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(57) Abréegée/Abstract:
To reduce engine torque fluctuations due to load by power generation and perform minimum power generation. An engine speed

Ne and a crank angle based on a top dead center are detected by using pitch signals input from a crank angle sensor. Charge
period storing means preliminarily stores a plurality of charge periods different in length as a function of engine speed Ne. These
charge periods correspond to some of the four strokes of the engine where the friction is low. Charge period determining means
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(57) Abrege(suite)/Abstract(continued):

compares a present crank angle and a charge period corresponding to a present engine speed and outputs a charge control
sighal to an AND gate when the present crank angle falls within this charge period. A duty decided by a regulated voltage control
block Is Input into duty setting means. When the AND gate Is opened, the duty from the duty setting means Is input into a switching
circutt.
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ABSTRACT OF THE DISCLOSURE

To reduce engine torque fluctuations due to load by power generation and
perform minimum power generation. An engine speed Ne and a crank angle
based on a top dead center are detected by using pitch signals input from a
crank angle sensor. Charge period storing means preliminarily stores a
plurality of charge periods different in length as a function of engine speed
Ne. These charge periods correspond to some of the four strokes of the engine
where the friction is low. Charge period determining means compares a
present crank angle and a charge period corresponding to a present engine
speed and outputs a charge control signal to an AND gate when the present
crank angle falls within this charge period. A duty decided by a regulated
voltage control block is input into duty setting means. When the AND gate is
opened, the duty from the duty setting means is input into a switching circuit.
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POWER GENERATION CONTROL DEVICE

FIELD OF THE INVENTION

The present invention relates to a power generation control device, and more
particularly to a power generation control device for controlling power
generation so that an output current generated from an engine driven generator
is supplied to a battery and a load in only a predetermined region in the engine
strokes where a friction in the engine 1s low.

BACKGROUND OF THE INVENTION

In a vehicle adapted to be driven by an engine, such as a motorcycle and a four-
wheel vehicle, a generator adapted to be driven by the engine is provided. A
battery for supplying electric power to be used in the vehicle is charged with an
output current generated from the generator. Further, in general, an on-vehicle
generator serves also as an engine starting motor.

It is known that the amount of power generation by an on-vehicle generator is
variably controlled according to load on an engine in the vehicle. For example,
JP-A-H3-504407 discloses an AC generator type battery charging method such
that a power generation function is stopped when a battery voltage reaches a
predetermined level, wherein when a heavy load is applied to an engine, the
power generation function of the AC generator 1s stopped or reduced in spite of
the fact that the charged condition of the battery is lower than the predetermined
level, thereby preventing a reduction in efficiency of the engine.
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Further, Japanese Patent Laid-open No. Hei 3-212200 discloses a device for
controlling a field winding current according to electrical load condition or
operational condition of an automobile, wherein when knocking occurs, the field
current in a generator is controlled or stopped.

In the existing power generation control device or charge control device as
described in JP-A-H3-504407 or Japanese Patent Laid-open No. Hei 3-212200, the
amount of power generation can be limited when the load on the engine is large,
thereby suppressing an increase in engine load. In a four-stroke cycle engine, a
friction (a force acting in a direction opposite to the direction of movement of a
piston during the operation of the engine from the viewpoint of engine function)
differs according to engine stroke. Accordingly, in the case that the amount of
power generation is controlled according to only the loaded condition of the
engine without considering this friction, it is difficult to reduce torque
fluctuations due to the difference in this friction between the strokes.

Particulaﬂy in the case that the engine is operated in a low engine speed region,
the output torque of the engine is generally low. Accordingly, even though the
amount of power generation is limited, there is a possibility that the engine
operation may become unstable due to the torque fluctuations caused by the
difference in friction between the strokes. In other words, there is a case that
even though the amount of power generation is controlled according to only the
loaded condition of an engine in general, the smoothness of the engine operation
cannot be largely improved.

