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(54) Idling speed control apparatus for internal combustion engine

(57) To provide an idling speed control apparatus for
an internal combustion engine which can perform posi-
tioning of a step motor accurately without additionally
providing a battery.

The idling speed control apparatus includes storage
means 11 for storing an engine stop step number Pstop,
means for driving the step motor based on a target po-
sition step number Pt which represents a target position
of the step motor and a present position step number
Px which represents the present position of the step mo-
tor, and idling state discrimination means 52 for discrim-
inating whether or not the idling is in a steady state. Up-
on starting of the engine, the engine stop step number
Pstop is registered as the present position step number,
and when it is discriminated that the idling is in a steady
state, the present position step number is rewritten into
a reference step number which is a predetermined con-
stant and the present position step number is stored as
the idling reference step number.
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Description

[0001] This invention relates to an idling speed control
apparatus for an internal combustion engine, and more
particularly to an idling speed control apparatus for an
internal combustion engine which regulates the intake
air amount by means of a step motor to control the speed
of rotation of the internal combustion engine upon idling.
[0002] Generally, in an idling speed control apparatus
for an engine, an idling speed control valve (ISCV) is in
most cases provided midway of a bypass path provided
separately from an intake path in such a manner as to
bypass a throttle valve. By regulating the opening of the
ISCV, the intake air amount of the internal combustion
engine is controlled, independently of the throttle valve,
to control the idling speed.
[0003] The ISCV described above is driven by a step
motor, and the opening thereof is controlled by supply-
ing to the step motor a pulse signal which corresponds
to the difference between the present position of an
idling regulation valve which is determined by the oper-
ation step number of the step motor from a reference
position and a target position which depends upon the
operation condition of the engine. Such a control meth-
od as just described is known, for example, by the official
gazette of Japanese Patent Laid-open No. Sho
63-42106 and so forth.
[0004] In the prior art described above, in order to
make it possible to simply make the opening of the idling
regulation valve and the operation step number of the
step motor correspond to each other without using a ref-
erence position sensor such as a potentiometer or a limit
switch, a fixed pulse signal is provided to the step motor
to drive the idling regulation valve to its fully closed or
fully open position immediately after the ignition switch
is disconnected, and the operation step number of the
step motor is reset in order to use the fully closed or fully
open position as a reference position.
[0005] However, according to such an initial process-
ing method as just described, since the step motor must
be rotated to the fully open or fully closed position after
the engine ignition switch is interrupted, a battery for the
initial processing must further be incorporated separate-
ly from an original battery.
[0006] The object of the present invention resides in
solution of the subject of the prior art described above
and provision of an idling speed control apparatus for
an internal combustion engine which can perform posi-
tioning of a step motor accurately without additionally
providing a battery.
[0007] In order to attain the object described above,
according to the present invention, an idling speed con-
trol apparatus for an internal combustion engine which
includes an idling regulating valve for regulating the
opening of an idling intake path and a step motor for
driving the idling regulating valve to perform opening
and closing movements and which controls the rotation-
al position of the step motor to coincide with a rotational

position corresponding to a target opening for the idling
regulating valve is characterized in that it comprises
storage means for storing an idling reference step
number, means for registering, upon starting of the en-
gine, the idling reference step number as a present po-
sition step number which represents the present posi-
tion of the step motor, means for driving the step motor
based on a target position step number which repre-
sents a target position of the step motor and the present
position step number, idling state discrimination means
for discriminating whether or not the idling is in a steady
state, means for rewriting the present position step
number into a reference step number which is a prede-
termined constant when it is discriminated that the idling
is in a steady state, and means for storing the present
position step number as the idling reference step
number when it is discriminated that the idling is in a
steady state.
[0008] The opening of the idling regulation vale when
idling is stable and in a steady state is determined
uniquely, and even if the engine is stopped, the idling
regulation valve is kept at the position. Thus, according
to the characteristic described above, the rotational po-
sition of the step motor when idling is in a steady state
is stored as the idling reference step number, and when
the engine is started next, the rotational position of the
step motor at the point of time is set to the idling refer-
ence step number stored in advance. Consequently, the
relationship between the rotational position of the step
motor and the operation step number which represents
the present position of the step motor can be determined
accurately without using a sensor.
[0009] According to the present invention, the follow-
ing effects are achieved.

