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1

. METHOD AND SYSTEM FOR
CONTROLLING AN ALTERNATOR TO
OPTIMIZE DIRECT CURRENT QUTPUT

. CROSS-REFERENCE TO RELATED
APPLICATIONS
This application is related to co-pending application hav-
ing Ser. No. 08/523,761, filed Sep. 5, 1995, and entitled
“Motor Vehicle Alternator And Methods Of Operation”.
TECHNICAL FIELD

_This invention relates to methods and systems for con-
trolling an alternator to optimize direct current output in an

- automotive vehicle.

BACKGROUND ART
An alternator is typically utilized to provide a direct

current (DC) output and to maintain the electrical charge on’

a battery. A conventional motor vehicle alternator includes a
three phase stator winding with a rotor magnetically coupled
to the stator and driven by the vehicle’s internal combustion
engine. As the rotor is driven, three phase current generated
at the output connections of the stator windings is rectified
by a three phase diode rectifier. The output current and
efficiency of the alternator vary with the speed of the engine
which is controlled in accordance with the operational
requirements of the vehicle. At low and high speeds, the
alternator output may be insufficient to provide the power
needed to operate some or all of the electrical equipment of

- the vehicle. Also at high speeds, the efficiency, or economy,

of the alternator may not be maximized,

Accordingly, there is a need for increasing the output
current and/or efficiency of the alternator without increasing
the volume or weight of the alternator.

DISCLOSURE OF THE INVENTION

A general object of the present invention is to provide a
method and system to maximize output current and/or
efficiency of the altemator at various alternator speeds.

In carrying out the above object and other objects, fea-
tures and advantages, of the present invention, a method is
provided for controlling the electrical output of the alterna-
tor. An altemator, for example in a motor vehicle, is pro-
vided having a first rectifier connectable to a first output of
the alternator to form a first winding configuration and a
second rectifier connectable to a second output of the
alternator to form a second winding configuration. A rota-
tional speed of the alternator is determined and a corre-
sponding speed signal is generated. One of the first and
second rectifiers is then coupled to the first and second
outputs respectively based on the speed signal so as to
maximize current output of the alternator.

In further carrying out the above objects and other objects,
features and advantages, of the present invention, a system
is also provided for performing the method of operation of
the present invention. The system includes an alternator
having a first rectifier connectable to a first output of the
alternator to form a first winding configuration and a second
rectifier connectable to a second output of the alternator to
form a second winding configuration. The system also
includes a controller, operatively coupled to the alternator,
for determining a speed of the alternator and generating a
corresponding speed signal, and generating a control signal
for operatively coupling one of the first and second rectifiers
to the first and second outputs respectively based on the
speed signal 50 as to maximize current output of the alter-
nator.
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The above object and other objects, features and advan-
tages of the present invention are readily apparent from the
following detailed description of the best mode for carrying
out the invention when taken in connection with the accom-
panying drawings. :

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram of an alternator
having a synchronous rectifier; -

FIG. 2 is a graphical representation of the performance of
an alternator having a synchronous rectifier vs. a diode
rectifier;

FIG. 3 is a schematic block diagram of an alternator
having different winding configurations;

FIG. 4 is a graphical representation of the performance of
the alternator illustrated in FIG. 3;

FIG. § is a schematic block diagram. of a system including
an alternator operable in accordance with the present inven-
tion;

FIG. 6 is a graphical representation of the improvement in
alterator performance in accordance with the present inven-
tion; and

FIG. 7 is a graphical representation of the improvement in
efficiency of the charging system of rhe present invention.

BEST MODES FOR CARRYING OUT THE
INVENTION

A battery, for example in a motor vehicle, is charged via
an alternator. The alternator is mechanically driven by an
internal combustion engine to generate a direct cumrent (DC)
output, for example, to charge the battery of the motor
vehicle and operate electrical equipment of the motor
vehicle. The alternator typically comprises a three phase
stator winding having three output connections. A rotor is
typically magnetically coupled to the stator winding and
mechanically driven to generate a back electromotive force
in the stator winding and thereby generate three phase power
at the three output connections of the: stator winding. Since
an alternator generates three phase alternating cumrent, it is
necessary to rectify the alternating cuirent at the three output
connections by means of rectifier diodes to provide DC
output.

Turning now to FIG. 1, there is shown a typical alternator,
denoted generally by reference numeral 10, wherein a con-
ventional full wave diode rectifier of the alternator 10 is

replaced with a synchronous, or full wave controlled, rec- .

tifier 12 having controlled switches 13 in place of diodes.
The controlled switches 13 are preferably semiconductor
switches. The alternator 10 further includes a three phase
stator winding 14 having three windings 15 coupled to each
other at one end and to the synchronous rectifier 12 at the
other end. The output of the synchronous rectifier 12 is
connected to a battery 16 and an electrical load 18, such as
a radio, head lights or any other elecrical equipment of the
motor vehicle.

Phase control of the alternator 1D shown in FIG. 1 is
pexformed by the switches 13 of the synchronous rectifier 12
to preempt natural commutation and shift the phase of the
alternator phase voltages relative to the phase currents as
disclosed in application having U.S. Ser. No. 08/523,761,
filed Sep. 5, 1995, entitled “Motor Vehicle Alternator And
Methods Of Operation”, incorporated herein by reference.
The phase angle control disrupts the normal unity power
factor operation of the alternator and causes additional
reactive current flow in the three phase stator winding of the
alternator 10.

L
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Turning now to FIG. 2. there is a graphical representation
of the output of the alternator 10 having different rectifiers.
Graph 20 represents the current ouiput of the alternator 10
having a typical diode rectifier. Graph 22 represents the
current output of the alternator 10 having the synchronous
sectifier 12 shown in FIG. 1. The controlled switches 13 of
the synchronous rectifier 12 boost output from the alternator
by from 40% to 60% at low alternator speeds. The
improvement, however, is not as significant for higher
alternator speeds.

Turning now to FIG. 3, there is shown the alternator 10 in
which the three phase stator winding 14 is adapted to have

different winding configurations. A first diode rectifier 24 is -

connected to a first output of the windings 15. A second
diode rectifier 26 is connected to a second output, or center
tap 27, of the windings 15.

The alternator configuration further includes a first and
second switch 28, 30. The first switch 28 is coupled between
the first diode rectifier 24 and the positive terminal of the
battery 16. The second switch 30 is coupled between the first
diode rectifier 24 and the negative terminal of the battery 16.
The first and second switches 28. 30 can be either semicon-
ductor switches or relays and are utilized to change the
winding configuration of the alternator 10.

Turning now to FIG. 4, there is shown a graphical
representation of the output current of the alternator 10 in
three different winding configurations. Graph 32 represents
the output current of the alternator 10 when both the first
switch 28 and the second switch 30 are turned on and all the
windings 15 of the stator winding 14 are used.

Graph 34 represents the output current of the alternator 10
when both the first switch 28 and the second switch 30 are
turned off and only a portion of the windings 15 of the stator
winding 14 are used. Furthermore, Graph 36 represents the

“output current of the alternator 10 when the first switch 28
is turned off and the second switch 30 is turned on and a
portion of the windings 15 is disabled. As can be seen in
FIG. 4, the output current increases significantly after the
winding configuration is changed at high alterator speeds.

The current output and/or efficiency of the alternator 10
increases significantly at both high and low alternator speeds
if the alternator 10 includes both synchronous rectification
and winding reconfiguration. Turning now to FIG. §, there
is shown a schematic block diagram of a charging system,
denoted generally by reference numeral 40, including the
alternator 10 operable in accordance with the present inven-
tion. The first diode rectifier 24 shown in FIG. 3 is replaced
with the synchronous rectifier 12 of FIG. 1.

The synchronous rectifier 12 is controlled by a synchro-
nous rectifier controller 42 via a plurality of switch gate
drivers 44. The synchronous rectifier controller 42 deter-
mines and sets the switch conduction time for the controlled
switches 13 based on the speed of the alternator 10 and
loading conditions. The synchronous rectifier controller 42
thus controls the conduction state of the controlled switches
13 of the controlled rectifier 12. The controlied rectifier 12
is operated as described in co-pending application having
U.S. Ser. No. 08/523,761, filed Sep. 5, 1995, entitled “Motor
Vehicle Alternator And Methods Of Operation”.

The charging system 40 further includes an operation
mode controller 46 for controlling the first and second

. switches 28, 30 via a second set of switch gate drivers 48.
The operation mode controller 46 controls the first and
second switches 28, 30 based on the speed of the alternator
10. The speed of the alternator 10 may be sensed directly or,
alternatively, determined from the speed of the engine (not
shown).

5

10

15

30

35

40

45

50

55

65

4

The operation of the charging system 40 will now be
described. In-a first operating mode, first and second
switches 28, 30 are turned on. The diode rectifier 26 has no
effect on the output of the alternator 10 because the input AC
voltage to the diode rectifier 26 is less than the input AC
voltage to the synchronous rectifier 12. Therefore, in the first
operating mode the synchronous rectifier 12 is utilized and
all the turns of the windings 15 are also utilized. As shown
in FIG. 6, the output performance of the alternator 10 during
the first operating mode, as shown by graph 50, is maxi-
mized. The graph at 51 represents the output performance of
a typical alternator having a typical diode rectifier.

In a second operating mode, the first switch 28 is turned
off and the second switch 30 is turned on. Furthermore, all
the controlled switches 13 in the synchronous rectifier 12 are
turned off. In the second operating mode, only the three
upper diodes D4, Dy, and D in the diode rectifier 26 and the
diodes of the three lower controlled switches 13 in the
synchronous rectifier 12, i.e., D, D5, and D, can conduct.
Consequently, part of the turns of the windings 15 is
disabled. Referring again to FIG. 6, the performance of the
alternator 10 has a maximum output current at intermediate
alternator speeds, as shown by graph 52.

In a third operating mode, the first and second switches
28, 30 and all the controlled switches 13 in the synchronous
rectifier 12 are turned off. Therefore, the synchronons rec-
tifier 12 is totally disabled and only a part of the windings
15 is utilized. It can be seen in FIG. 6 that the third operating
mode yields the highest output current at high alternator
speeds, as shown by graph 54. .

If the operating mode is changed based on the speed of the
alternator 10, maximum output current can be obtained at all
speeds. Thus, the operation mode controller 46 operates the
alternator 10 based on the speed of the alternator 10. The
speed of the alternator 10 is compared to a predetermined
speed range. If the speed of the alternator 10 is less than the
predetermined speed range, the operation mode controller
46 generates a control signal to turn on the first and second
switches 28, 30 so that the synchronous rectifier 12 is
enabled and the output current of the alternator 1@ is

imized

If the speed of the altermator 10 is greater than the
predetermined speed range, the operation mode controller
46 generates a control signal to turn off the first and second
switches 28, 30 so that only the diode rectifier 26 is enabled.
Furthermore, If the speed of the alternator 10 is within the
predetermined speed range, or intennediate alternator speed,
the operation mode controller 46 generates a control signal
to turn off the first switch 28 and turn on the second switch
30. .

The efficiency of the charging system 40 will be signifi-
cantly increased by changing the operating mode of the
alternator 10 according to the alternator speed when the
demanded current of the load 18 is less than the maximum
output current of the charging system 40. The output current
can be reduced to meet the current demand of the load 18 by
reducing the field current of the alternator.

Turning now to FIG. 7, there is shown a graphical
representation of the improvement in efficiency of the charg-
ing system 40 of the present invention. FIG. 7 illustrates that
with the same output current the efficiency of charging
system 40 of the present invention, as shown by graph 56,
is significantly higher than that of an existing typical system,
as shown by graph 58. As an example, consider a vehicle
speed of 45 mph which corresponds to an alternator speed
ranging from 3800 pm to 5600 rpm, depending on the
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powerirain and pulley ratios chosén. The efficiency of the
alternator is improved considerably in the 3800 rpm to 5600
1pm speed range which results in a decrease in the engine
power required to drive the alternator and, therefore, an
increase in a fuel economy of the vehicle.

While the best modes for carrying out the invention have
been described in detail, those familiar with the art to which
this invention relates will recognize varions alternative
designs and embodiments for practicing the invention as
defined by the following claims.

What is claimed is:

1. Fof use with an alternator having a stator winding
including a plurality of coils and a first output and a second
output, the alternator further having a first rectifier connect-
able to the first output to form a first winding configuration
enabling all of the plurality of coils and a second rectifier
connectable to the second output to form a second winding
configuration enabling a portion of the plurality of coils, a
method for controlling the alternator to optimize DC output
current comprising:

generating a speed signal corresponding to the rotational

speed of the alternator; and

coupling one of the first and second rectifiers to one of the

first and second outputs respectively in response to said
speed signal so as to maximize the output current of the
alternator and keep output voltage substantially con-
stant.