It is accordingly an object of the present invention to provide a power generation
control device which can smooth the torque particularly in a low engine speed
region by controlling the amount of power generation in consideration of the
friction in each stroke.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present invention, there is provided a
power generation control device for a generator adapted to be driven by a four-
stroke cycle engine, the power generation control device including a switching
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circuit for controlling an output current from the generator; and power
generation period control means for operating the switching circuit in only a
predetermined power generation period in the four strokes of the engine;
wherein the power generation period ranges from the expansion stroke to the
intake stroke of the four strokes.

According to the first aspect, power generation is performed in only the power
generation period set in the range from the expansion stroke to the intake stroke
where the friction is low, so that a load due to this power generation is added to
the friction in the engine itself. Accordingly, the torque can be made uniform
between these strokes where the friction is low and the other stroke where the
friction is large, thereby stabilizing an intake efficiency.

In accordance with a second aspect of the present invention, the power
generation period is set according to engine speed so that the lower the engine
speed, the more the start of the power generation period is shifted toward the
expansion stroke and the shorter the range of the power generation period.

According to the second aspect, the lower the engine speed, the shorter the range
of the power generation period. In particular, power generation is performed in
the expansion stroke where the friction is lower. Accordingly, the influence of
load due to the power generation can be minimized and minimum power
generation can be performed at the same time. Further, fuel economy can be

improved by such minimum power generation.

In accordance with a third aspect of the present invention, the power generation
period is effective only between a predetermined idling speed and a
predetermined charge starting speed higher than the idling speed; and the
switching circuit is operated in all of the four strokes in an engine speed region
higher than or equal to the charge starting speed to thereby perform power
generation control in all of the four strokes. ‘

According to the third aspect, power generation is performed only in a relatively
low engine speed region ranging from the idling speed to the charge starting
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speed. Accordingly, as compared with the case that power generation is
performed in a low engine speed region with low torque over the four strokes,
an increase in load due to power generation can be suppressed. Accordingly,
engine operation in the low engine speed region can be stabilized.

In accordance with a fourth aspect of the present invention, the generator is
connected to a battery adapted to be charged by the output current from the
generator; and the switching circuit is driven in accordance with a duty decided
so that a terminal voltage of the battery is converged to a predetermined
regulated voltage.

According to the fourth aspect, in a system for supplying electric power
generated from the generator to the battery, charge control of the battery can be
performed with reference to the predetermined regulated voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are shown in the drawings, wherein:

FIG. 1 is a diagram showing a system configuration of a charge control device
according to a preferred embodiment of the present invention.

FIG. 2 is a diagram showing the relation between engine speed and charge
period according to the preferred embodiment.

FIG. 3 is a graph showing the output characteristic of a generator.

FIG. 4 is a block diagram showing the function of an essential part of an FET
driver.

FIG. 5 is a schematic diagram showing the positional relation between a crank
angle sensor and a sensor magnet.

FIG. 6 1s a schematic diagram for illustrating the operation of top dead center
detecting means.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A preferred embodiment of the present invention will now be described with
reterence to the drawings. FIG. 1is a diagram showing a system configuration of
a charge control device according to a preferred embodiment of the power
generation control device of the present invention.

In FIG. 1, reterence numeral 1 denotes a generator. The generator 1 is composed
of an inner rotor 2 and an outer stator 3. The inner rotor 2 is connected to one
end of a crankshaft 5 of a four-stroke cycle engine 4. The outer stator 3 has a
three-phase output winding 6, which is connected to the input side of a switching
circuit 7. The output side of the switching circuit 7 is connected to a battery 8 and
a load 9. The switching circuit 7 is a three-phase bridge circuit composed of six
FETs 71, 72,73, 74, 75, and 76. Reference numeral 10 denotes an FET driver as an
output control device for changing the duty phases of the FETs 71 to 76 of the
switching circuit 7 to thereby perform duty control.

