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Method for lubricating a two-cycle internal combustion engine and lubricating oil supplying system.

The present invention relates to a method for
lubricating a two-cycle internal combustion en-
gine, wherein the lubricating oil discharged
from an oil pump driven in timed relationship by
the engine and delivering a substantially fixed
amount of lubricant during each cycle of its
operation, is fed to a control valve for selectively
controlling the flow of the Ilubricant to the
engine, said control valve having a flow position
in which lubricant flow to the engine is permit-
ted and a non-flow position in which lubricant
flow to the engine is precluded and a return
flow of lubricant from the control valve to the
suction side of the oil pump is established.
More specifically, the control valve is operated
in response to engine operating conditions to
vary the period of time when the control valve is
in its flow or non-flow positions for controlling
the amount of lubricant delivered to the engine.

LUBRICANT AMOUNT

ENGINE SPEED ——=
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This invention relates to a method for lubricating
a two-cycle internal combustion engine and a lubricat-
ing oil supplying system.

The advantages of two-cycle internal combustion
engines in so far as simplicity and high output for a giv-
en displacement are well knon. Conventionally, it has
been the pracice to lubricate two-cycle cycle engines
by mixing lubricant with the fuel consumed by the en-
gine. However, this method of lubrication, although
simple and low in costs, does not provide adequate
control for the amount of lubricant consumed. That is,
when fuel and lubricant are mixed, it is necessary to
insure that the mixture will satisfy the most severe op-
erating condition. As a result, excess lubricant is sup-
plied under most operating conditions.

To avoid these problems and to insure better lu-
brication, lubricant control and reduction of lubricant
consumption, it has been proposed to employ a sep-
arate lubricating system for two-cycle cycle engines.
Such separate lubricating systems employ a pump
that pumps lubricant to the engine for its lubrication.
This lubricant may be delivered to the induction sys-
tem for the engine, directly to components to be lubri-
cated or a combination of the above.

Normally, a form of a reciprocating type of pump
is employed which is driven by the engine for supply-
ing the lubricant. Such pumps have the advantage of
provviding accurate control of the amount of lubricant
delivered and are capable of delivering relatively
small amounts of lubricant. However, the amount of
lubricant delivered by such a pump is related directly
to engine speed and the lubricant requirements of the
engine are not necessarily so related.

One way in which the amount of lubricant pumped
has been controlled is by controlling the effective
stroke of the lubricant pump either by changing the
stroke or by use of a spill type valve which in effect
changes the stroke pump. Figure 1 is a graphical view
showing the way in which the lubricant is controlled
with conventional systems and the actual lubricant re-
quirements for the engine. This figure is a graphical
view showing the relationship of engine speed to lu-
bricant amount. Normally, the amount of lubricant
supplied to the engine is controlled along a curve as
shown by the curve "all wherein the output of the lu-
bricating pump is varied dependent upon accelerator
or throttle valve position. It will be seen that the
amount of lubricant supplied is increased along a
slope from a given engine speed up until a maximum
amount and then is held constant.

The dotted line curve "b" shows the actual lubri-
cant requirements for the engine. As may be seen, the
approximation curve using throttle valve or accelera-
tor position can relatively closely match engine lubri-
cating requirements under a wide range of steady
state conditions.

However, because the lubricant control is varied
in response to throttle valve position and throttle valve
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position changes more rapidly than engine speed, this
type of control can produce excess lubricant under
transient conditions. This is depicted by the dot/dash
line curve "¢" in Figure 1 which shows the effect of the
operator suddenly opening the throttle valve. When
this occurs, the lubricant amount is rapidly increased
even though the engine speed has not increased in
the same proportion.

In addition to the afore-noted defects, the use of
mechanisms to change the stroke of the pump or spill
valves requires relatively expensive pumps and can
be subject to mechanical failure.

Therefore a lubricating oil supplying system has
already been proposed in order to overcome the
afore-noted problems. In said system a return pas-
sage is connected to the lubricating oil supply pas-
sage and a three-way solenoid control valve is con-
nected to selectively discharge lubricant supplied
from an oil pump to the engine (flow position of the
control valve) or to the return passage (non-flow pos-
ition of the control valve) to return the oil supplied from
the oil pump to the suction side of said pump. Such a
control valve preferably is of the solenoid type which
is duty controlled (Japanese patent publication Hei 2-
139307).

In such a conventional system, in which a duty
controlled three-way solenoid valve is used, the en-
gine can be supplied with an appropriate amount of lu-
bricating oil corresponding to the engine operating
conditions as any excess of lubricating oil is returned
to the suction side of the oil pump by controlling the
duty ratio of the solenoid valve according to the en-
gine operating conditions.

However, it is difficult to find out an appropriate
control strategy for setting the duty ratio of the sole-
noid valve. Normally, i.e. in case of an engine driven
type lubricating oil pump of the plunger type being
used the plunger reciprocating time varies according
to the engine revolution speed and, depending on the
setting of the control interval, the period when the
three-way control valve opens the supply passage
side in order to supply lubricating oil to the engine is
displaced from the advancing period of the pump
plunger which leads to the effect that the supply of lu-
bricating oil to the engine may become disproportion-
al to the duty ratio of the solenoid valve control. If, on
the other hand, the duty control interval or duty control
period is too long the responsiveness of oil supply, for
example during rapid acceleration etc., may become
insufficient.

Moreover in addition to the afore-noted problems,
even by means of duty controlling the three-way sol-
enoid valve, it has proven to be difficult to supply an
amount of lubricating oil which corresponds to the in-
stant engine operating conditions. More particularly,
after once lubricating oil is allowed to be supplied to
the supply passage side of the control valve, it is no
longer possible to change the amount of lubricating oil
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supply to the engine until a next control period of the
control valve is started. For example, in case where
the engine is rapidly deccelerated by fully closing the
throttle while running at a high speed and the lubricat-
ing oil is being abundantly supplied, the lubricating oil
will be supplied to the engine with a supply rate suit-
able for the high speed running state although the en-
gine has been turned to a state by decceleration
which does not require so much oil any longer. That
is, frequently the amount of lubricating oil supplied to
the engine exceeds the necessary amount and white
smoke is apt to be generated from the exhaust pipe,
due to an excessive amount of burnt oil.

Moreover, when supplying the lubricating oil
through an opening of a duty control solenoid valve
sometimes there is a problem that the oil supply be-
comes incorrect under transient operating conditions
of the engine, for example when the current supply of
lubricating oil is small as the engine is running ata low
speed but when then the engine is rapidly accelerated
by abruptly opening the throttle.

Finally, as frequently some delay in the valve
body response after the solenoid receives a driving
signal for opening or closing the control valve and, ac-
cordingly, the intended supply of lubricating oil be-
comes inaccurate provided that this effect of delayed
response of the control valve is not introduced into the
control strategy. In order to minimise the effect of de-
layed operation of the valve body of the control valve
and, accordingly, to improve the accuracy of oil supply
it is effective to render the supply period (delivery per-
iod) as long as possible. This is effective as the de-
layed response characteristic of the control valve is
constant without dependency on the supply period
and, therefore, the contribution of the error resulting
from the delayed valve response becomes smaller as
the supply period is extended.

On the other hand, a prolongation of the supply
period also results in a prolongation of the return per-
iod, during which the lubricating oil is directed to the
return passage to be returned to the suction side (in-
cluding the oil tank) of the oil pump. Thus, if the engine
operating condition abruptly changes accompanied
by an abrupt increase of oil consumption by the en-
gine while, at that time, the lubricating oil is just not
supplied to the engine side an insufficient lubrication
of the engine is likely to occur when the engine is run-
ning at high speed.

To summarise the afore-noted difficulties with the
known duty controlled solenocid valve adapted to me-
ter an appropriate amount of lubricating oil to the en-
gine, it has been noted that, specifically under tran-
sient operating conditions, the amount of lubricating
oil supplied to the engine does not follow as closely
to the changes of the operating conditions as desired.

Accordingly, it is a main objective of the present
invention to provide an improved method for lubricat-
ing a two-cycle internal combustion engine, wherein
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the amount of lubricant supplied to the engine can be
closely tailored to the actual running conditions, even
under transient conditions. Moreover, it is an objective
of the present invention to provide an improved lubri-
cating system for such an engine, preferably adapted
to perform said improved lubricating method.

According to the present invention said objective
is performed, in that the method for lubricating the
two-cycle engine operates a control valve in response
to the engine operating conditions to vary the period
of time whent the confrol valve is in its flow or non-flow
positions for controlling the amount of lubricant deliv-
ered to the engine.

According to a preferred embodiment of this in-
vention the control valve is solenoid operated and a
control unit provides a control of the duty ratio and/or
duty control period, i.e. of one ON/OFF cycle of the
solenoid.

Moreover, preferably the flow position of the con-
trol valve, which enables lubricating oil to be dis-
charged from the valve to the engine, is provided dur-
ing an OFF state of the solenoid, whereas a non-flow
position of the control valve, during which the supply
of lubricating oil to the engine is blocked but the lubri-
cating oil supplied by the oil pump is recirculated
through the control valve to the suction side of the oil
pump or is fed directly into an oil tank provided up-
stream of the oil pump, is established during an acti-
vated ON state of the solenoid. In this way it can ad-
vantageously be ensured that, even under a malfunc-
tion of the control valve leaving same in its inactivated
rest position, in any case a sufficient lubricating of the
engine takes place.

In order to appropriately bind the oil supply to the
varying operating conditions, it is preferred that, under
the proviso that the control valve takes its flow posi-
tion when it remains inactivated and assumes its non-
flow position when triggered, the duty control period
of the solenoid is shortened in response to an in-
crease in engine speed and is prolongated in re-
sponse to a decrease in engine speed. Moreover, in
a similar way also a rapid increase of the opening
speed of the engine throttle can be considered in that
the duty control period is shortened in response to
such an increasing, specifically a rapidly increasing
opening speed of the throttle.

Through this method and its preferred embodi-
ments the engine can be supplied with an appropriate
amount of lubricating oil closely following even vary-
ing engine operating conditions. For example, in cas-
es where the duty control period is shortened as the
engine speed increases and is elongated as the en-
gine speed decreases, the delivery interval of the lu-
bricating oil pump coincides with the duty control per-
iod and the supply of lubricating oil to the engine is
controlled to an appropriate amount corresponding to
the selected duty ratio, i.e. to the engine operating
conditions. Moreover, in cases where the duty control
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period is shortened as the opening speed of the throt-
tle increases, the responsiveness of the supply of lu-
bricating oil to the engine is improved.