2. The method as recited in claim 1 wherein coupling

-includes comparing the speed signal with a predetermined

speed range.

3. The method as recited in claim 2 whexein coupling
includes coupling the first rectifier to the first output in
response to the speed signal being less than the predeter-
mined speed range.

4. The method as recited in claim 2 wherein coupling
includes coupling the second rectifier to the second output in
response to the speed signal having a value exceeding the
predetermined speed range.

5. The method as recited in claim 1 wherein the alternator

includes at least one switch operatively coupled between the

first and second rectifiers and wherein coupling includes

switching the switch,

6. The method as recited in claim 2 wherein a combination
of the first and second rectifiers with the first and second
outputs form a third winding configuration enabling a sec-
ond portion of the plurality of coils and wherein coupling
includes coupling the first and second rectifiers to the first
and second outputs to form the third winding configuration
when the speed signal has a value within the predetermined
speed range so as to maximize output current of the alter-
nator at intermediate alternator speeds.

7. The method as recited in claim 1 further comprising
coupling the alternator to a battery of a motar vehicle so that
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the alternator charges the battery and operates equipment of
the motor vehicle.

8. For use with an alternator having a stator winding
including a plurality of coils and a first output and a second
output, a system for maximizing the DC output current of
the alternator comprising: :

a first rectifier connectable to the first output of the
alternator to form a first winding configuration enabling
all of the plurality of coils;

a second rectifier connectable ro the second output of the
alternator to form a second winding configuration
enabling a portion of the plirality of coils;

a sensor for sensing a rotational speed of the alternator
and generating a corresponding speed signal; and

a controller, operatively coupled to the alternator, to
couple one of the first and second outputs to one of the
first and second rectifiers based on the speed signal so
as to maximize output current of the alternator and keep
output voltage substantially constant.

9. The system as recited in claim 8 wherein the controller
further compares the speed signal with a predetermined
speed range.

10, The system as recited in cliim 9 wherein the control
signal operatively couples the first output of the alternator to
the first rectifier in response to the speed signal being less
than the predetermined speed rangze.

11. The system. as recited in claim 10 wherein the first
rectifier is a synchronous rectifier having controlled
switches,

12. The system as recited in claim 9 wherein the control
signal operatively couples the second output of the alternator
to the second rectifier in response to the speed signal having
a value exceeding the predetermined speed range.

13. The system as recited in claim 12 wherein the second
rectifier is a full wave diode rectifier.

14. The system as recited in claini 8 wherein the alternator
includes at least one switch operatively coupled between the
first and second rectifier and wherein the control signal is
generated for switching the switch.

15. The system as recited in claim 9 wherein a combina-
tion of the first and second rectifiers with the first and second
outputs form a third winding configuration enabling a sec-
ond portion of the plurality of coils and wherein the con-
troller further generates the control signal to couple the first
and second rectifiers to the first and second outputs to form
the third winding configuration when the speed signal has a
value within the predetermined speed range so as to maxi-
mize output current of the alternator at intermediate alter-
nator speeds.

16. The system as recited in claim 8 wherein the alternator
is coupled to a battery of a moto: vehicle to charge the
battery and operate equipment of the motor vehicle.

\5
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[Name of Document] Specification
[Title of the Invention] Output Control Unit for
Synchronous Generator
[Claims]
[Claim 1] An output control unit for a synchronous
generator having a rotor provided with field flux
generating magnet means and a stator with stator windings
thereon for producing a generated output, comprising:

detector means for detecting the number of
revolutions of said rotor;

energizing means for retard-energizing said stator
windings to increase a generated energy of the generator;
and

a regulator for restricting an output voltage of
the generator to a regulating voltage,

wherein said retard-energizing is performed when
the number of revolutions of said rotor lies in a low
revolution region and it is performed so as to control
said output voltage to a predetermined voltage control
value lower than said regulating voltage.
[Claim 2] An output control unit for a synchronous
generator according to claim 1, wherein, in said retard-
energizing, said output voltage is controlled to said

predetermined voltage control value by changing an

2




energizing duty while maintaining an energizing retard
quantity at a predetermined value.
[Claim 3] An output control unit for a synchronous
generator according to claim 2, wherein said véltagé
control value has a predetermined range and said
energizing duty is slightly decreased upon arrival of
said outpﬁt voltage at a maximum value in said range and
is slightly increased upon drop of said output voltage to
a value of not larger than a minimum value in said range.
[Claim 4] An output control unit for a synchronous motor
according to claim 2 or claim 3, wherein said energizing
duty is determined in accordance with the number of
revolutions of the generator.
[Detailed Description of the Invention]
[0001)

[Technical Field of the Invention]

The present invention relates to an output control
unit for a synchronous motor and more particularly to an
output control unit for a synchronous motor suitable for
increasing a generated energy in a low revolution region.
[0002]

[Prior Art]
As a vehicular generator there is used a three-

phase synchronous generator and an alternating current




generated thereby is rectified by a three-phases full wave
rectifier for use in charging a battery. In a three-phase
synchronous generator disclosed in Japanese Patent Laid
Open No. 19194/1997, a phase-advancing current is allowed
to flow in stator coils and a field flux is increased to
increase an output (generated voltage and output current)
by virtue of magnetization based‘on armature reaction
which is caused by the phase-advancing current.
[0003]
[Problem to be Solved by the Invéntion]

Generally, a generator is provided with a regulator
which restricts an output voltage so as to prevent a
generated output from exceeding a predetermined value.
The generation of electric power is stopped by
functioning of the regulator. When the power generation
stops, there occurs a load variation in an engine, so
that the engine revolution becomes unstable particularly
in a low revolution region. Moreover, if the generated
output is too large, the resultihg increase of friction
in a low revolution region greatly influences the engine
revolution.
[0004]

It is an object of the present invention to provide

an output control unit for a synchronous gererator
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capable of increasing a generated output without making
the revolution of|an engine unstable in a low revolution
region.
[0005]

[Means for Solving the Problem]

For achieling the above-mentioned object, the
present invention is firstly characterized by an output
control unit fol a synchronous generator, comprising
detector means Lor detecting the number of revolutions of
a rotor of the generator, energizing means for retard-
energizing stator windings to increase a generated energy
of the generator, and a regulator for restricting an
output voltage| of the generator to a regulating voltage,
wherein the retard-energizing is performed when the
number of releutions of the rotor lies in a low
revolutién region and it is performed so as to control
the output voAtége to a predetermined voltage control
value lower than the regulating voltage.

[0006]

According to this first feature, the generated
output is increased by retard-energizing the stator
windings. SHince this retard-energizing is performed so as
to control the output voltage to a voltage control value

which is set lower than the regulating voltage of the
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regulator, the generated energy can be increased stably
without operating the regulator in a low revolution
region.

[0007]

The present invention is secondly characterized in
that, in the rejzrd*energizing, the output voltage is
controlled to the predetermined voltage control value by
changing an energizing duty while maintaining an
energizing retard quantity at a predetermined value.
[0008]

The present invention is thirdly characterized in
that the voltage control value has a predetermined range
and the energizing duty is slightly decreased upon
arrival of the output voltage at a maximum in the range
and is slightly increased upon drop of the output voltage
to a value of/ not larger than a minimum value in the
range. Further, the present invention is fourthly
characterized in that the energizing duty is determined
in accordance with the number of revolutions of the
generator..
[0009]

According to the second to fourth features, since
the retard Liming’is fixed, it is easy to adjust the

generated energy and the adjustment'accuracy can be

¢!



enhanced.
[0010]
{Mode for Carrying Out the Invention]

An embodiment of the present invention will now be
described with r!ference to the drawings. Fig. 2 is a
sectional view OE a combined starter/generator related to
an embodiment OJ the present invention. The combined
starter/generator (hereinafter referred to as “ACG”),
indicated at 1, |is mounted, for example, on an engine of
a scooter type two-wheeled motor vehicle. The ACG 1 has a
stator 50 with three-phase windings (stator coils)
thereon and an puter rotor 60 connected to an end portion
of a crank shafit 201 of an engine and adapted to rotate
along an outer [periphery of the stator 50. The outer
rotor 60 has a |cup-shaped rotor case 63 connected to the
crank shaft 201 and magnets 62 which are disposed on an
inner periphery surface of the rotor case 63 in a
circumferentiaﬁ direction of a rotor yoke.

[0011]

The outer rotor 60 is mounted by fitting an inner
periphery of a hub portion 60a onto a tapered front end
portion of the crank shaft 201 and is fixed with a bolt
253 which is inserted thrbugh the center of the hub

portion 60a into a threaded hole in the end portion of
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the crank shaft

201. The stator 50, which is disposed on:

an inner periphery side of the outer rotor 60, is fixed

to a crank case

fixed to the outer rotor 60 with bolts 246.

202 with bolts 279. Further, a fan 280 is

Adjacent the

fan 280 is a radiator 282, which is covered with a fan

cover 281.
[0012]
A sensor

the stator 50.

rotor angle sensors

case 28 is fitted in an inner periphery of
Within the sensor case 28 are provided

(magnetic pole sensors) 29 and a

pulser sensor (ignition pulser) 30 at equal intervals

along an outer periphery of a boss of the outer rotor 60.

The rotor angle
the stator coil

sensor 29 are p

phases, respectively, of the ACG.

ignition pulser

sensors 29 are for energizing-control for
s of the ACG 1 and three such rotor angle
rovided correspondingly to U, V, and W

On the other hand, the

30 is for ignition control for the engine

and only one such ignition pulser 30 is provided. The

rotor angle sen
each be constit
(MR) element.

[0013]

sors 29 and the ignition pulser 30 can

uted by a Hall IC or a magnetic reluctance

Lead wires of the rotor angle sensors 29 and the

ignition pulser

30 are connected to a substrate 31 and a
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wire harness 32

is connected to the substrate 31.

A magnet ring 33| is fitted on an outer periphery of the

boss 60a of the

outer rotor 60, the magnet ring 33 being

magnetized in two stages so as to exert a magnetic action

to each of the rotor angle sensors 29 and the ignition

pulser 30.

[0014]

In one magnetized zone of the magnet ring 33

corresponding to the rotor angle sensors 29 are formed N

and S poles alternately at 30° intervals in the

circumferential

direction correspondingly to the magnetic

poles of the stator 50. In the other magnetized zone of

the magnet ring

33 corresponding to the ignition pulser

30 there is formed one magnetized portion

circumferentially in the range of 15° to 40°

[0015]

The ACG 1

constructed as above functions as a

synchronous motor at the time of starting and is driven

with an electrig current fed from a battery, causing the

crank shaft 201

to rotate and thereby causing the engine

to start. After start-up of the engine the ACG 1

functions as a synchronous generator, charges the battery

with generated electric current and supplies the electric

current to various electric appliances.




[0016]

Fig. 3 is| a principal electric appliances system
diagram in a two-wheeled motor vehicle having an output
. control unit foxr the ACG 1. In the same figure, an ECU
(electric control unit) 3 is provided with a full wave
rectifier 4 for |rectifying a three-phase alternating
current generated in the ACG 1 and a regulator 5 for
restricting an output of the full wave rectifier 4 to a
predetermined regulating voltage (regulator operating
voltage: say 14.,5V). The ECU 3 is further provided with a
power generation controller 6 which makes control to
inérease(the generated energy when the number of
revolutions of the engine lies in a predetermined low
revolution region (“power generation control region”
hereinafter). The power generation controller 6 1is
implemented as the function of a CPU. The rotor angle
sensors 29 and the ignition pulser 30 are also connected
to the ECU 3 and their detected signals are inputfed to
the ECU 3.
[0017]

An ignition'coil 21 is connected to the ECU 3 and a
spark plug 22 is| connected to a secondary side of the
ignition coil 21. To the ECU 3 are also connected a

throttle sensor 23, a fuel sensor 24, a seat switch 25,




an idle switch 26, and a coolinngater temperature sensor
27, and their detected signals are inputted to the ECU 3.
[0018]

Further connected to the ECU 3 are a starter relay
34, a starter switch 35, stop switches 36 and 37, a
stand-by indicator 38, a fuel indicator 39, a speed
sensor 40, an auto-by starter 41, and a headlight 42. A
dimmer switch 43 is provided in the headlight 42.