The inner rotor 2 of the generator 1 is provided with a sensor magnet 11 having a
predetermined number of magnetic poles arranged in the circumferential
direction thereof. The adjacent magnetic poles have different polarities. A crank
angle sensor 12 is opposed to the circumferential surface of the sensor magnet 11.
The crank angle sensor 12 is composed of a plurality of magnetoelectric
transducers (Hall elements). In this preferred embodiment, the sensor magnet 11
has eight magnetic poles. In other words, the magnetic poles are arranged at 45°
intervals. On the other hand, the crank angle sensor 12 has three Hall elements
arranged at 15° intervals. These Hall elements successively output detection
signals (which will be hereinafter referred to as "pitch signals") at 15° intervals.
The detection signals from the Hall elements are input into the FET driver 10.

The FET driver 10 performs switching control in a predetermined stroke of the

four strokes of the engine where the friction is low, according to engine speed,
thus supplying a current I to the battery 8 and the load 9.
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The outline of the charge control in this preferred embodiment will now be
described with reference to FIG. 2. In FIG. 2, the horizontal axis represents crank
angle o and the vertical axis represents engine speed Ne. The horizontal axis is
provided with a scale marked at 15° intervals in accordance with the output from
the crank angle sensor 12. The left end of this scale corresponds to the
compression top dead center (top position). When the crankshaft 5 of the engine
4 1s rotated, an expansion stroke, exhaust stroke, intake stroke, and compression
stroke are successively repeated at 180° intervals from the top position as a start
point.

A plurality of charge periods, or power generation periods are shown along this
scale, and these charge periods are different according to engine speed Ne. More
specifically, different charge periods A, B, C, D, and E are set according to engine
speed Ne. The charge period A is set to a range from the initial stage of the
expansion stroke to the initial stage of the exhaust stroke (crank angle of 30° to
210°). The charge period B is set to a range slightly delayed from the charge
period A (crank angle of 45° to 240°). The charge period C is set to a range from
the middle of the expansion stroke to the end of the exhaust stroke (crank angle
of 90° to 360°). The charge period D is set to a range from the middle of the
expansion stroke to the end of the intake stroke (crank angle of 90° to 540°). In
this manner, charging is performed in only the limited different ranges starting
from the expansion stroke of the four strokes in a predetermined engine speed
region from a predetermined idling speed NelD to a predetermined normal
charge starting speed NeCH higher than the idling speed NelD. In an engine
speed region higher than the normal charge starting speed NeCH, the charge
period E is set to a range including all of the four strokes, so that charge control is
performed in all of the four strokes according to load condition and battery
voltage.

In the expansion stroke, maximum torque can be obtained by the combustion of
fuel in the engine, so that there is a low possibility that the engine speed may
become unstable when a load due to power generation is applied to the engine.
In the compression stroke, the friction is large and the torque is low, so that the
load due to power generation has a large effect on the engine speed. In this
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preferred embodiment, when the engine speed Ne is less than the normal charge
starting speed NeCH, charging is stopped in the compression stroke where the
load due to power generation has a large effect on the engine speed, whereas
charging is performed in only the expansion stroke to the intake stroke where the
load due to power generation has a small effect on the engine speed.

FIG. 3 is a graph showing the basic output characteristic of the generator 1. In
FIG. 3, the horizontal axis represents engine speed Ne and the vertical axis
represents output current I. As apparent from FIG. 3, when the engine speed Ne
reaches the idling speed NelD, charging is started. Until the engine speed Ne
reaches the normal charge starting speed NeCH, normal charge is not performed,
that is, charging is performed in only the predetermined charge periods as
described above with reference to FIG. 2 (which will be hereinafter referred to as
‘periodic charge”). When the engine speed Ne reaches the normal charge
starting speed NeCH, the periodic charge is ended and the charge amount is
controlled in all of the four strokes of the engine according to load condition and
battery voltage. The engine speed region from the idling speed NelD to the
normal charge starting speed NeCH is referred to as a periodic charge region,
and the engine speed region higher than the normal charge starting speed NeCH
is referred to as a normal charge region.

FIG. 4 1s a block diagram showing the function of an essential part of the FET
driver 10. As shown in FIG. 4, the FET driver 10 includes a charge period control
block 101, regulated voltage control block 102, duty setting means 103, and AND
gate 104. '

The charge period control block 101 includes a mechanical angle counter 13, top
dead center detecting means 14, crank angle detecting means 15, engine speed
detecting means 16, charge period storing means 17, and charge period
determining means 18.

