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[57] ABSTRACT

An electronic throttle valve opening control system
provides an actuating D.C. motor for opening or clos-
ing the throttle valve and a control circuit for control-
ling the D.C. motor current in response to the differ-
ence between the detected real throttle valve opening
and a target value of the throttle valve opening. In
addition to the above difference signal, the D.C. motor -
is controlled by a first correction quantity signal in
accordance with variation of the detected throttle valve
opening and a second correction quantity signal in ac-
cordance with the friction force existing in a valve
opening control mechanism.
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1

ELECTRONIC THROTTLE VALVE OPENING
CONTROL METHOD AND SYSTEM THEREFOR

FIELD OF THE INVENTION

The present invention relates to an electronic throttle
valve opening control method and system for an inter-
nal combustion engine suitable for adjusting throttle
valve opening in response to an accelerator pedal posi-
tion using a D.C. motor.

BACKGROUND OF THE INVENTION

In accordance with the improvement in the perfor-
mance and the increase in the power of an automobile in
recent years, there has been noted the application of the
so-called “traction control system (TCS)”, in which a
predetermined actuator, such as an electric motor, is
used for opening or closing a throttle valve, so that the
opening degree of the throttle valve may be controlled
by first introducing the opening degree of an accelera-
tor pedal as data into a control unit, such as a micro-
computer, to subject it to a predetermined arithmetic
operation to calculate a desired opening degree of the
throttle valve and then by feeding the calculated open-
ing degree of the throttle valve to the actuator.

This system requires an actuator for controlling the
opening degree of the throttle valve, as described here-
inbefore. The actuator of this kind known per se is
exemplified by using a D.C. motor, as disclosed in Japa-
nese laying-Open Patent Publication No. Sho 61-93251.

The actuator using the D.C. motor is considered
advantageous from the point of view of response, cost
and size so that it has a tendency to be widely adopted.

The above prior art, however, has taken no consider-

ation into the influences of the operation condition
changes at the driven mechanism, such as the throttle
valve of the actuator, thus raising a problem in the high
precision of the throttle opening control.

SUMMARY OF THE INVENTION

An object of the invention is to provide an electronic
throttle valve opening control method and system with
high responsiveness.

Another object of the present invention is to provide
an electronic throttle valve opening control method and
system for controlling accurately the valve opening
without influences of operation condition changes and
aged deterioration.

Another object of the present invention is to provide
an electronic throttle valve opening degree control
system which is enabled to have a sufficiently high
precision in the valve opening degree by eliminating the
influence from friction existing at the driven portion of
the actuator.

The above objects can be achieved by learning the
variation which influences the operation characteristic
of the D.C. actuating motor and by changing the con-
trol variables in response thereto. In short, when the
throttle valve is in a stable stop condition, such as a full
open condition or a full close condition, the system
detects the spring constant and undertakes a learning
process.

In addition to the spring constant as a cause of opera-
tion characteristic fluctuation, there is a frictional force
fluctuation of a throttle bearing portion and a motor
bearing portion. As the frictional force variation acts on
the control system so as to change the observed spring
force value, it is possible to compensate accurately vari-

2

ous kinds of variations with high accuracy by learning
control of the observed spring constant, which includes
the influence of the friction and the inertia.

According to a feature of the present invention, the
control loop system is constructed by using both a con-
trol variable proportional to the difference between a
target value and an actual value of the opening degree,
i.e., a proportional term (P-controlled component) and
a control variable corresponding to the differentiated
value of the opening degree, ie., a differential term
(D-controlled component). These components would
be insufficient for the desired precision if friction is
present in the object to be controlled.

Hence, the drop in the control precision can be sup-
pressed by adding a control correction quantity consid-
ering the frictional force so that a control result of high
precision can be easily achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration explaining a driving

- system according to the present invention.
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FIG. 2 is a detail view of the throttle valve shown in
FIG. 1.

