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SPECIFICATION

Idling rpm control method for an internal
combustion engine adapted to improve fuel
consumption characteristic of the engine

Background of the invention

This invention relates to an idling rpm control
method for internal combustion engines, and more
particularly to a method of this kind which is
intended to improve the fuel consumption character-
istic of the engine while the engine is operating in an
idling condition.

An internal combustion engine for automotive
vehicles is generally disposed to rotatively drive an
alternating-current generator which supplies electric
power to electrical load-creating equipments such as
a heater and air conditioner and lighting systems
provided in the automotivevehicle. With this
arrangement, if one or more of such electrical
load-creating equipments are turned on, the field
current of the generator is increased by the action of
a regulator provided in the generator so that the
generator operates to increase its own output pow-
er. However, while the engine is operating in an
idling condition, the phenomenon can occur that the
amount of electric power required by the electrical
load-creating equipments exceeds the maximum
output power of the generator that is determined by
the output torque of the engine and the rotational
speed of the generator. On such an occasion, a
battery provided in the engine supplies electric
power to the electrical load-creating equipments to

‘compensate for a resultant shortage of electric

power. Consequently, the battery can be over-
discharged to have its effective life reduced, and the
resultant reduction in the voltage of the battery can
cause degraded startability of the engine, and other
inconveniences.

To eliminate the above inconveniences, an idling
rpm feedback control method has been proposed
{e.g. by Japanese Patent Provisional! Publication
(Kokai) No. 54-165317) which comprises setting the
desired idling rpm at such a value that the generator
can produce electric power in an amount enough to
compensate for the electrical loads applied thereon
by the electrical load-creating equipments, and
supplying an air/fuel mixture to the enginein a
quantity corresponding to the difference between
the desired idling rpm and the actual engine rpm, to
thus control the rotational speed of the engine to the
desired idling rpm in a feedback manner. However,
according to this proposed method, the desired
idling rpm has to be set at a certain high value such
that the generator can produce sufficient electric
powar even if all the electrical load-creating equip-
ments are operating at the same time while the
engine is in an idling condition. Consequently, the
rotational speed of the engine is maintained at the
above high desired idling rpm even when no
electrical load-creating equipment is operating, re-
sulting in increased fuel consumption of the engine.

Summary of the invention
it is an object of the invention to provide an idling
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rpm control method for an internal combustion
engine, which is adapted to operate the alternating-
current generator so as to produce sufficient electric
power, and at the same time, operate the engine ata
low speed without causing overdischarge of the
battery of the engine, while the engine is operating
in an idling condition, to thereby improve the fuel
consumption characteristic of the engine during
idling operation of same.

It is another object of the invention to provide an
idling rpm control method for an internal combus-
tion engine, which is adapted to control the value of
field current flowing in the alternating-current gener-
ator to equal a predetermined value or remain within
a predetermined range of values while the engine is
operating in an idling condition, to thereby perform
the idling rpm control of the engine with enhanced
stability.

According to the invention, an idling rpm control
method is provided for an internal combustion
engine which has an output shaft, an actuator
operable to vary output torque produced by the
engine through the output shaft, and an aiternating-
current generator driven by the engine through the
output shaft for rotation therewith to generate
electric power in an amount corresponding to the
value of field current flowing in the generator and
the rotational speed of same.

According to a first aspect of the invention, the
method is characterized by comprising the steps of:
(a) detecting a value of a parameter indicative of the
field current of the alternating-current generator,
which is varied by regulator means in response to
electrical load applied on the generator; (b) deter-
mining whether or not the engine is operating in an
idling condition; and (c) controlling the operation of
the actuator in response to the detected value of the
parameter to vary the output torque of the engine, to
thereby control the rotational speed of the engine
such that the value of the field current of the
alternating-current generator becomes equal to a
predetermined value, when it is determined that the
engine is operating in the idling condition.

According to a second aspect of the invention, in
addition to the aforementioned steps (a) and (b}, itis
determined whether or not the detected value of the
parameter is larger than a first predetermined value,
and also determined whether or not the same
detected value is smaller than a second predeter-
mined value which is smaller than the first predeter-
mined value. When it is determined that the engine
is operating in an idling condition and at the same
time the detected value of the parameter is larger
than the first predetermined value, the actuator is
controlled in a manner such that the output torque of
the engine is increased to thereby increase the
rotational speed of the engine. On the other hand,
when it is determined that the engine is operating in
an idling condition and at the same time the detected
value of the parameter is smaller than the second
predetermined value, the actuator is controlled ina
manner such that the output torque of the output
shaft is decreased to thereby decrease tthe rotational
speed of the engine.Consequently, the rotational
speed of the engine is controlled such that the value
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of the field current of the alternating-current gener-
ator is maintained within a predetermined range,
when it is determined that the engine is operating in
the idling condition.

Certain embodiments of the invention will now be
described by way of example and with reference to
the accompanying drawings.

