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@ Lubricating oil supplying system for engine.

@ A lubricating system and method of operating
the system for an internal combustion engine (21)
wherein the amount of lubricant supplied to the
engine (21) from a positive displacement engine
driven pump (24) is varied by selectively delivering
lubricant from the pump (24) to the engine or by —
passing the lubricant back to the return of the pump
(24). The amount of lubricant supplied is varied by
changing both the duty ratio of the lubricant supply
and the duration of engine supply in response to a
map of engine conditions. Various control routines
are disclosed and in each the lubricant supplied to
the engine (21) is monitored so that once a finite
amount of lubricant is supplied, lubricant is not
supplied again to the engine until that amount pre — Frior Rirt.
viously supplied has been consumed.

r¢gCr
Jzeosd
O R PAAT L S

Adro.

o

/r’_,_ﬁ—'...e -z

Rank Xerox (UK) Business Services
(3.10/3.6/3.3.1)



1 EP 0 543 423 A1 2

BACKGROUND OF THE INVENTION

This invention relates to a lubricating oil sup —
plying system for an engine and more particularly
to an improved arrangement for supplying an ac -
curate and appropriate amount of lubricant to the
engine during all of its running phases.

Various systems have been proposed for
lubricating internal combustion engines and pro-—
posals have been made for supplying lubricant to
two cycle engines for their operation. It is desirable
to be able to accurately control the amount of
lubricant supplied to a two cycle engine since, as
is well known, any lubricant which is not used in
the lubrication of the engine will pass from the
exhaust and can cause problems with emission
control as well as creating undesired exhaust
smoke.

It has been proposed to employ a pump for
pumping the lubricant to the engine, which pump is
driven in timed sequence with the engine output
shaft. These pumps generally are of the recipro—
cating type and deliver a finite amount of lubricant
during each pumping stroke. In order to control the
amount of lubricant supplied by such pumps, var —
ious arrangements have been incorporated for, in
effect, controlling the stroke of the pump during its
operation. However, these types of lubricant flow
controls make the lubricant pumps quite expensive
and, in many instances, are not fully able to pro—
vide accurate control for the lubricant under all
running conditions.

There has, therefore, been proposed a type of
control which permits the pump to pump a full
amount of lubricant each of its strokes but wherein
the lubricant is selectively delivered either to the
engine or bypassed back to the tank through a
two —way solenoid operated valve. The amount of
lubricant actually supplied to the engine is con—
trolled by varying the duty ratio of the valve. The
duty ratio is defined as the time in which the pump
is delivering lubricant divided by the total operating
time of the pump. Such an arrangement is dis—
closed in the co-pending application entitled
"Lubricating Oil Supplying System for Two Cycle
Engine,” Serial No. 07/862,984, filed April 7, 1992
in the name of Yoshinobu Yashiro, and assigned to
the assignee hereof. This invention relates to an
improvement in that type of arrangement and
specifically to improved control routines for con—
trolling the duty cycle and time of pump delivery to
control the amount of lubricant delivered to the
engine.

Figure 1 is a graphical view which also appears
in the aforenoted co-pending application and
which illustrates one of the problems with the prior
art type of device wherein the plunger stroke of the
lubricant pump is varied corresponding to engine
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speed and accelerator position. The curve "a
shows the manner in which the stroke of the pump
is changed in response to engine speed changes
while the curve "b" shows the actual delivery out -
put from the pump. However, if the accelerator of
the engine is opened rapidly, then the curve "c"
results which provides a substantial increase in the
amount of lubricant before the engine speed has
actually increased. This resulis in excess lubricant
which, at the minimum, will cause excessive hy —
drocarbons in the exhaust and at the maximum can
additionally cause smoke to develop in the exhaust.

The aforenoted application, as discussed
above, provides an arrangement wherein the pump
output is controlled by varying the duty cycle of
the flow controlling valve to obtain more accurate
control over the amount of lubricant supplied.
However, it is important to ensure that the amount
of lubricant actually supplied to the engine is ac—
curately controlled so that excess lubricant is not
supplied and also so that sufficient lubricant is
supplied.

It is, therefore, a principal object of this inven —
tion to provide an improved arrangement for
lubricating an engine and a method for controlling
the amount of lubricant supplied to the engine.

One particular problem with the control of lu—
bricant is, as above noted, transient conditions.
That is, when the engine is running at a given
speed and at a given load, it is possible to ac—
curately determine its lubricant requirements and to
supply the appropriate amount of lubricant. How —
ever, when the engine speed is changed after the
lubricant supply amount is determined, the amount
of lubricant supplied can be incorrect.

It is, therefore, a still further object of this
invention to provide an improved lubricant system
and method of controlling the amount of lubricant
supplied to an engine so as to accommodate
transient conditions.

In conjunction with the control of fuel supplied
fo an engine by employing a two-way valve as
aforenoted, the flow of lubricant during the time
when the valve is being switched between its po -
sitions is not as great as when the valve is in its
fully opened position. That is, the flow does not
follow a square line shape, but rather has curved
shape delivery during the opening and closing
phases. As a result, the supply of lubricant does
not vary completely linearly with the duty cycle of
the solenoid valve. This can give rise to variations
in the amount of lubricant supplied for a given
condition.

It is, therefore, a still further object of this
invention to provide an improved lubricant supply
system and method of controlling lubricant flow
wherein variations in flow in response to changes in
characteristics are minimized.
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The variations in lubricant supplied can be
minimized if the amount of lubricant supplied to the
engine is controlled primarily by extending the
length of time when the valve is in its fuel delivery
position rather than increasing the frequency of
opening of the valve. However, if the time of lubri—
cant delivery is the only variable that is employed
in controlling the amount of lubricant, then the
system may not be responsive enough under
transient conditions.

It is, therefore, a still further object of this
invention to provide an improved lubricant supply
system for an engine which minimizes variations
due to the operation of the valve but which also
can respond quickly, when desired.