FIG. 3 is a block diagram showing an embodiment of
the throttle controller according to the present inven-
tion.

FIG. 4 is a circuit diagram showing an embodiment
of the motor drive circuit.

FIG. 5 is a control block diagram showing an em-
bodiment of the throttle valve opening control system
according to the present invention.

FIG. 6 is a graph showing the relationship between
real rotation angle position of the throttle valve and the
real D.C. motor current.

FIG. 7 is a graph showing response characteristic at
varying parameter b.

FIG. 8 is a graph showing the relationship between
the parameter a and b.

FIG. 9 is a control block diagram showing another
embodiment of the throttle valve opening control sys-
tem according to the present invention.

FIG. 10 is a graph showing variation of the throttle
valve opening when the D.C. motor current is gradu-
ally decreased.

FIG. 11 is a graph showing the responsibility charac-
teristic of the throttle valve position.

FIG. 12 is a flow chart of calculation program.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

A system for controlling the opening of a throttle
valve according to the present invention will be de-
scribed in detail in the following Embodiment with
reference to the accompanying drawings. FIG. 1 is an
explanatory view showing a traction control system for
an automobile to which one embodiment of the present
invention is applied. The traction control system shown
in FIG. 1is of the so-called “tandem type”, in which the
throttle valves are dual. The system is equipped with a
first throttle valve 2 to be operated directly by an accel-
erator pedal 4, and a second throttle valve 6 to be
opened or closed by a D.C. motor 8 acting as a throttle
actuator so that the traction control is accomplished by
controlling the opening of the second throttle valve 6.
As shown in FIG. 2, the second throttle valve 6 pro-
vides returr spring 10 biasing it to a fully open position
for fail-safe operation, so that it may be automatically
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returned to its fully open position if the current supply
to the D.C. motor 8 is interrupted. The D.C. motor 8 is
coupled to the second throttle valve 6 through a gear 12
for opening and closing the valve 6 against the spring
10. An automobile of high performance driven by a
high-power engine will produce slip due to excessive
torque at the driving wheels 14 and 16, as has been
described hereinbefore, if the accelerator pedal 4 is
improperly operated.

Thus, the traction controller 18 receives a signal from
the individual wheel speed sensors 20, 22, 24 and 26 to
detect the occurrence of slip in terms of the difference
between the speeds of the driving wheels 14 and 16 and
driven wheels 28 and 30 and feeds a command to a
throttle controller 32 to control the D.C. motor 8 and
accordingly the degree of opening of the second throt-
tle valve 6 thereby to adjust the output of engine 34 so
that the slip may be suppressed within a predetermined
range.

The opening valve of the second throttle valve 6 at
this time is detected by a throttle sensor 36 and is fed to
the traction controller 18, thus constituting a feedback
control system.

The present invention will be described with refer-
ence to FIG. 3 showing one embodiment of the throttle
controiler 32. The detected signals of the wheel speed
sensor 20, 22, 24 and 26 are fed to speed detecting means
40 and further to slip ratio calculating means 42 to cal-
culate a slip ratio S indicating the degree of slip.

As has been described hereinbefore, the opening de-
gree of the second throttle valve 6 is so controlled that
the slip ratio S may be confined within a predetermined
range. It is target opening calculating means 44 which
operates to calculate the opening degree at this time,
i.e., a target opening degree 6t.

The target opening degree 6t thus calculated is input-
ted to the throttle controller 32, which in turn is con-
nected to receive the actual opening degree 6r of the
second throttle valve 6 from the throttle sensor 36.

The target opening degree 9t and the actual opening
degree Or are inputted to differential proportion control
signal calculating means 46 to caiculate a control signal
proportional to the difference in those signals, ie., a
differential proportion control signal.

Moreover, the actual opening degree r from the
throttle sensor 36 is inputted to opening degree propor-
tion signal calculating means 48 to generate an opening
degree proportion signal.