[0019]

An electric current is fed to the above various
portions from a battery 2 through a main fuse 44 and a
main switch 45. The battery 2 is directly connected to
the ECU 3 through a starter relay 34 and has a circuit
through which it is éonnected to the ECU 3 via the main
fuse 44 alone without going through the main switch 45.
[0020]

The power generation controller 6 has, in addition
to the ordinary function of controlling the generated
energy (voltage), a function of retard-energizing the
stator coils of the three phases in the ACG 1 from the
battery 2 to increase the generated energy (“ACG
energizing control” hereinafter). The “retard-energizing”
means making a retard corresponding to a predetermined

electrical "angle from a detection signal obtained by any

10
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of the rotor angle sensors 29 at thé time of a pole
change in one magnetized zone of the magnet ring 33 and
energizing the stator coils. However, for preventing
unstable rotation of. the engine caused by a sudden change
of the engine load which is induced by operation of the
regulator 5 in a low revolution region, a control is made
so that an output voltage (battery voltage) of the full
wave rectifier 4 is within a predetermined voltage range
which is not higher than the regulating voltage.

[0021]

Fig. 4 illustrates a relation between the engine
speed and a generated electric current detected when the
ACG energizing control is conducted. In the same figure,
an engine speed range of 1000 to 3500 rpm is set as a
power generation control range. In such a low revolution
region, a generated electric current (ACG output) of the
ACG 1 obtained by the conventional control method is very
small. Therefore, the generated electric current is
increased by the ACG energizing control in the power
generation control range. The increment is designated
“retard-energizing” and is indicated with a dotted line
in the figure. By making control so that the generated
energy corresponds to a normal load current, it is

possible to ensure a generated energy corresponding to a

11
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consumed current quantity also in the low revolution
region.
[0022]

Fig. 5 illustrates how the battery voltage changes
in a retard power generation region. In the same figure,
the battery voltage Vb is controlled in an ACG control
voltage range which is defined by both a maximum control
voltage value VMax set below the regulating voltage
(14.5V) and a minimum control voltage value VMin. More
specifically, an energizing retard quantity for the
stator coils is fixed (say 60° in terms of an electrical
angle) and the energizing duty of the full wave rectifier
4 is increased or decreased to control the battery
voltage Vb to a value falling under the ACG cqntrol
voltage range. More particularly, upon arrival of the
battery voltage Vb at the maximum control voltage wvalue
VMax, the energizing duty is decreased by a predetermined
very small value (say 1%), while upon drop of the battery
voltage Vb to the minimum control voltage value VMin, the
energizing duty is increased by the same very small value
as above.

[0023]
Fig. 1 is a block diagram showing functions of

principal portions in the ACG energizing control unit.

12



In the same figure, the full wave rectifier 4 has FETs
(generally solid switching elements) 4a, 4b, 4c, 4d, de,
and 4f which are connected to the stator coils 1U, 1V,
and 1W of the ACG 1. At the time of starting the engine,
the FETs 4a to 4f are switched by a driver 46 to drive
the ACG 1 as a synchronous mofor, causing the crank shaft
201 to rotate, while after the start-up of fhe engine the
outer rotor, conversely, is driven by the engine and
functions as a synchronous motor, so that the generated
alternating current is rectified by the FETs 4a to 4f and
the resulting current is fed to the battery 2 and an
electric appliance load 47. Also during power generation
under operation of the engine, particularly in a low
revolution of the engine, the FETs 4a to 4f are
controlled by the driver 46 so that the retard energizing
to the stator coils is performed in accordance with the
present invention, thereby increasing the generated
energy. As to the retard energizing control, it will be
described later with reference to Fig. 7.
[0024]

An engine speed decision unit 48 detects an engine
speed on the basis of, for example, a detection signal
provided from the ignition pulser 30 or a frequehcy

signal of a generated voltage and provides a retard

13
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command to the driver 46 if the detected engine speed
lies in a predetermined power generation control range.
In response to the retard command the driver 46 reads out
a preset energizing retard quantity from a retard
quantity setting unit 49 and retard-energizes the stator
coils. The energizing duty is read out from the duty
setting unit 51 and is fed to the driver 46. The driver
46 detectsla magnetic pole detection signal provided from
each rotor angle sensor 29, i.e., a signal which rises ON
every time the sensor 29 detects a portion of the
magnetized zone in the magnet ring 33 formed
correspondingly to the magnetic poles of the outer rotor
60. Then, the driver 46 makes a retard corresponding to
the energizing retard quantity from the time when the
signal rises and outputs a PWM control signal to the FETs
da~4f.

[0025]-

A battery voltage decision unit 52 compares the
battery voltage Vb with the maximum control voltage wvalue
VMax and the minimum control voltage value VMin both of
which define the voltage control range and, on the basis
of the result of the comparison, increases or decreases
the energizing duty set in the duty setting unit 51 so

that the battery voltage Vb falls under the above control

14
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range.
[0026]

Fig. 6 is a flow chart showing processings executed
by the output control unit described above. In the same -
figure, it is judged in step S1 whether the engine speed
lies in the power generation control region or not. As
noted earlier, the power generation control region is set,
for example, in the range from 1000 to 3500 rpm. If the
engine speed lies in the power generation control region,
the processing flow advances to step S2, in which a check
is made to see if there is set (= 1) a flag FACG
indicating that the engine speed lies in the power
generation control region. If the answer is negative, the
flow advances to step S3 to set the fiag FACG (set to
“1”). Once the flag FACG is set, the flow advances to

step S4, in which an energizing retard value acgagl is

‘set at a predetermined value ACGAGL. The predetermined

value ACGAGL may be set to an appropriate value in
advance, say, 60° in terms of an electrical angle in this
embodiment. 1In step S5 which follows, an energizing duty
acduty is set at an initial value ACDUTY. The initial
value ACDUTY may also be set to an appropriate value in
advance, say, 40% in this embodiment. If the processings

of steps S3 to S5 are over, the flow advances to step S7.
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Also, if the answer in step S2 is affirmative, steps S3
to S5 are skipped and the flow advances to step S7.
Further, if the engine speed does not lie in the power
generation control region, the flag FACG is reset (= 0)
in step S6 and thereafter the flow advances to step S7.
[0027]

In step S7, a check is made to see if the flag FACG
is set or not. If the flag FACG is set (= 1), it is
judged in step S8 whether the battery voltage Vb is not
smaller than the maximum control voltage value VMax. The
maximum control voltage value VMax is set to a value
lower than the regulating voltage, say, 13.5V. If the
answer in step S8 is negative, the flow advances to step
S9, in which a check is made to see if the battery
voltage Vb is not larger than the minimum control voltage
value VMin, which value is set to say 13.0V. If the
answer in step S9 is negative, it is judged that the
battery voltage lies in the ACG energizing voltage range
which is set lower than the regulating voltage of the
regulator. Then, the fldw advances to step S810, in which
ACG energizing control is executed in accordénce with the
energizing retard quantity acgagl and the energizing duty
acduty.

[0028]

16
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If it is judged in step S8 that the battery voltage
Vb is not smaller than the maximum control voltage value
VMax, the flow advances to step S11, in which the
energizing duty acduty is decreased by a very small value
DDUTY, which value is say 1%. If it is judged in step S9
that the battery VOltage Vb is not larger than the
minimum control voltége value VMin, the flow advances to
step S12, in which the energizing duty acduty is
increased by the very small value DDUTY. After the
processings of steps S11 and S12, the flow advances to
step S10. The very‘small value DDUTY used in increasing
the energizing duty acduty and that used in decreasing
the acduty need not always be equal to each other. The
very small value DDUTY may be changed in proportion to
the difference between the maximum or minimum control
voltage value VMax or VMin and the present value.

[0029]

On the other hand, if the flag FCG is not set (= 0)
in step S7, since the engine speed is not in the power
generation control region, the flow advances to step S13
to stop the ACG energizing control.

[0030]
Fig. 7 illustrates a timing between electric

currents (phase currents) flowing in the three phases of
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the stator coils in ACG energizing control and outputs of
the rotor angle sensors 29. As shown in the same figure,
in 'a normal condition wherein the retard energizing
control is not performed, an electric current is fed to
each of U, V, and W phases of the stator coils in
response to positive-negative (NS) changes in detected
outputs provided from the rotor angle sensors 29. On the
other hand, in the case where the retard energizing
control is performed, an electric current is fed to each
of U, V, and W phases of the stator coils with a delay
corresponding to a predetermined retard quantity, d (=

60° ), from the time when there occurs a positive-negative
(NS) change in the detected output provided from each
rotor angle sensor 29. In Fig. 7, a retard angle T
resulting from duty chopping is 180° , but it may be
determined inside of 180° by the energizing duty fed from
the duty setting unit 51 to the»driver 46.

[0031]

Fig. 8 is an energizing duty table in which the
engine speed, i.e., the number of revolutions of the
generator is set as a parameter. An energizing duty is
determined in accordancé with a detected engine speed and
by reference to Fig. 8.

[0032]

18
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In the above embodiment there is adopted an outer
rotor/inner rotor system in which permanent magnets as
field flux generating magnet means are disposed in the
outer rotor. However, the present invention is also
applicable to a generator in which field flux generating
magnet means is provided in an inner rotor or a generator
which adopts electromagnets as field flux generating
magnet means. Further, without using a fixed value as the
energizing retard quantity acgagl there may be adopted a
proportional, differential, or integral control, or a
combination thereof in accordance with a conventional
negative feedback éontrol method.

[0033]
[Effect of the Invention]

As will be apparent from the above description,
according to the invention defined in claims 1 to 4, it
is possible to increase the generated energy stably
without operation of an ordinary type of a voltage
regulator in a low revolution region. Consequently, when
the invention is applied to a vehicular generator in
which a rotor is driven by an engine, it is possible to
diminish a variation of the engine load during idling for
example, thereby minimize a variation of the engine

revolution and stabilize the idling operation. According
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to the invention defined in claims 2 to 4, since the
retard timing is fixed to a preset value, the generated
energy can be adjusted easily with a simple configuration
and it is possible to improve the adjustment accuracy.
[Brief Description of the Drawings]

Fig. 1 is a block diagram showing functions of
principal portions in an output control unit according to
an embodiment of the present invention;

Fig. 2 is a sectional view of a combined
starter/generator related to the embodiment;

Fig. 3 is a principal electric appliances system
diagram of a two-wheeled motor vehicle having the output
control unit embodying the present invention;

Fig. 4 illustrates a relation between the engine
speed and a generated electric current in ACG energizing
control;

Fig. 5 illustrates a change in battery voltage in a
retard power generation region;

Fig. 6 is a flow chart showing processings executed
by the output control unit;

Fig. 7 illustrates a timing between phase currents
flowing in stator coils and outputs of rotor angle
sensors in ACG energizing control; and

Fig. 8 is an energizing duty table using the engine

20



speed as a parameter.

[Explanation of Reference Numerals]

1 ... a combined starter/generator, 2 ... battery,
3 ... ECU, 4 ... full wave rectifier, 5 ... regqulator,
29 ... rotor angle sensor, 30 ... ignition pulser,
46 ... driver, 48 ... engine speed decision unit, 49
retard quantity settihg unit, 50 ... stator, 51 ... duty
setting unit, 60 ... outer rotor, 62 ... magnet, 201

crank shaft

21
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[Name of Document] Abstract
[Abstract]

[Subject] Generated energy is to be increased while

‘maintaining the engine revolution stable in a low

revolution region.

[Solution] The number of revolutions of a rotor is

. detected by an engine speed decision unit 48, and when

the engine speed is in a low revolution region, a retard
energizing control is made for a rectifier 4 by a driver
46 to increase a field flux and thereby increase the
generated energy. In response to a change in polarity in
magnetic poles detected by rotor angle sensors 29 the
driver 46 reads out a retérd quantity stored in a retard
quantity setting unit 49 and retard-energizes stator
windings. A generator output voltage is controlled so as
to be between a voltage control value VMax which is lower
than a regulating voltage of a regulator and a voltage
control value VMin.

[Selected Drawing] Fig. 1

22
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[Nombre del documento] Memoria descriptiva

[Titulo de la invencién] Unidad de control de salida para
generador sincrono

[Reivindicaciones]

[Reivindicacién 1] Una unidad de control de salida
para un generador sincrono que tiene un rotor provisto de
medios de imé&n generadores de flujo de campo y un estator
con devanados de estator para producir una salida genera-
da, incluyendo:

medios detectores para detectar el numero de revolu-
ciones de dicho rotor;

medios energizadores para energizar coﬁ retardo di-
chos devanados de estator para aumentar la energia gene-
rada del generador; y

un regulador para restringir un voltaje de salida
del generador a un voltaje regulador,

donde dicha energizacidén con retardo se lleva a cabo
cuando el numero de revoluciones de dicho rotor esta en
una regidén de revolucidn baja y se lleva a cabo para con-
trolar dicho voltaje de salida a un valor predeterminado
de control de voltaje menor que dicho voltaje regulador.