According to yet another preferred embodiment
of the present invention, adapted to render the oil sup-
ply to closely follow up the engine operating condi-
tions, specifically transient ones, a plurality of duty ra-
tios which are optimal for supplying an appropriate
amount of lubricating oil to the engine under certain
engine operating conditions are stored in a memory of
a control unit, an instant engine operating condition is
detected and an instant duty ratio is calculated and
said calculated duty ratio is adapted to approach the
predetermined optimal duty ratio read-out from the
memory for the detected engine running conditions,
said adaptive control of said calculated duty ratio,
which is performed until same is equal to the stored
optimal duty ratio belonging to the corresponding en-
gine operating conditions, leads to the effect that the
amount of oil supply to the engine can be varied un-
delayed to closely follow varying operating conditions
and lubricating oil can always be supplied with an op-
timum amount. Incidentally, a duty control period
comprises one lubricating oil supply period and one
lubricating oil return period and the modification of the
calculated duty ratio is performed by keeping constant
either the lubricating oil supply period or the lubricat-
ing oil return period while the respective other one is
varied.

Particularly, the oil discharge to the engine is con-
trolled by means of varying the termination timing of
the variable lubricating oil supply period or the lubri-
cating oil return period, at least one of which is vari-
able in response to the engine operating conditions.

According to yet another preferred embodiment
of the present method, the OFF period of the solenoid
is kept constant while the ON period is made variable,
setting the OFF period to a value which assures a
least amount of lubricating oil necessary for running
the engine to be supplied. According to yet another
preferred embodiment of the present invention, it is
also possible to set the OFF period of the solenoid to
be variable in response to the engine operating con-
ditions, specifically in a stepwise manner with a fixed
rate according to the engine revolution speed, while
the ON period is variable according to the engine op-
erating conditions as well; i.e. in this embodiment,
both the lubricating oil supply period as well as the lu-
bricating oil return period are variable in a different
manner so that the amount of lubricant delivered to
the engine is not only controlled in terms of the duty
ratio of operating the solenoid control valve but also
in terms a duty control period adjustment. Thus, also
the duty control period can be changed according to
the duty ratio which complies with the instant engine
operating conditions.

According to yet another preferred embodiment
of the present invention, a control method, embodied
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by a control unit of the control valve, a calculating
means calculates during a discharge of lubricating oil
to the engine a desired amount or demand of lubricat-
ing oil in response to the detected engine revolution
speed in order to determine an oil supply interruption
timing. Moreover, another calculating means of the
control unit calculates the amount of oil consumption
through the engine in response to the detected engine
revolution speed, the throttle opening conditions and
the time lapsed from the last changeover of the control
valve in order to establish a return flow of lubricating
oil to recirculate same to the oil pump, while a timing
of restarting oil supply to the engine is set by a timer
means switching the control valve from its non-flow
position to its flow position when the amount of oil sup-
plied to the engine is substantially equal to the amount
of the calculated oil consumption through the engine.

In this way lubricating oil is newly supplied to the
engine after the oil supply during a preceding cycle
has been consumed. Thus, the lubricating oil can al-
ways be supplied with an appropriate amount and
generation of white smoke due to burnt oil excessively
supplied can be avoided.

According to a preferred embodiment of the
afore-mentioned control strategy an OFF period of the
solenoid of the control valve is kept constant while its
ON period is varied according to the engine operating
conditions. Moreover, in order to perform the afore-
indcated function the timer means for setting the start
timing of new oil supply to the engine subtracts the
amount of oil consumption through the engine from
the amount of oil supplied through the oil pump and
integrates the obtained difference to switch the sole-
noid of the control valve when the resulting value be-
comes zero or negative. Moreover, preferably, as a
safety measure it is assured that, also in this case, ap-
propriate lubricating of the engine takes place, even
if a malfunction of the components of the control unit
should occur. For that reason, the timer means for set-
ting the start timing of oil supply after integrating the
result of subtraction compares whether or not the oil
return period during which a return flow of lubricating
oil to the suction side of the oil pump is established is
longer or shorter than a predetermined period in order
to switch off the solenoid, regardless of the results of
the integration of the subtracted values of oil supply
and oil consumption when said oil return period is lon-
ger than a preset time period. In this way it is assured
that, in any case, the control valve will be returned in
its flow position after lapse of a predetermined period
irrespective of the results and signals provided by the
calculating means of the control unit.

According to yet another preferred embodiment
of the present control method, the control strategy
provides for keeping constant the lubricating oil sup-
ply period while an oil supply start timing setting
means sets the timing for interrupting the oil return
period to switch the control valve from its non-flow
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condition to its flow condition according to the instant
engine operating conditions.

In the latter case a calculating means of the con-
trol unit calculates a desired amount of lubricating oil
in response to the detected engine revolution speed,
whereas another calculating means of the control unit
calculates the amount of oil consumption through the
engine in response to the detected revolution speed,
the throttle opening conditions and the time lapsed
from the last changeover of the control valve to estab-
lish a return flow of lubricating oil to the suction side
of the oil pump and a detecting means detects a resi-
due amount for switching over the control valve from
the non-flow condition to the flow condition when said
amounts of oil supply and oil consumption are sub-
stantially equal to each other wherein said calculating
means for calculating the amount of oil supply and oil
consumption together with the detecting means for
the residue amount establish the setting means for
setting the oil supply start timing of the control valve.

According to yet another preferred embodiment
of such a control strategy, the lubricating oil supply
period is variable according to a predetermined duty
ratio and/or duty confrol period at which an amount of
oil supply to the engine appropriate for the instant en-
gine operating conditions can be obtained. Specifical-
ly, the engine revolution speed is considered to reflect
the engine operating conditions.

Aside from the effect that also through this em-
bodiment of the present invention, the provision of lu-
bricating oil to the engine can be closely adjusted to
the engine running conditions and, therefore, to the
actual demands for lubricating the engine, the latter-
mentioned embodiment leads to the effect that the op-
eration delay of the switching valve can be reduced by
prolongating the lubricating oil supply period. Areduc-
tion of the duty control period, rendering also the oil
supply period shorter but increasing the duty ratio,
leads to an improved response characteristic of the oil
supply with respect to rapidly changing engine oper-
ating conditions. Simultaneously at any time a suffi-
cient supply of lubricating oil by setting appropriate
timings and durations in response to the engine oper-
ating conditions detected can be assured and the ac-
curacy of oil supply to the engine can be enhanced.

In order to perform the objective of providing an
improved lubricating system for an engine as indicat-
ed above adapted to perform the method according to
the present invention, said lubricating system com-
prises a lubricant pump driven in time relation by said
engine, said lubricant pump delivering a substantially
fixed amount of lubricant during each cycle of its op-
eration. Moreover, conduit means extend from said lu-
bricant pump to the engine for delivering lubricant
thereto via a valve means disposed in conduit means
for selectively controlling the flow of lubricant to the
engine for return to the suction side of the lubricant
pump, said valve means is adapted to assume a flow
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position in which lubricant flow to the engine is permit-
ted, and a non-flow position in which lubricant flow to
said engine is interrupted. More specifically, said lu-
bricant system comprises a control means for operat-
ing said valve means in such a manner as to vary the
time period when said valve means is in its flow pos-
ition and/or is in its non-flow position for controlling the
amount of lubricant delivered to said engine.

According to a preferred embodiment of said lu-
bricating system, the confrol means operates the
valve means in response to the engine operating con-
ditions, such as engine revolution speed, throttle pos-
ition, throttle opening speed or vehicle speed.

Further preferred embodiments, specifically of
the lubricating system in view of the relatively control
means are laid down in the further sub-claims.

In the following the present invention is explained
in greater detail by means of several embodiments
thereof which are illustrated in the associated draw-
ings, wherein:

Fig. 1 is a graph showing the relationship be-

tween the engine speed and a duty control period

for a conventional lubricating oil supply system,

Fig. 2 is a block diagram of a lubricating oil sup-

plying system according to an embodiment of the

present invention,

Figs. 3a and 3c show an operating cycle of the

plunger of the lubricating oil pump for low and

high engine speeds,

Figs. 3b and 3d show duty control periods for low-

er and higher engine speeds corresponding to the

respective operating cycles as shown in Figs. 3a
and 3c,

Fig. 4 is a block diagram of a lubricating oil sup-

plying system of an embodiment of the present in-

vention similar to that of Fig. 2,

Fig. 5 is a block diagram of a control unit used in

the lubricating oil supplying system of Fig. 4,

Fig. 6 is a flow chart for illustrating the method for

the supply of lubricating oil to an engine to the em-

bodiment of Figs. 4 and 5,

Figs. 7a to 7¢ are graphs illustrating the method

for supplying lubricating oil to an engine accord-

ing to the embodiments of Figs. 4 to 6 among
which:
Fig. 7a indicates the change of the engine
speed,
Fig. 7b shows the change of the duty ratio ac-
cording to engine speed,
Fig. 7c illustrates the switching action of the
three-way solenoid control valve used in the
oil supply system of Fig. 4, specifically the
change of the duty ratic and the duty control
period,

Fig. 8 is a graph illustrating the relationship be-

tween the engine speed and the duty control per-

iod,

Fig. 9 is a block diagram of a lubricating oil sup-
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plying system according to yet another preferred
embodiment of the present invention,
Fig. 10 is a block diagram of the control unit used
in the lubricating oil supplying according to Fig. 9,
Fig. 11 is a flow chart illustrating the method for
controlling the lubricating oil supply to the engine
according to this embodiment of the present in-
vention,
Figs. 12a to 12f are graphs illustrating the control
method for supplying lubricant to the engine ac-
cording to Fig. 11, among which
Fig. 12a is a graph showing the change of the
flow rate requirement of the lubricating oil for
the engine over time,
Fig. 12b is a graph showing the change of the
oil pressure overtime during the operation of
the oil pump,
Fig. 12c is a graph showing the ON/OFF
switching timing of the solenoid of the control
valve of the lubricating oil supplying system of
Fig. 9,
Fig. 12d is a graph showing the change of the
amount of oil supply overtime,
Fig. 12e is a graph showing the relationship
between the amount of oil supply and the
amount of consumption of the lubricating oil,
Fig. 12f is a graph showing the residue
amount of lubricating oil obtained by subtract-
ing the amount of oil comsumption of the
amount of oil supply,
Fig. 13 is a block diagram similar to Fig. 10 fea-
turing the control unit used in the lubricating oil
supplying system of Fig. 9 according to yet an-
other preferred embodiment of the present inven-
tion,
Fig. 14 is a graph showing a duty ratioc map to be
used for the oil supply interruption timing means
of the confrol unit indicated in Fig. 13,
Fig. 15 is a graph showing the amount of lubricat-
ing oil supply obtained through the lubricating oil
supplying system as indicated in Fig. 9,
Fig. 16 is a flow chart illustrating the method for
appropriately lubricating the engine through the
lubricating system as shown in Fig. 9,
Fig. 17 is a flow chart for illustrating the operation
of setting the oil supply period of the lubricating oil
supplying system as shown in Fig. 9,
Figs 18a to 18f are graphs similar to Figs. 12a to
12f for this other embodiment of controlling the lu-
bricating oil supply to the engine,
Figs. 19a and 19b are control timing charts to dis-
close the duty ratio and duty control period where-
in:
Fig. 19a shows the condition when the supply
period is long,
Fig. 19b shows the condition when the supply
period is short,
Fig. 20 is a graph showing another example of a
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duty ratio map sought in the control unit of the lu-

bricating oil supplying system,

Fig. 21 is a graph showing the amount of supply

of lubricating oil obtained when the duty ratio map

shown in Fig. 20 is employed, and

Fig. 22 is a flow chart illustrating the operation for

setting the oil supply period in a case in which the

duty ratio map as shown in Fig. 20 is employed.