In connection with the supply of lubricant to an
engine, it is possible to generate a three dimen—
sional map that will indicate the actual lubricant
requirements of an engine for each speed and load
condition. If such a map is employed for the control
strategy of the lubricant, then exiremely accurate
lubricant control can be achieved. However, if at—
tempts are made to control the lubricant supply
solely by controlling the amount of lubricant sup —
plied for the engine during each cycle of operation
of the pump, then the system becomes extremely
complicated and it is not possible with such sys—
tems to provide the proper lubricant under all run -
ning conditions.

It is, therefore, a still further object of this
invention to provide an arrangement for controlling
the amount of lubricant supplied fo an engine and a
method therefor employing a map wherein the map
is configured so as to permit accurate control of
the total lubricant supplied to the engine under all
running conditions with a relatively simple control
strategy.

SUMMARY OF THE INVENTION

A first feature of the invention is adapted to be
embodied in a lubricating system for an internal
combustion engine comprising a lubricant pump
and lubricant control means for confrolling the
amount of lubricant delivered by the lubricant
pump to the engine. Sensing means sense a run —
ning condition of the engine. Means are provided
for initiating the supply of an amount of lubricant
by the lubricant control means determined in re -
sponse to the sensed running condition of the
engine sensed by the sensing means. Means are
provided for changing the condition of the supply
of lubricant from the lubricant control means in
response to the engine condition requirements as
sensed by the sensing means after the lubricant
supply has begun.

Another feature of the invention is adapted to
be embodied in a lubricating system for an internal
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combustion engine that comprises a lubricant
pump and lubricant control means for controlling
the amount of lubricant supplied by the lubricant
pump to the engine. The lubricant control means is
operative to control the amount of lubricant sup —
plied to the engine by selectively delivering lubri —
cant to the engine or bypassing lubricant back to a
return. In accordance with this feature of the in—
vention, the amount of lubricant supplied to the
engine is varied by varying the duty cycle of the
control and also the duration of time when the
control is supplying lubricant.

Another feature of the invention is adapted to
be embodied in a lubricating system for an internal
combustion engine comprising a lubricant pump.
Lubricant control means are provided for controlling
the amount of lubricant delivered by the lubricant
pump to the engine by varying a duty cycle of
delivery of the lubricant. Means are provided for
sensing an engine running condition. The time of
supply of lubricant by the control means is set to
be longer under one series of engine running con —
ditions than another series of engine running con —
ditions.

Another feature of the invention is also adapted
to be embodied in a lubricating system for an
internal combustion engine comprising a lubricant
pump. In accordance with this feature of the in—
vention, the lubricant pump is a positive displace —
ment pump that is driven in timed relationship with
the engine. Lubricant control means are provided
for controlling the amount of lubricant delivered by
the lubricant pump to the engine. Means are pro -
vided for sensing a running condition of the engine.
The lubricant control means is provided with an
internal map indicating the amount of lubricant to
be supplied by the control means during a given
time period in response to the sensed engine
condition. This map has a portion that is flat so that
the amount of lubricant supplied by the control
means during this flat portion is the same even
though the condition varies.

Another feature of the invention is adapted to
be embodied in a method for controlling the
amount of lubricant supplied to an internal com —
bustion engine by a lubricating system that in—
cludes a lubricant pump. A running condition of the
engine is sensed and the initiation of the supply of
an amount of lubricant by the lubricant control
means in response to the sensed condition of the
engine prior to the initiation of lubricant supply is
initiated. The supply of lubricant by the control
means is discontinued once the amount of lubricant
supplied for a running condition sensed after the
period of supply is initiated is terminated.

Yet another feature of the invention is adapted
to be embodied in a method of controlling the
amount of lubricant supplied to an internal com —
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bustion engine by a lubricating system that in—
cludes a lubricant pump and a lubricant control
which selectively permits the flow of lubricant from
the lubricant pump to the engine or bypasses the
lubricant back to a return. In accordance with this
feature of the invention, the running condition of the
engine is sensed and the amount of lubricant sup —
plied is controlled by changing both the duty cycle
of the control and the time period during each duty
cycle when the control is in its lubricant delivery
position.

Another feature of the invention is also adapted
to be embodied in a method for controlling the
amount of lubricant supplied to an engine by a
lubricating system including a lubricant pump. Lu -
bricant control means are provided for controlling
the amount of lubricant delivered by the lubricant
pump to the engine by varying the duty cycle of
lubricant delivery. A running condition of the engine
is sensed and during a range of the running con—
dition, the lubricant supply period is longer than
during another running condition of the engine.

A still further feature of the invention is adapted
also to be embodied in a method for controlling the
amount of lubricant supplied to an engine by a
lubricating system including a lubricant pump. A
running condition of the engine is sensed and an
amount of lubricant is supplied to the engine in
response to the running condition in response to a
preprogrammed map. That map is preprogrammed
o include a flat area wherein the amount of lubri -
cant supplied to the engine is constant even
though the running condition varies.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graphical view showing the prior
art type of construction and relationship of lubricant
supply and demand amount in relation to engine
speed.

Figure 2 is a partially schematic cross —sec —
tional view showing the lubricant supply system in
accordance with an embodiment of the invention.

Figure 3 is a block diagram of the lubricant
supply and control system in accordance with this
embodiment.

Figure 4 is a map showing the duty cycle in
relation fo engine speed and throttle opening or
load in accordance with this embodiment.

Figure 5 is a graphical view of a map showing
the actual amount of lubricant supplied in response
fo engine speed and throttle opening and/or load.

Figure 6 is a graphical view showing the ac -
tuation of the solenoid control valve and the
amount of flow through the valve during a running
condition of the engine.

Figure 7 is a graphical view, in part similar to
Figure 6, showing the characteristics during an—
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other running condition of the engine.

Figure 8 is a block diagram showing the control
routine.

Figure 9 is a block diagram showing a portion
of the control routine by which the supply time
period is selected.