The actual opening degree 0r from the throttle sensor
36 is also fed to differential means 50 to output an open-
ing differentiated value v providing data indicating the
moving speed of the second throttle valve 36. This
opening differentiated value 8v is fed to differential
control signal calculating means 52 and friction correc-
tion signal calculating means 54. A differential control
signal corresponding to the opening differentiated value
8v is fed from the differential control signal calculating
means 52, whereas the friction correction signal is out-
putted from the friction correction signal calculating
means 54.

All the signals of these four lines are fed to addition/-
subtraction means 56, which calculates the signals of
three lines, i.e., the differential proportion control signal
from the differential proportion control signal calculat-
ing means 46, the differential control signal from the
differential control signal calculating means 52, and the
opening degree control signal from the opening degree
proportion signal calculating means 48, although the
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friction correction signal to be fed from the friction
correction signal calculating means 54 will be described
hereinafter.

The calculated result is corrected by voltage correct-
ing means 58 and then inputted to duty control signal
calculating means 60. The corrected signal is converted
by the calculating means 60 into a duty signal for D.C.
motor controls, which is fed to motor drive means 62 to
drive the D.C. motor 8 thereby to open or close the
second throttle valve 6.

FIG. 4 shows the detail of the motor drive means 62,
which is constructed of the so-called ‘“H-type transistor
bridge circuit” composed of four FETs 70, 72, 74 and
76. By controlling the conductions of the FETs on
diagonal lines, e.g., FETs 70 and 76, and FETs 72 and
74 in pairs, the D.C. motor 8 is rotated forward and
backward. More specifically, the current control of the
D.C. motor 8 is accomplished by controlling the con-
ductions of the individual FETs with pulse signals and
by changing the duty of the pulse signals.

If, at this time, the current of the D.C. motor 8 is
controlled to a predetermined value, namely, if the
aforementioned duty is set at a predetermined value, the
value of the actual current flowing through the D.C.
motor 8 will be changed with its terminal voltage.

Thus, the voltage is corrected by detecting the volt-
age of the D.C. motor 8 with voltage detection means
80 and by feeding this detected result to the abovemen-
tioned voltage correcting means 58.

A microcomputer 82 provides a ROM storing a pro-
gram, a RAM and an A/D converter, and controls
selectively four FETs 84, 86, 88 and 90 in response to
the output signal of the throttle sensor 36 and an accel-
erator pedal position sensor 91 to adjust the D.C. motor
current. The D.C. motor current is measured by detect-
ing the voltage across a resistor 92. An amplifier 94
supplies the microcomputer 82 with the detected motor
current signal for controlling continuously the ampli-
tude of the D.C. motor current.

The aforementioned functions of the throttle control-
ler 32 are shown in a control block form in FIG. 5.

In FIG. §, a block 100 including the spring constant
Ks' of a return spring 10 corresponds to the opening
degree proportion signal calculating means 48; a block
102 including the inertia Is’ of the whole second throttle
valve actuating system composed of the D.C. motor 8
and the throttle valve 6 corresponds to the differential
proportion control signal calculating means 46; a block
104 also including the inertia Is’ and fed with the differ-
entiated opening degree valve 8v corresponds to the
differential control signal calculating means 52; and a
block 106 corresponds to the friction correction signal
calculating means 54. Incidentally, a block 108 repre-
sents the whole structure of a throttle valve actuating
mechanism which is composed of the D.C. motor 8 and
the throttle valve 6. A block 110 represents one which
acts as a correcting term for a friction torque constant
Ty

Definitions of parameters are as follows.