Brief description of the drawings

Figure 1is a graph showing the relationship
between the output electric power of an alternating-
current generator and the rotational speed of same,
wherein the generator is operated in a conventional
manner;

Figure 2 is a view illustrating the whole arrange-
ment of an idling rpm control system for an internal
combustion engine, to which is applied the method
of the invention; :

Figure 3 is a block diagrant showing an example of
the circuit configuration of a control unit shown in
Figure 2;

Figure 4is a graph showing the relationship
between the output current of an alternating-current
generator and the rotational speed of same;

Figure 5 is a flow chart showing an example of a
control program for controlling the idling rpm of the
engine according to the method of the invention,
which is executed by the control unit shown in
Figures 2 and 3;

Figure 6 is a view schematically itlustrating an
intake air control system which serves as an actuator
shown in Figure 1;

Figure 7 is a view schematicaliy illustrating an
air/fuel ratio control system which serves as an
actuator in Figure 1; and '

Figure 8 is a graph showing an air/fuel ratio-output
torque characteristic of the engine.

Referring first to Figure 1, there are shown, by way
of example, a conventional manner of operating an
alternating-current {AC) generator and a convention-
al manner of controlling the idling rpm of an internal
combustion engine equipped with the generator.
When all the electrical ioad-creating equipments
installed in the vehicle are turned on during low-
speed idling operation of the engine, the resuitant
increase in the electrical load on the engine causes
an increase in retarding load applied on the engine
to decrease the rotational speed Ne of the engine
and accordingly the rotational speed NACG of the
generator, so long as the output torque of the engine
remains constant. On such occasion, the field cur-
rent of the generator is increased by the action of a
regulator provided in the generator. Consequently,
the operative state of the generator is shifted from a
point Ain Figure 1 wherein no electrical load is
applied on the engine, to another point C wherein
the generator can produce its maximum output
power, along the one-dot chain line a in the direction
indicated by the arrow B in the same Figure.
However, if the required electric power that has to
compensate for these electrical loads amountsto a
value shown by the broken line d, there still exists a
shortage of electric power and accordingly a battery
provided in the engine supplies electric power to the
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electrical load-creating equipments to compensate
for such shortage. In the event that the supply of
electric power from the battery is continued for a
considerable time, the battery can be overdis-
charged, to result in a shortened effective life of
same. Even other inconveniences such as degraded
startability of the engine can be caused when the
engine is restarted by the use of the battery insuffi-
ciently charged, due to a decrease in the rotational
speed of a starter motor which is driven by the
battery. Incidentally, the broken line e in Figure 1
indicates a value of electric power required when no
electrical load is applied on the engine.

In order to eliminate the above inconveniences
caused during idling operation of the engine, a
method has been proposed by Japanese Patent
Provisional Publication No. 54-155317 hereinbefore
referred to, which comprises setting desired idling
rpm Nf at such a value that the generator can
produce electric power in an amount sufficient to
cope with the electrical loads, as shown in Figure 1,
and supplying an air/fuel mixture to the enginein a
quantity corresponding to the difference between
the actual engine rpm Ne and the desired idling rpm
Nf, thereby varying the output torque of the engine
in response to loads applied on same, inclusive of a
load applied by the generator, to thus control the
engine rpm Ne to the desired idling rpm Nfina
feedback manner. According to this method, due to
the operation of the regulator of the generator, the
operative state of the generator changes between
points D and E along the one-dot chain line f
corresponding to the desired idling rpm Nf, in a
manner responsive to changes in the electrical load
applied on the generator, thereby making it possible
to produce electric power in an amount falling '
between two values indicated by the symbols d and
e in Figure 1. However, according to this proposed
method, as noted before, the desired idling rpm Nf
ofthe engine has to be set at a value above a certain
high level, to ensure that the generator can produce
electric power in an amount sufficient to compen-
sate for all the electrical loads even if all the electrical
load-creating equipments are turned on. Therefore,
even if the generator is released from electrical
loads, the rotational speed of the engine is control-
led so as to remain at the predetermined value, thus
increasing the fuel consumption of the engine while
the engine is in an idling condition.