The mechanical angle counter 13 is composed of a first counter 131 for counting

pitch signals input at 15° intervals and a second counter 132 incrementing its
counter value by 1 every time six pitch signals are counted by the first counter
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131. In other words, the counter value of the second counter 132 is increased one
by one at 90° intervals. The initial value of the counter value of the second
counter 132 is "0", and the maximum value of the counter value of the second
counter 132 is "7". Accordingly, the counter value of the second counter 132 is
circulated at 720° intervals, i.e., with the cycle of the four strokes of the engine 4.

The top dead center detecting means 14 decides the compression top dead center
at the position where the counter value of the second counter 132 is "0".
However, the compression top dead center cannot be determined only by the
counter value of the second counter 132. In this preferred embodiment, the
compression top dead center is determined by the counter value of the second
counter 132 and an external signal. As the external signal, an FI signal deciding a
fuel injection timing in fuel injection control may be used. The FI signal is output
in a predetermined period near the compression top dead center, so as to inject
the fuel. Accordingly, when the increment of the counter value of the second
counter 132 is detected in the output period of the FI signal, the timing of the
increment of this counter value is determined as the compression top dead
center. After the compression top dead center is determined, the counter value
of the second counter 132 is reset to "0".

The crank angle detecting means 15 detects a crank angle with reference to the
compression top dead center according to the counter value from the second
counter 132 of the mechanical angle counter 13 and the pitch signals. For
example, in the case that three pitch signals are input from the time the counter
value "0" is input, the crank angle is detected as 45° (0° + 15° x 3 = 45°). In the

case that four pitch signals are input from the time the counter value "2" is input,
the crank angle is detected as 240° (90° x 2 + 15° x 4 = 240°).

The engine speed detecting means 16 monitors the period of the pitch signals and
detects the engine speed Ne determined by this period. The charge period
storing means 17 preliminarily stores a table showing the correspondence
between the charge periods A to E and the engine speed Ne. Each charge period
is set in units of 15°. When inputting an engine speed Ne from the engine speed
detecting means 16, the charge period storing means 17 outputs data indicating
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the charge period corresponding to this engine speed Ne to the charge period
determining means 18. The charge period determining means 18 compares the
charge period input from the charge period storing means 17 and the crank angle
input from the crank angle detecting means 15, and outputs a charge control
signal in the case that the crank angle falls within the charge period.

The regulated voltage control block 102 includes regulated voltage detecting
means 19, regulated voltage setting means 20, voltage comparing means 21, and
duty changing means 22. The regulated voltage setting means 20 preliminarily
stores a regulated voltage set value Vref. The regulated voltage set value Vref is
a predetermined battery voltage value of 14.5 V. The regulated voltage detecting
means 19 detects a present battery voltage Vb as a regulated voltage and outputs
it to the voltage comparing means 21. The voltage comparing means 21
compares the regulated voltage set value Vref and the detected voltage value VD,
and outputs the result of comparison to the duty changing means 22.

The duty changing means 22 changes the duty of any one of the FETs according
to the result of comparison between the input voltage values Vref and Vb. More
specifically, when the detected voltage value Vb is smaller than the regulated
voltage set value Vref, the duty is increased, whereas when the detected voltage
value Vb is larger than the regulated voltage set value Vref, the duty is
decreased. The duty changing means 22 outputs a duty changing signal for
increasing or decreasing the duty as mentioned above. The amount of change in
the duty may be a fixed value or may be variable according to the deviation of
the detected voltage value Vb from the regulated voltage set value Vref. More
specifically, when the deviation is large, the amount of change in the duty may
be increased, whereas when the deviation is small, the amount of change in the
duty may be decreased. The duty changing signal is input into the duty setting
means 103. The duty setting means 103 outputs the duty changed above and a
drive command for the switching circuit 7 to the AND gate 104.