(1) Since the rotational position of the step motor
when idling is in a steady state is set to a predeter-
mined reference step number (Pidle) based on the
empirical rule that the rotational position of a step
motor when idling is stable and in a steady state is
substantially fixed, the relationship between the
present position of the step motor and the present
position step number which represents the present
position can be compensated for accurately without
using a sensor.
(2) In a transition state in which the idling is not sta-
ble, the step number Px which represents the rota-
tional position of the step motor at the current point
of time is repetitively stored as the engine stop step
number Pstop in a non-volatile fashion, and then
when the engine is started next, the engine stop
step number Pstop is initialized as the present po-
sition step number Px which represents the rota-
tional position of the step motor at present. Accord-
ingly, even if the engine is stopped in a state where-
in the idling is not stable, the present position step
number Px and the present position of the step mo-
tor can be made correspond accurately to each oth-
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er.

[0010] FIG. 1 is a schematic sectional view showing
a configuration of a principal portion of an idling speed
control apparatus to which the present invention is ap-
plied.
[0011] FIG. 2 is a functional block diagram showing a
configuration of a controller of FIG. 1.
[0012] FIG. 3 is a flow chart illustrating operation of
the present embodiment.
[0013] FIG. 4 is a flow chart illustrating operation of
the present embodiment.
[0014] FIG. 5 is a time chart illustrating operation of
the present embodiment.
[0015] FIG. 6 is a diagram illustrating an example of
a first warming-up table.
[0016] FIG. 7 is a diagram illustrating an example of
a second warming-up table.
[0017] In the following, a preferred embodiment of the
present invention is described with reference to the
drawings. FIG. 1 is a schematic sectional view showing
a configuration of a principal portion of an idling speed
control apparatus to which the present invention is ap-
plied.
[0018] A throttle body 2 is mounted at an intermediate
portion of an intake path which interconnects an air
cleaner and an engine. On the throttle body 2, a throttle
valve 3 which regulates the opening of the intake path
is provided for pivotal motion, and also an idling intake
path 4 which bypasses the throttle valve 3 is mounted.
The idling intake path 4 introduces intake air for idling
to the engine upon idling of the engine and an idling reg-
ulation valve 6 is mounted between the upstream side
4a and the down stream side 4b of the idling intake path
4.
[0019] The opening of the idling regulation valve 6 de-
pends upon the rotational position of a step motor 1
which is driven with a pulse signal outputted from a con-
troller 5. The controller 5 receives detection signals from
a temperature sensor 7 which detects a cooling water
temperature of the engine, an engine speed sensor 8
which detects an engine speed Ne, and a position sen-
sor 9 which detects a gear position of a transmission,
and controls the rotational position of the step motor 1.
[0020] As described in detail below, an engine stop
step number Pstop which represents the rotational po-
sition of the step motor 1 upon last stopping of the en-
gine is stored in a non-volatile EEPROM 11 which does
not require backup power. Upon next starting of the en-
gine, the controller 5 reads in the engine stop step
number Pstop from the EEPROM 11, and supposes that
the step number Pstop represents the rotational position
of the step motor 1 at present (upon last engine stop-
ping, that is, upon present engine starting) to start con-
trol.
[0021] FIG. 2 is a functional block diagram showing a
configuration of the controller 5, and like elements to
those appearing as above are denoted by like or equiv-

alent reference characters.
[0022] In the controller 5, an engine starting discrim-
ination section 51 discriminates whether or not the en-
gine is started. An idling state discrimination section 52
discriminates whether or not the idling is stabilized and
settled in a steady state. A warming-up discrimination
section 53 discriminates whether or not the engine is in
a warming-up operation state.
[0023] A present position counter 54 counts a present
position step number Px which represents the rotational
position of the step motor 1 at present. A target position
step number Pt relating to the step motor 1 is registered
into a target position counter 55. A motor driving section
56 supplies a driving pulse for forward rotation or re-
verse rotation to the step motor 1 so as to make the
present position step number Px and the target position
step number Pt coincide with each other. The driving
pulse is counted by the present position counter 54 and
the present position step number Px is incremented or
decremented in accordance with the driving pulse.
[0024] Operation of the present embodiment is de-
scribed below. FIGS. 3 and 4 are flow charts illustrating
operation of the present embodiment and FIG. 5 is a
time chart illustrating operation of the present embodi-
ment.
[0025] If an ignition switch is switched on at time t1 of
FIG. 5, then the idling speed control of FIG. 3 starts. At
step S1, the engine starting discrimination section 51 of
the controller 5 discriminates whether or not the engine
is in a starting state based on the engine speed Ne de-
tected, for example, by the Ne sensor 8. In the present
embodiment, when the engine speed Ne is 700 rpm or
less, it is discriminated that the engine is in a starting
state. In the beginning of the process, since it is discrim-
inated that the engine is in a starting state, the process
advances to step S11.
[0026] At step S11, as described in detail below, the
engine stop step number Pstop which represents the ro-
tational position of the step motor 1 upon last stopping
of the engine is read out from the EEPROM 11 by the
controller 5.
[0027] At step S12, the read out engine stop step
number Pstop is registered as the present position step
number Px which represents the rotational position of
the step motor 1 into the present position counter 54 of
the controller 5.
[0028] At step S13, a warming-up step number Padd
for temporarily raising the idling speed upon warming-
up operation is detected based on the present cooling
water temperature Te detected by the temperature sen-
sor 7 with reference to a first warming-up table 101 of a
ROM 10.
[0029] FIG. 6 is a graph showing an example of the
first warming-up table in the present embodiment. The
warming-up step number Padd increases as the cooling
water temperature Te decreases.
[0030] At step S14, an idling reference step number
Pidle (50 steps in the present embodiment) fixedly de-