Figure 10 is a graphical view showing the lu-—
bricant requirements of the engine in relation to
time during a condition when the engine is main —
tained at idle, is accelerated gradually to full throt -
tle, is held at full throttle for a time period and then
is decelerated somewhat more rapidly than the
acceleration back to idle.

Figure 11 is a graphical view, on the same time
scale, showing the lubricant pump output.

Figure 12 is a graphical view, on the same time
scale, showing the duty cycle of the solenoid valve
of the lubricant control system.

Figure 13 is a graphical view, on the same time
scale, showing the actual amount of lubricant sup —
plied to the engine.

Figure 14 is a graphical view showing the
amount of lubricant supplied to the engine and the
amount of lubricant actually consumed during the
same time period.

Figure 15 is a graphical view showing the
amount of residual lubricant in the engine.

Figure 16 is a map, in part similar to Figure 4,
and shows another map used in conjunction with
another type of control strategy.

Figure 17 is a graphical view showing the
amount of fuel supplied in accordance with the
map of Figure 16.

Figure 18 is a block diagram showing how the
duty cycle is set in accordance with this embodi—
ment of the invention, and is in part similar fo
Figure 7.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

Referring in detail to the drawings and initially
to Figures 2 and 3, an internal combustion engine
is identified in block form by the reference numeral
21 and may be of any known type. The invention,
however, has particular utility in conjunction with
two cycle crankcase compression internal com —
bustion engines and the engine 21 is preferably of
this type. A lubricating system, indicated generally
by the reference numeral 22, is provided for sup —
plying lubricant from a lubricant tank 23 to the
engine 21 for its lubrication.

The lubricant system 22 includes an engine
driven pump 24 which may be of any known type
but which, in accordance with a feature of the
invention, is a reciprocating plunger type positive
displacement pump that is driven in timed rela—
tionship with the engine 21. This pump 24 will,
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therefore, output a fixed amount of lubricant each
time the plunger operates through a cycle. Since
the pump 24 is driven by the engine 21 in timed
relationship, a single rotation of the output shaft of
the engine 21 will provide a fixed number of cycles
or portions of cycles of the pump 24 and the fotal
output of the pump 24 in a given unit of time will
depend upon the rotational speed of the engine 21
as well as the per cycle displacement of the pump.
This is important, as will become hereinafter ap —
parent, in conjunction with a feature of the control
strategy.

Lubricant flows from the lubricant tank 23 to
the pump 24 through a supply line 25 and is
delivered from the pump 24 through a conduit 26
to a solenoid operated control valve, indicated
generally by the reference numeral 27. The sole -
noid operated control valve 27 is operative to either
supply lubricant through a conduit 28 to the engine
21 for its lubrication or to return lubricant to the
lubricant tank 23 through a return line 29. The
manner in which the lubricant is delivered to the
engine 21 may be of any of the known types. That
is, the lubricant can be delivered to the engine 21
through its induction system and/or by direct lu—
brication to various components of the engine to be
lubricated. As is typical with two cycle engines, if
any excess lubricant is supplied fo the engine 21 it
will not be returned back to the tank 23, but will
pass out of the exhaust of the engine 21. For this
reason, it is important to ensure that the engine 21
is only supplied with the amount of lubricant nec -
essary for its lubrication. Excess lubricant will cre —
ate exhaust emission problems and/or exhaust
smoke whereas inadequate lubrication can cause
damage to the engine 21.

The solenoid operated lubricant control valve
27 includes a housing assembly 31 having an inlet
fitting 32 that receives lubricant from the conduit 26
and delivers it to an interior chamber 33 in which a
control valve element 34 is supported for recip —
rocation. The control valve element 34 is biased by
a coil compression spring 35 into a normally open
supply condition wherein lubricant can flow from
the chamber 33 through openings 36 in the valve
34 to a supply conduit 37 which communicates
with the conduit 28 for delivery of lubricant to the
engine 21.

In this delivery position, the control valve ele —
ment 34 closes a return passageway 38 also
formed in the housing 31, and which communicates
with the return line 29. A solenoid winding 39 is
provided in the housing assembly 31 and coop -
erates with the valve element 34, which acts like an
armature, and when energized will draw the valve
element 34 down from the position shown in Figure
2 to a position wherein the supply passage 37 is
closed and the return passage 38 is open. Under
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this condition, lubricant will be passed back to the
lubricant tank 23 through the return conduit 29.

The ratio of time when the valve element 34 is
in the supply position as shown in Figure 2 to the
fotal time of a given cycle (opened and closed) is
defined as the duty ratio. A one hundred percent
duty ratio would be a condition wherein the control
valve element 34 was always open during one
cycle of operation.

The actuation of the solenoid winding 39 is
controlled by means of a control unit, indicated
generally by the reference numeral 41, and having
internal components as will be described in con -
junction with Figure 3. This control unit 41 receives
input signals indicative of certain engine running
conditions. In the illustrated embodiment, these
conditions are engine speed as sensed by an out—
put signal, indicated by the character "r" from an
ignition circuit 42 of the engine 21, the engine 21
being spark ignited. In addition, a load or throttle
valve position signal "T" is supplied to the control
unit 41 from a throttle valve position sensor 43
which senses the position of the throttle valve of
the engine 21.

The control unit 41 completes a circuit to the
winding 39 from a battery 44 and through a main
switch 45. Basically, the circuit is such that when
the main switch 45 is closed, a switching device
such as an SCR will be maintained in its "off"
condition so as to de —energize the winding 39 and
leave the solenoid control valve 27 in its lubricant
supply position as shown in Figure 1. However,
when the control unit changes its state, the SCR
will switch and the winding 39 will be energized to
cause recirculation of the lubricant back to the tank
23 through the return passage 38 and return con—
duit 39.

Referring now in detail primarily to Figure 3,
the control unit 41 includes a number of compo —
nents including an internal map 46 which may be
stored on a device such as an ROM and which, in
one embodiment, has a configuration as shown in
Figure 4. This map is generated to set the duty
cycle of the solenoid control valve 27 so as to
provide the desired amount of lubricant for the
engine as shown in Figure 5. The maps of Figures
4 and 5 are determined by actual measurements
on the engine 21 as to its lubricant requirements
under all speed and throttle settings.