Tm: D.C. motor torque

Tfm: function torque of the motor shaft

Im: inertia of the D.C. motor

0m: rotation angle of the D.C. motor

G: gear ratios of a reduction mechanism interposed

between the D.C motor 8 and the throttle valve 6

Ig: inertia of the gear

Or: throttle valve opening position

fo: setting position of the spring 10
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Ks: spring constant
Ty friction torque of throttle shaft
Tv: air resistance of the throttle valve
I: motor current
Km: torque constant indicating the output torque per
unit current value of the D.C. motor 8
Ks: real spring constant
Is: real inertia
a,b: pole assignment dominating the response time
from the instant when an opening command for the
throttle valve 6 is issued to the instant when the
throttle valve 6 reaches an opening degree corre-
sponding to the opening command.
When the D.C. motor 8 is operated to open the fully
closed throttle valve, the inertia Is is given by the fol-
lowing equation. :

Is = ImG? + Ig

Xs' G

. X5 G n
O+ 58— 7

Km’1+}—(Tf-— v + Tfm - G)

A state equation is given by
h |[° , U 0
BT & o |lxn T
Is
—po| ¥
y=[10] X

where
X)=60r
Xy=0r
U=0t
y=Xj
When state feedback

@

(&)

Ks'
Is'

X
pe(ma e Y ]
is applied to obtain an arbitrary responsiveness, the
block diagram is changed into the diagram in FIG. 5.
Now assuming Ks=Ks', Is=1Is’, the detail explana-
tion are continued.

If Km=Km/', the total control system can be dealt
with simplified state equations (4), (5).

[/}"1 :]~ 0 ! Xy 0
>N I SRR | B R AR R

X Q)
y=1[10] X

When parameters a and b are set, the responsiveness
of the control system coincides with the following
transfer function (6).

@)

248 ®

GS =

S 4+ 2a5 + @ + B2
However, the current value supplied to the D.C.
motor 8 has a limit and it is difficult to equate the re-
sponsiveness of the system with the above state equa-
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tion or transfer function. A little difference between
them has no influence on the stability of the total sys-
tem.

FIG. 6 is a graph showing the relationship between
the real rotation angle position of the throttle value 6
and the real D.C. motor current value. Maximum D.C.
motor current is limited so as not to allow flow of an
over current through the D.C. motor the starting time
point thereof. As the above limit is released after 0.08
second from the starting point, the responsiveness coin-
cides with the above mentioned transfer function.

In the case where the above mentioned rotation posi-
tion control by the D.C. motor is applied to the throttle
valve position control, it is required to avoid overshoot-
ing in the throttle valve control. If the throttle valve
strikes a stopper by overshooting, the strike causes a
fault, noise and a short life of the system.

The embodiment of the present invention makes it
possible to obtain a responsiveness free from overshoot-
ing by selecting properly the above parameters a and b.

FIG. 7 shows a response characteristic curve when
the parameter b is maintained at a constant value and
the parameter b is varied. Apparent from FIG. 7, a
proper value b which minimizes the setting time exists
and no overshooting occurs.

FIG. 8 shows an optimum value of parameter b for a
parameter value a. This graph is convenient for deter-
mining the parameters a and b.

In the above explanation, the third term of the for-
mula (1) is neglected, however, the friction torque,
hysteresis of the spring and initial setting load of the
spring are added.

In FIG. 5 friction torque and spring hysteresis are
considered as Ty, or velocity function 0, and the initial
setting position of the spring 10 as 8g. .

The initial setting load of the spring Ks x8 is com-
pensated by the equation

Km

o Ks' 6p
in the control circuit.

The friction torque and hysteresis of the spring 10 is
also compensated by the equation

Km
Tr= B T4

As the initial setting position 8 of the spring 10, and
the friction torque and spring hysteresis Tyvary consid-
erably with product dispersion, environmental change,
and age deterioration, it is impossible to determine un-
equivocally 6o, Trin the control circuit.

When the value 8¢’ fails to compensate the g and the
control system is in a stable state (fully opened or fully
closed position), the following equation is given.

Is'(a% + b2)(81—0r) = Ks'(80 —80)

where Ks=Ks', Km=Km'.
The equation is changed as follows.