[Reivindicacién 2] Una unidad de control de salida
para un generador sincrono segun la reivindicacidén 1,
donde, en dicha energizacién con retardo, dicho voltaje
de salida se controla a dicho valor predeterminado de
control de voltaje cambiando un trabajo de energizacidn a
la vez que se mantiene una cantidad de retardo de energi-
zacidén a un valor predeterminado.

[Reivindicacidén 3] Una unidad de control de salida
para un generador sincrono seguin la reivindicacidén 2,
donde dicho valor de control de voltaje tiene un rango
predeterminado y dicho trabajo de energizacidén se dismi-
nuye ligeramente a la llegada de dicho voltaje de salida
a un valor maximo en dicho rango y se incrementa ligera-

mente a la caida de dicho voltaje de salida a un valor no
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superior a un valor minimo en dicho rango.

[Reivindicacién 4] Una unidad de control de salida
para un motor sincrono segun la reivindicacién 2 o la
reivindicacién 3, donde dicho trabajo de energizacidn se
determina segun el numero de revoluciones del generador.
[Descripcidén detallada de la invencidn]

[0001]
[Campo técnico de la invencidn]

La presente invencidén se refiere a una unidad de
control de salida para un motor sincrono y mads en parti-
cular a una unidad de control de salida para un motor
sincrono adecuada para incrementar la energia generada en
una regién de revolucidn baja.

[(0002]
[Técnica anterior]

Como un generador de vehiculo se usa un generador
sincrono trifasico y la corriente alterna generada es
rectificada por lo tanto por un rectificador trifasico de
onda completa para uso al cargar una bateria. En un gene-
rador sincrono trifasico descrito en La Publicacidén de
Patente japonesa numero 19194/1997, wuna corriente de
avance de fase puede fluir en bobinas de estator y un
flujo de campo se incrementa para aumentar una salida
(voltaje generado y corriente de salida) en virtud de la
magnetizacién basada "en la reaccidén de inducido que se
produce por la corriente de avance de fase.

[0003]
[Problema a resolver con la invenciédn]

En general, un generador estd provisto de un regula-
dor que restringe un voltaje de salida para evitar que la
salida generada exceda de un valor predeterminado. La ge-
neracién de potencia eléctrica se detiene haciendo fun-
cionar el regulador. Cuando la generacidén de potencia se
para, se produce una variacidén de carga en un motor, de

manera que la revolucién del motor resulta inestable en
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particular en una regién de revolucién baja. Ademés, si
la salida generada es demasiado grande, el incremento re-
sultante del rozamiento en una regidén de revolucidn baja
influye en gran medida en la revolucién del motor.

[0004] |

Un objeto de la presente invencidén es proporcionar
una unidad de control de salida para un generador sincro-
no capaz de aumentar una salida generada sin hacer ines-
table la revolucién de un motor en una regidén de revolu-
cidén baja.

[0005]
[Medios para resolver el problemal

Para lograr el objeto antes indicado, la presente
invencién se caracteriza en primer lugar por una unidad
de control de salida para un generador sincrono, inclu-
yendo medios detectores para detectar el numero de revo-
luciones de un rotor del generador, medios energizadores
para energizar con retardo devanados de estator para au-
mentar la energia generada del generador, y un regulador
para restringir el voltaje de salida del generador a un
voltaje regulador, donde la energizacidn con retardo se
lleva a cabo cuando el numero de revoluciones del rotor
estid en una regidén de revolucidén baja y se lleva a cabo
para controlar el voltaje de salida a un valor predeter-
minado de control de voltaje menor que el voltaje regula-
dor.

[0006]

Segun esta primera caracteristica, la salida genera-
da se incrementa energizando con retardo los devanados de
estator. Dado que esta energizacidén con retardo se lleva
a cabo para controlar el voltaje de salida a un valor de
control de voltaje que ée establece menor que el voltaje
regulador del regulador, la energia generada se pﬁede in-
crementar establemente sin poner en funcionamiento el re-

gulador en una regién de revolucidn baja.
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[0007]

La presente invencién se caracteriza en segundo lu-
gar porque, en la energizacién con retardo, el voltaje de
salida se controla al valor predeterminado de control de
voltaje cambiando un trabajo de energizacién a la vez que
se mantiene la cantidad de retardo de energizacién a un
valor predeterminado.

[0008]

La presente invencidn se caracteriza en tercer lugar
porque el valor de control de voltaje tiene un rango pre-
determinado y el trabajo de energizacidén se disminuye li-
geramente a la llegada del voltaje de salida a un maximo
en el rango y se incrementa ligeramente a la caida del
voltaje de salida a un valor no superior a un valor mini-
mo en el rango. Ademds, la presente invencidn se caracte-
riza en cuarto lugar porque el trabajo de energizacidn se
determina segun el numero de revoluciones del generador.
[0009]

Segun las caracteristicas segunda a cuarta, dado que
la temporizacién de retardo es fija, es facil ajustar la
energia generada y se puede mejorar la exactitud del
’ajuste.

[0010]
[Modo de llevar a la préactica la invenciédn]

Ahora se describird una realizacidén de la presente
invencién con referencia a los dibujos. La figura 2 es
una vista en seccién de un dispositivo de arran-
que/generador combinado relacionado con una realizacidn
de la presente invencidén. E1 dispositivo de arran-
que/generador combinado (que en adelante se denomina
"ACG"), indicado en 1, estd montado, por ejemplo, en un
motor de un vehiculo de motor de dos ruedas de tipo scoo-
ter. E1 ACG 1 tiene un estator 50 con devanados trifasi-
cos (bobinas de estator) y un rotor exterior 60 conectado

a una porcidén de extremo de un cigliefial 201 de un motor y



10

15

20

25

30

35

adaptado para girar a lo largo de una periferia externa
del estator 50. El rotor exterior 60 tiene una carcasa de

rotor en forma de copa 63 conectada al cigliefial 201 e

imanes 62 que estan dispuestos en una superficie perifé-

rica interior de la carcasa de rotor 63 en una direccidn
circunferencial de un yugo de rotor.
[0011]

El rotor exterior 60 se monta encajando una perife-
ria interna de una porcidén de cubo 60a sobre una porcidn
de extremo delantero ahusado del cigliefial 201 y se fija
con un perno 253 que se introduce a través del centro de
la porcién de cubo 60a en un agujero roscado en la por-
cién de extremo del cigiiefial 201. El1 estator 50, que esta
dispuesto en un lado de periferia interior del rotor ex-
terior 60, estd fijado a un cérter 202 con pernos 279.
Ademds, un ventilador 280 estd fijado al rotor exterior
60 con pernos 246. Junto al ventilador 280 hay un radia-
dor 282, que se cubre con una cubierta de ventilador 281.
[0012]

Una carcasa de sensor 28 estd encajada en una peri-
feria interna del estator 50. Dentro de la carcasa de
sensor 28 se ha dispuesto sensores de é&ngulo de rotor
(sensores de polo magnético) 29 y un sensor de pulsador
(pulsador de encendido) 30 a intervalos iguales a lo lar-
go de una periferia externa de un saliente del rotor ex-
terior 60. Los sensores de éangulo de rotor 29 son para
controlar la energizacidén de las bobinas -de estator del
ACG 1 y se ha dispuesto tres sensores de éangulo de rotor
29 correspondientes a las fases U, V, y W, respectivamen-
te, del ACG. Por otra parte, el pulsador de encendido 30
es para controlar el encendido del motor y solamente se
ha previsto dicho pulsador de encendido 30. Cada uno de
los sensores de angulo de rotor 29 y el pulsador de en-
cendido 30 puede estar constituido por un CI Hall o un

elemento de reluctancia magnética (RM).
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[0013]

Hilos conductores de los sensores de angulo de rotor
29 y el pulsador de encendido 30 estan conectados a un
sustrato 31 y un mazo de cables 32 estd conectado al sus-
trato 31. Un aro magnético 33 estad encajado en una peri-
feria externa del saliente 60a del rotor exterior 60,
magnetizandose el aro magnético 33 en dos etapas para
ejercer una accién magnética en cada uno de los sensores
de &ngulo de rotor 29 y el pulsador de encendido 30.
[0014]

En una zona magnetizada del aro magnético 33 corres-
pondiente a los sensores de angulo de rotor 29 se forman
polos N y S alternativamente a intervalos de 30° en 1la
direccién circunferencial correspondientemente a los po-
los magnéticos del estator 50. En la otra zona magnetiza-
da del aro magnético 33 correspondiente al pulsador de
encendido 30 se ha formado una porcién magnetizada cir-
cunferencialmente en el rango de 15° a 40°.

[0015]

El ACG 1 construido como antes funciona como un mo-
tor sincrono al tiempo de arrancar y es excitado con una
corriente eléctrica alimentada desde una bateria, hacien-
do que el cigiiefial 201 gire y haciendo por lo tanto que
el motor arranque. Después del arranque del motor, el ACG
1 funciona como un generador sincrono, carga la bateria
con corriente eléctrica generada y suministra la corrien-
te eléctrica a varios aparatos eléctricos.

[0016]

La figura 3 es un diagrama del sistema principal de
aparatos eléctricos en un vehiculo de motor de dos ruedas
que tiene una unidad de control de salida para el ACG 1.
En la misma figura, una UCE (unidad de control eléctrico)
3 estd provista de un rectificador de onda completa 4 pa-
ra rectificar una corriente trifasica alterna generada en

el ACG 1 y un regulador 5 para restringir la salida del
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rectificador de onda completa 4 a un voltaje regulador
predeterminado (voltaje operativo del regulador, por
ejemplo, 14,5 V). La UCE 3 estd provista ademas de un
controlador de generacidén de potencia 6 que realiza el
control para aumentar la energia generada cuando el nume-
ro de revoluciones del motor estd en una regidn de revo-
lucién baja predeterminada (en adelante"” regidn de con-
trol de generacién de potencia"). El controlador de gene-
racién de potencia 6 se implementa como la funcidén de una

CPU. Los sensores de angulo de rotor 29 y el pulsador de

encendido 30 también estan conectados a la UCE 3 y sus

sefilales detectadas se introducen en la UCE 3.
[0017]

Una bobina de encendido 21 estéd conectada a la UCE 3
y una bujia 22 estd conectada a un lado secundario de la
bobina de encendido 21. A la UCE 3 también estan conecta-

"dos un sensor de regulador 23, un sensor de combustible

24, un interruptor de asiento 25, un interruptor de mar-
cha en vacio 26, y un sensor de temperatura del agua re-
frigerante 27, y sus seflales detectadas se introducen en
la UCE 3.

[0018]

También estan conectados a la UCE 3 un relé de dis-
positivo de arranque 34, un interruptor de dispositivo de
arranque 35, interruptores de parada 36 y 37, un indica-
dor de espera 38, un indicador de combustible 39, un sen-
sor de velocidad 40, un dispositivo secundario de arran-
gue automatico 41, y un faro 42. Se ha dispuesto un inte-
rruptor regulador 43 en el faro 42.

[0019]

Se alimenta corriente eléctrica a las varias porcio-
nes anteriores desde una bateria 2 a través de un fusible
principal 44 y un interruptor principal 45. La bateria 2
estd conectada directamente a la UCE 3 mediante un relé

de dispositivo de arranque 34 y tiene un circuito median-
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te el que estd conectada a la UCE 3 mediante el fusible
principal 44 solo sin pasar por el interruptor principal
45.

[0020]

El controlador de generaciédn de potencia 6 tiene,
ademds de la funcidén ordinaria de controlar la energia
generada (voltaje), una funcidén de energizar con retardo
las bobinas de estator de las tres fases en el ACG 1 des-
de la bateria 2 para aumentar la energia generada
{("control de energizaciébn de  ACG" en adelante) .
"Energizacidén con retardo" significa realizar un retardo
correspondiente a un &ngulo eléctrico predeterminado a
partir de una sefial de deteccién obtenida por cualquiera
de los sensores de &ngulo de rotor 29 al tiempo de un
cambio de polo en una zona magnetizada del aro magnético
33 y energizar las bobinas de estator. Sin embargo, para
evitar la rotacidén inestable del motor producida por un
cambio brusco de la carga del motor inducida por la ope-
racidén del regulador 5 en una regidén de revolucidn baja,
el control se hace de manera que un voltaje de salida
(voltaje de bateria) del rectificador de onda completa 4
esté dentro de un rango predeterminado de voltaje que no
es mas alto que el voltaje regulador.