Information is supplied, as aforenoted, to the
control unit 41 from the throttle valve position
sensor 43 and from the ignition circuit 42. The
ignition circuit 42 outputs its signal to a speed
calculator unit 47 of the control unit 41 which
converts the pulses from the ignition circuit into a
speed information signal. This information is, in
turn, transmitted to a supply lubricant amount cal -
culator 48 and a consumption amount calculator
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49, both of which also receive information from the
map 46. The signals are processed and then are
tfransmitted to an interrupt driver 51 which controls
the aforenoted SCR so as to switch the solenoid
winding 39 of the control valve 27 between its
energized non —flow position and its non—ener—
gized flow position through a holding circuit 50.

The control unit 41 also includes a timer 52
that runs and resets during fixed time intervals and
which outputs its signal to the calculators 48 and
49 so as to provide the necessary time signals. In
addition, as will be noted, the lubricant is supplied
fo the engine during the time when the interrupt
means 51 has the control valve in its flow position
and then shuts off the supply after the time has
run. The difference between the amount of lubri—
cant supplied and the lubricant consumed is pro—
cessed in a residue amount calculator 53 so as fo
provide control for the lubricant.

Basically the strategy operates in accordance
with a procedure wherein the running condition of
the engine is sensed immediately prior to the
switching off of the solenoid 39 and the initiation of
supply of lubricant by the control valve 27. Lubri—
cant supply is then begun and a fixed time interval
is set for the interrupt driver 51 so as to again
switch the solenoid 39 on after the time period
when the calculated amount of lubricant will have
been delivered. However, the system continually
monitors engine running condition and if the run—
ning condition changes, the interrupt means 51 is
switched so as to turn the solenoid 39 back on
when the actual necessary amount of lubricant has
been supplied. The residue amount calculation
device 53 is employed, in a manner which will
become apparent, so as to continually monitor the
system and ensure that the minimum amount of
lubricant necessary for the actual running condition
is supplied so as to avoid hydrocarbon emissions
and smoke in the exhaust of the engine.

In a preferred embodiment of the invention, the
timer 52 sets out a timing signal with a time such
as 80 milliseconds to the interrupt driver circuit 51.
The interrupt driver counts the number of such
time signals so as to supply the necessary lubri-—
cant. For example, if the engine is operating at idle
and it is determined that the necessary lubricating
oil supply period is 960 milliseconds, then a set
value of 12 is inserted into the interrupt means so
that the time when the control valve 27 is supplying
lubricant will be the period of 960 milliseconds.

As should be readily apparent, the amount of
lubricant supplied to the engine will be dependent
upon not only the duty ratio of the control valve 27,
but also the total time when the control valve 27 is
placed in its flow supplying position. The control
strategy is such so as to provide accurate control
by varying not only the duty ratio but also the time
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T when the control valve is in its opened position.

This may be understood by reference to Fig—
ures 6 and 7 which show two different types of
control strategies which are employed in conjunc —
tion with the engine of this embodiment. The first
curve of Figure 6 shows a condition when there is
a long time of valve maximum opening, indicated
as Ty or T2, which times are illustrated as being
substantially the same, but it is understood that the
times T1 and T, may be different from each other.
As will be noted, at the time when the solenoid 39
is switched from its "on" to its "off" position, there
will be a time delay t1 between when the solenoid
is switched off and until the valve element 34 is in
its fully opened position. This delay is caused first
by a time delay before any movement occurs after
switching and also the time required for the valve
element 34 to move from its fully closed bypass
position to its fully opened supply position. In a
similar manner, when the solenoid current for the
solenoid 39 is switched back on, there will be
another time delay t2 before the valve element 34
moves to its fully closed bypassing condition. Thus
the valve element 34 is in the fully opened position
for a time period t3 which is less than the time T,
or Ts.

As a result of these time delays, the amount of
lubricant supplied will vary from that if the valve
element was in its fully opened position for the
time T1 or T2. If long supply periods are main—
tained, as is the time periods T1 and T,, then the
amount of hysteresis effect in the opening and
closing of the valve will be minimized and more
accurate control of the lubricant can be supplied.
However, when a long supply period is chosen, it is
difficult to provide rapid changes in the amount of
lubricant supplied when the engine is in a transient
condition. Therefore, there is another control strat —
egy period as shown in Figure 7 when the time Ts
of valve opening is less than the time Ty and T».
Again, there are the time delays t1 upon opening
and 2 upon closing. However, it is possible fo
change the amount of lubricant being supplied
more quickly in response to changes in engine
condition under this control mode.

The application of this principle may be seen
best in Figure 4 wherein it will be noted that the
map is divided into three control phases with the
phases T1 and T, being used, respectively, under
high speed high throttle opening conditions and low
speed low throttle opening conditions, respectively.
These conditions require greater accuracy in con—
trol because of the desire to maintain low lubricant
flow under idle speed while maintaining adequate
lubricant to avoid smoke and hydrocarbon emis —
sions and adequate lubrication under high speed
conditions to avoid inadequate lubrication, while at
the same time ensuring that hydrocarbon emis -
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sions and smoke are maintained. These areas T,
and T, are defined by planes L1 and L, of the map
which divide the control phases along lines A and
B, respectively. The plane L is generally defined
at a fixed engine speed and regardless of throtile
opening while the plane L is defined generally by
a fixed duty ratio regardless of speed or throtile
valve opening.

The mid —range control phase indicated by the
designation T2 is in intermediate speed and load
(throttle) positions wherein transient conditions are
more likely to occur and wherein it is more desir -
able to maintain a shorter duration of valve opening
while, at the same time, assuring that transient
conditions can be quickly responded to. It should
be understood that in each of the control phases
T4, T2 and Tz, the amount of lubricant supplied is
determined by the duty cycle as well as the fixed
times Ty, T2 and T3 of actual valve opening. This
construction and the effect of it will be described
later by reference to Figures 10— 15.

