes in oil
rihg gro‘oxv'/e bottom tem'pera't‘ure in the case where the oil jet is not operated. In this case,
the oil ring groove bottom temperature exceeds temperature criteria. ,

[0088] | A period from timing t3 to tinﬁing t4 after the oil jet‘is started at timing t2
in the timing chart is a period during which the engine 1 is operated at a high rotation high
load. During this period as well, because the pistons 11 are cooled by the oil jet, the oil
ring groove bottom temperature does not exceed the tempc_arafure criteria.

[0089]  The engine rotation speed and the engine load decrease from timing t4 in
the timing chart. After that, when the oil temperature has decreased to the delay time
determination temperature (when affirmative determination‘ is made in step STS in the
flowchart of FIG. 5), the oil jet is contjnued fbr only the delay time determined 1n response
to the amount of decrease in engine rotation Speed and the amount of decrease in engine
load (step ST7 in the flowchart of FIG 5, the time from timing t4 to timing t5 is the delay
time). With continuation ‘of thé oil jet as a result of pfoviding the delay time, cooling-of
the pistons 11 is continued, with the result that the oil ring groove bottdfn temperature does
not exceed the temperature criteria (sce a temperature change in the cése where there is a
delay in stopping the oil jet in the timing chart). _

[0090] In contrast, when the delay time is not pvrovided, as indicated by the
alternate long and short dashed lirie in the timing chart (see a temperature change in the
case where there is no delay in stopping the oil jet in the timing chart), the oil ring groove
‘bottom temperature exceeds the temperature criteria. | _

[0091] The oil jet is stopijéd at timing t5 at which the delay time has elapsed, énd,
after that, thé engine operating state returns to the idiing operation state of the engine 1
from timing t6. |

[0092] In this way, the oil jet start timing is set on the basis of the coolant
temperature and thé oil jet stop timing is set on the basis of the oil temperature, and the
delay time unﬁl the oil jet.is stopped is set on the _basis of the variation amount in engine
rotation speed ah_d the variation amount in intake air filling factor. . Thus, it is possible to

appropriately obtain the oil jet operation period'while the oil ring gr00ve bottom
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. temperature (the temperat.ure of eachv'piston) does not exceed the temperature criteria.
Therefore, it is possible to prevent inconveniences (occurrence of LSPI, an @xceSsi\}e
increase in the temp_eréture of eaéh piston, and the like) due to inappropriate oil jet start
timing or inappropr'viatc oil jet stop\ timing. |
Alternative Embodimenf

[0093] Next, an alternative embodiment will be described. In . the
abo.v.e-déscribed. embodiment, the)delay time is set in stopping the oil jet. In the
alternative embodiment, a delay time is also set in starting the oil jet (a delay time until the
oil jet is started); ' That is, the délay .time until the oil jet is started at the time when the
coolant temperature becomes higher than or equal to a prédeterminéd temperatﬁre is set in
advénée, and the oil jet is started after a lapise of the delay time.

[0094] . * The reason why the delay time until the oil jet is started is set §vill be
described below. Even when the coolant temperature of the énginel increases to the
predetermined témperature’, there‘ is a p’ossibility that an actual ’température of each piston
is still low. For example, it is assumed that the engine 1 shifts inté the high rotation high
load operation region during warm-up operation of thé engine 1. When the operation
region shifts.from the low rotation low load operation region indicated by B in the graph in
FIG. 4 to the high rotation high load operation region indicated by A in the graph (see
X ”duﬁng accelerafor depression” in the graph), there is a possib‘ility that the actual
temperature of each piston is still low because of the fact that the engine 1 hés been
operated at a low rotation low load until just before even when the coolant‘v temperature of |
“the engine 1 has incfeased to the predeteﬁnined temperature. At this time, if the oil jet is
start‘.ed at the timing‘at which_th_e coolant temperature of the engine 1 has increased to the
predetermined temperatufe, there is a possibility that the pistons are cooled more than
necessary. Thefefore, in the present aitéma"tive embodiment, even when the coolant
temperature has increased to the predetermiﬁed temvperature, but when it is estimated that
the temperatufe of each piston is low, the delay time until the oil jet is started is provided,
and cooling of the pistons 11 more than necessary is suppresséd. In the present