Ks'

0 — Op= e
Is(a® + b%)

(60" — 60)

Tris a function varying with the velocity 6.
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At the beginning of the start of the throttle valve,
friction load by T;—T/ generates force against the
movement of the throttle vaive 6.

It is desirable to satisfy the equation Ty—T/=0 for
the throttle valve operation characteristic, however,
reducing Ty— T/ to zero is quite difficult. If Tr— T/ <0,
the control system becomes unstable. Accordingly, it is
advisable to set Ty— T/ >0 to act the difference Ty— T/
as friction.

The positive value Ty—T, makes a deviation §t—0r

given by

m—m=t(

FIG. 10 shows the throttle valve movement when the
D.C. motor current is graduaily increased or decreased.
Only the D.C. Motor current is varied in FIG. 10.
When i; is a current value at the time point t;, where the
throttle valve begins to move in one direction, and i3 is
a current value at the time point t, where the throttle
valve begins to move in the reverse direction, the fol-
lowing equations are given.

1
et ( TF T}
Is(a® + b%) @ =1

Kmi1=Ks6o+ Ty

Kmiy=Ks0o— Ty

8 = f(—';'(n + i)

According to the above equation, if

_Km

Ks

6o @+ i)

8 is estimated and compensated by 6o

FIG. 11 shows an example of the response character-
istic when Ty— T/ >6¢ and the target position 6,=20°.

Because of Tr— T/ > 0o, the deviation 6,— 6, which is
not compensated remains.

If T/ —Tr=0, the deviation will be reduced to zero.
As it is difficult to control Ty—T¢ =0 in the practical
system, the parameters a and b are changed to over-
shoot and the deviation T/—T/ is compensated by its
overshooting. As a result, the control system has an
accurate and stable control characteristic as shown in
FIG. 6.

FIG. 12 is a flow chart of a calculation program
provided in the micro-processor unit 82. The flow chart
is started at every predetermined period of time by a
time scheduler.

The program enters the throttle valve position Or at
step 120, the accelerator pedal position 6t at step 121,
and calculates a deviation r—#0t. Then the program
proceeds to normal step 124 when the following condi-
tions are not satisfied, and calculates the motor current
value i.

(1) The step 123 determines target position 8t=0 or

(2) The step 127 determines target position 6t is ap-

proximately equal to real position ér.
where, current i is given by

i= A6, — 8,) — BA8, + C(8, — 80)

d = Is'!a2 + b2!
= Km'-G
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-continued
Is'2a
8= Km' .G
Ks'
C=%mw C

Then at step 125, the program sets a “flag 1” and
output current value i at step 126.

On the other hand, when the target value 6t=0 and
real position Or is approximately equal to 8t, step 128
judges whether or not Afr is zero. If Afr is zero at the
step 128 and flag=1 at step 129, the program proceeds
to step 130 to calculate ij=i;+Ai Then the program
calculates current value i and i at steps 131, 132 and
determines current value i.

If Flag= —1 at the step 129, the program calculates
iy=1i,— Ai at step 136, and determines the current value
i at step 137.

When Flag=0 at step 129, initial setting of the cur-
rent i and i is performed at step 135.

When Af0r<0 at the step 128, the program proceeds
to step 139 to make Flag clear and determines a learned
value 8¢’ at step 140. As mentioned above, the learned
value 8¢’ determined by learning process is given by the
following equation.

o0 =52+ )

The control thereafter is performed using the learned
value 6¢'.

In the above system, if the influences of the friction
torque constant T of the block 110 in the actuating
system composed of the D.C. motor 8, the throttle
valve 6 and the return spring 10 in the block 108 are low
enough to be neglected, no serious problem is raised by
the control signals of the aforementioned three kinds.
The influences due to the presence of the friction torque
constant T; however, cannot be neglected so that a
high precision cannot be attained. In case, significant
torque is present in the actuating system, it is so influ-
enced by the friction torque constant Trrepresented by
a block 110 as to appear as the difference between the
target opening degree 6t and the actual opening degree
or.