It should also be noted that the duty cycle at
the high speed high load range is set to be one
hundred percent over a fairly flat area as shown in
the map in Figure 4. In a like manner, the low
speed low throttle opening domain also has a fairly
flat area where the duty cycle is fixed at its lowest
amount. Even though the duty cycle and duration
T1 or T, are maintained constant under these
conditions, the amount of lubricant supplied will
vary to provide a lubricant supply as shown in
Figure 5. The reason for this is that the number of
pumping cycles also will change with engine speed
so that even though the duty ratio and time of valve
opening is held constant, more lubricant will be
supplied when the engine is running faster than
when slower. Because of this choice of flat areas of
the map, it is possible to obtain greater control
accuracy with a minimum number of variables to
be programmed into the system.

Before now describing the control routine,
some further description of how the various por—
tions of the control unit 41 operate will be de -
scribed by reference to Figure 3. It has been
previously noted that the supply amount calculator
unit 48 has a means for calculating the amount of
lubricating oil supplied to the engine. This is done
by calculating the number of pumping strokes of
the pump 24 that occur during the time when the
solenoid 39 is in its off condition and the control
valve 34 is in its open supply condition. Hence, this
calculator 48 only requires indication of the speed
signal and an indication of the duration of time
when the interrupt means 51 is interrupting the
supply of electrical current to the coil winding 39.

The consumption calculator 49, on the other
hand, calculates the actual amount of lubricant
consumed by the engine. This makes a consump —
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tion calculation based upon the consumption of
lubricant during the time when the solenoid coil 39
is in its energized position and the control valve 34
is in its bypassing position so that lubricant is not
being supplied to the engine. This is done by
calculating the amount of lubricating oil consumed
per unit of time based upon information from the
map 46 dependent upon engine speed and throttle
opening and also the lapse of time occurring after
the starting operation of the interrupting means 51.

The residue amount calculating means 53 op —
erates to compare the amount of fuel supplied by
the supply amount calculator 48 and the con-
sumption amount by the consumption calculator 49
and determines the residue lubricant. When the
residue lubricant reaches 0, then the solenoid
winding 39 is again de-—energized to open the
control valve 34 and permit the supply of lubricant
o the engine 21.

The residue amount calculating means 53 also
includes an integrating circuit for integrating the
difference between the supply amount and the
consumption amount and determining whether the
lubricating oil bypass period is longer or shorter
than a predetermined time and when it is longer
than this predetermined time, the solenoid 39 is
de —energized regardless of the integration resulis
fo prevent the lubricating oil bypass period to be —
come longer than a predetermined amount for any
reason.

With this information in mind, the control rou -
tine will now be described by reference to Figures
8 and 9 with initial reference being made to Figure
8. As may be seen from Figure 8, the program is
started when the main switch 45 is turned on and
the program then moves to the step P1 to re —set
the control unit 41. At the same time, the program
moves to the step P2 to re —set the timer 52 and
the accumulated trigger number therein. This is
re —set to 0.

Once the control unit 41 and timer 52 has been
reset, the program moves to the step Ps to read
the engine conditions so as to determine the lu-
bricant supply period. At the step Ps, the engine
speed r is supplied to the supply amount calculator
48 from the speed calculator 47 which, as noted,
receives a signal from the ignition circuit 42. In
addition, the throttle valve position T is received
from the throttle valve 43. The program then moves
to the map of Figure 4 at the step Ps so as to
determine the duty cycle and also the lubricant
supply period based upon these conditions.

The way this is done may be best understood
by reference to Figure 9. As seen in this figure,
once the step Ps has been completed, the program
moves to the step Si to read engine speed r and
throttle valve position T. The program then moves
to the step S, to consult the map 46 and select a
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duty ratio D based on the engine speed and throt -
tle opening for the current engine operating con -
dition. The program then moves to the step Sz to
determine if the set duty ratio D is less than or
equal to the duty ratio of the line A in the map of
Figure 4 to determine whether the control domain
should be set to the domain T1 or one of the
domains T2 or Tz which will determine the time at
which the solenoid coil 39 is maintained in its off
condition so as to control the time of lubricant
supply.

If the duty ratio D is greater than or equal fo A,
the program moves to the step S; so as to set the
supply period T1. The program then moves to the
step Ss so as to output this supply period T+ to the
program appearing in Figure 8 at the step Ps.

If, however, the duty ratio D is not greater than
that defined by the line A, the program moves to
the step S¢ to determine whether the supply period
Tz or the supply period T2 should be chosen. This
is accomplished at the step Sg to determine if the
engine speed r is less than or equal to the speed
set by the line B on the map 4. If the speed r is
less than that defined by the line B on the map of
Figure 4, the program moves to the step S; so as
to set the supply period time T,. If the supply
period T is set at the step S7, the program out -
puts this signal at the step Sg and proceeds to the
step P4 of Figure 8.

If, however, the engine speed r is not less than
or equal to the speed B of Figure 4 as determined
at the step Sg, the program moves to the step Sg
so as to set the supply period Ts. The program
then moves to the step Sio to output this set time
period T3 and moves on 1o the step Ps.

Thus, from the foregoing description of Figure
9, it should be readily apparent how the control unit
41 functions to determine which of the supply time
periods Ty, T2 or Ts from Figure 4 are outputted in
the control unit 41 so as to set the lubricant amount
strategy. Hence, it should be readily apparent that
the control strategy is such that the initial amount
of lubricant to be supplied to the engine is deter —
mined by the running condition immediately prior
to when the calculation is being made.

Once the supply period has been determined
at the step P4 in accordance with the method set
forth in Figure 8, the program moves to the step Ps
(Figure 8) to output a trigger signal in the timer 52
fo begin counting. It should be noted that upon
initial starting of the engine, the signal holding
circuit 50 will be positioned in a condition so as to
hold the solenoid 39 in its off position so that the
control valve 27 will be supplying lubricant.