Referring to a first embodiment of the present in-
vention as, in its apparatus aspects, illustrated in Fig.
1, said figure discloses a lubricating oil supplying sys-
tem, hereinafter referred to as lubricating system, de-
signed in accordance with an embodiment of the pres-
ent invention and provided to perform a method for
supplying an appropriate amount of lubricating oil to
an engine in compliance with afirst embodiment of the
present invention. Said lubricating system 1 is de-
signed to supply lubricant to a two-cycle internal com-
bustion engine 2. The lubricating oil supply to the en-
gine 2 by the system 1 can be supplied either to the
induction system of the engine 2 or to the various
components of the engine to be lubricated directly
through a direct lubricating means, or a combination
of these systems. Accordingly, it is to be understood
that any of the known types of prior art lubricant de-
livery systems internally of the engine can be em-
ployed in conjunction with the lubricating system. The
lubricating system 1 includes an oil tank 5 in which a
storage of lubricant is contained. An introducing pas-
sage 6 forms a conduit to supply the lubricant (oil)
from the tank 5 to a reciprocating type lubricating
pump 3, hereinafter referred to as oil pump 3, which
is driven by the engine 2. A conventional plunger type
oil pump 3 maybe employed and, as shown in Figs.
3a and 3c, the output of the pump will be substantially
the same for each pumping cycle. Accordingly, when
the engine speed increases the number of pumping
pulses generating during a given time period will in-
crease. As a result the output of the oil pump 3 will in-
crease as the engine speed increases. Fig. 3a disclo-
ses the pump delivery at low speeds while Fig. 3c
shows the pump delivery at high engine speeds.

A supply passage 4 to a control valve assembly,
more particularly, to a three-way solenoid operated
control valve 8. The control valve 8 includes a valve
body 10 of the spool type slidably received by an in-
ternal bore of the valve case 9. A solenoid coil 12 is
provided and supplied with an exciting current to op-
erate the valve body 10 in order to switch said control
valve 10. Areturn spring 11 normally at the valve body
10 to a first position as shown in Figure 2 wherein the
valve body 10 is in a position to open the communi-
cation with a supplying port 9a that communicates the
supply passage 4 upstream of the control valve 10 to
another portion of the supply passage 4 downstream
of the control valve 10 leading to the engine 2, that
downstream portion of the supply passage 4 delivers
the lubricant to the engine lubricating system.
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When the solenoid coil 12 is engergized the viave
body 10 will be drawn upwardly to compress the return
spring 11, blocking the supply port 9a and communi-
cating the supply passage 4 delivering the oil from the
oil pump 3 to the control valve 10 to a return passage
7 that delivers the oil back to the introducing passage
6 at the suction side of the oil pump 3 bypassing said
oil pump 3. As a result, when the control valve 10 is
in its non-flow condition wherein the solenoid coil 12
is energized the output pressure from the oil pump 3
will be returned back to its suction side and no lubri-
cating oil will be delivered to the engine 2 from the
supply port 9a.

The solenoid coil 12 is energized by means of an
electrical circuit that includes a battery 15 and a main
switch 14. These elements power a control unit 13
(CPU) which is programed to supply the desired puls-
es to the solenoid coil 12 depending upon sensed en-
gine conditions. These conditions may include the en-
gine speed which is supplied from a suitable engine
speed sensor and an accelerator position that is
sensed by an appropriate throttle position sensor. In
addition, other conditions such as the opening veloc-
ity of the throttle, both of engine operation and of
ambiant conditions may be supplied to the control unit
13.

As is derivable from Figures 3b and 3d, when the
control unit 13 outputs an engergizing signal for a time
period B the control valve 10 will be in its non-flow
position (energized) and no lubricant will be delivered
to the engine 2. During an OFF period wherein the sol-
enoid coil 12 is de-energized and the valve body is in
its lower most position as shown in Figure 2 (flow pos-
ition of the control valve 10) lubricating oil will be de-
livered for a time period a (overall control period of one
control cycle, hereinafter called as duty control peri-
od) minus B (A minus B). Hence, the amount of oil de-
livered during a given time period will be determined
by the duty ratio A minus B (stroke A multiplied by
100%). It should also be noted that because the oil
pump 15 is driven at a fixed ratio of speed relative to
the speed of the engine 2, a shorter time interval of de-
energization of the solenoid coil 12 will provide a
greater amount of oil flow than the same time period
when the engine is operating at higher speed. Thus,
the time interval, i.e. the duty control period A must be
adjusted in relation to the engine speed and is de-
signed such that, as seen in Figure 3b, when the en-
gine is operating at a slow speed the duty control per-
iod A is longer than when the engine is operating at
higher speeds as indicated in Figure 3d. The ratios of
duty cycles will be determined by the actual require-
ments of the engine and this can then be programmed
into the control unit 13 so as to provide the appropriate
amount of lubricating oil on all engine speeds. In that
way excessive oil supply and also smoke in the ex-
haust gas is prevented.

As noted previously, however, merely controlling
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the duty cycle in relation to the engine speed alone will
only provide adequate control under steady state con-
ditions but will not accommodate transient engine op-
erating conditions. Therefore according to the control
method of the present invention the control unit 13
also senses when the accelerator is opened at a rapid
rate and, when this occurs, the duty cycle is shortened
for a given engine speed condition so as to ensure
that an excessive amount of oil is not supplied to the
engine and it can be reliably quaranteed that the
amount of lubricants supplied will be appropriate for
the actual running conditions of the engine 2.

Of course the described control routine depends
on the actual requirements of a given engine but it
should be readily apparent that with the described
system and the method for duplicating a two-cycle en-
gine it is possible to provide good control of the
amount of oil supplied to the engine by varying both
the length of time when the oil is supplied and the con-
trol valve 10 is in its flow position, and the duty ratio
((b - a)/a) as well as by means of adjusting the duty
control period a. That is the amount of oil to be sup-
plied to the engine is controlled by changing the ratio
of (a - b)/a as well as by varying a and b.

In this embodiment, since the duty control period
A is controlled such that it becomes longer during low
speed engine revolution and shorter during high
speed engine revolution, the duty control period A is
adapted to alength suited to the operating cycle of the
plunger of the oil pump 3 and an amount of oil supply
corresponding to the duty ratio can be assured. Fur-
thermore, under rapid accelerating conditions the re-
sponsiveness of the system is improved since the
duty control period A is controlled to be shorter even
in the case where the enaine revolution speed is low.

A next embodiment of the present invention here-
inafter will be described with reference to Figures 4-
8. The layout of the lubricating system 1 as shown in
Figure 4 substantially complies with that of Figure 1
and, therefore, will not be described again in greater
detail. Also, in this case the lubricating oil pump 3 driv-
en by the two-cycle engine 2 is communicated at its
suction side with a lubricating oil tank 5, while its de-
livery side supplies lubricating oil to a three-way sol-
enoid operated control valve 8 and a control unit 13
is provided for controlling the three-way solenoid
valve 8. The lubricating oil pump 3 is of the recipro-
cating plunger type driven by the engine and has a
structure for adjusting the reciprocating stroke of the
plunger according to the degree of throttle opening.
The three-way solenoid operated control valve 8 is
communicated with the lubricating oil tank 5 through
a lubricating oil return passage 7, while being commu-
nicated with the engine 2 through a lubricating oil sup-
ply passage 4. Again, the three-way control valve 8 is
solenoid controlled to switch between both the supply
and return passages 4,7. The ON/OFF action of the
solenoid is controlled by the control unit 13 and the
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three-way solenoid operated control valve 8 is switch-
ed to its non-flow state when the solenoid is in the ON
state and is switched to the flow condition when the
solenoid is in the OFF state. In this case, the control
unit 13 has a structure for duty controlling the three-
way solenoid operated control valve 13 by energizing
or de-energizing it according to a pre-determined duty
ratio, again, as in the aforementioned embodiment,
the duty ratio is defined by dividing the overall duty
control period (one cycle (ON/OFF state)) through the
time period in which the solenoid is de-energized
(OFF state) i.e. by dividing the lubricating oil supply
period wherein the three-way solenoid operated con-
trol valve 8 is in its switched OFF flow condition by the
duty control period (sum of the supply period and the
return period).
(Duty ratio (%) = (OFF period/(ON period + OFF
period)) x 100%)

The control unit 13 is connected to the battery 15
through remaining switch 14, while it is connected
with an ignition system 8 of the engine 2 to calculate
the revolution speed of the engine 2. Moreover, the
control unit 13 comprises a calculating means 17 for
computing the engine revolution speed, a microcom-
puter 18, a counter 19 and a supply interruption timing
setting means as main components thereof.

The calculating means 17 for computing the en-
gine revolution speed has a structure for continuously
calculating the engine revolution speed, while the en-
gine is running and outputting the revolution speed re-
sponsive signal to the microcomputer 18.

The microcomputer 18 is provided with a read
only memory formed by a duty ratio map wherein duty
ratios are stored which assure an optimal amount of
oil supply related to the associated engine operating
conditions correspondingly stored therein. The micro-
computer 18 reads out a duty ratio from the duty ratio
map according to the engine revolution speed input-
ted from the revolution speed-calculating means 18 in
order to calculate each time the duty control period
(OFF period plus ON period of the three-way solenoid
valve 8) for the duty control of the valve 8. As the OFF
period of the three-way solenoid operated control
valve 8, a period is employed which ensures that a
least amount of lubricating oil can be obtained which
is necessary as a minimum for running the engine. For
example, a time period is employed as the OFF period
of the control valve 8 during which the plunger of the
oil pump 3 can perform at least one reciprocating
movement even while the engine is in an idling con-
dition. In this embodiment, in order to perform the oil
supply control, the OFF period of the three-way sole-
noid operated control valve 8 is kept constant, while
its ON period is made variable. In other words, the
period wherein the control valve 8 assumes its de-
energized flow position is kept constant while its
energized non-flow position is made variable. It is un-
necessary for the ON period to have a minimum value,
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as it is the case in view of the OFF period.