[0021]

La figura 4 ilustra una relacidén entre la velocidad
del motor y una corriente eléctrica generada detectada
cuando se realiza el control de energizacidédn de ACG. En
la misma figura, un rango de velocidades del motor de
1000 a 3500 rpm se establece como un rango de contrcl de
generacidén de potencia. En tal regidén de revolucidn baja,
una corriente eléctrica generada (salida de ACG) del ACG
1 obtenida por el método de control convencional es muy
pequefia. Por lo tanto, la corriente eléctrica generada se
incrementa por el control de energizacidén de ACG en el

rango del control de generacidn de potencia. El incremen-
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to se designa "energizacidén con retardo" y se indica con
una linea de trazos en la figura. Efectuando el control
de manera que la energia generada corresponda a una co-
rriente de carga normal, es posible garantizar una ener-
gia generada correspondiente a una cantidad de corriente
consumida también en la regidén de revolucidn baja.

[0022]

La figura 5 ilustra coémo el voltaje de bateria cam-
bia en una regién de generaciédn de potencia de retardo.
En la misma figura, el voltaje de bateria Vb se controla
en un rango de voltaje de control de ACG que se define
tanto por un valor méximo de voltaje de control VMax es-
tablecido por debajo del voltaje regulador (14,5 V) como
un valor minimo de voltaje de control VMin. Ma&s especifi-
camente, se fija una cantidad de retardo de energizacién
para las bobinas de estator (por ejemplo 60° en términos
de un énguld eléctrico) y el trabajo de energizacidén del
rectificador de onda completa 4 se incrementa o disminuye
para controlar el voltaje de bateria Vb a un valor que
cae por debajo del rango de voltaje de control de ACG.
Mas en particular, a la llegada del voltaje de bateria Vb
al valor maximo de voltaje de control VMax, el trabajo de
energizacidén se disminuye un valor predeterminado muy pe-
quefio (por ejemplo, 1%), mientras que a la caida del vol-
taje de bateria Vb al valor minimo de voltaje de control
VMin, el trabajo de energizacidén se incrementa el mismo
valor muy pequefio como antes.

[0023]

La figura 1 es un diagrama de blogques que muestra
funciones de porciones principales en la unidad de con-
trol de energizacién de ACG. En la misma figura, el rec-
tificador de onda completa 4 tiene FETs (elementos conmu-
tadores generalmente sdélidos) 4a, 4b, 4c, 4d, 4de, y 4f
que estan conectados a las bobinas de estator 1U, 1V, y
1W del ACG 1. al tiempo de arrancar el motor, los FETs 4a
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a 4f son conmutados por un excitador 46 para mover el ACG
1 como un motor sincrono, haciendo que el cigiefial 201
gire, mientras que después del arranque del motor el ro-
tor exterior, a la inversa, es excitado por el motor y
funciona como un motor sincrono, de manera que la co-
rriente alterna generada sea rectificada por los FETs 4a
a 4f y la corriente resultante se alimenta a la bateria 2
y una carga de aparatos eléctricos 47. También durante la
generacion de potencia a la operacidédn del motor, en par-
ticular en una revolucibén baja del motor, los FETs 4a a
4f son controlados por el excitador 46 de manera que la
energizacidén con retardo a las bobinas de estator se lle-
ve a cabo segun la presente invencidn, aumentando por lo
tanto la energia generada. En cuanto al control de 1la
energizacién de retardo, se describiréd més tarde con re-
ferencia a la figura 7.

[0024]

Una unidad de decisidén de velocidad de motor 48 de-
tecta la velocidad del motor, por ejemplo, en base a una
seflal de deteccidn proporcionada por el pulsador de en-
cendido 30 o una sefial de frecuencia de un voltaje gene-
rado y da una orden de retardo al excitador 46 si la ve-
locidad detectada del motor estd en un rango de control
de generacidén de potencia predeterminado. En respuesta a
la orden de retardo el excitador 46 lee una cantidad pré—
determinada de retardo de energizacidén en una unidad de
establecimiento de cantidad de retardo 49 y energiza con
retardo las bobinas de estator. El trabajo de energiza-
cién se lee en la unidad de establecimiento de trabajo 51
y se alimenta al excitador 46. El excitador 46 detecta
una sefial de deteccidén de polo magnético proporcionada
por cada sensor de angulo de rotor 29, es decir, una se-
fial sube cada vez que el sensor 29 detecta una porcidn de
la zona magnetizada en el aro magnético 33 formado co-

rrespondientemente a los polos magnéticos del rotor exte-
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rior 60. Después, el excitador 46 hace un retardo corres-
pondiente a la cantidad de retardo de energizacidén desde
el tiempo en la sefial sube y envia una sefal de control
PWM a los FETs 4a-4f.

[0025] _

Una unidad de decisién de voltaje de bateria 52 com-
para el voltaje de bateria Vb con el valor maximo de vol-
taje de control VMax y el valor minimo de voltaje de con-
trol VMin que definen el rango de control de voltaje y,
en base al resultado de la comparacidén, aumenta o dismi-
nuye el trabajo de energizacidén establecido en la unidad
de establecimiento de trabajo 51 de manera que el voltaje
de bateria Vb caiga por debajo del rango de control ante-
rior.

[0026]

La figura 6 es un diagrama de flujo que muestra los
procesos ejecutados por la unidad de control de salida
descrita anteriormente. En la misma figura, se determina
en el paso S1 si la velocidad del motor estd en la regidn
de control de generacidén de potencia o no. Como se ha in-
dicado anteriormente, la regidén de control de generacidn
de potencia se establece, por ejemplo, en el rango de
1000 a 3500 rpm. Si la velocidad del motor estéd en la re-
gién de control de generacidén de potencia, el flujo de
procesado avanza al paso S2, en el que se comprueba si
estd puesto (=1) un sefializador FACG que indica que la
velocidad del motor estd en la regiédn de control de gene-
racidén de potencia. Si la respuesta es negativa, el flujo
avanza al paso S3 para poner el sefializador FACG (ponerlo
a "1"). Una vez puesto el sefializador FACG, el flujo
avanza al paso S4, en el que un valor de retardo de ener-
gizacidén acgagl se establece a un valor predeterminado
ACGAGL. E1l valor predeterminado ACGAGL se puede estable-
cer a un valor apropiado con anterioridad, por ejemplo,

60° en términos de un &ngulo eléctrico en esta realiza-

A8
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cién. En el paso S5 siguiente, se pone un trabajo de
energizacién acduty a un valor inicial ACDUTY. El1 valor
inicial ACDUTY también se puede poner a un valor apropia-
do con anterioridad, por ejemplo, 40% en esta realiza-
cién. Si los procesados de los pasos S3 a SS han termina-
do, el flujo avanza al paso S7. Ademés, si la respuesta
en el paso S2 es afirmativa, se saltan los pasos S3 a S5
y el flujo avanza al paso S7. Ademéds, si la velocidad del
motor no estd en la regidén de control de generacidn de
potencia, se reposiciona (=0) el sefializador FACG en el
paso S6 y después el flujo avanza al paso S7.

[0027]

En el paso S7, se comprueba si el seflalizador FACG
estd puesto o no. Si el seflalizador FACG esta puesto
(=1), se determina en el paso S8 si el voltaje de bateria
Vb no es mas pequefioc que el valor maximo de voltaje de
control VMax. El valor méximo de voltaje de control VMax
se pone a un valor menor que el voltaje regulador, por
ejemplo, 13,5 V. Si la respuesta en el pasé S8 es negati-
va, el flujo avanza al paso S9, en el que se comprueba si
el voltaje de bateria Vb no es mas grande que el valor
minimo de voltaje de control VMin, valor que se establece
por ejemplo a 13,0 V. Si la respuesta en el paso S9 es
negativa, se determina que el voltaje de bateria estéd en
el rango de voltaje de energizacidédn de ACG dque es menor
que el voltaje regulador del regulador. Después, el flujo
avanza al paso S10, en el que el control de energizacidn
de ACG se ejecuta segin la cantidad de retardo de energi-
zacidén acgagl y el trabajo de energizacidn acduty.

[0028]

Si se determina en el paso S8 que el voltaje de ba-
teria Vb no es mas pequefio que el valor maximo de voltaje
de control VMax, el flujo avanza al paso Sll, en el dque
el trabajo de energizacidén acduty se disminuye un valor

muy pequefio DDUTY, valor que es por ejemplo 1%. Si se de-

19



10

15

20

25

30

35

-13-

termina en el paso S9 que el voltaje de bateria Vb no es
mas grande que el valor minimo de voltaje de control
VMin, el flujo avanza al paso S12, en el que el trabajo
de energizacién acduty se incrementa el valor muy pequefio
DDUTY. Después de los procesados de los pasos S11 y S12,
el flujo avanza al paso S10. El valor muy pequeﬁo\DDUTY
usado al aumentar el trabajo de energizacidén acduty y el
usado al disminuir el acduty no tienen que ser siempre
iguales entre si. El valor muy pequeflo DDUTY se puede
cambiar en proporcién a la diferencia entre el valor ma-
ximo o minimo del voltaje de control VMax o VMin y el va-
lor presente.
[0029]

Por otra parte, si el sefializador FCG no estad puesto
(=0) en el paso S7, dado que la velocidad del motor no

estd en la regién de control de generacidén de potencia,

el flujo avanza al paso S13 para detener el control de

energizacidén de ACG.
[0030]

La figura 7 ilustra una temporizacién entre corrien-
tes eléctricas (corrientes de fase) que fluyen en las
tres fases de las bobinas de estator en el control de
energizacién de ACG y las salidas de los sensores de an-
gulo de rotor 29. Como se muestra en la misma figura, en
una condicién normal donde el control de energizacidn de
retardo no se lleva a cabo, se alimenta una corriente
eléctrica a cada una de las fases U, V, y W de las bobi-
nas de estator en respuesta a cambios positivo-negativo
(NS) de las salidas detectadas obtenidas de los sensores
de &angulo de rotor 29. Por otra parte, en el caso en el
que el control de energizacidén de retardo se lleva a ca-
bo, se alimenta una corriente eléctrica a cada una de las
fases U, V, y W.de las bobinas de estator con un retardo
correspondiente a una cantidad predeterminada de retardo,

d (=60°), a partir del tiempo en que se produce un cambio
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positivo-negativo (NS) en la salida detectada obtenida de
cada sensor de angulo de rotor 29. En la figura 7, un an-
gulo de retardo T resultante de troceado de trabajo es
180°, pero se puede determinar dentro de 180° por el tra-
bajo de energizacién alimentado desde la unidad de esta-
blecimiento de trabajo 51 al excitador 46.

[0031]

La figura 8 es una tabla de trabajos de energizacidn
en la que la velocidad del motor, es decir, el numero de
revoluciones del generador se establece como un parame-
tro. Un trabajo de energizacidén se determina segun una
velocidad detectada del motor y por referencia a la figu-
ra 8.

[0032]

En la realizacién anterior se adopta un sistema de
rotor exterior/rotor interior en el gque imanes permanen-
tes como medios de imdn generadores de flujo de campo es-
tan dispuestos en el rotor exterior. Sin embargo, la pre-
sente invencién también es aplicable a un generador en el
que se ha dispuesto medios de im&n generadores de flujo
de campo en un rotor interior o un generador que adopta
electroimanes como medios de iman generadores de flujo de
campo. Ademds, sin usar un valor fijo como la cantidad de
retardo de energizacidén acgagl se puede adoptar un con-
trol proporcional, diferencial, o integral, o su combina-
cién segun un método de control de realimentacién negati-
va convencional.

[0033]
[Efecto de la invencidn]

Como seré evidente por la descripcidén anterior, se-
gin la invencién definida en las reivindicaciones 1 a 4,
es posible aumentar la energia generada establemente sin
la operacién de tipo ordinario de un regulador de voltaje
en una regién de revolucién baja. En consecuencia, cuando

la invencién se aplica a un generador de vehiculo en el

gl
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que un rotor es movido por un motor, es posible disminuir
la variacién de la carga del motor durante la marcha en
vacio por ejemplo, minimizando por lo tanto la variacion
de la revolucién del motor y estabilizando la operacidn
de marcha en vacio. Segun la invencién definida en las
reivindicaciones 2 a 4, dado que la temporizacidn de re-
tardo se fija a un valor preestablecido, la energia gene-
rada se puede ajustar facilmente con una configuracién
simple y es posible mejorar la exactitud del ajuste.
[Breve descripcidn de los dibujos]

La figura 1 es un diagrama de bloques que muestra
funciones de porciones principales en una unidad de con-
trol de salida segun una realizacidén de la presente in-
venciédn.