alternative embodiment as well, at the time when the coolant temperature has increased to
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the predetermined temperature, the delay time is set on the basis of a variation amount in

engine rotation speed and a variation amount in intake air filling factor for a predetermined
period just before then. Specifically, as the variation amount in engine rotation épeed
increases or as the variation amount in intake air filling factor increase‘s, the delay time is
set 50 as to extend. |
' [0095] FIG. 8 is a flowchart that showsvthe procedure of oil jet control according
to the present alternative embodiment. The operations of step'STl, step ST2, step ST4 to
step ST8 in the ﬂowchart are similar to the operations of step ST1, stepAST2,v step ST4 to |
step ST8 shown in FIG. 5 in the abové-described embodiment, so the descriptionvis
~omitted. | | | | |
| [0096] >When the oil jet operation flag -is set to the off state -and nega‘tive
determination is made in step ST2, the process proceeds to step ST10. In stép STI10, it is
determined whether the coolant temperature detected by the coolant temperature sensor
104 has increased to a predetermined delay time determination terﬁperature. The delay
time determination temperature is prescribed.as a témperature at which it is required to set
tlle delay time until a start of the oil jet in starting the oil jet. Spec'ifically, a plurality of
temperatures afe set as the delay time determination témperature. When the coolant_
temperature has increased fo one of these plurality of delay time determination
temperatufes, affirmative de\terminatién Iis made in step ST10. Setting of the delay time
de’iermination teinperature is similarly carried out to that of ‘the above-described |
embodiment (however, temperature values are different), so the description is omitted.

- [0097] Whén the coolant teniperature has not increased to any one of the-delay
time determination temperatures, negative. determinatiqn is. made in step ST10, and the
. process returns on vthe assumption that it is not required to stﬁrt the oil je‘t yet (it is not
required to set the delay time for starting the oil jet). In this case, because thé oil jet
operation flag is set to the off state, in the next routine after the return, negative
determination is made in step ST2, and it is determined in step ST10 whether the coolant
temperature has increased to any one of the delay time determination femperafures. That

is, the operations of siep ST1, step ST2, step ST10 are repeated until the coolant
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rtemperature increases to any one of the delay time determination temperatures.
© [0098] When the coolant temperature has ;increvased to the delay time-
determination temperature and affirmative determination is made in step ST10, the process
proceeds to step ST11, and the delay time for starting the oil jet is determined. - The delay
time is determined in accordance with a delay time setting map (not shown) on the basis of
a variation amount ANe in engine rotation speed and a variation amount AKL in intake air
filling factor for a predetermined.péri(‘)d (for exémple, for a period of three seconds) just
before thé coolant temperafure increases to the delay time determination temperaturé.
Determination of the delay time is similarly carried out to that of the above-described
embodimént, so the description is omitted. |
[0099] In this way; in the present alternative emboAdiment, the plufality of delay
time determination temperatures for starting the oil jet are set in_adva‘nce.' When the
coolant ‘temperature’ has increased and reached one of the delay time determination
‘temperatures; the delay time is determined on the basis of a variation amount ANe in
engine rofation speed and a variation amount AKL in intake air filling factor. In the
present alternative embodiment, in this operation, as the target coolant temperature
decreases, the delay time is set so as to extend for the .same variation amount in engine
rotation speed and the same variation amount in infake air filling factor. This corresponds
to that "for the same variation amount in rotation speed of an internal combustion engine
and the same Variéiion amount in intake air fﬂling factor, a relationship between the
" plurality of set temperatures and the delay time of the oil jet start timing is.set such that the
delay time of the oil jet start timing extends as the temperature degréases" according to the
invention. The reason why the délay time is set in this way is not to cool the pistons more
than necessary by extending the delay time ﬁntil a start of the oil jet because it is ‘estimated
that the temperature of eac_h piston decfeases as the coolant temperat_i]re decreases.
[0100]  After the delay time is determined on the basis of the delay time setting
map, thé process proceeds to step ST12, and it is determined whether the delay time has
elépsed. | |