When determining the OFF period of the solenoid
coil 12, it is possible to adjust said OFF period such
that it may change according to the engine operating
conditions. For example, the OFF period can be var-
ied respectively for the engine operating conditions,
such as idling, medium speed running, high speed
running etc. The OFF period in this case can either be
kept constant or also the OFF period can be varied,
preferrably by stages in a step-wise manner but pre-
ferrably it can be varied with a fixed rate according to
the engine revolution speed. Even in such a case, the
ON period (non-flow position of the control valve 8) is
varied always according to the engine operating con-
ditions. Moreover, as soon as the operating condi-
tions, such as the engine revolution speed of the en-
gine changes, the duty control period will change ac-
cording to the duty ratio which corresponds to the
changed operating conditions.

The counter as a time counting means 19 pro-
vides for counting the lapse of time after the start of
the supply of lubricating oil to the engine 2 for each
duty control period during which the three-way sole-
noid operated control valve 8 is switched ON or
switched OFF.

The setting means 20 for determining the return
interruption timing has a structure for continuously
comparing the lapse of time counted by the counter
19, with the current ideal target duty control period ob-
tained from the microcomputer 18. Then, when the
lapse of time corresponds to the duty control period,
the control valve 8 is switched OFF through said re-
turn interruption timing setting means 20, proceeding
to the next duty control period. In other words, the tim-
ing of terminating the lubricating oil return period (ON
periods) is compared with the duty ratio at which an
optimal amount of lubricating oil supply for the instant
engine operating conditions is obtained and, when it
corresponds to that duty ratio, the duty control period
is finished.

Referring to Figures 6-8, in the following the
method for appropriately lubricating the engine 2 and
the operation of the oil supplying system 1 according
to this embodiment will be explained. As is apparent
from Figure 6, when the main switch 14 is turned ON,
first the control unit 13 is initialized at step P1. After
the engine has started, the means 17 for calculating
the engine revolution speed of the control unit 13 cal-
culates said speed at the step P2 and outputs same
to the microcomputer 18. Just after engine starting,
since the three-way operated control valve 8 is in the
flow condition (OFF state), the lubricating oil delivered
from the oil pump 3 is supplied to the engine 2. When
the oil is supplied, the counter 12 starts counting the
time. After a definite time period has lapsed from the
start of supplying lubricating oil to the engine 2, the
control valve 8 is energized to switch from its flow pos-
ition to its non-flow position into the ON state by the



15 EP 0 508 486 A1 16

microcomputer 18 and the lubricating oil is now direct-
ed to the oil return passage 7.

Next, the microcomputer 18 reads a duty ratio
corresponding to the detected engine revolution
speed from a map at the step P3 and calculates the
duty control period at that time in step P4. The duty
control period is obtained by dividing the OFF period
of the control valve 8, which is constant by the duty ra-
tio. That means, the microcomputer 18 continuously
calculates the duty control period while the engine 2
is running. Then the setting means 20 for determining
the timing of interruption of the return flow of the oil
sets said interruption timing at the step P5. At that
time, the lapse of time counted by the counter 19 from
the start of supply of lubricating oil is compared with
the duty control period obtained in step P4 and, when
the lapsed time has reached the duty control period,
the process proceeds to the step P6 to turn the three-
way operated control valve 8 into its flow condition
(OFF state). When the lapse of time has not reached
the duty control period, the process returns from the
step P5 to the step P1 and the operations described
above are repeated.

When the control valve 8 is turned OFF at the step
P86, one period of the duty control is finished and the
process returns to the step P1. The counter 12 newly
starts counting time when the control valve 8 is turned
OFF.

In the following the operation of the control valve
8 for a transient operating condition is described,
namely with the engine revolution speed rising from a
low speed or falling from a high speed, referring to Fig-
ure 7.

While the engine 2 is in the idling state shown with
an Ain Figure 7a, the duty ratio is read out of the duty
ratio map of the control unit 13, e.g. 15%. As shown
in Figure 7b, the duty ratio changes in general accor-
dance with a change of the engine revolution speed
and is made to amount 100% when the engine throttle
is fully opened. The duty control period during idling
becomes T1 as shown in Figure 7¢. This duty control
period T1 is taken as the time until the solid line T,
which represents that the lapse of time is increasing,
reaches the duty control period obtained from the duty
ratio (height of the supply start timing line shown in the
broken lines in Figure 7¢). That means, the return in-
terruption timing at which the control valve (8) is
turned from the ON state into the OFF state is taken
as the timing at which the period from the oil supply
start timing in that duty control period coincides with
the ideal control period corresponding to the engine
revolution speed.

The double-dotted chain line in Figure 7cis aline
representing a timing of interrupting the oil supply to
the engine at which the control valve 8 is turned on
and the delivery of lubricating oil is interrupted. This
timing line of interrupting the oil supply to the engine
and the timing line representing the start of fuel supply
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to the engine (shown in the broken line) are deter-
mined from the engine revolution speed on the basis
of the duty ratio as shown in Figure 8. As the duty con-
trol period for the engine revolution speed, the height
of the timing line in Figure 8 is taken representing the
start of oil supply to the engine. Since, in this embodi-
ment the OFF time of the control valve 8 is said to be
constant, the timing line for the interruption of the oil
supply is a line which runs in parallel to the abscissa.

Moreover, when the engine revolution speed ris-
es as shown through the curve section B in Figure 7a,
the demand of the engine 2 for lubricating oil increas-
es and the duty ratio similarly increases. When the
duty ratio rises, the duty control period becomes
shorter with the rise of the engine revolution speed,
because the OFF period is constant and the timing
line for the start of ON supply slopes down rightwards,
as indicated in Figure 7c¢. For this case, as the return
flow interruption timing is taken

Moreover, when the engine 2 assumes its high
speed condition with fully open throttle as represented
through section D of the curve of Fig. 7d, since the
duty ratio becomes 100%, the ON period becomes
zero and the duty control period becomes equal to the
OFF period. The duty control period in this case is
designated with T3 in Fig. 7¢. Accordingly, the control
valve 8 is continuously in the flow position (OFF state)
and the lubricating oil is continuously supplied to the
engine 2. When the engine revolution speed begins to
fall as shown in the curve section E in Fig. 7a the duty
ratio also decreases and the duty control period is pro-
longated as the engine revolution speed drops. Here,
the supply start timing line in Fig. 7¢ slopes up right-
wards and becomes parallel with the horizontal axis
after the engine revolution speed became constant.
As the return flow interruption timing for this case, the
timing indicated with G is taken at which the lapse of
time from the start of the OFF state (flow position of
the control valve 8) reaches the duty control period.
Accordingly, the duty control period becomes G4.

Therefore, since the lubricating sytem 1 for the
two-cycle engine 2 compares the return flow interrup-
tion timing at which the lubricating oil is directed to the
lubricating oil return passage 7 with the duty ratio at
which an amount of lubricating oil supply optimal for
the instant engine operating conditions is obtained
and the duty control period is terminated when it cor-
responds to the duty ratio, as soon as the engine op-
erating conditions change, the duty control period
changes according to the duty ratio suited to the in-
stant engine operating conditions. With the structure
of the lubricating system as shown in Fig. 4 supplying
lubricating oil to the engine 2 while the control valve
8 is switched off an amount of oil delivery to the engine
necessary for running the engine can be secured
even when the power supply to the control valve 8 is
intercepted.

Although this embodiment controls the delivery of
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lubricating oil by varying the lubricating oil return per-
iod, it is also possible to control the oil supply by vary-
ing the lubricating oil supply period, keeping the oil re-
turn period contstant.

For this embodiment, as the return flow interrupt-
ing timing is compared with the duty ratio which is con-
trolled to reach a duty ratio which is optimal for the de-
tected engine operating conditions and duty control
period is terminated when said duty ratio is obtained,
the duty control period is changed according to a duty
control ratio suited to the instant engine operating
conditions as soon as said conditions change, the
supplied amount of lubricating oil is always optimum
for the current engine operating conditions.

Another embodiment of the present invention, in
the following, is described referring to Figs. 9 to 12.
Again, generally the layout of the lubricating system
1 substantially corresponds to those of Figs. 2 and 4.
With respect to the embodiment of Fig. 2 the control
valve 8 has a different structure, specifically the de-
sign of the valve body 10 with outwardly projecting
flanges subjected to the prebiasing force of the return
spring 11 prebiasing the valve body 10 into an upper
rest position, and the disposal of the solenoid coil 12
and the disposal of the ports for communicating to the
associated conduits distinguish said three-way con-
trol valve 8 from that of the embodiment of Fig. 1.

Also in Fig. 9 the same reference numerals des-
ignate the same parts and components as already ex-
plained in conjunction with the above embodiments.
Therefore, a repeated explanation of the basic layout
and the components having the same reference nu-
merals is not deemed necessary again.

When the solenoid coil 12 is energized (when
ON), the lubricating oil delivered from the lubricating
oil pump 3 is returned from the three-way solenoud
valve 8 to the lubricating oil tank 5 through the return
passage 7. When the solenoid coil is deenergized —
(when OFF), the lubricating oil is supplied to the en-
gine 2 from the three-way solenoid valve 8.

The numeral 13 denotes a control unit for control-
ling the action of, the three-way solenoid valve 8. This
control unit 13 is constructed for switching the ON and
OFF of the solenoid coil 12 so that the supplying state
and returning state of the lubricating oil. may be re-
peated to confrol the lubricating oil amount supplied
to the engine 2 side. In this embodiment, the OFF time
of the solenoid coil 12 is kept constant and its ON time
is varied according to the engine operating condition
through a method described later.

This confrol unit is connected to a battery 15
through a main switch 14, and, while being connected
to the ignition system of the engine 2 to calculate the
revolution speed of the engine 2, it. is connected to the
throttle system to detect the throtte opening. The nu-
meral 16 denotes the ignition unit of the engine 2, and
17 denotes the throttle. The energizing circuit for the
solenoid coil 12 employed in the control unit 13 is a
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transistor circuit as shown in Fig.9.

By connecting the solenoid coil 12 with the control
unit 13 in such a manner, the solenoid coil 12 is pre-
vented from being turned into the ON state (state in
which the lubricating oil will not be supplied to the en-
gine) when the ground side is short-circuited, and the
engine seizure can be prevented. Since the lubricat-
ing oil. is supplied to the engine 2 while the solenoid
coil 12 is in the OFF state, engine seizure can be pre-
vented even in the case of circuit disconnection or
source failure.