La figura 2 es una vista en seccidén de un dispositi-
vo de arranque/generador combinado relacionado con la
realizacién.

La figura 3 es un diagrama del sistema principal de
aparatos eléctricos de un vehiculo de motor de dos ruedas
que tiene la unidad de control de salida que realiza la
presente invencidn.

La figura 4 ilustra una relacidén entre la velocidad
del motor y una corriente eléctrica generada en el con-
trol de energizacidn de ACG.

La figura 5 ilustra un cambio en voltaje de bateria
en una regidén de generacidn de potencia de retardo.

La figura 6 es un diagrama de flujo que muestra los
procesos ejecutados por la unidad de control de salida.

La figura 7 ilustra una temporizacién entre corrien-
tes de fase gque fluyen en bobinas de estator y salidas de
sensores de angulo de rotor en el control de energizacidn
de ACG.

Y la figura 8 es una tabla de trabajos de energiza-
cién usando la velocidad del motor como un parametro.

[Explicacidén de los numeros de referencial

KL
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1: dispositivo de arranque/generador combinado, 2:
bateria, 3: UCE, 4: rectificador de onda completa, 5: re-
gulador, 29: sensor de angulo de rotor, 30: pulsador de
encendido, 46: excitador, 48: unidad de decisién de velo-
cidad del motor, 49: unidad de establecimiento de canti-
dad de retardo, 50: estator, 51: unidad de establecimien-
to de trabajo, 60: rotor exterior, 62: iman, 201: cigle-

rial.
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[Nombre del documento] Resumen

[Resumen]
[Objeto] Se ha de incrementar la energia generada a

la vez que se mantiene estable la revolucidén del motor en
una regién de revolucidén baja.

[Solucién] El1 numero de revoluciones de un rotor es
detectado por una unidad de decisidn de” velocidad de mo-
tor 48, y cuando la velocidad del motor esta en una re-
gién de revolucién baja, se realiza un control de energi-
zacién de retardo para un rectificador 4 por un excitador
46 para aumentar un flujo de campo y aumentar por lo tan-
to la energia generada. En respuesta a un cambio de pola-
ridad en los polos magnéticos detectado por sensores de
angulo de rotor 29, el excitador 46 lee una cantidad de
retardo almacenada en una unidad de establecimiento de
cantidad de retardo 49 y energiza con retardo devanados
de estator. Un voltaje de salida del generador se contro-
la de manera que esté entre un valor de control de volta-
je VMax que es menor que un voltaje regulador de un regu-
lador y un valor de control de voltaje VMin.

[Dibujos seleccionado] Figura 1.

40
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UNIDAD DE CONTROL DE SALIDA PARA GENERADOR SINCRONO
CAMPO TECNICO DE LA INVENCIQN

La presente invencidén se refiere a una unidad de
control de salida para un motor sincrono y m&s en
particular a una unidad de control de salida para un motor
sincrono adecuada para incrementar la energia generada en
una regién de revolucidbn baja.

ANTECEDENTES DE LA INVENCION

Como un generador de vehiculo se usa un generador
sincrono trifédsico vy 1la corriente alterna generada es

rectificada por lo tanto por un rectificador trifésico de

onda completa ( para uso al—cargar una bateris. En{ un

generador sincrono trifédsico descrito en La Publicacidn de
<~ . .

Patente jdponesa numero 19194/1997, cog;;e%;e de avance

ggfjggg puede fluir en bobinas de "estator{ y /un flujo de

campo se incrementa para aumentar<:E£§> salida (voltaje

genérado y corriente de salida) virtud de 1la
magnetizacién basada en) la reaccidén de inducido que se

produce por la corriente de avance de fase.

En general, un generador (estéd proviste—de uwn regulador
v——-‘—_—_ﬁ

que c£g§§;;gge voltaje de salida para evitar que la
salida generada exceda de valor predeterminado. _La
—

r\———-r',‘"-'—'_——_\\ . ) . . 1
generacién de potencia eléCtrica se detiene aciendo
ﬁgggionar 1_regulador. Cuando la generacién de potencia se

para, se produce una variacidn de carga en motor, de
=

manera que la revolucién del motor resulta 1nestable en

particular en.ﬁii?f&egién de revolucidn baja. Ademés, si la

\ N7 . .
salida generada es demasiado grande, el incremento
resultante del rozamiento en una regién de revolucidn baja

influye en gran medida en la revolucidén del motor.

Un objeto de la presente invencidén es proporcionar una

unidad de control de salida para un generador sincrono
110ad  GE

capaz de aumentar una salida generada sin hacer inestable
‘,N’WM
la revolucidn de un motor en una regidn de revolucidn baja.

DESCRIPCION DE LA INVENCION

Para lograr el objeto antes indicado, la presente

a2
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invencién se caracteriza en primer lugar por una unidad de

control de salida para un generador sincrono, incluyendo

edios detectores para detectar| el numero de revoluciones ¢

rotor del erador, medios energizadores para
A
5 energizar co etar devanados de estator para aumentar la

energia generada del generador, y un regulador para

restringir el voltaje de salida del generador a un voltaje

reguladpr,/ “donde la energizacidén con retardo se lleva a
___—edbo cuando el numero de revoluciones del rotor estd en una

10 regién de revolucidén baja y se lleva a cabo para controlar

el voltaje de salida a un valor predeterminado de control

de voltaje menor que el voltaje regulador.
Segun esta primera caracteristica, la salida generada
se incrementa energizando con retardo los devanados de
15 estator. Dado que esta energizacidédn con retardo se lleva a
cabo para controlar el voltaje de salida a un valor de
control de voltaje gque se establece menor que el voltaje
regulador del regulador, la energia generada se puede
incrementar establemente sin poner en funcionamiento el
20 regulador en una regidén de revolucidn baja. A#”j

La presente invencién se caracteriza en segundo lugar

porque, en la energizacidén con gggggizL/éﬁf vde€ﬁ€'7§;_
salida G;rjg;;;ZEE;T;f‘valor predeterminado de control)de \

voltaje cambiando un trabajo de energizacidén a la vez due

25 se mantiene la cantidad de retardo de energizacidn .a un

valor predeterminado. !

La presente invencidén se caracteriza en tercer lugar

porque el valor de control de voltaje tiene un rango
o~ Sl

predeterminado y el trabajo de energizacidn se disminuye

30 ligeramente a la llegada del voltaje de salida a un maximo

e Ty
en el Tango y se incrementa ligeramente a la caida del

voltaje de salida a un valor no superior a un valor minimo

en el rango. Ademéds, la presente invencidédn se caracteriza

en cuarto lugar porque el trabajo de energizacidn se
35 determina segun el numero de revoluciones del generador.

Seguin las caracteristicas segunda a cuarta, dado due
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la temporizacién de retardo e
energia generada vy se puede

juste.

s fija, es féacil ajustar la

mejorar la exactitud del

Bévz DESCRIPCION DE LOS DIBUJOS

nciones de

La lfigu, 1 es un diagrama de bloques dque muestra
orciones principales en una unidad de control

de salida segun una realizacidén de la presente invencidn.

La figura 2 es una vista

en seccién de un dispositivo

de arranque/generador combinado relacionado con la

realizacién.

La figura 3 es un diagrama del sistema principal de

aparatos eléctricos de un vehiculo de motor de dos ruedas

que tiene la unidad de control de salida que realiza la

presente invenciédn.

La figura 4 ilustra una

relacidén entre la velocidad

del motor y una corriente eléctrica generada en el control

de energizacidén de ACG.

La figura 5 ilustra un cambio en voltaje de bateria en

una regién de generacidén de potencia de retardo.

La figura 6 es un diagrama de flujo que muestra los

procesos ejecutados por la unidad de control de salida.

La figura 7 ilustra una temporizacidén entre corrientes

de fase que fluyen en bobinas de estator y salidas de

sensores de angulo de rotor en el control de energizacidn

de ACG.

Y la figura 8 es una tabla de trabajos de energizacidn

usando la velocidad del motor como un parametro.

DESCRIPCION DE UNA REALI

ZACION DE LA INVENCION

Ahora se describira una

invencién con referencia a los

realizacién de la presente

dibujos. La figura 2 es una

vista en seccidén de un dispositivo de arranque/generador

combinado relacionado con una

invencidén. El dispositivo de

realizacidén de la presente

arrangue/generador combinado

it
(que en adelante se denomina

“ACG”), 1indicado en 1, esté

montado, por ejemplo, en un motor de un vehiculotor

de dos ruedas de tipo scooter.
L S Y

El ACG 1 tiene un estator 50

q4
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con devanados trifédsicos (bobinas de estator) y un rotor

exterior 60 conectado a una porcién de extremo de un
b’/‘ =)

cigtierial 20 motor y adaptado para girar {a "lo largo

de eriferia externa del estator 50. El rotor exterior

60 tiene una carcasa de rotor en forma de copa 63 conectada
P P

al cigﬁeﬁal 201 e imanq__ﬁZ qgue @EEEE:Eéﬁguestos en una

superf1c1e periférica interior de la carcasaVde roto 63 en

una direccién circunferencial de yugo de rotor.

Cenicagandd

interna de una porcién de cubo 60a (sobrg una porcidén de

El rotor exterior 60 se monta una periferia

extremo delantero ahusado del ciglieial 201 y se fija con un
perno rfii que se introduce a través del centro de 1la

porcidén de cubo 60a en un agujero roscado en la porcidn de

_~—
extremo del cigliefial 201. E1 estator 50, quelspuesto

fijade a un carter 202 con pernos 279. Ademas, un

_
Eiftiﬁdado de periferia interior del rotor exterior 60,

ventilador 28@//€Eé>fljado al rotor exterlor 60 con pernos
< T
246. Junto al ventilador 280 hay un radiador 282, dque se
N

cubre con una cubierta de ventilador 281.
>
/ carcasa de sensor 28encajada en unha
N—— e
periferia interna del estator 50. Dentro de la carcasa de
sensor 28( se ha~7§I§§ﬁ€§f6_"§§§§§EEE) de é&ngulo de rotor

(sensores de polo magnético) 29 y un sensor de pulsador
——————E————y | ———

(pulsador de encendido) 30 a intervalos iguales (a2 le largo

<
de una periferia externa de un saliente del rotor eXtérior

60. Los sensores de éangulo de rotor 29 son para controlar
[ ——e———g - T —— e,

la'energizacién de las bobinas de estator del ACG 1 y se ha

dispuesto tres sensores de angulo de rotor 29

correspondientes a las fases U, V, y W, respectivamente,

del ACG. Por otra parte, el pulsador de encendido 30 es
—

. -
para controlar el encendido del motor y solamente se ha

previsto dicho pulsador—&gﬂenbendido 30. Cada uno de los

sensores de angulo de rotor 29 y el pulsador de encendido
e

30 puede constituido por un CI Hall o un elemento de
reluctéAncia magnética (RM).