After the step Ps, the program moves to the
step Ps to immediately begin the calculation of the
actual lubricant consumption and this is done by
reading at first at the step Psthe engine condition
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comprised of the engine speed r and the throtile
valve position T. The program then moves to the
step P; so as to calculate the actual amount of
lubricant supplied. This is done by referring to the
map of Figure 4 to determine the actual engine
speed and throttle opening at this time period and
then to determine the amount of lubricant which
will have been consumed by the engine during the
time period for the timer to have one of its timed
pulses. The program makes this calculation at the
step Py.

The program then moves to the step Pg so as
to add the amount of lubricant calculated at the
step P; to the amounts of lubricant previously
calculated as being consumed. The program then
moves the step Py so as to determine if the control
valve 27 is in its supplying, off condition or in its
non — supplying, on condition.

Assuming at the step Ps it has been deter -
mined that the control valve 27 is in its off con—
dition so that it is supplying lubricant fo the engine,
the program then moves to the step P1o fo cal-
culate the amount of lubricant being supplied. This
is done by determining the initial supply condition
as set at P, and then calculating the amount of
lubricant supplied in the time period for one trigger
pulse. The amount of lubricant thus supplied is
then added to the previously supplied amount of
lubricant calculated at the step Pq;.

The program then moves to the step P12 fo
add one trigger count to the counter of the timer
52.

The program then moves to the step P13 fo
determine if the amount of lubricant called for at
the supply period determination of step Ps has
been made by calculating the number of trigger
pulses which have been set. If the timed number of
pulses have been determined and set, the program
then moves fo the step P14 so as fo shut off the
control valve 27 by energizing the solenoid 39 and
stopping the supply of lubricant.

Assuming still that the program has moved
through the steps Ps through P11 in that sequence,
the program then returns fo the step Ps and re -
peats the continuation of the calculation of amount
of lubricant consumed at the steps Ps through Ps.

After these calculations have been made and
assuming that the supply of lubricant has been
stopped at the step P14, the program then moves
fo the step Pys so as to determine the amount of
lubricant which has been supplied in excess of that
being consumed. This is called the residual amount
of lubricant and this calculation is made by the
calculator 53.

The program then moves to the step Pis fO
determine if the return time when the control valve
is in its non —supply return condition is longer than
the set time and if it is not, the program moves to
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the step P17 to determine if there still is residual
lubricant. That is, at the step Py7 the amount of
lubricant supplied during the total supply period is
compared with the amount of lubricant consumed
and if lubricant residual is not less than or equal to
zero, the program returns to the step Ps to again
calculate the amount of lubricant being consumed
until the fotal amount of lubricant consumed is
equal to that which has been supplied.

If, however, at the step P1¢ it has been deter —
mined that the return time is longer than the set
value, or that the amount of lubricant consumed
has been equal to the amount supplied, the pro -
gram then moves to the step P1g so as to reset the
fimer and to the step P19 to again begin lubricant
supply by turning the solenoid winding 39 off and
initiating the supply period of the control valve 27.

It should be readily apparent from the fore—
going description that the control routine is very
effective in maintaining the strict control over the
amount of lubricant supplied to the engine by set—
ting an initial supply period dependent upon the
running condition at the time when lubricant supply
is started, but by not reinstituting a new supply of
lubricant to the engine until the actual running
conditions of the engine indicate that the lubricant
amount previously supplied has all been con-—
sumed. As a result, this system is exiremely re—
sponsive to transient conditions and Figures 10—
15 show specifically how the system responds to
changed conditions of the engine.

Figures 10—-15 are a graphical representation
of how this control is achieved and depict a situ—
ation wherein the engine is operating at idle speed,
is gradually accelerated to maximum speed and
load, maintained there for a period and then de -
celerated, somewhat more rapidly than the accel —
eration, to idle speed. Figure 10 shows the lubri—
cant requirements under the various time con-—
ditions.

As may be seen in Figure 11, the pump output
versus time is such that the number of pulses of
the pump or pumping cycles are relatively low
when the engine is operating at low speed, and
increase in frequency as the speed increases and
then again decrease in frequency as the speed
decreases.

Figure 12 shows the on/off conditions of the
solenoid valve during the running and the various
"off" times T1, T2 and Tz under the various running
conditions. During idle and initial acceleration, the
time period T, from the map of Figure 4 is se—
lected so as to provide minimum effect in vari-—
ations in lubricant supply due to the opening and
closing operation of the valve element 34. How —
ever, as the engine begins to accelerate, then the
shorter time period Tz is chosen so as to improve
response to the transient condition. As the engine
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reaches its maximum speed and begins to decel -
erate, the longer time periods T1 and T, respec —
tively, are chosen.

The effect of this on the lubricant supply may
be seen in Figure 13 wherein the actual supply of
lubricant to the engine is depicted. This lubricant
supply occurs during the times when the solenoid
winding 39 is de —energized and the control valve
element 34 is in its lubricant supplying condition.
As may be seen in Figure 14, the integrated lubri -
cant supply amount A and the use amount B are
depicted while Figure 15 shows the residual lubri—
cant amount. It will be seen from these curves that
the engine is only supplied with additional lubricant
after the initial supply period when the running
conditions indicate that the lubricant has all been
consumed. As a result, extremely effective control
over the lubricant amount is achieved and smoke in
the exhaust and high hydrocarbon emissions will
be avoided while, at the same time, ensuring that
the engine receives adequate lubrication. Also, by
changing the duration times of off time of the
solenoid control valve 27 in response o engine
conditions, it will be ensured that an accurate
amount of lubricant is supplied while, at the same
time, ensuring good responsiveness during times
when fransient conditions may be expected.

In the control routine of the embodiment as
thus far described, there have been three main
control phases during which the times T of supply
of lubricant have been varied depending upon the
engine running conditions. Of course, more than
three control phases may be employed and Fig -
ures 16 —18 show another embodiment of the in—
vention wherein there are actually provided four
control phases. Like the previously described em —
bodiment, these control phases are determined by
engine running conditions and set the actual time
when the control valve 27 is maintained in its
supply position.