3 4



EP 1 296 044 A2

4

5

10

15

20

25

30

35

40

45

50

55

termined in advance as a reference step number upon
idling is read out from the ROM 10.
[0031] At step S15, a sum value [Pidle + (Padd -
Pstop)] of the idling reference step number Pidle and a
value obtained by subtracting the engine stop step
number Pstop from the warming-up step number Padd
is registered as a present target position step number
Pt into the target position counter 55 of the controller 5.
[0032] At step S16, the present position step number
Px is stored as the engine stop step number Pstop into
the EEPROM 11. At step S17, the step motor 1 is con-
trolled by the motor driving section 56 of the controller
5 so that the target position step number Pt and the
present position step number Px coincide with each oth-
er.

Then, the engine is started at time t2 of FIG. 5,
and when the starting of the engine is detected in step
S1 described above, the process advances to step S2.
At step S2, whether or not the engine is in a no-load
state is discriminated based on, for example, the gear
position detected by the gear position sensor 9. If the
gear position is the neutral position, then it is discrimi-
nated that the engine is in a no-load state, and the proc-
ess advances to step S3.
[0033] At step S3, whether or not the engine is in an
idling state is discriminated based on, for example, the
engine speed Ne and the throttle opening. If the engine
speed Ne is lower than a predetermined reference
speed and the throttle opening is lower than a predeter-
mined reference opening, then it is discriminated that
the engine is in an idling state, and the process advanc-
es to step S4. It is to be noted that, if any one of the
discriminations in steps S2 and S3 results in the nega-
tive, then the process advances to a running mode of
step S10.
[0034] At step S4, it is discriminated by the warming-
up discrimination section 53 of the controller 5 based
on, for example, the water temperature Te of cooling wa-
ter whether or not the engine is in a warming-up state.
In the beginning of the process, the water temperature
Te is low and it is discriminated that the engine is in a
warming-up state, and the process advances to step S5.
At step S5, an upper limit value Nmax1 and a lower limit
value Nmin1 of a target idling speed range are deter-
mined based on a second warming-up table, of which
an example is shown in FIG. 7, and the water tempera-
ture Te.
[0035] At steps S6 and S7, it is discriminated whether
or not the engine speed Ne is higher than the upper limit
value Nmax1 and whether or not the engine speed Ne
is lower than the lower limit value Nmin1, respectively.
If the engine speed Ne reaches the upper limit value
Nmax1 as at time t3 of FIG. 5, the target position step
number Pt is decremented at step S8. On the contrary
if the engine speed Ne drops to the lower limit value
Nmin1, then the target position step number Pt is incre-
mented at step S9. If the engine speed Ne is within the
range between the upper and lower limit values, then