In the present embodiment, the aforementioned fric-
tion correction signal calculating means 54 includes the
block 106 which acts in the control block as the correc-
tion term for the friction torque constant Ty.

Owing to the presence of the block 106, all the ele-
ment blocks included in the throttle valve actuating
mechanism 108 are considered in the control so that the
control can be executed while leaving no difference.

The friction correction signal calculating means 54,
i.e., the block 106 is provided with a map indicating the
friction torque, which is determined in advance by ac-
tual measurement, so that the friction correction signal
corresponding to the friction torque constant Tris gen-
erated and inputted to the adding/subtracting means 56.

Incidentally, what raises a problem at this time is that
the value of the friction torque constant Tris changed
by the opening or closing rate of the throttle valve 6.
Specifically, the frictional force exhibits so highly dif-
ferent values for the static and dynamic frictions that
the former is generally considerably larger. If an esti-
mated value corresponding to the movement of the
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throttle valve 6 is used for the friction torque constant
T}, the correction by the friction torque constant Tyis so
insufficient, when the stopped throttle valve 6 is to be
opened or closed, that the throttle valve 6 is probably
immovable. If the estimated value is taken for the stop-
ping of the throttle valve 6, the correction by the fric-
tion torque constant Tymay become excessive to over-
shoot the control.

In this embodiment, the block 106 is provided with
two kinds of maps corresponding to the operations
when the throttle valve 6 is stopped and when it is being
moved. These maps are selected according to the differ-
entiated opening degree value 6v.

The friction correction can always be properly ac-
complished, irrespective of the control state of the sec-
ond throttle valve 6, to achieve the TCS control suffi-
ciently in high precision.

Although not especially considered in the embodi-
ment, the frictional force is influenced by the tempera-
ture and the moisture. If the friction torque constant Ty
is estimated by considering those influences, it goes
without saying that the control can be accomplished
with a more complete precision.

The embodiment is directed to the case in which the
present invention is applied to the control of the open-
ing degree of the throttle valve for the TCS of the
automobile. The present invention should not be limited
to that application but can naturally be applied to any
valve mechanism in case the valve is opened or closed
by the use of an actuator. It is needless to say that the
effects of the present invention can be expected in any
of those case. According to the present invention, suffi-
cient considerations can be taken into the control fac-
tors existing in the actuating system using the actuator
such as the throttle valve of the internal combustion
engine so that the valve opening degree can be con-
trolled in high precision without difficulty to give
highly precise control characteristics to the TCS of the
automobile.

We claim:

1. An electronic throttle valve opening degree con-
trol system having a DC motor for adjusting the open-
ing of a throttle valve in response to a difference be-
tween a target value of throttle valve opening degree
and a detected value of throttle valve opening degree,
comprising:

target opening calculating means for generating a

value representing a target throttle valve opening
degree;
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differential proportion control signal calculating -

means for generating a first control signal propor-
tional to the difference between the value of said
target throttle valve opening degree and a detected
value representing actual throttle valve opening
degree;

opening degree proportional signal calculating means
for generating an opening degree proportional
signal in response to the detected value of actual
throttle valve opening degree;

differential means for differentiating the value of said
actual throttle valve opening degree to generate a
throttle valve opening differentiated value;

differential control signal calculating means for gen-
erating a second control signal in response to the
throttle valve opening differentiated value;

friction correction signal calculating means for gener-
ating a friction correction signal in response to the

65
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throttle valve opening differentiated value gener-
ated by said differential means;
addition-subtraction means for performing a prede-
termined calculation using the output signals from
the differential proportion control signal calculat-
ing means, the opening degree proportion signal
calculating means, the differential control signal
calculating means, and the friction correction sig-
nal calculating means;

voltage detection means for detecting the voltage of

said DC motor;

voltage correcting means for correcting the result of

said predetermined calculation by the addition-sub-
traction means in response to the DC motor volt-
age detected by the voltage detection means;
duty control signal calculating means for generating a
duty signal for control of the DC motor in response
to the output of the voltage correcting means; and

motor drive means for controlling the DC motor to
control the opening of the throttle valve in re-
sponse to the duty signal of the duty control signal
calculating means.