On the other hand, the charge control signal from the charge period determining

means 18 is input as a gate signal into the AND gate 104. Accordingly, while the
charge control signal is ON, the duty and the drive command for the switching
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circuit 7 output from the duty setting means 103 are input into the switching
circuit 7. The switching circuit 7 is driven in response to the drive signal output
from the duty setting means 103, and a given one of the FETs 71 to 76 is kept on
during the phase according to the input duty in accordance with a
predetermined switching pattern. While this FET is ON, the current generated in
the three-phase output winding 6 of the generator 1 is supplied to the battery 8
and the load 9.

FIG. 5 is a schematic diagram showing the positional relation between the crank
angle sensor 12 and the sensor magnet 11. As shown in FIG. 5, the sensor
magnet 11 is a ringlike permanent magnet, which has a plurality of N poles and S
poles alternately arranged at 45° intervals. The crank angle sensor 12 is
composed of three Hall elements 12a, 12b, and 12c¢ opposed to the outer
circumferential surface of the sensor magnet 11. These three Hall elements 12a,
12b, and 12c are arranged at 15° intervals. Outputs from the Hall elements 12a,
12b, and 12c are input through an OR gate 25 to the first counter 131. In other
words, the pitch signals are formed at 15° intervals according to the positional
relation between the sensor magnet 11 and the Hall elements 12a to 12c.

FIG. 6 1s a schematic diagram for illustrating the operation of the top dead center
detecting means 14. As shown in FIG. 6, every time six pitch signals are detected
(1.e., every time a mechanical angle of 90° is detected), the counter value of the
second counter 132 is incremented from "0" to "7", and this cycle is repeated.
Further, while the FI signal is ON, the counter value of the second counter 132 is
reset to "0".

More specifically, the temporary counter value prior to resetting shown at the
top position in FIG. 6 and the FI signal shown at the middle position in FIG. 6 are
put into AND to obtain a decisive counter value shown at the bottom position in
FI1G. 6. As a result, the counter values 0 to 2 are determined as the expansion
stroke, the counter values 2 to 4 are determined as the exhaust stroke, the
counter values 4 to 6 are determined as the intake stroke, and the counter values
6 to 8 are determined as the compression stroke.
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The switching circuit 7 performs switching of the FETs 71 to 76 in accordance
with a predetermined switching pattern to convert the current generated by the
generator 1 into a direct current. In a low engine speed region from the idling
speed NelD to the normal charge starting speed NeCH, charging is performed in
only the charge periods A to D. Accordingly, a masking pattern is preliminarily
set in a time period other than the charge periods A to D, and all the FETs 71 to
76 are turned off in this time period to thereby stop the output from the
generator 1.

As described above, the charging current is changed according to engine stroke,
resulting in variations in battery voltage. To cope with this problem, the
regulated voltage detecting means 19 reads a plurality of voltage values for the
battery voltage in each stroke of the engine and detects the average of these
voltage values as the battery voltage (regulated voltage). This average may be
weighted according to the charge periods A to E. More specifically, when
charging is performed in only the charge periods A to D of all the engine strokes,
the 'average is multiplied by a coefficient less than 1.0, whereas when charging is
performed in all the engine strokes (the charge period E), the average is
multiplied by a coefficient of 1.0.

As described above, the top dead center detecting means 14 detects the top dead
center by performing an AND operation between the temporary counter value
and the FI signal at 90° intervals to thereby obtain the decisive counter value. As
a modification, the top dead center may be determined by calculating an average
of engine speeds at 90° intervals and setting the counter value "0" at the
mechanical angle where the difference in this average in all the engine strokes
becomes maximum. This modification is suitable for an engine with a carburetor
in which the FI signal cannot be obtained.