the process advances immediately to step S16 et seq.
[0036] The processes described above are repeated
as long as it is discriminated at step S4 that the engine
is in a warming-up state, and within the period, the cool-
ing water temperature Te rises gradually. Accordingly,
also the upper limit value Nmax1 and the lower limit val-
ue Nmin1 of the target idling speed range determined
at step S5 described above gradually drop, and there-
fore, also the engine speed Ne gradually drops as
shown in FIG. 5.
[0037] Thereafter, if the water temperature Te ex-
ceeds the predetermined reference temperature at time
t4 of FIG. 5, then since it is discriminated at the next step
S4 that the engine is not in a warming-up state, the proc-
ess advances to step S21 of FIG. 4.
[0038] At step S21, an idling stability flag Fidle is re-
ferred to. The idling stability flag Fidle is set, as herein-
after described in detail, when idling is stabilized and it
is discriminated that the idling is in a steady state. Since,
in the beginning of the process, the idling is in a transi-
tion state and the idling stability flag Fidle is in a reset
state, the process advances to step S22. At step S22,
the target rotational range for the engine speed Ne is
set to a rather narrow value ∆Nn.
[0039] At step S23, it is discriminated whether or not
the engine speed Ne has converged to a value within
the target rotational range ∆Nn. Since, in the beginning
of the process, it is discriminated that the engine speed
Ne has not converged, the process advances to step
S28. At step S28, the idling stability flag Fidle is reset.
At step S29, it is discriminated whether or not the engine
speed Ne is higher than the upper limit value to the tar-
get rotational range ∆Nn. If the engine speed Ne reach-
es the upper limit value as at time t5 of FIG. 5, then the
target position step number Pt is decremented at step
S30, whereafter the process advances to step S16 et
seq. On the contrary, if the engine speed Ne is lower
than the upper limit value, then the target position step
number Pt is incremented at step S31, whereafter the
process advances to step S16 et seq.
[0040] At steps S16 and S17, the present position
step number Px is stored as the engine stop step
number Pstop into the EEPROM 11 in a similar manner
as described hereinabove, and motor control for making
the present position step number Px coincide with the
target position step number Pt is performed.
[0041] Thereafter, the engine speed Ne converges to
a value within the target rotational range ∆Nn. When this
is detected at step S23 described hereinabove, then the
process advances to step S24. At step S24, the idling
stability flag Fidle is referred to again, and if the idling
stability flag Fidle is in a reset state, then the process
advances to step S25. At step S25, the present position
step number Px of the present position counter 54 and
the target position step number Pt of the target position
counter 55 are rewritten uniformly into the idling refer-
ence step number Pidle (= 50) irrespective of the step
number at present. At step S26, the idling stability flag
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Fidle is set.
[0042] At the following steps S16 and S17, the
present position step number Px is stored as the engine
stop step number Pstop into the EEPROM 11 in a similar
manner as described hereinabove, and motor control for
making the present position step number Px coincide
with the target position step number Pt is performed.
[0043] In this manner, in the present embodiment, the
rotational position of the step motor when idling is in a
steady state is set to a predetermined reference step
number (Pidle) based on the empirical rule that the ab-
solute rotational position of a step motor when idling is
stable and in a steady state is substantially fixed. There-
fore, the relationship between the present position of the
step motor and the present position step number which
represents the present position can be compensated for
accurately without using a sensor.
[0044] To provide an idling speed control apparatus
for an internal combustion engine which can perform po-
sitioning of a step motor accurately without additionally
providing a battery.

The idling speed control apparatus includes stor-
age means 11 for storing an engine stop step number
Pstop, means for driving the step motor based on a tar-
get position step number Pt which represents a target
position of the step motor and a present position step
number Px which represents the present position of the
step motor, and idling state discrimination means 52 for
discriminating whether or not the idling is in a steady
state. Upon starting of the engine, the engine stop step
number Pstop is registered as the present position step
number, and when it is discriminated that the idling is in
a steady state, the present position step number is re-
written into a reference step number which is a prede-
termined constant and the present position step number
is stored as the idling reference step number.

Claims

1. An idling speed control apparatus for an internal
combustion engine which includes an idling regu-
lating valve (6) for regulating the opening of an idling
intake path (4) and a step motor (1) for driving said
idling regulating valve (6) to perform opening and
closing movements and which controls the rotation-
al position of said step motor (1) to coincide with a
rotational position corresponding to a target open-
ing for said idling regulating valve (6), character-
ized in that it comprises:

storage means (10) for storing an idling refer-
ence step number (Pidle) ;
idling state discrimination means (52) for dis-
criminating whether or not the idling is in a
steady state;
means (5) for rewriting a present position step
number (Px) which represents the present po-

sition of said step motor into the reference step
number (Pidle) when it is discriminated that the
idling is in a steady state; and
means (5) for driving said step motor based on
a target position step number (Pt) which repre-
sents a target position of said step motor (1)
and the present position step number (Px).

2. An idling speed control apparatus for an internal
combustion engine according to claim 1, charac-
terized in that it further comprises

storage means (11) for repetitively storing the
present position step number (Px) as an engine
stop step number (Pstop) in a non-volatile fashion,
and

means (5) for adopting the engine stop step
number (Pstop) as the present position step
number (Px) upon engine starting.

3. An idling speed control apparatus for an internal
combustion engine according to claim 2, charac-
terized in that said means (11) for storing the en-
gine stop step number (Pstop) is a non-volatile
memory.

4. An idling speed control apparatus for an internal
combustion engine according to claim 1 or 2, char-
acterized in that it comprises

means (7) for detecting an engine tempera-
ture (Te) upon engine starting, and

means for correcting the target position step
number based on the detected engine temperature.
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