Here, the structure of the control unit 13 is descri-
bed in detail referring to Fig. 10. In Fig 10, the refer-
ence numeral 21 denotes a revolution speed calculat-
ing means for calculating the average speed of revo-
lution of the engine 2 through the revolution speed sig-
nal from the ignition pickup of the ignition unit 16, and
22 denotes a timer.

This timer 22 has a structure for starting counting
time just after the starting of the engine 2, generating
a trigger signal every lapse of definite time (e.g., 80
ms) and accumulating the trigger number.

The numeral 23 denotes a supply interrupting
means for energizing the solenoid coil 12 of the three-
way solenoid valve 8 to direct the lubricating oil to the
return passage 7. This supply interrupting means 23
has a structure for energizing the solenoid coil 12
when the accumulated trigger number in the timer 22
reaches a set value. That is, the lubricating oil is kept
being supplied to the engine 2 side-until this supply in-
terrupting means 23 operates.

As the set value of the accumulated trigger num-
ber, a number is employed with which a least amount
of lubricating oil necessary for the engine not to gen-
erate white smoke while idling can be supplied to the
engine before the supply interrupting means 23 oper-
ates. For example, if the trigger signal is generated
every 80 ms, the set number becomes 12. In this
case. the lubricating oil supplying time becomes 960
ms.

The numeral 24 denotes a supply amount calcu-
lating means for calculating the lubricating oil supply
amount to the engine 2 side. This supply amount cal-
culating means 24 has a structure for calculating the
lubricating oil supply amount on the basis of the en-
gine revolution speed while the solenoid coil 12 of the
three-way solenoid valve 8 is in the OFF state. The lu-
bricating oil supply amount is calculated by multiply-
ing the delivery amount of the lubricating oil pump 3
per one revolution of the engine 2 by the speed of en-
gine revolution in the lubricating oil supplying time
above.

The reference numeral 25 denotes the consump-
tion amount calculating means for calculating the
amount of the lubricating oil consumed in the engine
2. This consumption amount calculating means has a
structure for calculating the amount of the lubricating
oil consumed while the lubricating oil is not supplied
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to the engine 2 side on the basis of the lubricating oil
consumption per unit time obtained from the engine
revolution speed , the throttle opening and the lapse
of time after the operation starting of the supply inter-
rupting means 23. As the lubricating oil consumption
per unit time to be obtained from the engine revolution
speed and the throttle opening, values beforehand
written in the map 26 are employed.

The numeral 27 denotes a supply starting timing
setting means for deenergizing the solenoid coil 12 of
the three-way solenoid valve 8 to direct the lubricating
oil to the supply passage 4.

This supply starting timing setting means 27 has
a structure for subtracting the lubricatig oil consump-
tion amount calculated by the consumption amount
calcualting means 25 from the lubricating oil supply
amount calculated by the supply amount calculating
means 24, integrating the obtained differences, and,
when the resulted value becomes zero or negative,
deenergizing the solenoid coil 12 of the three-way sol-
enoid coil 8. Further, this supply starting timing setting
means 27 resets the accumulated trigger number in
the timer 22 to 0 before deenergizing the solenoid coil
12.

That is, as soon as the lubricating oil residue on
the engine 2 side is exhausted, lubricating oil is newly
supplied to the engine 2 side.

Further, the supply starting timing setting means
27 has a structure for deciding, after integrating the
subtraction results, whether the lubricating oil inter-
rupting time (lapse of time after the supply interrupting
ineans starts operating) is longer or shorter than a set
time. and, when longer, deenergizing the solenoid coil
12 regardless of the integration result.

Next, the operation of the lubricating oil supplying
system for the two cycle engine constructed as above
is described referring to the flow chart shown in
Fig..11

When the main switch 14 is turned on, the control
unit 13 is reset at P, in Fig.3 to be initialized, and the
timer is set at P,. At this time, the accumulated trigger
number in the timer 22 is returned to 0.

When the engine 2 is started, apparatus of the en-
gine control system such as the ignition unit 16 are
controlled at P;. With the beginning of engine starting,
the timer 22 starts counting time, and, as shown with
P4 through Pg, accumulates the trigger number every
definite time. The lubricating oil pump 3 also starts its
operation with the engine 2 to deliver the lubricating
oil to the three-way solenoid valve 8. In this while,
since the accumulated trigger number of the timer 22
is smaller than the set value and the solenoid coil 12
of the three-way solenoid valve 8 is not energized, lu-
bricating oil is supplied from the three-way solenoid
valve 8 to the engine 2 side. While the lubricating oil
is being supplied to the engine 2 side, the lubricating
oil supply amount is calculated by the supply amount
calculating means 24.
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After the accumulated trigger number reached a
set value at Pg, the solenoid coil 12 of the three-way
solenoid valve 8 is energized at P; by the supply in-
terrupting means 23, and the lubricating oil is not sup-
plied to the engine 2 side but is returned to the lubri-
cating oil tank 5.

When the supply interrupting means operates,
the lubricating oil consumption amount is calculated
by the consumption amount calculating means at Py,
and the lubricating oil consumption amount is sub-
tracted from the lubricating oil supply amount to cal-
culate the lubricating oil residue amount. The subtrac-
tion results are integrated at P44 in parallel with the re-
sidue calculating operation described above.

Next, the consumption amount calculating means
25 decides whether the lubricating oil interrupting time
is longer or shorter than a set time at P, and, when
the lubricating oil interrupting time is shorter than the
set time and normal, the process proceeds to P44 to
decide whether the integrated value is zero or nega-
tive or not. If decided zero or negative, the accumu-
lated trigger number of the timer 22 is returned to zero
at P43 and the solenoid coil 12 of the three-way sole-
noid valve 8 is deenergized at P4. By this operation,
the lubricating oil is again supplied from the three-way
solenoid valve 8 side to the engine 2 side. The lubri-
cating oil supplying system 1 according to this inven-
tion operates taking a series of actions described
above as one cycle, and, after returning to the lubri-
cating oil supplying state at P4, it returns to P, to per-
form the second cycle of its operation.

If decided at P44 that the lubricating oil interruption
time is longer than the set time, the process is ad-
vanced to P,3, and the energization of the solenoid
coil 12 is interrupted regardless of the integration re-
sult. In the case where the integrated value is notzero
or negative at Py,, the process id returned to the step
P12.

The operation of the lubricating oil supplying sys-
tem 1 according to this invention becomes as shown
in Figs.12(a) through 12(f). In Fig.12 is shown the
case where the engine 2 is rapidly accelerated from
the low speed operating state to the high speed oper-
ating state and then returned to the low speed oper-
ating state.

When the engine 2 is operated as described
above, the lubricating oil requirement of the engine 2
changes according to the engine revolution speed as
shown in Fig.4(a), and the time and the number of the
lubricating oil deliveries from the lubricating oil pump
3 also changes according to the engine revolution
speed as shown in Fig.12(b).

Further, on the three-way solenoid valve 8 to be
switched, the time during which the solenoid coil 12
is not energized (shown as To in Fig.12) becomes al-
ways constant, the lubricating oil return time becomes
shorter as the engine speed becomes higher and the
lubricating oil supply amount becomes larger accord-
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ing to the engine revolution speed . In Fig.12(d), the
period during which the lubricating oil is supplied is
shown with hatching. C, through Cg show control op-
eration cycles.

InFig.12(e), the integrated value of the lubricating
oil supply amount is shown with A, the integrated val-
ue of the lubricating oil consumption amount is shown
with B, and the value obtained by subtracting the lu-
bricating oil consumption amount from the lubricating
oil supply amount (lubricating oil residue) is shown in
Fig.12(f). From Fig.12(f), it is seen that the lubricating
oil is newly supplied after the residue is exhausted.

Therefore, with the lubricating oil supplying sys-
tem 1 according to this invention, the lubricating oil is
newly supplied to the engine after the lubricating oil
supplied from the three-way solenoid valve 8 to the
engine 2 side has been consumed.

Hereupon, although the embodiment described
above is of a structure in which the lubricating oil sup-
ply time to the engine side is kept constant and the lu-
bricating oil return time is varied, this invention is not
limited to such a structure, but the system according
to this invention may be constructed for varying the lu-
bricating oil supply time to the engine side. In such a
case, the ON time of the three-way solenoid valve is
kept constant and the OFF time is varied by the con-
trol unit 13.

With the lubricating oil supplying system for the
two cycle engine according to this embodiment since
the lubricating oil return interruption timing is set by a
supply amount calculating means which calculates
the lubricating oil supply amount to the engine side
from the engine revolution speed, a consumption
amount calculating means which calculates the lubri-
cating oil consumption amount from the engine revo-
lution speed , throttle opening and the lapse of time af-
ter the switching valve is switched to the return pas-
sage side, and a supply starting timing setting means
which switches the switching valve from the return
passage side to the supply passage side when the lu-
bricating oil supply amount and the lubricating oil con-
sumption amount agree with each other, the lubricat-
ing oil is newly supplied to the engine side after the lu-
bricating oil supplied from the switching valve to the
engine side has been consumed.

Therefore, the lubricating oil can be supplied al-
ways with an appropriate supply amount, and white
smoke is prevented from being generated from the
engine.

The control unit 13 for controlling the three-way
solenoid valve 8 is constructed for varying the lubri-
cating oil returning time of the three-way solenoid
valve 8. The control unit 13 is provided with a supply
amount calculating means, a consumption amount
calculating means and a supply starting timing setting
means for switching the three-way solenoid valve
when the lubricating oil residue is exhausted. The lu-
bricating oil is newly supplied to the engine 2 side after
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the lubricating oil supplied from the three-way sole-
noid valve to the engine 2 side has been consumed.

Since in the lubricating oil supplying system ac-
cording to another modification lubricating oil supply
period kept constant according to a predetermined
duty ratio at which a lubricating oil supply amount ap-
propriate for the current engine operating condition
can be obtained and the current engine revolution
speed, the effect of the operation delay of the switch-
ing valve can be reduced by making the lubricating oil
supply period longer, while the control period is short-
ened and the lubricating oil supply amount changes
with a better followability to the engine operating con-
dition change by making the lubricating oil supply per-
iod shorter. Therefore, the effect of the delay of the
switching valve operation can be reduced while rea-
training the lubricating oil from becoming insufficient,
and the lubricating oil supply accuracy can be raised.

Another embodiment of the present-invention is
described referring to Figures 13 to 22. Again, the
same reference numerals denote the same compo-
nents. The layout of the lubricating system corre-
sponds to that of Figure 9. Some maodifications are to
be noted for the control unit 13 as shown in Figure 13.