In this preferred embodiment, the engine strokes are detected and a
predetermined region of the engine strokes where the friction is low is set as a
charge period. As a modification, the charge period may be made variable in
consideration of load condition. For example, a crank angular velocity in the
predetermined region prior to the compression stroke may be detected, and if the
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crank angular velocity detected above is less than a reference value, it is
determined that the load is high, so that the charge period is shortened. More
specifically, even though the charge period is set to the charge period D
determined by a certain engine speed, for example, the charge period is
shortened to stop charging at the end of the exhaust stroke rather than at the end
of the intake stroke in the case that the load is determined to be high. In other
words, the charge period is varied to the charge period C. Further, even though
the charge period is set to the charge period C determined by a lower engine
speed, the charge period is shortened to stop charging at the initial stage of the
exhaust stroke rather than at the end of the exhaust stroke in the case that the
load is determined to be high. In other words, the charge period is varied to the
charge period A or B.

Although various preferred embodiments of the present invention have been
described herein in detail, it will be appreciated by those skilled in the art, that
variations may be made thereto without departing from the spirit of the
invention or the scope of the appended claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A power generation control device for a generator driven by a four
cycle engine having an expansion stroke, an exhaust stroke, an intake stroke and
a compression stroke, the power generation control device comprising:

a switching circuit for controlling an output current from the
generator; and

a power generation period control device configured to operate the
switching circuit to output the output current from the generator in only a
predetermined power generation period of the four cycle engine,

wherein the power generation period ranges from the expansion

stroke to the intake stroke of the four cycle engine.

2. T'he power generation control device according to claim 1, wherein

the power generation period is set according to an engine speed of
the four cycle engine,

said power generation period at a low engine speed having a start
point shifted toward a start point of the expansion stroke;

said power generation period at a higher engine speed being
shifted away from the start point of the expansion stroke.

3. The power generation control device according to claim 1 or 2
wherein the power generation period is varied to have a short duration at low

engine speed and to increase in duration as the engine speed increases.

4. The power generation control device according to claim 2 or 3

wherein:
the power generation period is effective only when the engine

speed is between a predetermined idling speed and a predetermined charge

starting speed higher than the idling speed; and
the switching circuit is operated in all of the four strokes when the

engine speed is higher than or equal to the charge starting speed to thereby
perform power generation control in all of the four strokes.

5. The power generation control device according to claims 1, 2, 3 or 4

wherein the generator is connected to a battery to be charged by an output
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current from the generator, and the switching circuit is driven in accordance
with a duty so that a terminal voltage of the battery is converged to a

predetermined regulated voltage.

6. The power generation control device according to claim 2 or 3
wherein the power generation period is further set according to a load connected
to the switching circuit such that a duration of the power generation period is

decreased as the load increases.

7. The power generation control device according to any one claim of
claims 1 to 6, wherein:

the power generation period is effective only when an engine
speed of the four-stroke cycle engine is between a predetermined idling speed
and a predetermined charge starting speed higher than the idling speed; and

the switching circuit is operated in all of the four strokes when the
engine speed is higher than or equal to the charge starting speed to thereby
perform power generation control in all of the four strokes.

8. A power generation control device for a generator driven by a four
cycle engine having an expansion stroke, an exhaust stroke, an intake stroke and
a compression stroke, the power generation control device comprising:

a switching circuit for controlling an output current from the
generator; and

a power generation period control device configured to operate the
switching circuit to output the output current in only a predetermined power
generation period between the expansion stroke and the intake stroke and to
stop outputting the output current during the compression stroke when an
engine speed of the four-stroke cycle engine is between a predetermined idle
speed and a predetermined charge starting speed.

9. The power generation control device according to claim 8, wherein
a start point of the power generation period is located within the expansion
stroke, and the start point of the power generation period is located within the
expansion stroke, and the start point of the power generation period and a
length of the power generation period are based on the engine speed, wherein
the lower the engine speed, the earlier the start point of the power generation
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period occurs within the expansion stroke and the shorter the duration of the

power generation period.

10. The power generation control device according to claim 8 or 9
wherein the duration of the power generation period is decreased as a load

connected to the switching circuit increases.

11. T'he power generation control device according to claim 8, 9 or 10
wherein the generator is connected to a battery charged by an output current
from the generator, and the switching circuit is driven in accordance with a duty
so that a terminal voltage of the battery is converged to a predetermined

regulated voltage.
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