Figure 2 through Figure 5 show one embodiment
of the invention. Referring first to Figure 2, there is
illustrated an idling rpm control system for an
internal combustion engine, to which the method of
the invention is applied. An intake pipe 11 of the
engine 10 is formed therein with a venturi 11a, and a
main jet 12 which is connected to a fuel pump, not
shown, opens in the venturi 11a. The intake pipe 11
is provided with an air filter 13 at a location upstream
ofthe main jet 12, while a throttle valve 14 is
arranged in the intake pipe 11 at a location down-
stream of the main jet 12. The throttle vaive 14 has a
first lever 14a formed integrally therewith and a
seconid lever 14b formed separately from the mem-
bers 14 and 14a, and is disposed to be opened and
closed by pivotal movement of the levers 14a and
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14b about a common pivot 14c. The first lever 14a
has its one end connected to an accelerator pedal,
not shown, by means of a wire 14d to be rotated
about the pivot 14c as the accelerator pedal is
stepped on, so as to open the throttle vaive 14
independently of the angular position of the second
lever 14b through an angle corresponding to the
stepping amount of the accelerator pedal. Once the
first lever 14a abuts at its other end against the
second lever 14b on closing of the throttle valve, a
further rotation of the first lever 14a in the clockwise
direction in Figure 2 is prohibited by the second lever
14b. The second lever 14b is disposed such that,
once the second lever 14b abuts against the first
lever 14a, a counterclockwise rotation of the second
lever 14b causes corresponding displacement of the
first lever 14a in the counterciockwise direction to
open the throttle valve 14.

Reference numeral 20 designates an actuator
which comprises as its essential component ele-
ments a control valve 21, and two solenoid vaives 22
and 23, both of a normally closed type. The actuator
20 is intended to control the valve opening of the
throttle valve 14 while the engine is operating inan
idling condition, to thereby control the quantity of an
air/fuel mixture being supplied to the engine 10. The
control valve 21 comprises an atmospheric chamber
21a communicating with the atmosphere, a control
chamber 21b communicating with the interior of a
pipe 24, a diaphragm 21c defining the chambers 21a,
21b at its opposite sides and connected to the
second lever 14b of the throttle valve 14 via a
connecting member 25, and a spring 21d urging the
diaphragm 21cin such a direction as to cause the
throttie valve 14 to be displced toward its fully closed
position. The solenoid valve 22 comprises a first port
22a communicating with the pipe 24, a second port
22b communicating through a vacuum-intake pipe
26 with the intake pipe 11 at a location downstream
of the throttle valve 14, a valve body 22c arranged
between the first and second ports 22a, 22b, a spring
22d urging the valve body 22c toward its closed
position, and a solenoid 22e connectedto a control
unit 80 so as to be driven thereby to bias the valve
body 22¢ toward its opened position when ener-
gized. On the other hand, the solenoid valve 23
comprises a first port 23a communicating with the
pipe 24, a second port 23b communicating with the
atmosphere through an atmospheric pressure-
communicating pipe 27, a valve body 23c arranged
between the first and second ports 23a and 23b, a
spring 23d urging the valve body 23c toward its
closed position, and a solenoid 23e connected to the
control unit 80 so as to be driven thereby to bias the
valve body 23¢ toward the opened position when
energized.

Reference numeral 30 designates an alternating-
current (AC) generator which comprises an armature
winding 31 having a Y-connection, a field winding
32, diodes 33, 34 and 35 having their anodes
connected to the armature winding 31, and diodes
36, 37 and 38 having their anodes grounded. The AC
generator 30 has an output terminal 30a connected
to cathodes of the diodes 33, 34, 35 as well as to an
input terminal 40a of a regulator 40, while the AC
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generator 30 has a field current input terminal 30b
connected to the field winding 32 and an output
terminal 40b of the regulator 40. The AC generator
30 is coupled to a crankshaft, not shown, of the
engine 10 through a power transmisson means such
as a pulley, not shown, in a manner driven by the
engine 10 to produce electric power as the engine 10
rotates.

The regulator 40 is, for instance, a "carbon-pile”
type and comprises an input terminal 40a, an output
terminal 40b, a carbon pile 41 connecting the input
terminal 40a to the output terminal 40b, a pressure
spring 42 permanently urging the carbon pile 41in
such a direction as to decrease the resistance value
of the carbon pile 41, a coil 43 connected at one end
to the input terminal 40a and grounded at the other
end, and a core 44 extending through the coil 43.
When an electric current flows into the coil 43 from
the generator 30 or a battery 50, the core 44 is
energized to electro-magneticaly attract the spring
42 to increase the resistance value of the carbon pile
41. Thus, the regulator 40 is adapted to supply
through its output terminal 40b an electric current
which has its value increased with a decrease in the
voltage value at the input terminal 40a, to the field
winding 32 of the AC generator 30.
~ The battery 50 has its anode terminal connected to
the output terminal 30a of the generator 30 as well as
to electrical loads 60 such as headlights and a heater
and air conditioner, which are turned on when
switches 61 are closed.

A detecting circuit 70 comprises, for instance, an
operational amplifier 71, a resistor 72 having one
end connected to the input terminal 30b of the
generator 30, the output terminal 40b of the regula-
tor 40 and the input of the amplifier 71, and its other
end grounded, and an analog-to-digital (A/D) conver-
ter 73 connected to the output of the amplifier 71.
The detecting circuit 70 is adapted to detect the
terminal voltage of the resistor 72, which corres-
ponds to the vaiue of the field current flowing inthe
field winding 32 of the generator 30, and supply the
control unit 80 with a digital signal indicative of
detected terminal voltage. Alternatively of the illus-
trated construction, the detecting circuit 70 may
comprise a resistor connected in series with the
terminals 40b and 30b, for detecting the field current
of the generator 30.