The numeral 13 denotes a control unit for control-
ling the action of the three-way solenoid valve 8. This
control unit 13 is constructed for switching the ON and
OFF of the solenoid coil 12 so that the supplying state
and returning state of the lubricating oil may be re-
peated to control the lubricating oil amount supplied
to the engine 2 side. The OFF period of the solenoid
coil 12 is made shorter in the case where the engine
is running at a high speed and the lubricating oil sup-
ply amount required by the engine is smaller as com-
pared with other cases and its ON period is varied ac-
cording to the engine operating condition through a
method described later.

[0024]

This confrol unit 13 is connected to a battery 15
through a main switch 14, and, while being connected
to the ignition system of the engine 2 to calculate the
revolution speed of the engine 2, itis connected to the
throttle system to detect. the throttle opening. The nu-
meral 16 denotes the ignition unit of the engine 2, and
17 denotes the throttle. The energizing circuit for the
solenoid coil 12 employed in the control unit 13 is a
transistor circuit as shown in Fig.9.

By connecting the solenoid coil 12 with the-con-
trol unit 13 in such a manner, the solenoid coil 12 is
prevented from being turned into the ON state (state
in which the lubricating oil will not be supplied to the
engine) when the ground side is short-circuited, and
the engine seizure can be prevented. Since the lubri-
cating oil is supplied to the engine 2 while the solenoid
coil 12 is in the OFF state, engine seizure can be pre-
vented even in the case of circuit disconnection or
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source failure.

Here, the structure of the control unit 13 is descri-
bed in detail referring to Fig.13.

As shown in Fig.13, the control unit 13 is provided
with a revolution speed calculating means 21, timer
22, supply interrupting means 23, supply amount cal-
culating means 24, consumption amount calculating
means 25 and a residue amount calculating means
27. This control unit 13 constitutes the supply starting
timing setting means according to this invention.

The revolution speed calculating means 21 has a
structure for calculating the average revolution speed
of the engine 2 through the revolution speed signal
from the ignition pickup of the ignition unit 16.

The timer 22 has a structure for starting time
counting just after engine starting, generating a trig-
ger signel every lapse of a definite time (for example,
80 ms) and accumulating the trigger number.

The reference numeral 23 denotes a supply inter-
rupting means for energizing the solenoid coil 12 of
the three-way solenoid valve 8 to direct the lubricating
oil to the return passage, and this supply interruptinhg
means 23 has a structure for energizing the solenoid
coil 12 when the accumulated trigger number at the
timer 22 reached a set value. That is, lubricating oil is
being supplied to the engine 2 until this supply inter-
rupting valve is switched by the supply interrupting
means 23 is determined by the duty ratio map shown
in Fig.14, engine revolution speed, throttle opening,
etc. and becomes as shown in Fig.15. That is, the lu-
bricating oil supply amount becomes smaller until the
engine revolution speed reaches a somewhat higher
speed even if the throttle is widely opened. Therefore,
while the lubricating oil supply amount becomes
smaller when the engine revolution speed is in the low
to medium range and the throttle opening is larger, the
lubricating oil supply amount becomes smaller also
while racing. The graph of Fig.15 shows also the lu-
bricating oil consumption amount or requirement
amount corresponding to the engine operating condi-
tion.

Here, the duty ratio map shown in Fig. 14 is de-
scribed in detail.

The duty ratio map is constructed so that the duty
ratio may reach its highest value, 100%, when the en-
gine revolution speed or the throttle opening reaches
their maximum. The engine revolution speed or the
throttle opening at which the duty ratio reaches 100%
is given some degree of revolution speed width or
opening width, and the domain in which the duty ratio
becomes 100% (the highest portion in Fig.14) be-
comes flat.

Further, as the duty ratio for the lower engine rev-
olution speed is set the lowest value for obtaining the
lubricating oil supply amount necessary for the engine
2, and the domain in which the duty ratio becomes
lowest is also made flat by giving some degree of ro-
tation speed width or throttle opening width to the en-
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gine revolution speed or the throttle opening. Al-
though the domains in which the duty ratio becomes
100% or lowest are made flat as described above,
since the delivery amount by the lubricating oil pump
is proportional to the engine revolution speed be-
cause the lubrication oil pump is driven by the engine,
the lubricating oil supply amount can be varied as
shown in Fig.15.

By forming the duty ratio map with its domains in
which the duty ratio becomes 100% or lowest made
flat as described above, the control can be fractionat-
ed when the duty ratio corresponding to the engine
operating condition takes a value between 100% and
the lowest.

That is, since the width of the duty ratio which can
be taken in the desired engine operating condition can
be made larger, it becomes possible to set the lubri-
cating oil supply amount with a higher accuracy ac-
cording to each engine operating condition.

The reference numeral 24 denotes a supply
amount calculating means for calculating the lubricat-
ing oil supply amount to the engine 2 side. This supply
amount calculating means 24 has a structure for cal-
culating the lubricating oil supply amount on the basis
of the engine revolution speed while the solenoid coil
12 of the three-way solenoid valve 8 is in the OFF
state. This lubricating oil supply amount is calculated
by multiplying the delivery amount of the lubricating oil
pump 3 per one revolution of the engine by the engine
revolution speed during the lubricating oil supply per-
iod above.

The reference numeral 25 denotes a consump-
tion amount calculating means for calculating the
amount of the lubricating oil consumed in the engine
2. This consumption amount calculating means 25
has a structure for calculating the amount of the lubri-
cating oil consumed while the lubricating oil is not sup-
plied to the engine 2 side on the basis of the lubricat-
ing oil consumption per unit time obtained from the en-
gine revolution speed, the throttle opening and the
lapse of time after the operation starting of the supply
interrupting means 23. As the lubricating oil consump-
tion per unit time to be obtained from the engine rev-
olution speed and the throttle opening, values before-
hand written in the consumption amount map shown
in Fig.15 are employed.

The reference numeral 27 denotes a residue
amount detecting means for deenergizing the sole-
noid coil 12 of the three-way solenoid valve 8 when
the lubricating oil supplied to the engine 2 side has
been consumed and directing the lubricating oil to the
supply passage 4a.

This residue amount detecting means 27 has a
structure for subtracting the lubricatig oil consumption
amount calculated by the consumption amount cal-
cualting means 25 from the lubricating oil supply
amount calculated by the supply amount calculating
means 24, integrating the obtained differences, and,
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when the resulted value becomes zero or negative,
deenergizing the solenoid coil 12 of the three-way sol-
enoid coil 8. Further, this residue amount detecting
means 27 resets the accumulated trigger number in
the timer 22 to 0 before deenergizing the solenoid coil
12.

That is, as soon as the lubricating oil residue
amount on the engine 2 side is exhausted, lubricating
oil is newly supplied to the engine 2 side.

Further, the residue amount detecting means 27
has a structure for deciding, after integrating the sub-
traction results, whether the lubricating oil return per-
iod (lapse of time after the supply interrupting means
23 starts operating) is longer or shorter than a prede-
termined time, and, when longer, deenergizing the
solenoid coil 12 regardless of the integration result to
prevent the lubricating oil return period becomes lon-
ger by some reason.

Next, the operation of the lubricating oil supplying
system 1 for the two cycle engine constructed as
above is described referring to the flow charts shown
in Figs.16 and 17.

When the main switch 14 is turned on, the control
unit 13 is reset at P, in Fig.16 to be initialized, and the
timer is set at P,. At this time, the accumulated trigger
number in the timer 22 is returned to 0.

When the engine 2 is started, apparatus of the en-
gine control system such as the ignition unit 16 are
controlled at P;. With the beginning of engine starting,
the timer 22 starts counting time, outputs a trigger sig-
nal at P4, and adds a unity to the trigger number at Ps,.
The supply interrupting means 23 sets a lubricating oil
supply period (set value of the accumulated trigger
numbers) at Pg and decides whether the accumulated
trigger number reached the set value or not at P;. That
is, the timer 22 continues to accumulate the trigger
number until the lubricating oil supply period set by the
supply interrupting means 23 is reached. The lubricat-
ing oil pump 3 also starts operating with the engine 2
and the lubricating oil is delivered to the three-way
solenoid valve 8.

When the trigger number accumulated by the
timer 22 is less than the set value, since the solenoid
coil 12 of the three-way solenoid valve 8 is not energ-
ized, the lubricating oil is supplied from the three-way
solenoid valve 8 to the engine 2 side. When the lubri-
cating oil is supplied to the engine 2 side,the libricat-
ing oil supply amount is calculated by the supply
amount calculating means 24. Here, the procedure for
setting the the lubricating oil supply period (set value
of the accumulated trigger number) is described in de-
tail referring to Fig.17.

At Pg, the supply interrupting means 23 reads in
the engine revolution speed R and the throttle open-
ing at the step S,, and reads out of the duty ratio map
shown in Fig.3 a duty ratio D on the basis of this en-
gine revolution speed and throttle opening suitable for
the current engine operating condition at the step S,.
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Next, the supply interrupting means 23 decides at
the step S; whether the duty ratio D above is larger
than a predetermined value A or no. When the duty ra-
tio D is larger than A, that is, when the lubricating oil
requirement of the engine 2 is larger, the process pro-
ceeds to the step S, to set the supply period as T,, and
the output signal for setting the supply period as T, is
outputted to the timer 22 at the step Se.

When the duty ratio D is smaller than A at S;
above, that is, when the lubricating oil requirement of
the engine 2 is small, the supply interrupting means
23 decides whether the engine revolution speed R is
higher than a predetermined speed B or not at Sg.
When the engine revolution speed is not higher than
the speed B, the process proceeds to S; to set the lu-
bricating oil supply period as T, and the output signal
for setting as T, is outputted to the timer 22 at Sg.

When decided at Sg that the engine revolution
speed R is higher than the speed B, the process pro-
ceeds to Sy to set the lubricating oil supply period as
T3 and the output signal for setting as T; is outputted
to the timer 22 at S,,. After outputting the respective
output signals at the steps S;, Sg and S, the process
proceeds to the step Se.

That is, the lubricating oil supply period is deter-
mined according to to which of three domains T4, T,
and T; the engine operating condition corresponds,
the three domains above being obtained in Fig.3 by
dividing the duty ratio surface with a thick line L; on
which the duty ratio becomes A and a thick line L, on
which the engine revolution speed becomes B. When
the engine operating condition is in the domain T, in
Fig.3, the lubricating oil supply period is taken as T;;
when in the domain T,, is taken as T,; and when in the
domain T3, is taken as Ts. In this embodiment, T, and
T, are set as similar longer periods, and T3 is set as
a period shorter than T, and T..