N . N
ilos conductores de los sensores de angulo de rotor

v

v

00
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29y el pulsador de encendido 30conectados a un

sustrato y un mazo de cables conectado al

:___/
sustrato 31. <::j:}ro magnetlco 33

periferia externa del sallente 60a del rotor exterj.or____>

encajado en una
5 mngEEiEEEggs 1 aro magnético 33 en dos etapas para
N
ejercer una accibén magnética en cada uno de los sensores de
angulo de rotor 29 y el pulsador de encendido 30.
En

zona magnetizada del aro magnético 33

correspondiente a los sensores de &ngqulo de rotor 29 se

10 formal /polos N y S alternativamente a intervalos_de 30° en
la direccién circunferencial correspondientemente a los

polos magnéticos del estator 50. En la otra =zona

magnetizada del aro magnético 33 correspondiente al
pulsagfifng_jgmﬁndido 30
15 magnetizada circunferencialmente en el rango de_15° a 40°,

El ACG 1 construido como antes funciona como un motor

sincrono al tiempo de arrancar y es excitado
| Gesds )
corriente eléctrica alimentada{desde
R
que el cigueﬁalﬁggl’gixe y( haciendo )Jpor lo tanto que el

20 motor arrangque. Después del arra
M =
\ funciona como un generador sincrono, carga la bateria con
-9 -G FerEos

con  una

haciendo

na bateria,

corriente eléctrica generada y suministra la corriente
e e e e ettt

eléctrica*gﬂygri@s—aparatos eléctricos.
La figura'3 es upn diagrama del sistema principal de
25 aparatos eléctricos/éi%jizkehicul6<§§>motor de dos ruedas

que tiene una unid e control de salida para el ACG 1. En

la misma figura, una UCE (unidad de control eléctrico) 3

un rectificador de onda completa 4 para

—_——

estd provista

30 ACG 1 y U regulaég;;,Bgﬁpara restringir la salida del

rectificador de onda completa 4 a un voltaje regulad

predeterminado (voltaje operativo del regulador, por

ejemplo, 14,5 V). La UCE)/5?E%?Eij?f?f%fff::ggéggg:z%g un
——

controlador de generacién’jg;\po encia 6 que realiza el

N\ == z ‘/—7 rd
35 ,controlf para Jaumentar la energia generada-cuando el nlUmero

<::jde revoluciones del motor [festd na regién de revolucidnmn

ha formadgj una porcién
T ———————

ue del motor, el ACG 1
N——

Y

/

1oy

/

@
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T .
potehcia 6 se implementa como func1on de una CPU. Los
N 7

sensores de &ngulo de rotor 29 y el pulsador de encendido
k_’.
0 también estédn conectados a la UCE 3 vy sus sefales
detectadas se introducen en la UCE
Una bobina de encendido 2174 conectada a la UCE 3.y
una bujia 22 ¢ conectada a un lado secundario de la
e .
bobina de encendido 21. A la UCE 3 también é%?%%:bonectados
un sensor de <§gulador 23, un sensor de combustible 24, un
interruptor de asiento 25 un interruptor de marcha en
p ENLtO 224 p
vacio 26, y un sensor de temperatura del agua refrigerante

—

re}%r-y sus seflales detectadas se introducen en la UCE 3.
W

También conectados a la UCE 3 un relé de
!:——-‘—‘/’—"—N

dispositivo de arranque 34, un interruptor de dispositivo
oSo kTR OR dmem =
de arranque 35, interruptores de paraq§~d§§__¥_~§7, un
indicador de espera 38, un indicador de combustible 39, un
,\————"’-5 —_— T T
sensor .E___ZSEEEEQEQ__EQﬁ un dispositivoe secundario de
arranque\automético 41, v un faro 42. Se ha dispuesto un
’_’x_/ T

interruptor\regulador.43 en el faro 42.
\.——v

. - ) o~ . .
Se alimenta-gorriente eléctrica a las varias porciones

anteriore na bater&a 2 (a través de\un fusible

pringipal un interruptor principal 45. La bateria 2
esta)conectada directamente a 15‘?@E‘§’5€5§§;£e un relé de

. Ef%fiji:%%f?%f%%?gg’34 VY Fi?ne un circuito mediante el
que {estéd conectada a) la UCE.3Q§§§%£E£>el fusible principal

44 solo sin pasar por el interruptor principal 45.

El controlador de (generacidn de potencia 6 tiene,

ademads de 1la funcidén ordinaria de controlar la energia

generada (voltaje), funcién de energiz&b\con retardo

las bobinas de estator de las tres fasg;7én el/ACG 1¢@desde
la bateria 2 para aumentar la energia genef¥ada (“control de
energizacién de ACG” en adelante). “Energizacidén con
retardo” significa realizadar un retardo correspondiente a un
angulo eléctrico predeterminado a partir de una sefial de

deteccidén obtenida por cualquiera de los sensores de angulo

o
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o>

de rotor 29 al tiempo de un cambio de polo en una zona
magnetizada del aro magnético 33 y energizar las bobinas de
estator. Sin embargo, para evitar la rotacidén inestable del
motor producida por un cambio brusco de la carga del motor
inducida/poa: operacidén del regulador 5 enegic’m de
revolucidén baja,\ el control se hace de manera due un
voltaje de salida (voltaje de bateria) del rectificador de
onda completa 4 eSté//E§§?§i§§ un rango predeterminado de
voltaje que né es més(git Ue el voltaje regulador. //////////

La figura 4 ilustra una relacidén entre la velocidad
del motor y una corriente eléctrica generada detectada
cuando se realiza el control de energizacidén de ACG. En la
misma figura, un rango de velocidades del motor de 1000 a
3500 rpm se establece como un rango de control de
generacién de potencia. En tal regién de revolucidbdbn baja,
una corriente eléctrica generada (salida de ACG) del ACG 1
obtenida por el EgE8gE_in_igggffg;_gggyggglgnal es muy
pequefia. Por lo tanto, la corriente eléctrica generada se
incrementa por el control de energizacién de ACG en el
rango del control de generacién de potencia. El incremento
se designa “energizacidén con retardo” y se indica con una
linea de trazos en la figura. Efectuando el control de
manera qgue la energia generada corresponda a una corriente
de carga normal, es posible garantizar una energia generada
corréspondiente a una cantidad de corriente consumida
también en la regidén de revolucidn baja.

La figura 5 ilustra cémo el voltaje de bateria cambia
en una regién de generacidédn de potencia de retardo. En la
misma figura, el voltaje de bateria Vb se controla en un
rango de voltaje de control de ACG que se define tanto por
un valor maximo de voltaje de control VMax establecido por
debajo del voltaje regulador (14,5 V) como un valor minimo
de voltaje de control VMin. Méas especificamente, se fija
una cantidad de retardo de energizacidn para las bobinas de
estator (por ejemplo 60° ‘en términos de un Aangulo

eléctrico) y el trabajo de energizacién del rectificador de
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onda completa 4 se incrementa o disminuye para controlar el

-

voltaje de bateria Vb a un valor que cae por debajo del
rango de voltaje de control de ACG. Ma&s en particular, a la
llegada del voltaje de bateria Vb al valor maximo de
voltaje ‘de control VMax, el trabajo de energizacién se
disminuye un valor predeterminado muy pequefio (por ejemplo,
1%), mientras que a la caida del voltaje de bateria Vb al
valor minimo de voltaje de control VMin, el trabajo de
energizacidén se incrementa el mismo valor muy pequefno como
antes.

La figura 1 es un diagrama de bloques dque muestra
funciones de porciones principale$({en Ja unidad de contrgl
de energizacién de ACG. En la misma figura, el rectificador

i e e IR
de onda completa 4 tiene FETs (elementos conmutadores

generalmente soélidos) 4a, 4b, 4c, 4d, 4de, y Af @

conectados a las bobinas de estatorQ}U, 1V, v 1W del ACG 1.

al tiempo de arrancar el motor, 1los FETs 4a a 4f son

conmutados por un excitador 46 para mover el ACG 1 como un

motor sincrono, Haciendo que el cigliefial 201 gire, mientras
\

que después del arranque del motor el rotor extericr, a la

inversa, es excitado por el motor y funciona como un motor
e

sincrono, de manera que la corriente alterna generada sea

e e

rectificada por los FETs 4a a 4f y la corriente resultante

se alimenta a 1la bateria 2 y una carga de aparatos

eléctricos 47. También durante la generacidén de potencia(%i)
—

la operacidén del motor, en particular en una revolucidn

baja del motor, los FETs 4a a 4f son controladoé el

excitador 46 de manera que la energizacidén con retardo a

M
las bobinas de estator se lleve a cabo._segun__la presente
—la_presente
invencién, (aumentando) por lo tanto la energia generada. En
\\\—/

cuahto—-al control de la energizaciédn de retardo, se

describird més tarde con referencia a la figura 7.
Una unidad de decisidén de velocidad de motor 48
PP 22
ggggg;g&la velocidad del motor, por ejemplo, en base a una
S§Q§£\,§9,—QEEESEEQE,NEEOPOrCionada por el pulsador de

e
en%gggido 30 o una seflal de frecuencia de un voltaje
W

yOM
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generado y da una orden de retardo al excitador 46 si la

velocidad detectada del motor( estd ™ émyun rango de control

Y = . .
de generacién de potencia_predeterminado. En respuesta a la
e __"—5 -~ ——————

orden de retardo el excitador 46 lee una cantidad

<~
predeterminada de retardo de energizacién en una unidad de

‘-————'————-— ™
establecimiento de cantidad de retardo 49 y energiza con

retardo las bobinas de estator. El trabajo de energizacidn
-

se lee en la unidad de establecimiento de trabajo 31 y se

T e e e e

alimenta al excitador 46. El excitador 46 detecta una sefal

. . <
de deteccién de polo magnético p{39225392§g§~,por cada
sensor de angulo de rotor 29, es decir, una sefial su cada

o L
magnetizada en el aro magnético 33 formado
———

vez que el sensor 29 detecta una porcién de 1la zona
Pt <

correspondientemente a los polos magnéticos del rotor
exterior 60. Después, el excitador 46 hace un retardo

correspondiente a la cantidad de retardo de energizacidn
w—__*/—’

desde € tiempo en la sefial sube y envia una sefial de

control PWM a los FETs 4a-4f.
] . L} L s z
unidad de decisién de voltaje de Dbateria 52
compara el voltaje de bateria Vb Egg_gi_jfigg,mézlma_de
voltaje de control VMax y el valor minimo de voltaje de
g vesor m.n-m°
control VMin que definen el rango de control de voltaje vy,

en base al resultado de la comparacidén, aumenta o disminuye

~ e N e b e S
el trabajo de energizacidén establecido en la unidad de

establecimiento de trabajo 51 de manera que el voltaje de
bateria Vb caiga ng_ggggjo del rango de control anterior.

La figura 6 es un diagrama de flujo que muestra los

procesos ejecutados por la unidad de control de salida
N—— e — o
descrita anteriormente. En la misma figura, se determina en
N s

el paso S1 si la velocidad del motor/estd eh la regidn de

e

control de generacidén de potencia o no. Gomo se ha indicado
v___a/‘—\

anteriormente, la regidén de control de generacién de

potencia se establece, por ejemplo, en_el rango de 1000 a

3500 rpm. Si la velocidad del motor en la regibén de

control de generacién de potencia, el flujo de procesado

avanzad® al paso S2, en el que se comprueba si £ puesto
- ™~
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_lo_

(=1) unvff§3£i33§9£_£§§g que indica que la velocidad del
motor estd en la regién de control de genéracién de
potencia. Si la respuesta es negativa, el flujo avanza al
paso S3 para poner el sefializador FACG (ponerlo a "“1”). Una
vez puesto el seflalizador FACG, el flujo avanza al paso S4,
en el que un valor de retardo de energizacidn ACGAGL se
establece a un valor predeterminado ACGAGL. El1 wvalor
predeterminado ACGAGL se puede establecer a un valor
apropiado con anterioridad, por ejemplo, 60° en términos de

un angulo eléctrico en esta realizacidén. En el paso SSW

siguiente, se pone un trabajo de energizacidn acduty a un

valor inicial ACDUTY. El valor inicial ACDUTY también se
puede poner a un valor apropiado con anterioridad, por
ejemplo, 40% en esta realizacién. Si los procesados de‘los !
pasos 83 a S5 han terminado, el flujo avanza al paso S7.
Ademds, si la respuesta en el paso S2 es afirmativa, se
saltan los pasos S3 a S5 y el flujo avanza al paso S7.

Ademds, si la velocidad del motor no estd en la regidén de

control de generacién de potencia, se reposiciona (=0) el )\
sefializador FACG en el paso S6 y después el flujo avanza al
paso S7.

En el paso S7, se comprueba si el seflalizador FACG
estd puesto o no. Si el sefializador FACG estd puesto (=1),
se determina en el paso S8 si el voltaje de bateria Vb no
es mas pequefio que el valor maximo de voltaje de control
VMax. El valor maximo de voltaje de control VMax se pone a
un valor menor que el voltaje regulador, por ejemplo, 13,5
V. Si la respuesta en el paso S8 es negativa, el fluj
avanza al paso S9, en el que se comprueba si el voltaje d
bateria Vb no es mas grande que el valor minimo de voltaje
de control VMin, valor que se establéce por ejemplo a 13,0
V. Si la respuesta en el paso S9 es negativa, se determina
gque el voltaje de bateria estéd en el rango de voltaje de
energizacién de ACG que es menor que el voltaje regulador
del regulador. Después, el flujo avanza al paso S10, en el

que el control de energizacién de ACG se ejecuta segun la

f
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cantidad de retardo de energizacién acgagl y el trabajo de
energizacidén acduty.