The control unit 80 is supplied with a signal
indicative of the rotational speed of the engine 10
from an engine rpm (Ne) sensor 91, as well as with
an on-off signal from an accelerator pedal switch 92
which is adapted to generate an ON signal when the
stepping amount of the accelerator pedal, not
shown, is zero, that is, when the throttle valve 14 is in
its fully closed position. The control unit 80 is
adapted to determine the value of the field current of
the generator 30, and operate on the resultant
determination to energize one of the solenoids 22e,
23e of the actuator 20 or deenergize both of the
solenoids 22e, 23e, as described hereinafter.

Figure 3 shows the arrangement of an electrical
circuit within the control unit 80 shown in Figure 2.
The control unit 80 comprises a central processing
unit (hereinafter called "the CPU") 81, a random
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access memory {hereinafter called “the RAM") 82 for
temporarily storing the resultant values of various
calculations from the CPU 81, etc., a read-only
memory (hereinafter called “the ROM”) 83 storing a
control program, referred to later, executed within
the CPU 81, etc., an input counter 84 connected to
the engine rpm sensor 91, and an input-output (/0)
port 85. These elements 81 - 85 are connected with
each other via a bus 86 for exchanging signals
therebetween. The control unit 80 further comprises
a level shifter 87 having its output connected to the
input-output port 85 and its input connected to the
detecting circuit 70 as well as to the accelerator
pedal switch 92, and a driving circuit 88 having its
input connected to the input-output port 85 and its
output connected to the solenoids 22e and 23e.

The control system described so far with reference
to Figures 2 and 3 operates as follows: The AC
generator 30 is rotatively driven by the engine 10
while the latter is operated, to generate a three-
phase induced current in the armature winding 31.
The inducing current thus produced is subjected to
fuli-wave rectification by the diodes 33 -38 and
thereafter supplied to the battery 50 to charge same.
On the other hand, upon the ignition switch, not
shown, of the engine being turned on, the regulator
40 starts to transmit an electric current from the
battery 50 as field current to the field winding 32
through the carbon pile 41d, to render the generator
30 operative. When the generated voltage of the
generator 30 is increased with an increase in the
rotational speed Ne of the engine, increased electro-
magnetic force occurs in the coil 43 and the core 44
of the regulator 40 to electromagnetically attract the
pressure spring 42 more strongly. Accordingly, the
urging force of the pressure spring 42 acting upon
the carbon pile 41 reduces to increase the resistance
value of the carbon pile 41 thereby decreasing the
value of the field current to be supplied to the field
winding 32. On the other hand, as the generated
voltage of the generator 30 decreases, the field
current is increased. In this way, the generated
voltage is regulated to a constant value. According
to the invention, the field current has its value
controlled while the engine is operating in an idling
condition, as described hereinafter.

The field current from the regulator 40, the value
of which is increased or decreased in the above-
described manner, causes a correspondingly in-
creasing or decreasing voltage across the resistor 72
of the detecting circuit 70, and this voltage is applied,
as a signal indicative of detected field current,
through the operational amplifier 71 and the A/D
converter 73 to the control unit 80 in the form of a
digital signal.

Referring now to Figure 3, the input counter 84 of
the control unit 80 is supplied with a signal indicative
of the rotational speed of the engine (hereinafter
called "the TDC signal”) from the engine rpm sensor
91. The input counter 84 counts the interval of time
between a preceding pulse of the TDC signal and a
present pulse of the same signal, inputted thereto
from the engine rpm sensor 91, and therefore its
counted value Me is proportional to the reciprocal of
the actual rotational speed of the engine. The input
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counter 84 supplies the counted value Me to the CPU
81 via the bus 86. On the other hand, the field current
value signal from the detecting circuit 70 and the
on-off signal from the accelerator pedal switch 92
indicative of opened and closed states of the throttle
valve 14 have their respective levels shifted to a
predetermined level by the level shifter 87, and then
supplied to the CPU 81 via the input-output port 85
and the bus 86.

The CPU 81 of the control unit 80 executes the
control program stored in the ROM 83 and described
hereinafter, as follows: It operates on the TDC signal
from the engine rpm sensor 91 and the on-off signal
from the accelerator pedal switch 92, to determine
whether or not the engine is operating in an idling
condition. When the engine is determined to be in an
idling condition, the CPU 81 compares the value of
the field current vaiue signal with first and second
predetermined values previously stored in the ROM
83 to be applied during idling operation of the
engine, and then supplies a control signal corres-
ponding to the resultant determination to the sole-
noids 22e, 23e of the actuator 20 in Figure 2 through
the bus 86, the input-output port 85 and the driving
circuit 88 in Figure 3, so as to energize one of the
solenoids 22e and 23e or deenergize both of same to
maintain the value of the field current within the
range between the first and second predetermined
values, in a manner described hereinafter.