[0101] When the delay time has elapéed and affirmative determination is made in
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steo ST12, the process proceeds to step ST4, the oil jet is.operated by opening the OCV &3,
and the oil jet oneration flag is set to fho on state. Thus, cooling of the pistons 11 by the
~oil jet is started. |

[0102]. The other oper_ations are similar to those of thé abo?e-dc’scribed
embodiment. ,

[0103] | Acoording to the present alternative enlbodiment, by setting the delay time
until a start of the‘ oil jet on the basis of a variation amount in engine rotation speed and a
variation amount in intake air:fi.lling factor, it is.‘possible to optimize the oil jet start timing,
‘so it-is oossible to prevent cooliné of the pistons'mofe than necessary and an excessive
increase in the ‘temperature of each piston. |
Other Embodiments | |

[0104] The abo\_/e-described embodiment and alternative embodiment desoribc
the cnse where the invention is appliéd'to thev‘ oil jet system for an in-line four-cylinder
gasoline engine for an automobile. The invention is not limited to application of the
- invention to the oil' jet system for an in-line four-cylinder gasoline engine for an
automobile. The invention may also be applied to an oil jet syStern for an \engine‘that is
applied to a device other than an automobile. The number of cylinders or the type of
engine (V type, horizontally—opposéd type, or fhe l‘ike)vis not specifically limited. The
inﬂlention may also be applied to an oil jet sysiem for a diesel engine.

[0105] In fhe above-described embodiment and alternative embodiment, the case
where the invention 1s applied to a conventional vehicle (vehicle on which only an engine
is mounted as a oriving force_source) is described; however, the invention may be applied
to a hybrid vehicle (vehicle on which an engine and an electric motor are mounted as
driving force sources). A

[0106] In the above-déscribed embodiment and alternative embodiment, the oil
jet mechanism 8 inoludes the OCV 83 that is able to adjust its opening degree. The
invention is not limited io the configuration that the oil jet mechanism 8 includes the OCV
83. The oil jot mechanism 8 fnay include an OSV that is switched between an open state

and a closed state.
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[0107] The invention is applicable to control for switching an oil jet betwéen an

operated state and a stopped state in an engine including an oil jet system.
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CLAIMS:

1. ’An oil jet system for an internal combustion engine, the oil jet system
“comprising: |
an oil jet mechanism’ configured to direct an oil jet toward a piston of the internal
combustion engine; _aind |
an ECU configured to:
_(a) control the oil jet betWeen an operated state and a stopped state;
(b) in the 'stopped state of the oil jet, control timing of an oil jet start operation on the
basis of a coolant temperature of the ivn.ternal com.bustion ehgine; and
/ (c) in the operated state of the oil jet, cenfrol timing of an oil jet stop operation on the

basis of a lubricating oil temperature of the internal combustion engine.

2. The oil jet system according to claim 1, whereih ‘

~ the ECU is configured to, in the stopped state of the oil jet, execute the oil jet start

operation at the time when the coolant temperature of the internal combustion engine has
increased fo a predetermined tempefature, and | | |

the ECU is configured to, in the.operated' state of the oil jet, execute the oil jet stop

operation at the time when fhe lubricating oil temperature of the internal combustion

engine has decreased to a predetermined temperature.

3. The oil jet system aecording to claim 1 or 2, wherein
the ECU is configured to set oil jet stop timing in executing the oil jet stop operation

in accordance with an estimated temperature of the piston.