2. An electronic throttle valve opening degree con-
trol system having a first throttle valve which is oper-
ated directly by an accelerator pedal and a second throt-
tle valve which is operated by a DC motor acting as an
actuator, the DC motor adjusting the opening of a
throttle valve in response to a difference between a
value of target throttle valve opening degree and a
detected value of throttle valve opening degree, com-
prising:

target opening calculating means for generating a

value representing target throttle valve opening
degree;

differential proportional control signal calculating

means for generating a first control signal propor-
tional to the difference between the value of said
target throttle valve opening degree and a detected
value representing actual throttle valve opening
degree;

opening degree proportional signal calculating means

for generating an opening degree proportional
signal in response to the detected value of actual
throttle valve opening degree; .
differential means for differentiating the value of said
actual throttle valve opening degree to generate a
throttle valve opening differentiated value;
differential control signal calculating means for gen-
erating a second control signal in response to the
throttle valve opening differentiated value;
friction correction signal calculating means for gener-
ating a friction correction signal in response to the
throttle valve opening differentiated value gener-
ated by said differential means;
addition-subtraction means for performing a prede-
termined calculation using the output signals from
the differential proportion control signal calculat-
ing means, the opening degree proportion signal
calculating means, the differential control signal
calculating means, and the friction correction sig-
nal calculating means to produce an output control
signal; and
motor drive means for controlling the DC motor to
control the opening of said second throttle valve in
response to the output control signal of the addi-
tion-subtraction means.

3. An electronic throttle valve opening degree con-
trol system according to claim 2, further comprising:
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duty control signal calculating means for generating a
duty signal for control of the DC motor in response
to the output of the addition-subtraction means.

4. An electronic throttle valve opening degree con-

trol system according to claim 2, further comprising:
voltage detection means for detecting the voltage of
said DC motor; and

voltage correcting means for correcting the output
control signal of the addition-subtraction means in
response to the DC motor voltage detected by the
voltage detection means.

5. An electronic throttle valve opening degree con-

trol system, comprising:

a DC motor for adjusting the opening of a throttle
valve in response to an opening degree control
signal;

calculation means for generating said opening degree
control signal in response to a difference between a
target value of throttle valve opening degree and a
detected value of throttle valve opening degree;

differential means for differentiating the value of said
actual throttle valve opening degree to generate a
throttle vaive opening differentiated value;

friction correction signal calculating means for gener-
ating a friction correction signal in response to the
throttle valve opening differentiated value gener-
ated by said differential means and for supplying
said friction correction signal to said calculation
means to effect compensation of said opening de-
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gree control signal for secular changes in the fric-
tion and inertia of said DC motor and said throttle
valve; and

motor drive means responsive to the compensated

opening degree control signal for controlling said
DC motor to control the opening of said throttle
valve.
6. An electronic throttle valve opening degree con-
trol system according to claim 5, wherein said friction
correction signal calculating means includes a map of
correction values for respective throttle valve opening
differentiated values.
7. An electronic throttle valve opening degree con-
trol system according to claim 5, wherein said friction
correction signal calculating means includes first and
second maps providing respective sets of correction
values for respective throttle valve opening differenti-
ated values for providing friction correction signals
when the throttle valve is stopped and when it is mov-
ing, respectively.
8. An electronic throttle valve opening degree con-
trol system according to claim 5, further including:
voltage detection means for detecting the voltage of
said DC motor; and .

voltage correction means for correcting the compen-
sated opening degree control signal provided by
said calculation means in response to the DC motor

voltage detected by the voltage detection means.
* b d * L d *
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