Figure 4 shows the relationship between the
output current IACG of the AC generator 30 and the
rotational speed NACG of same. As shown in Figure
4, the output current IACG increases as the rotational
speed NACG which is proportional to the rotational
speed Ne of the engine increases, and also the same
current IACG increases as the value of the field
current IF flowing in the field winding 32 of the
generator 30 increases. When the rated load field
current IFmax flows in the field winding 32, the rated
output current dependent on the rotational speed
NACG is generated by the AC generator 30, as
indicated by the solid line in Figure 4.

In Figure 4, the upper one-dot chain line shows the
relationship between the rotational speed NACG of
the generator 30 and the output current at the first
predetermined value |1, and the lower one-dot chain
line that between the rotational speed NACG and the
output current at the second predetermined value
12, according to the invention. The broken line in
Figure 4 shows a rotational speed-output current
characteristic of the generator 30, which is achieved
when the engine 10 is loaded with a minimum load,
that is, when the engine is free from all the electrical
loads 60 in Figure 2 and loaded with a minimum load
just required for continued operation of the engine,
such as one applied by the fuel pump, while the
engine is in an idling condition.

According to the embodiment of the invention, the
field current IF has its value maintained between the
first and second predetermined values 11, 12 (the
region which is hatched in Figure 4), during idling
operation of the engine 10. The field current value IF
can be regarded as an indicator directly indicating
the magnitude of the load applied on the generator
30, which foad in turn is added to the engine load as
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retarding torque, and can be utilized as a control
parameter for controlling the actuator 20 which
controls the output torque of the engine. Also,
advantageously the field current value IF can be
accurately detected with ease, as it variesin a
continuous manner between zero and the rated load
field current value IFmax in response to changes in
the load applied on the generator 30. According to
the invention, therefore, while the engineisin an
idling condition, the rotational speed of the engine is
controlled in response to the magnitude of the
electrical load applied on the generator 30, so as to
obtain a required amount of output power from the
AC generator 30. Thus, the invention can satisfy two
contradictory requirements at the same time, i.e.
supply of sufficient electric power from the gener-
ator 30 and reduction of the rotational speed of the
engine to a desired value for the fuel economy of the
engine. -

Figure 5 shows a flow chart of the control program
executed by the CPU 81 in Figure 3 for contro! of the
idling rpm of the engine. The present program may
be executed either in synchronism with rotation of
the engine, or at predetermined intervals of time.
First, at the step 1, it is determined as to whether or
not the accelerator pedal switch 92 in Figure 2 is on.
If the answer is no, it is determined that the engine is
not operating in an idling condition, and execution of
the present program is therefore terminated. If the
answer to the question of the step 1is yes, itis
determined at the step 2 whether or not the rotation-
al speed Ne of the engine is smaller than a predeter-
mined value N1, e.g. 1000 rpm. If the determination
at the step 2 provides a negative answer, it is judged
that the engine is not in an idling condition and
therefore the program is terminated, whereas if an
affirmative answer is obtained at the step 2, the
engine is judged to be operating in an idling
condition, and the program proceeds to the step 3. In
accordance with one aspect of the present invention
the idling rpm of the engine is varied within a
predetermined range. Therefore, the predetermined
value N1 is set at a value slightly higher than a
conventionally set value of the idling rpm, that is, at
such a value that if the value of the field current is
maintained between the first and second predeter-
mined values, referred to later, required output
power can be supplied from the generator 30 even if
a maximum electrical load is applied on the gener-
ator 30. For example, it is set at 1000 rpm as stated
above.

At the step 3, it is determined as to whether or not
the value of the field current IF of the generator 30 is
larger than or equal to the first predetermined value
11, The first predetermined value 11 is set, for
instance, at a value 0.95 times as large as or slightly
smaller than the rated load value IFmax of the field
current of the generator 30, as shown in Figure 4.
The reason for setting the first predetermined value
11 at a vaiue siightly smaller than the value IFmax is
that a margin between the values IFmax and |1 can
reduce the possibility of the field current value IF
exceeding the value IFmax, thereby achieving stable
control of the field current IF. if the answer to the
question of the step 3 is no, the program proceeds to
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the step 4 to determine whether or not the value of
the field current IF is smaller than or equal to the
second predetermined value i12. The second prede-
termined value 12 is set, for instance, at a value 0.85
times as large as or smaller than the rated load value
IFmax of the field current, as shown in Figure 4 by
such an amount that an insensitive zone is provided
between the first and second predetermined values
11, 12 for the stability of control of the field current IF,
thereby avoiding hunting of the engine rotation. If
the answer to the question of the step 4 is no, the
program proceeds to the step 5 wherein the sole-
noids 22e, 23e of the actuator 20 are both deener-
gized by the control unit 80 to keep the normally
closed solenoid valves 22, 23 closed so that the
pressure in the control chamber 21b of the control
valve 21, appearing in Figure 2, is maintained so as
to keep the diaphragm 21c in a position then
assumed, thereby maintaining the valve opening of
the throttle valve 14.