Referring first to the map of Figure 16, this
map is similar to map of Figure 4, but the control
phases are divided into four control domains T,
T2, Ts and T4. The phase T1 has a relatively long
duration of the supply period of the control valve
27. This is similar to the corresponding period T4
of Figure 4 and lies in a domain between the
planes Ls and L, which are defined by the duty
ratio line A and revolution speed line B. The control
phase T3 lies also between the lines A and B and
the intersection between the planes L1 and L, and
also has a relatively short time period as with the
previously described embodiment so as o ac-
commodate transient conditions. A longer time
period T2, which may be similar to the time period
T4, lies in the domain at high throttle openings and
low engine speeds where the planes L1 and Lo
intersect. There is an added control period T4
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wherein the lubricant supply period is set even
longer than the times T1 or T2 or T3 and which is
in the range of low throttle openings and low
speed. This provides an even greater accuracy of
lubricant supply under these conditions.

The control routine of this embodiment is ba—
sically the same as the control routine shown in
Figure 8 of the previously described embodiment.
However, the control routine of Figure 9 of that
previous embodiment is replaced by the control
routine of Figure 18 wherein the respective do-—
mains T1, T2, T3 or T4 are selected. Therefore, in
order to understand the control routine of this em —
bodiment it is only necessary to describe that of
Figure 18 wherein the values T1, T2, T3 or T4 are
determined. Certain steps of this routine are the
same as the steps in Figure 9 and where that is the
case, these steps have been identified by the same
step numbers.

As with before, at the step S1 the engine speed
r and throttle valve position T are read. The pro-—
gram then moves to the step S» so as to select the
duty ratio D from the map of the Figure 16. The
program then, like the previous program, moves to
the step Ss to determine if the duty ratio D is less
than or equal to the valve A. If the duty ratio is less
than or equal to A, the program then moves to the
step Se, as with the previously described embodi -
ment, to determine if the speed r lies on one side
or the other of the speed line B. If it is equal to or
less than the speed line B, the program moves to
the step S;7 so as to select the supply time T, and
to output this time T, at the step Sg back to the
program for the control.

If, on the other hand, the speed is above the
speed B, the program moves to the step Sg so as
to set the supply time T3 and at the step Sio 1o
output this supply time to the control unit.

If, however, the duty ratio D is not less than or
equal fo the ratio A, then the program must deter —
mine whether to apply the time T4 or the time T4
according to the map of Figure 16. The program
then moves to the step S11 so as to determine if
the engine speed is less than or equal to the speed
of the curve B. If it is less than or equal to the
speed B, the program moves to the step Si2 so as
to set the supply time T; and at the step Si13 to
output this time T4. If, however, the engine speed r
is not less than or equal to the speed B, the
program moves to the step S:, as previously
noted, so as to set the supply time T1 and output
this time T1 to the control.

As with the previously described embodiment,
the map of Figure 16 also has a flat area at high
engine speeds and high throttle openings and a flat
area at low engine speeds and low throttle open —
ings. However, as with the previously described
embodiment, the fact that the lubricant pump 24 is
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driven in timed relationship to the engine and
hence varies the number of pumping cycles in
response to engine speed, the lubricant supply
curve of Figure 17 will be generated and adequate
and proper lubricant will be supplied under all
conditions.

From the foregoing description it should be
readily apparent that the described embodiments
of the invention are very effective in providing
accurate control of the amount of lubricant supplied
fo an engine and particularly to a crankcase com -
pression two cycle internal combustion engine
without supplying excess lubricant. Also, the sys—
tem is very responsive to changes in conditions of
the engine and hence can maintain good control
even during the extremely difficult transient phases,
which are common with internal combustion en—
gines, particularly when applied to automotive or
vehicular applications. Of course, the foregoing
description is that of preferred embodiments of the
invention and various changes and modifications
may be made without departing from the spirit and
scope of the invention, as defined by the appended
claims.

Claims

1. A lubricating system for an internal combustion
engine comprising a lubricant pump, lubricant
control means for controlling the amount of
lubricant delivered by said lubricant pump to
said engine, means for sensing the running
condition of the engine, means for initiating the
supply of an amount of lubricant by said lu—
bricant control means,
characterised by
said amount of lubricant being determined in
response to a sensed condition of said engine
sensed by said sensing means, and means for
changing the condition of the supply of lubri—
cant from said lubricant control means in re—
sponse fo the engine conditions as sensed by
said sensing means after lubricant supply has
begun.

2. A lubricating system as claimed in claim 1,
wherein the control means controls the amount
of lubricant delivered by changing a duty cycle
of delivery of lubricant from the lubricant

pump.

3. A lubricating system as claimed in claims 1 or
2, wherein the control means includes a valve
for selectively supplying lubricant to the engine
or for bypassing the lubricant back to a source
of lubricant supply.
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A lubricating system as claimed in at least one
of the preceding claims 1-3, wherein the
control valve operates so as to be maintained
in its lubricant supply position in a failure
mode.

A lubricating system as claimed in at least one
of the preceding claims 1 -4, wherein the lu—
bricant pump comprises a positive displace —
ment pump that supplies a fixed amount of
lubricant per cycle of operation.

A lubricating system as claimed in at least one
of the preceding claims 1 -5, wherein the lu—
bricant pump is driven in timed relationship
with the engine so that the number of pumping
cycles of the lubricant pump varies with the
engine speed.

A lubricating system as claimed in at least one
of the preceding claims 1 -6, wherein in ad—
dition to the duty cycle of the control means,
the amount of lubricant supplied is controlled
by varying the time when the control valve is
in its lubricant supply condition.

A lubricating system as claimed in at least one
of the preceding claims 1 -7, wherein the time
when the control valve is in its lubricant supply
condition is maintained longer in response to
certain running conditions than in response to
other running conditions.

A lubricating system as claimed in claim 8,
wherein the longer supply period is at high
speed, high load conditions and/or at low
speed, low load conditions.