4. The oil jet system according to any one of claims 1 to 3, wherein
the ECU is configured to, in the oil jet stop operation, determine a delay time of oil
jet stop timing in response to a rotation speed of the internal combustion engine and an

intake air filling factor.
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5. The oil jet system according to claim 4, wherein

the ECU is configured to, when the 1ubricati‘ng oil temperature of the internal
qombus‘tion engine has decreased to a predetermined iemperature, set the delay time of the
oil jet stop timing such tflat the delay time of ‘the oil jet stop timing extends as at least one
of a variation amount in the rotation speed of the internal combustion engine during a
predetermined period or a Vafiation amount in the intake air filling factor during the

predetermined period increases.

-6. The oil jef.systerﬁ aécording to claim 4 or 5, wherein

a plurality of témperattires are set as a lubricating oil temperatu;e for starting the oil
jet stop operation,b

the delay time of the oil jet stop timing is defined in response to a variation amount in
the rotation speed of the inte;rﬁal éombustioﬁ engine _ahd a \variation amount in the intake
-alr filling factor.for each temperature,

.the ECU is configured fo_, when the lubricating oil temperature has decreased and
reached any one of the plurality of set tempefatures, set the delay ﬁme of the oil jet stop
timing ‘in response to all of the reached temperature, the variation amount in the rotation
speed of the internal combustion engine and the variation amount in the intake air filling
féctbr, and | “

for the same variation amount in the rotation speed of the internal combustion engine
and the same variation amount in the intake air ‘fi'liing factor,"a relétionship between the
plurality of set temperatures and the delay time of the oil jet stop timing is éet sucl\l‘that the

delay time of the oil jet stop timing extends as the temperature increases.

7. The oil jet system according to any one of claims 1 to 6, wherein
the ECU is configured to, in the oil jet start operation, determine a delay time of the
oil jet start timing in response to a rotation speed of the internal combustion engine and an

intake air filling factor.
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8. The oil jet system according to claim 7, wherein

the ECU is Cénfigured to, when the coolant temperature of the internal combustion
engine has increased to a predetermined temperature, set the delay time of the oil jet start
timing such that the delay time of the oil jet start tfming extends as at least one of a
variation amount in the rotation speed of the internal combustion engine during a
pre.determined;period. or a variation amount in the intake air filling factor. during the

predetermined temperature increases.

9. The oil jet system according to claim 7 or 8, wherein
a plurality of temperatures are set as a coolant temperature for starting the oil jet start
operation,
the delay time of the oil jet start timing ‘is_define_,d in response to a variation amount in
the rotation speed of the internal combustion engine and a variation amount in the intake
air filling factor for each temperature, |
the ECU is configured to, when the coolant temperature has increased and ‘reache‘d
“any one of th¢ plurality of set temperatures, set the delay time of the oil jet start timing in
response to all of the reached tbemperature, >the variation amount li'n the rotation speed of the
internal combuétion engine and the variation amount in the intake air filling factor,‘ and
~for thé'same variation amount in the rotation épeed of the internal c'ombustlion engine |
and the same variation amount/ in the intake air filling factor, a relationship between the
plurality of set temperatures and the delay time of the oil jet start timing is set such that the

delay time of the oil jet start timing extends as the temperature decreases.

10. - A control method for an oil jet system for an internal combustion engiﬁe, the oil
jet system including an oil jet m’echarﬁsm_ and an ECU, the oil jet mechanism being
configured to direct an oil jet toward a piston of the internal combustion engine, the control -
'n.lethod comprising: | B

(d) bcontrolling, by the ECU, the oil jet between an operated state and a stopped state;
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. (e) iﬁ the stopped state of thé oil jet, controlling, by the ECU, timing of an oil jet start
operati.on on the basis of a coolant teinperaturé of the internal c?ombustion‘engine; and
(f) in the Qperated state of the oil jet, controlling,_ by the ECU, timing of an oil jet stop -

operation on the basis of a lubricating oil temperature of the internal combustion engine.
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