If the answer to the question of the step 3 is yes,
that is, when it is determined that the detected value
of the field current is larger than or equal to the first
predetermined value |1, the program proceeds to the
step 6 to increase the valve opening of the throttle
valve 14 by a predetermined amount. On this
occasion, the CPU 81 of the control unit 80 supplies a
signal to the solenoid 22e through the bus 86, the
input-output port 85 and the driving circuit 88 to
energize the solenoid 22e, for a predetermined
constant period of time T which is set irrespective of
the difference (>0) between the detected value of the
field current from the detecting circuit 70 and the
first predetermined value |1, or for a predetermined
period of time T’ which is set to a value correspond-
ing to the same difference. As a consequence, the
first and second ports 22a, 22b of the solenoid valve
22 are communicated with each other for the
predetermined period of time T or T, to introduce
negative pressure within the intake pipe 11 into the
control chamber 21b of the control vaive 21 to
reduce the internal pressure of the same chamber
21b. Responsive to this change in the internal
pressure of the control chamber 21b, the diaphragm
21cis displaced in a direction compressing the
spring 21d, so as to cause displacement of the
connecting member 25 and the second lever 14b to
increase the opening of the throttle valve 14, thereby
increasing the output torque of the engine 10. Then,
the diaphragm 21c assumes a new equilibrated
position after the valve opening of the throttle valve
14 has increased by an amount corresponding to the
above period of time T or T'. Preferably, the period of
time T or T’ is set to a value less than the period with
which the control program is repeatedly executed.
As a consequence of the operation described above,
the operative state of the generator 30 is shifted, for
instance, from one point a toward another point a’,
as indicated by the symbol x in Figure 4.

Reverting to Figure 5, if the answer to the question
of the step 4 is yes, that is, when it is determined that
the value of the field current IF is smaller than or
equal to the second predetermined value 12, the
program proceeds to the step 7 to determine
whether or not the rotational speed Ne of the engine
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is smaller than or equal to a predetermined lower
limit value N2, e.g. 500 rpm. If the answer to the
question of the step 7 is no, the valve opening of the
throttle valve 14 is decreased by a predetermined
amount, at the step 8, and thereafter the valve
opening of the throttle valve 14 thus decreased is
maintained. On this occasion, the CPU 81 of the
control unit 80 supplies a signal to the solenoid 23e
through the bus 86, the input-output port 85 and the
driving circuit 88 to energize the solenoid 23e, for the
aforementioned predetermined period of time T or
T'. Accordingly, the first and second ports 23a, 23b of
the solenoid valve 23 are communicated with each
other for the predetermined period of time Tor T', to
introduce the atmospheric pressure into the control
chamber 21b to increase the internal pressure of the
same chamber 21b. Then, the vaive opening of the
throttle valve 14 is decreased to decrease the output
torque of the engine 10, in the reverse manner to
that described before. On suth occasion, the opera-
tive state of the generator 30 is shifted, for example,
from one point b toward another point b, as
indicated by the circles in Figure 4.

On the other hand, if the answer to the question of
the step 7 is yes, the program proceeds to the step 5
wherein the opening of the throttle valve 14 is
maintained as it is, so as not to cause a decrease in
the rotational speed Ne of the engine, i.e. the
rotational speed NACG of the generator 30, resulting
from a reduction in the opening of the throttle valve
14. This is because a further decrease in the
rotational speed of the engine could impede con-
tinuing smooth idiing operation of the engine, to
even cause engine stall. Alternatively, the control
program may be so arranged that it proceeds to the
step 6 when the answer to the question of the step 7
is yes, to thereby increase the rotational speed Ne of
the engine and maintain same constantly above the
predetermined lower limit value N2.

Although in the above embodiment the value of
the field current is controlled so as to fall within the
predetermined range defined by the first and second
predetermined vaiues |1, I2 while the engine is
operating in an idling condition, the value of the field
current may alternatively be controlled to a single
predetermined value, for instance, the first predeter-
mined value I1. In such case, an alternative determi-
nation may be made as to whether or not the value
of the field current IF is smaller than the first
predetermined value |1, at the step 4 in Figure 5, in
place of the aforesaid determination as to whether or
not the value IF is smailer than the second predeter-
mined value 12.

Further, although the actuator employed in the
above embodiment is adapted to control the quanti-
ty of an air/fuel mixture being supplied to the engine,
other means such as an intake air control system and
an air/fuel ratio control system may alternatively be
used as the actuator, so far as it can control the
output torque of the engine.