A lubricating system as claimed in at least one
of the preceding claims 1 -9, wherein the duty
cycle is determined from a map and wherein
the map has flat portions under certain running
conditions.

A lubricating system as claimed in at least one
of the preceding claims 1-10, wherein the
changing condition of the supply of lubricant
from the lubricant control means comprises
determining a time period after the completion
of the delivery of the amount of lubricant sup —
plied to the engine has elapsed before a fur -
ther supply of an amount of lubricant to the
engine by the control means is initiated.

A lubricating system as claimed in at least one
of the preceding claims 1-11, wherein the
time period is determined by the time the
engine will consume the amount of lubricant
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13.

14.

15.

16.

17.

18.

20

supplied to the engine in the first supply
amount as determined by the running con-—
dition of the engine after the supply of the first
supply amount has been initiated to the en—
gine.

A lubricating system as claimed in claim 1,
wherein the amount of lubricant delivered by
said lubricant pump to said engine by selec—
tively supplying lubricant from said lubricant
pump to said engine and bypassing lubricant
from said lubricant pump back to a return,
means for sensing running conditions of the
engine, and means for controlling the amount
of lubricant supplied to the engine by said
lubricant control means in response to the
sensed engine conditions by varying the duty
ratio of the lubricant control means and varying
the length of time when said lubricant control
means is in its supply condition.

A lubricating system as claimed in at least one
of the preceding claims 1-13, wherein the
duty cycle and supply time are maintained
constant at a phase of high speed, high load
conditions.

A lubricating system as claimed in at least one
of the preceding claims 1-14, wherein the
duration of supply and duty cycle is main—
tained constant at a range of low speed, low
load conditions.

A lubricating system as claimed in at least one
of the preceding claims 1-15, wherein the
duration of lubricant supply is maintained at a
shorter time period during transient conditions
to be more responsive to those transient con -
ditions.

A lubricating system as claimed in at least one
of the preceding claims 1-18,

characterised by

means for providing a fixed amount of time
when the lubricant control means permits the
supply of lubricant to the engine from the
lubricant pump under a certain range of run -
ning conditions whereby the amount of lubri -
cant supplied will vary with engine speed.

A lubricating method for an internal combus —
tion engine comprising a lubricant pump, lu—
bricant control means for controlling the
amount of lubricant delivered by said lubricant
pump fo said engine, said method comprising
the steps of sensing the running condition of
the engine, initiating the supply of an amount
of lubricant by said lubricant control means,
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characterised in that

said amount of lubricant being determined in
response to a sensed condition of said engine
sensed by said sensing means, and changing
the condition of the supply of lubricant from
said lubricant control means in response to the
engine conditions as sensed by said sensing
means after lubricant supply has begun.

A lubricating method as claimed in claim 18,
wherein the engine condition is speed and/or
engine load.

A lubricating method as claimed in claims 18
or 19, wherein the amount of lubricant deliv—
ered is controlled by changing a duty cycle of
delivery of lubricant from the lubricant pump.

A lubricating method as claimed in at least one
of the preceding claims 18-20, wherein the
lubricant pump is driven in timed relationship
with the engine so that the number of pumping
cycles of the lubricant pump varies with the
engine speed.

A lubricating method as claimed in at least one
of the preceding claims 18-21, wherein in
addition to the duty cycle of the control means,
the amount of lubricant supplied is controlled
by varying the time when the control valve is
in its lubricant supply condition.

A lubricating method as claimed in at least one
of the preceding claims 18-22, wherein the
time when the control valve is in its lubricant
supply condition is maintained longer in re—
sponse to certain running conditions than in
response to other running conditions.

A lubricating method as claimed in claim 23,
wherein the longer supply period is at high
speed, high load conditions and/or at low
speed, low load conditions.

A lubricating method as claimed in at least one
of the preceding claims 18-24, wherein the
changing condition of the supply of lubricant
from the lubricant control means comprises
determining a time period after the completion
of the delivery of the amount of lubricant sup —
plied to the engine has elapsed before a fur -
ther supply of an amount of lubricant to the
engine is initiated.

A lubricating method as claimed in at least one
of the preceding claims 18-25, wherein the
time period is determined by the time the
engine will consume the amount of lubricant
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27.

28.

29.

30.

31.

32.

22

supplied to the engine in the first supply
amount as determined by the running con-—
dition of the engine after the supply of the first
supply amount has been initiated to the en—
gine.

A lubricating method as claimed in at least one
of the preceding claims 18-26, comprising
controlling the amount of lubricant delivered by
said lubricant pump to said engine by selec—
tively supplying lubricant from said lubricant
pump to said engine and bypassing lubricant
from said lubricant pump back to a return,
sensing running conditions of the engine, and
controlling the amount of lubricant supplied to
the engine by said lubricant control means in
response to the sensed engine conditions by
varying the duty ratio and varying the length of
time when said lubricant control means is in its
supply condition.

A lubricating method as claimed in at least one
of the preceding claims 18-27, comprising
the steps of sensing the running condition of
an engine, varying the duty cycle of said con—
tfrol valve in response to the sensed running
condition, and changing the duration of time
when the control valve is in its lubricant sup —
plying position in response to engine operation
in a certain range.

A lubricating method as claimed in at least one
of the preceding claims 18-28, wherein the
duration of supply and duty cycle is main—
tained constant at a range of low speed, low
load conditions.

A lubricating method as claimed in claim 29,
wherein the duration of lubricant supply is
maintained at a shorter time period during
transient conditions to be more responsive to
those fransient conditions.

A lubricating method as claimed in claim 30,
wherein the duty cycle and supply time are
maintained constant at a phase of high speed,
high load conditions.

A lubricating method as claimed in at least one
of the preceding claims 18 — 31,
characterised by

providing a fixed amount of time when the
lubricant control means permits the supply of
lubricant to the engine from the lubricant pump
under a certain range of running conditions
whereby the amount of lubricant supplied will
vary with engine speed.
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