The timing at which the lubricating oil supply per-
iod is set may be anytime if only it is after engine start-
ing and before the decision flow P;. If it is just before
the decision flow P; at which the accumulated trigger
number is compared with the set value, as described
above for this embodiment, accuracy becomes higher
because the engine operating condition is read in
each time when a unity is added to the trigger number.

After the accumulated trigger number reached
the set value at P, the solenoid coil 12 of the three-
way solenoid valve 8 is energized by the supply inter-
rupting means 23 at Pg, the lubricating oil is not sup-
plied to the engine 2 side but is returned to the lubri-
cating oil tank 5.

After the supply interrupting means 23 operates
and the lubricating oil begins to be returned to the ly-
bricating oil tank 5, the consumption amount calculat-
ing means 25 calculates the lubricating oil consump-
tion amount at Py. Then the lubricating oil residue
amount is calculated by subtracting the lubricating oil
consumption amount from the lubricating oil supply
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amount at P4, and, in parallel to the residue amount
calculation above,, the subtraction results are inte-
grated at Pq.

Next, the consumption amount calculating means
25 decides, after the integration above, whether the
lubricating oil return period is longer than the set time
or not at Py,,and, if the lubricating oil return period is
shorter than the predetermined longest control period
and is normal, proceeds to P43 and decides whether
the integrated value is equal to zero or negative.
When zero or negative, it turns the accumulated trig-
ger number to zero at P,4, and deenergizes the sole-
noid coil 12 of the three-way solenoid valve 8 at Pys.
By this operation, the lubricating oil is again supplied
to the engine 2 side from the three-way solenoid valve
8. The lubricating oil supplying system 1 according to
this invention operates taking a series of operations
described above as one cycle, and, after it is turned
into the lubricating oil supplying state at P,5, returns
to P, to start the next cycle.

If it is decided at P4, that the lubricating oil return
Period is longer than the longest control period, the
process proceeds to P4 and the energization of the
solenoid coil 12 is at once interrupted. If the integrated
value is not equal to zero or negative at P, the proc-
ess is returns to the step P,.

The operation of the lubricating oil supplying sys-
tem 1 according to this invention becomes as shown
in Figs.18(a) through 18(f). In Fig.18 is shown the
case where the engine 2 is rapidly accelerated from
a low speed opearting state to a high speed operating
state and then is returned to the low speed operating
state.

When operating the engine 2 as described above,
the lubricating oil requirement of the engine 2
changes according to the engine revolution speed as
shown in Fig.18(a), and the time and the number of
deliveries from the lubricating oil pump 3 also change
according to the engine revolution speed as shown in
Fig.18(b).

Further, on the three-way solenoid valve 8 to be
switched, the time during which the solenoid coil 12 is
not energized (lubricating oil supply period) is varied
as T,~T3 according to the engine operating condition
as shown in Fig.18(c), and the lubricating oil supply
amount increases according to the engine revolution
speed as shown in Fig.18(d). In Fig.18(d), the period
during which the lubricating oil is supplied is shown
with hatching, C, through C; show control operation
cycles.

The control timing chart when the lubricating oil
supply period is T, or T, is as shown in Figs.19(a) and
the control timing chart when the lubricating oil supply
period is T is as shown in Fig.19(b). In these charts,
t1 and t2 show the operation delay of the three-way
solenoid valve 8 when opening and and closing, re-
spectively.

As shown in Fig.19(a), the effect of the operation
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delay is recduced and the supply accuracy is im-
proved by setting the lubricating oil supply period lon-
ger. Further, by setting the lubricating oil supply peri-
od relatively shorter as Tj, since the control period is
shortened and the lubricating oil return period during
which the three-way solenoid valve is in the ON state
becomes shorter as shown in Fig.19(b), the follow-
ability of the lubricating oil supply amount to the en-
gine operating condition change is improved. That is,
even if the operating condition of the engine 2 abruptly
changes, the lubricating oil requirement of the engine
abruptly increases and thus the lubricating oil already
supplied is consumed earlier because of the higher
engine revolution speed, the next control period is
rapidly reached and the lubricating oil is newly sup-
plied.

In Fig.18(e), the integrated value of the lubricating
oil supply amount is shown with A, the integrated val-
ue of the lubricating oil consumption amount is shown
with B, and the value obtained by subtracting the lu-
bricating oil consumption amount from the lubricating
oil supply amount (lubricating oil residue amount) is
shown in Fig.18(f). From Fig.18(f), it is seen that the
lubricating oil is newly supplied after the residue
amount is exhausted.

Therefore, with the lubricating oil supplying sys-
tem 1 according to this invention, the lubricating oil re-
turn interrupting timing is changed according to the
operating condition of the engine, and the lubricating
oil is newly supplied to the engine after the lubricating
oil supplied from the three-way solenoid valve 8 to the
engine 2 side has been consumed.

Further, when the lubricating oil requirement of
the engine 2 is small and the engine revolution speed
is higher than a predetermined one, since the lubricat-
ing oil supply period is set as T3 which is shorter as
compared with that for other cases, the control period
becomes shorter and the lubricating oil supply
amount will change with a better followability to the
engine operating condition change. Except when the
control period becomes shorter as described above,
since the lubricating oil supply period are set as T,
and T, which are relatively longer and the effect of the
operation delay of the three-way solenoid valve 8 is
reduced, the lubricating oil supply accuracy becomes
higher.

The duty ratio map for obtaining the lubricating oil
supply amount is not Imited to that shown in Fig.14 but
may be constructed as shown in Fig.20. Another em-
bodiment which employs the duty ratio map shown in
Fig.20 is described hereafter.

Fig.20 is a graph showing another example of the
duty ratio map, Fig.21 is a graph showing the lubricat-
ing oil supply amount obtained when the duty ratio
map shown in Fig.20 is employed, Fig.22 is a flow
chart showing the lubricating oil supply period setting
operation in the case where the duty ratio map shown
in Fig.9 is employed. In these graphs, the members
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the same as or corresponding to those described re-
ferring to Figs.13 through 19 are given the same ref-
erence numerals as those in Figs.13 through 19, and
their further description is omitted.

The duty ratio map shown in Fig.20 is provided
with a domain (shown in Fig.20 with T4) where the duty
ratio becomes larger than A even when the revolution
speed is lower than B. The lubricating oil supply
amount obtained when this duty ratio map is em-
ployed gradually becomes larger as the engine revo-
lution speed and the throttle opening increases as
shown in Fig.21.

The lubricating oil supply period is set as shown
in the flow chart of Fig.22. The flow chart shown in
Fig.22 is constructed by adding an engine revolution
speed deciding flow S, between S; and S, of the flow
chart shown in Fig.16 so that the process may pro-
ceed to S, when the duty ratio D is larger than A and
the engine revolution speed R is higher than the rev-
olution speed B to set the lubricating oil supply period
as T4, and so that, when the engine revolution speed
R is equal to or lower than the revolution speed B, the
process may proceed to S, to set the lubricating oil
supply period as T, and thereafter at S5 to output a
signal to the timer 22 for setting the lubricating oil sup-
ply period as T4. The period T, is set as alonger period
equivalent to T, or T, above.

Even when constructed as described above, an
effect equivalent to that of the previous embodiment
can be obtained.

Although it is the lubricating oil return period that
is controlled in the embodiments described above,
this invention is not limited to such a structure, but the
system according to this invention may be construct-
ed for controlling the lubricating oil supply period to
the engine 2 side. In such a case, the ON time of the
three-way solenoid valve 8 is varied according to the
engine operating condition and the OFF time is con-
trolled by the control unit 13.

Further, although a two cycle motorcycle engine
is employed as the control object in the embodiments
above, this invention can be applied to a four cycle en-
gine having a structure in which, for example, the mix-
ture of air and fuel is injected into the combustion
chamber. That is, this invention is applied to a lubri-
cating oil supplying system for spraying lubricating oil
upon the sliding portions of the engine. As engines to
which this invention can be applied, engines for motor
cycles, motor cars, and work machines such as out-
board motors, lawn mowers, golf carts, etc. can be cit-
ed.

Further, itis also possible to provide the duty ratio
map shown in Fig.14 or Fig.20 with a domain in which
the duty ratio becomes 100% when the engine revo-
lution speed becomes extremely low (zero or lower
than idling speed). In other word, it is also possible to
give the lubricating oil supplying system 1 a structure
for cutting off the driving signal to the three-way sole-
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noid valve 8 when the engine revolution speed be-
comes extremely low (zero or lower than the idling
speed). With this structure, the electric supply to the
three-way solenoid valve 8 before starting the engine
can be intercepted and the electric power consump-
tion of the solenoid coil 12 of the three-way solenoid
valve 8 can be restrained.

Still further, the lubricating oil supplying system 1
for the two cycle engine according to this invention
can be also given a structure for opening the three-
way solenoid valve 8 only once when starting the en-
gine 2 with a kick-type starter. When given such a
structure, the three-way solenoid valve 8 is opened
only when kicked for the first time after the main
switch 14 is turned on.

In addition, it is also possible to make, when start-
ing the engine 2 after it is left out of operation for long,
the lubricating oil return period longer by correction
than that determined by the system 1 according to this
invention just after the engine is started until the en-
gine revolution speed exceeds a predetermined
speed or until a predetermined time lapses, because
it is thought that some lubricating oil is collected in the
engine. Further, it is also possible to construct the
system 1 according to this invention so that the control
of this invention may not be started just after the en-
gine is started until the engine revolution speed ex-
ceeds a predetermined speed or until a Predeter-
mined time lapses.

As described above, since the lubricating oil sup-
plying system in this embodiment is provided with a
supply starting timing setting means which, while
keeping the lubricating oil supply period constant, de-
termines the lubricating oil return interrupting timing
according to the current engine operating condition,
the lubricating oil supply amount becomes that appro-
priate for the current engine operating condition when
the engine operating condition changes. Therefore,
the followability of the lubricating oil supply to the
change of the engine operating condition can be
raised and the accuracy of lubricating oil supply can
be raised with this method.

Since the lubricating oil supplying system accord-
ing to another aspect of this embodiment is construct-
ed by composing the supply starting timing setting
means of the lubricating oil supplying system of a sup-
ply amount calculating means for calculating the lubri-
cating oil supply amount to the engine side from the
engine revolution speed, a consumption amount cal-
culating means for calculating the lubricating oil con-
sumption amount in the engine from the engine revo-
lution speed, throttle opening and the lapse of time af-
ter the switching valve is switched to the return pas-
sage side, and a residue amount detecting means for
switching the switching valve from the return passage
side to the supply passage side when the lubricating
oil supply amount and the lubricating oil consumption
amount agree with each other, the lubricating oil is
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newly supplied to the engine side after the lubricating
oil supplied from the switching valve to the engine side
has been consumed. Therefore, the lubricating oil can
be supplied always with an appropriate supply
amount and white smoke is restrained from being
generated from the engine as far as possible.