Figure 6 shows a supplementary air control sys-
tem 100 as another example of the actuator. A
contro! valve 100’, which is a normally closed type,
forms an essential element of the supplementary air
control system 100, and is disposed to be driven by
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the driving circuit 88 of the control unit 80 to open for
introducing the atmosphere into the intake pipe 11.
The control valve 100’ comprises a communication
pipe 101 communicating with the atmosphere, a
vacuume-intake pipe 102 communicating with the
intake pipe 11 at a location downstream of the
throttie valve 14, a valve body 103 arranged between
the pipes 101 and 102, a spring 104 urging the valve
body 103 toward its closed position, and a solenoid
105 disposed to be energized by a driving pulse
signal from the control unit 80 for displacing the
valve body 103 toward its opened position. During
idling operation of the engine, the output torque of
the engine increases with an increase in the quantity
of supplementary air being supplied to the engine
10. Therefore, by controlling the supplementary air
quantity in a manner such that the driving pulse
signal supplied to the control valve 100" from the
driving circuit 88 of the control unit 80 has its pulse
duration varied in response to the value of the field
current of the generator 30 in Figure 2, the field
current IF can be controlled within a predetermined
range or to a predetermined valiue, while the engine
is in an idling condition.

Figure 7 shows an air/fuel ratio control system 120
as still another example of the actuator, which is
attached to the carburetor 121 of the engine. A float
chamber 121a of the carburetor 121 communicates
with an idle port 15 opening in the intake pipe 11 ata
location downstream of the throttle valve 14,
through a main jet 121b and a fuel reservoir 122a of
an air bleed means 122. An air bleed pipe 122b,
which has its lower portion formed with bieed holes
122¢, is inserted in the fuel reservoir 122a and
communicates with the atmosphere through a main
air jet 122d. An auxiliary air bleed pipe 122e extends
from an upper end of the air bleed pipe 122b and has
its one end formed with an auxiliary air jet 122f
which is disposed to have its cross-sectional area
controlled by a valve body 123a of an air/fuel ratio
control valve 123. The control valve 123 has a
diaphragm 123b which defines a negative pressure
chamber 123d and an atmospheric pressure cham-
ber 123e at its opposite sides and is connected to the
valve body 123a and permanently urged by a spring
123c in a direction closing the auxiliary air jet 122f. A
solenoid valve 125, which is a normally closed type,
is arranged across a vacuum-intake pipe 124 com-
municating the vacuum chamber 123d with the
intake pipe 11. Reference numeral 126 designates a
communication pipe communicating with the
atmosphere.

According to the above air/fuel ratio control sys-
tem 120, vacuum or negative pressure prevailing in
the intake pipe 11 acts upon the interior of the fuel
reservoir 122a through the idle port 15 to cause
bleed air to be introduced through the jets 122d, 122f
into the fuel reservoir 122a and mixed with fuel
therein. The amount of bleed air to be mixed with
fuel is controlled by increasing or decreasing the
cross-sectional area of the jet 122f by means of the
control valve 123, and an increase in the same
amount causes the air/fuel ratio to become leaner.
On the other hand, the engine 10 has an air/fuel
ratio-output torque characteristic as shown in Figure

£
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8, for instance. Therefore, the output torque of the
engine 10 can be controlled by controlling the value
of the air/fuel ratio of an air/fuel mixture being
supplied to the engine 10 in response to the detected
5 value of the field current of the generator 30 in

Figure 2, by means of the air/fuel ratio control
system 120 under control of the control unit 80,
while the engine is in an idling condition, thus
making it possible to control the field current or the

10 idling rpm of the engine in the same manner as the
above-described embodiments. In place of the
above system 120, a fuel injection system may
alternatively be employed to control the air/fuel
ratio, which is adapted, for example, to be driven by

15 the control unit 80 and supply a required amount of
fuel to the intake pipe 11 of the engine 10 in response
to the detected value of the field current for control
of the air/fuel ratio, i.e. the rotational speed of the
engine during idling operation of same.

20 ’

CLAIMS

25 1. A method of controlling the rotational speed
of an internal combustion engine during idling
operation thereof, said engine having an output
shaft, an actuator operable to vary output torque
produced by said engine through said output shaft,

30 an alternating-current generator driven by said en-
gine through said output shaft for rotation therewith,
said alternating-current generator being adapted to
generate electric power in an amount corresponding
to a value of field current flowing therein and the

35 rotational speed of said engine, and regulator means
adapted to vary the value of said field current of said
alternating-current generator in response to electric-
al load applied on said alternating-current generator,
the method comprising the steps of: (a) detecting a

40 value of a parameter indicative of said field current
of said alternating-current generator; (b) determin-
ing whether or not said engine is operating in an
idling condition; and (c) controlling the operation of
said actuator in response to the detected value of

45 said parameter to vary said output torque of said
engine, to thereby control the rotational speed of
said engine such that the value of said field current
of said alternating-current generator tends to be-
come equal to a predetermined value, when it is

50 determined that said engine is operating in said
idling condition.