Claims

1. Method for lubricating a two-cycle internal com-
bustion engine, wherein the lubricating oil dis-
charged from an oil pump driven in timed relation-
ship by the engine and delivering a substantially
fixed amount of lubricant during each cycle of its
operation, is fed to a control valve for selectively
controlling the flow of the lubricant to the engine,
said conftrol valve having a flow position in which
lubricant flow to the engine is permitted and a
non-flow position in which lubricant flow to the en-
gine is precluded and a return flow of lubricant
from the control valve to the suction side of the oil
pump is established,
characterised in that
the control valve is operated in response to en-
gine operating conditions to vary the period of
time when the control valve is in its flow or non-
flow positions for controlling the amount of lubri-
cant delivered to the engine.

2. Method as claimed in claim 1,
characterised in that
the control valve is solenoid-operated and a con-
trol unit provides a control of the duty ratio and/or
a duty control period (one ON/OFF cycle) of the
solenoid.

3. Method as claimed in claims 1 or 2,
characterised in that
a flow position of the control valve is provided dur-
ing an OFF state of the solenoid whereas a non-
flow position of the control valve is established
during an activated ON state of the solenoid.

4. Method as claimed in at least one of the preced-
ing claims 1 to 3,
characterised in that
the duty control period is shortened in response
toan increase in engine speed and is prolongated
in response to a decrease in engine speed.

5. Method as claimed in as least one of the preced-
ing claims 1 to 4,
characterised in that
the duty control period is shortened in response
to an increase, specifically a rapid increase of an
opening movement of an engine throttle.
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10.

1.

32

Method as claimed in at least one of the preced-
ing claims 1 to 4,

characterised in that

the amount of lubricant discharged from the oil
pump is supplied from a supply port of the control
valve to the engine in a non-excited condition of
the solenoid representing a flow position of the
control valve and the amount of lubricant dis-
charged from the oil pump is completely returned
to the suction side of the oil pump in an excited
active condition of the solenoid representing a
non-flow position of the control valve.

Method as claimed in at least one of the preced-
ing claims 1 to 3,

characterised in that

a plurality of duty ratios optimal for supplying an
appropriate amount of lubricating oil to the engine
under corresponding engine operating conditions
is stored in a memory of the control unit, an instant
engine operating condition is detected and in-
stant duty ratio and/or duty control period is cal-
culated and said calculated duty ratio and/or duty
control period is modified to approach to the pre-
determined optimal duty ratio read-out from the
memory for the detected engine running condition
until said calculated duty ratio is equal to the stor-
ed duty ratio belonging to the corresponding en-
gine operating condition.

Method as claimed in at least one of the preced-
ing claims 1 to 6,

characterised in that

the duty control period comprises one lubricating
oil supply period and one lubricating oil return per-
iod and the modification of the calculated duty ra-
tio is performed by keeping constant either the lu-
bricating oil supply period or the lubricating oil re-
turn period while varying the respective other per-
iod.

Method as claimed in claim 8,

characterised in that

a termination timing of the period is varied in order
to vary the duration of said variable period.

Method as claimed in at least one of the preced-
ing claims 7 to 9,

characterised in that

the OFF period of the solenoid is kept constant
while the ON period is made variable setting the
OFF period to a value assuring a least amount of
lubricating oil necessary for running the engine is
supplied thereto.

Method as claimed in at least one of the preced-
ing claims 7 to 9,
characterised in that
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the OFF period of the solenoid is variable in re-
sponse to the engine operating conditions, spe-
cifically in a stepwise manner to be variable with
a fixed rate according to the engine revolution
speed while the ON period is variable according
to the engine operating conditions.

Method as claimed in at least one of the preced-
ing claims 7 to 11,

characterised in that

the duty control period is changed according to
the duty ratio suited to the instant engine operat-
ing conditions.

Method as claimed in at least one of the preced-
ing claims 1 to 3,

characterised in that

a calculating means of a control unit calculates a
desired amount of lubricating oil in response to
the detected engine revolution speed to deter-
mine an oil return interruption timing, a calculating
means of the control unit calculates the amount of
oil consumption through the engine in response
to the detected engine revolution speed, the throt-
tle opening conditions and the time lapsed from
the last change over of the control valve to estab-
lish a return flow of lubricating oil and that a start
timing for supplying oil to the engine is set by a
timer means switching the control valve from its
non-flow position to its flow position when the
amount of oil supplied to the engine is substantial-
ly equal to the amount of oil consumption through
the engine.

Method as claimed in claim 13,

characterised in that

an OFF period of the solenoid is kept constant
while its ON period is varied according to the en-
gine operating conditions.

Method as claimed in claims 13 or 14,
characterised in that

the timer means for setting the start timing of oil
supply subtracts the amount of oil consumption
through the engine from the amount of oil sup-
plied through the oil pump and integrates the ob-
tained difference to switch the solenoid when the
resulting value becomes zero or negative.

Method as claimed in claim 15,

characterised in that

the timer means for setting the start timing of oil
supply, after integrating the subtraction results,
compares whether the oil return period during
which a return flow of lubricating oil to the suction
side of the oil pump is established, is longer or
shorter than a predetermined period in order to
switch off the solenoid regardless of the results of

10

15

20

25

30

35

40

45

50

55

18

17.

18.

19.

20.

34

the integration of the subtraction results when
said oil return period is longer than said predeter-
mined period.

Method as claimed in claim 8

characterised in that

the lubricating oil supply period is kept constant
while an oil supply start timing setting means sets
the timing for interruptina the oil return period to
switch the control valve from its non-flow condi-
tion to its flow condition according to the instant
engine operating conditions.

Method as claimed in claim 17,

characterised in that

a calculating means of a control unit calculates a
desired amount of lubricating oil on the engine
side in response to a detected engine revolution
speed, a calculating means of the control unit cal-
culates the amount of oil consumption through
the engine in response to the detected engine
revolution speed, the throttle opening conditions
and the time lapsed from the last change-over of
the control valve to establish a return flow of lu-
bricating oil to the suction side of the oil pump,
and a detecting means detects a residue amount
for switching the control valve from the non-flow
condition to the flow condition when said amount
of oil supply and said amount of oil consumption
are substantially equal to each other, said supply
and consumption amounts calculating means
and said detecting means for the residue amount
establishing the setting means for setting the oil
supply start timing.

Method as claimed in at least one of the preced-
ing claims 1t0 3, 7 or 17,

characterised in that

the lubricating oil supply period is variable ac-
cording to a predetermined duty ratio and/or duty
control period at which an amount of oil supply to
the engine appropriate for the instant engine op-
erating conditions, specifically the instant engine
revolution speed, can be obtained.

Lubricating system for an internal combustion en-
gine comprising a lubricant pump driven in timed
relation by said engine, said lubricant pump deliv-
ering a substantially fixed amount of lubricant dur-
ing each cycle of its operation, conduit means ex-
tending from said lubricant pump to said engine
for delivering lubricant thereto, valve means in
said conduit means for selectively controlling the
flow of lubricant to said engine, said valve means
having a flow position in which lubricant flow to
said engine is permitted and a non-flow position
in which lubricant flow to said engine is interrupt-
ed,
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characterised by

control means for operating said valve means for
varying the time period when said valve means is
in its flow position and/or is in its non-flow position
for controlling the amount of lubricant delivered to
said engine.

Lubricating system as claimed in claim 20,
characterised in that

the control means for operating the valve means
is responsive to the engine operating conditions,
particulary to an engine revolution speed, a throt-
tle position or a vehicle speed.

Lubricating system as claimed in claims 20 or 21,
characterised in that

the lubricating pump is of the reciprocating type
driven by the engine.

Lubricating system as claimed in at least one of
the preceding claims 20 to 22,

characterised in that

a lubricating oil pump (3) is connected to the en-
gine (2) through a supply passage (4), an oil tank
(5) is connected to the suction side of the lubricat-
ing oil pump (2) through an introducing passage
(6), areturn passage (7) connects the supply pas-
sage (4) with the introducing passage (6) sc as to
bypass the lubricating oil pump (3) and a three-
way solenoid valve (8) is provided which is dis-
posed at the connection of the supply passage (4)
with the return passage (7), said three-way sole-
noid control valve (8) being composed of a valve
case (9) having a supply port (9a) communicated
to the supply passage (4) and a return port (9b)
communicated to the return passage (7), a valve
body (10) disposed in the valve case (9) to close
either one of the supply ports (9a) and the return
port (9b) when the other is opened, said valve
body (10) being prebiased by an urging spring
(11) into its rest position for opening the supply
port (9a), and a solenoid coil (12) for moving the
valve body (10) to its activated position for open-
ing the return port (9b) when energized, said
three-way solenoid valve (8) being controlled by
a control unit (13) which receives signals indicat-
ing the engine operating conditions to compute
the lubricating oil amount necessary for the en-
gine (2) on the basis of these signals, duty-
controlling the energization of the solenoid coil
(12) of the three-way solenocid control valve (8)
according to the results of said signal processing.

Lubricating system as claimed in at least one of
the preceding claims 20 to 23,

characterised in that

the control unit (13) is connected to a vehicle bat-
tery (15) through a main switch (14) and is con-
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nected with an ignition system (16) while being
provided with a microprocessor (18) which re-
ceives input from a revolution speed calculating
means (17) which receives a signal from the igni-
tion system (16) to feed the microcomputer (18),
said microcomputer (18) is provided with a ROM
wherein duty ratio maps with optimal duty ratios
for certain engine operating conditions are stor-
ed, said microcomputer (11) providing an output
signal to a supply or return interrupt timing setting
means and a time counting means in order to con-
trol the solenoid of the control valve in compliance
with an optimized duty ratio control method.

Lubricating system as claimed in at least one of
the preceding claims 20 to 23,

characterised in that

the control unit (13) receives input signals from an
ignition system (16) and a throttle sensor (21),
said control unit comprising a transistor circuit for
energizing the solenoid coil (12) providing a short
circuit proof arrangement.

Lubricating system as claimed in claim 25,
characterised in that

said control unit comprises a revolution speed
calculating means (17) receiving a signal from the
ignition system (16) and an oil supply interruption
timing means (22) receiving signals of a timer
(23), a calculating means (24) for calculating the
amount of oil supply to the engine (2) and a cal-
culating means (25) for calculating the amount of
oil consumed through the engine (2), a ROM (26)
and an oil supply start timing setting means (27)
adapted to integrate a difference between the
supply amount calculated by the calculating
means (24) and the consumption amount calcu-
lated by the calculating means (25).
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