2. A method as claimed in Claim 1, wherein said
parameter varies as said field current and said step
(c) comprises comparing the detected value of said

55 parameter with a predetermined value correspond-
ing to said predetermined value of said field current,
controlling said actuator in a manner such that said
output torque of said output shaft is increased to
increase the rotational speed of said engine when it

60 is determined that the detected value of said engine
when it is determined that the detected value of said
parameter is larger than said predetermined value
thereof, and controlling said actuator in a manner
such that said output torque is decreased to de-

65 crease the rotational speed of said engine when it is

determined that the detected value of said para-
meter is smaller than said predetermined value
thereof.
3. A method as claimed in Claim 1 or 2, wherein

70 said predetermined value of said field current is set
at a value close to but smaller than a rated load value
of said field current of said alternating-current
generator. :

4. A method as claimed in Claim 1, 2 or 3 further

75 comprising determining whether or not the rotation-
al speed of said engine is larger than a predeter- -
mined lower limit value when it is determined that
said engine is operating in said idling condition,
wherein said actuator is controlled to bring the value

80 of said field current to said predetermined value
thereof by said step (c) only when it is determined
that the rotational speed of said engine is larger than
said predetermined lower limit value.

5. A method as claimed in any preceding claim

85 wherein said actuator comprises an air/fuel ratio
control system for controlling the air/fuel ratio of an
air/fuel mixture being supplied to said engine.

6. A method as claimed in any of Claims 1to 4
wherein said actuator comprises an air/fuel mixture

90 control system for controlling the quantity of an
air/fuel mixture being supplied to said engine.

7. A method as claimed in any of Claims 1 to 4,
wherein said actuator comprises an intake air control
system for controlling the quantity of air being

95 supplementally supplied to said engine.

8. A method of controlling the rotational speed
of an internal combustion engine during idling
operation thereof, said engine having an output
shaft, an actuator operable to vary output torque

100 produced by said engine through said output shaft,
an alternating-current generator driven by said en-
gine through said output shaft for rotation therewith,
said alternating-current generator being adapted to
generate electric power in an amount corresponding

105 to a value of field current flowing therein and the
rotational speed of said engine, and regulator means
adapted to vary the value of said field current of said
alternating-current generator in response to electric-
al load applied on said alternating-current generator,

110 the method comprising the steps of: (a) detecting a
value of a parameter indicative of said field current
of said alternating-current generator; (b) determin-
ing whether or not said engine is operating in an
idling condition; (c} determining whether or not the

115 detected value of said parameter is larger than a first
predetermined value; (d) determining whether or
not the detected value of said parameter is smaller
than a second predetermined value which is smaller
than said first predetermined value; {e) controlling

120 the operation of said actuator in a manner such that
said output torque of said engine is increased to
increase the rotational speed of said engine when it
is determined at said step (b) that said engine is
operating in said idling condition and at the same

125 time it is determined at said step (c) that the detected
value of said parameter is larger than said first
predetermined value; and (f) controlling said
actuator in a manner such that said output torque is
decreased to decrease the rotational speed of said

130engine when it is determined at said step (b) that
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said engine is operating in said idling condition and
at the same time it is determined at said step {(d) that
the detected value of said parameter is smaller than
said second predetermined value, to thereby control
the rotational speed of said engine such that the
value of said field current of said alternating-current
generator is maintained within a predetermined
range, when it is determined that said engine is
operating in said idling condition.

9. A method as claimed in Claim 8, wherein said
first and second predetermined values of said para-
meter are set at values corresponding to field
currents close to but smaller than a rated load value
of said field current of said alternating-current
generator.

10. A method as claimed in Claim 8 or 9, further
comprising determining whether or not the rotation-
al speed of said engine is larger than a predeter-
mined lower limit value when it is determined that
said engine is operating in said idling condition,
wherein said actuator is controlied to maintain the
value of said field current within said predetermined
range by said steps (e) and (f) only when itis
determined that the rotational speed of said engine
is larger than said predetermined lower limit value.

11. A method as claimed in Claim 8,9 or 10
wherein said actuator comprises an air/fuel ratio
control system for controlling the air/fuel ratio of an
air/fuel mixture being supplied to said engine.

12. A method as claimed in Claim 8,9 or 10
wherein said actuator comprises an air/fuel mixture
control system for controlling the quantity of an
air/fuel mixture being supplied to said engine.

13. A method as claimedin Claim 8,9 or 10
wherein said actuator comprises an intake air control
system for controlling the quantity of air being
supplementally supplied to said engine.

14. Methods of controlling the rotational speed
of an internal combustion engine during idling
operation thereof substantially as hereinbefore de-
scribed with reference to the accompanying draw-
ings.
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