Si se determina en el paso S8 que el voltaje de
bateria Vb no es mas pequefio que el valor maximo de voltaje
de control VMax, el flujo avanza al paso S11, en el que el
trabajo de energizaciédn acduty se disminuye un valor muy
pequefio DDUTY, valor que es por ejemplo 1%. Si se determina
en el paso S9 que el voltaje de bateria Vb no es mas grande
que el valor minimo de voltaje de control VMin, el flujo
avanza al paso S12, en el que el trabajo de energizacidn
acduty se incrementa el valor muy pequefio DDUTY. Después de
los procesados de los pasos S11 y S12, el flujo avanza al
paso S10. El valor muy pequefio DDUTY usado al aumentar el
trabajo de energizacidén acduty y el usado al disminuir el
ACDUTY no tienen que ser siempre iguales entre si. El va}or
muy pequefio DDUTY se puede cambiar en proporcién a la
diferencia entre el valor méximo o minimo del voltaje de
control VMax o VMin y el valor presente.

Por otra parte, si el sefializador FCG no esta puesto
(=0) en el paso S7, dado que la velocidad del motor no esta

en la regién de control de generacidén de potencia, el flujo

avanza al paso S13 para detener el control de energizaciéﬁw/

de ACG.

La figura 7 ilustra una temporizacidédn entre corrientes
eléctricas (corrientes de fase) que fluyen en las tres
fases de las bobinas de estator en el control de
energizacidén de ACG y las salidas de los sensores de angulo
de rotor 29. Como se muestra en la misma figura, en una
condicién normal donde el control de energizacidén de
retardo no se lleva a cabo, se alimenta una corriente
eléctrica a cada una de las fases U, V, y W de las bobinas
de estator en respuesta a cambios positivo-negativo (NS) de
las salidas detectadas obtenidas de los sensores de angulo
de rotor 29. Por otra parte, en el caso en el que el
control de energizacidén de retardo se 1lleva a cabo, se

alimenta una corriente eléctrica a cada una de las fases U,

\Q™
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v, y W de las bobinas de estator con un retardo
cofrespondiente a una cantidad predeterminada de retardo, d
(=60°), a partir del tiempo en que se produce un cambio
positivo-negativo (NS) en la salida detectada obtenida de
cada sensor de dngulo de rotor 29. En la figura 7, un
dngulo de retardo T resultante de troceado de trabajo es
180°, pero se puede determinar dentro de 180° por el
trabajo de energizacién alimentado desde la unidad de
establecimiento de trabajo 51 al excitador 4e.

La figura 8 es una tabla de trabajos de energizacidn
en la que la velocidad del motor, es decir, el numero de
revoluciones del generador se establece como un parametro.
Un trabajo de energizacidén se determina segun una velocidad
detectada del motor y por referencia a la figura 8.

En la realizacién anterior se adopta un sistema de
rotor exterior/rotor interior en el que imanes permanentes
como medios de imdn generadores de flujo de campo estén
dispuestos en el rotor exterior. Sin embargo, la presente
invencién también es aplicable a un generador en el que se
ha dispuesto medios de im&n generadores de flujo de campo
en un rotor interior o un generador que adopta
electroimanes como medios de imédn generadores de flujo de
campo. Ademas, sin usar un valor fijo como la cantidad de
retardo de energizacién acgagl se puede adoptar un control
proporcional, diferencial, o integral, o su combinacién
segun un método de <control de realimentacidén negativa
convencional.

Aplicabilidad Industrial

Como serd evidente por la descripcidén anterior, segun
la invencién definida en 1las reivindicaciones 1 a 4, es
posible aumentar la energia generada establemente sin la
operacién de tipo ordinario de un regulador de voltaje en
una regién de revolucidén baja. En consecuencia, cuando la
invencién se aplica a un generador de vehiculo en el que un
rotor es movido por un motor, es posible disminuir la

variacién de la carga del motor durante la marcha en vacio
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por ejemplo, minimizando por lo tanto la variacién de la
revolucién del motor y estabilizando la operacidn de marcha
en vacio. Segun la invencién definida en las
reivindicaciones 2 a 4, dado dque la temporizacidén de
retardo se fija a un valor preestablecido, la energia
generada se puede ajustar facilmente con una configuracidn

simple y es posible mejorar la exactitud del ajuste.
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REIVINDICACIONES

1. Unidad de

i

que tiene un rotor (60)

control de salida para un dgeneradofi |

provisto de medios (de) %'B{
(62) (50) R

generadores de flujo de campo y un estator

(30)

revoluciones de dicho rotor

detectores detectar un numero de

medios

para
(60);

medios energizadores (46) ra energizar con retardo
T o
dichos devanados de estator para aumentar la energia
—

generada del generador; y
un regulador (5) para restringir un voltaje de salida
del generador a un voltaje de regulacidn,

caracterizado porque dicha energizacidén con retardo se

lleva a cabo cuando el numero de revoluciones de dicho
(60)
a cabo para controlar dicho voltaje de salida a un valor
dicho

rotor estd en una regién de revolucidn baja y se lleva

predeterminado de voltaje de control menor que

voltaje de regulacidn.
2. Unidad de

sincrono (1)

control de salida para un generador

segun la reivindicacién 1, caracterizado

porque en dicha energizacién con retardo, dicho voltaje de
salida se controla a dicho valor predeterminado de voltaje
de control, cambiando un trabajo de energizacién a la vez
que se mantiene una cantidad de retardo de energizacidn a
un valor predeterminado.

3. Unidad de

sincrono (1)

control de salida para un generador

segun la reivindicacidén 2, caracterizado
porque dicho valor de voltaje de control tiene un rango

predeterminado y dicho trabajo de energizacién se disminuye

ligeramente a la llegada de dicho voltaje de sglida a un
valor maximo en dicho rango y se incrementa ligeramente
la caida de dicho voltaje de salida a un valor no superior
a un valor minimo en dicho rango.

4, Unidad de contrél de salida para un motor sincrono

(1) segun la reivindicacién 2 &6 3, caracterizado porque

\V
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dicho trabajo de energizacién se determina segun el numero

(1).

de revoluciones del generador

.
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RESUMEN

UNIDAD DE CONTROL DE SALIDA PARA GENERADOR SINCRONO

Se pretende incrementar la energia generada a la vez
que se mantiene estable 1la revolucidén del motor en una
regidén de revolucidn baja.

El nuimero de revoluciones de un rotor es detectado por
una unidad de decisidén de velocidad de motor (48), y cuando
la velocidad del motor estd en una regién de revolucidn
baja, se realiza un control de energizacidn de retardo para
un rectificador (4) por un excitador (46) para aumentar un
flujo de campo y aumentar por lo tanto la energia generada.
En respuesta a un cambio de polaridad en 1los polos
magnéticos detectado por sensores de &ngulo de rotor (29),
el excitador (46) lee una cantidad de retardo almacenada en
una unidad de establecimiento de cantidad de retardo (49) y
energiza con retardo devanados de estator. Un voltaje de
salida del generador se controla de manera que esté entre
un valor de control de voltaje VMax due es menor dJue un
voltaje regulador de un regulador y un valor de control de

voltaje VMin.
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CLAIMS

[Claim 1] The magnet rotator which has a multipolar magnet field, So that it may be
wound around the tooth part of the armature core which has the tooth part of a large
number on a par with a hoop direction, and this armature core and n phase circuit (n is
two or more integers) may be constituted The stator which the magnetic pole section
which has the armature coil of n phase which consists of a connected coil group, and
was formed at the nose of cam of the tooth part of the aforementioned armature core

is made to counter by the magnet field of the aforementioned magnet rotator, 2n

~on-off control by which the antiparallel connection was carried out to each and n

phase bridge connection was carried out to the diodé—bridge full wave rectifier circuit
and the aforementioned 2n piece diode which consist of 2n diode by which n phase
bridge connection was carried out, and rectify the output of the aforementioned
armature coil The inverter circuit equipped with the switching circuit which consists
of a possible switching device, The position where the physical relationship between
the center position of the magnetic pole section at the nose of cam of the tooth part
of an armature core around which the armature coil of each aforementioned phase is
wound, and the center position of each magnetic pole of the aforementioned magnet
field turns into a relation set up beforehand is detected as a criteria excitation phase
change position of each phase. The position detection equipment which generates a
signal including the information on this criteria excitation phase change position as a
position detecting signal of each phase, The aforementioned magnet rotator in the
direction which starts the aforementioned internal combustion engine to a rotation
*kik sake To pass required polar drive current from DC power supply to the
aforementioned armature coil through the predetermined switching device of the
aforementioned inverter circuit by the position detecting signal of each
aforementioned phase It has the switch control unit which gives a driving signal to the
predetermined switching device of the aforementioned inverter circuit in the
excitation phase change position which has predetermined angle of advance to the
criteria excitation phase change position or this criteria excitation phase change

position detected. The aforementioned magnet rotator is rotated in the direction



which starts the aforementioned internal combustion engine by passing the drive
current commutated to the armature coil of the aforementioned n phase by
predetermined phase sequence from the aforementioned DC power supply at the time
of starting of the aforementioned internal combustion engine. In the motor
combination generator for internal combustion engine starting which takes out the
output of the armature coil of the aforementioned n phase outside through the
aforementioned diode-bridge full wave rectifier circuit, and drives an electric load
after an internal combustion engine starts The motor combination generator for
internal combustion engine starting characterized by winding the single phase
magneto coil which outputs single—-phase alternative current voltage to some of tooth
parts and tooth part groups of the aforementioned armature core.

[Claim 2] The motor combination generator for internal combustion engine starting
according to claim 1 characterized by setting up the aforementioned angle of advance
so that voltage which carries out induction to the aforementioned single phase
magneto coil at the time of starting of the aforementioned internal combustion engine
may be made into the maximum.

[Claim 3] The magnet rotator which has a multipolar magnet field, So that it may be
wound around the tooth part of the armature core which has the tooth part of a large
number on a par with a hoop direction, and this armature core and n phase circuit (n is
two or more integers) may be constituted The stator which the magnetic pole section
which has the armature coil of n phase which consists of a connected coil group, and
was formed at the nose of cam of the tooth part of the aforementioned armature core
is made to counter by the magnet field of the aforementioned magnet rotator, 2n
on—off control by which the antiparallel connection was carried out to each and n
phase bridge connection was carried out to the diode—bridge full wave rectifier circuit
and the aforementioned 2n piece diode which consist of 2n diode by which n phase
bridge connection was carried out, and rectify the output of the aforementioned
armature coil The inverter circuit equipped with the switching circuit which consists
of a possible switching device, The position where the physical relationship between
the center position of the magnetic pole section at the nose of cam of the tooth part
of an armature core around which the armature coil of each aforementioned phase is
wound, and the center position of each magnetic pole of the aforementioned magnet
field turns into a relation set up beforehand is detected as a criteria excitation phase
change position of each phase. The position detection equipment which generates a
signal including the information on this criteria excitation phase change position as a
position detecting signal of each phase, The aforementioned magnet rotator in the
direction which starts the aforementioned internal combustion engine to a rotation
*%xk sake To pass required polar drive current from DC power supply to the

aforementioned armature coil through the predetermined switching device of the



aforementioned inverter circuit by the position detecting signal of each
aforementioned phase It has the switch control unit which gives a driving signal to the
predetermined switching device of the aforementioned inverter circuit in the
excitation phase change position which has predetermined angle of advance to the
criteria excitation phase change position or this criteria excitation phase change
position detected. The aforementioned magnet rotator is rotated in the direction
which starts the aforementioned internal combustion engine by passing the drive
current commutated to the armature coil of the aforementioned n phase by
predetermined phase sequence from the aforementioned DC power supply at the‘ time
of starting of the aforementioned internal combustion engine. In the motor
combination generator for internal combustion engine starting which takes out the
output of the armature coil of the aforementioned n phase outside through the
aforementioned diode-bridge full wave rectifier circuit, and drives an electric load
after an internal combustion engine starts The ignition drive coil which outputs the
single-phase alternative current voltage for driving the ignition for internal combustion
engines to some of tooth parts and tooth part groups of the aforementioned armature
core is wound. The motor combination generator for internal combustion engine
starting characterized by setting up the aforementioned angle of advance so that
voltage which carries out induction to the aforementioned ignition drive coil at the
time of starting of the aforementioned internal combustion engine may be made into
the maximum.

[Claim 4] The magnet rotator which has a multipolar magnet field, So that it may be
wound around the tooth part of the armature core which has the tooth part of a large
number on a par with a hoop direction, and this armature core and n phase circuit (n is
two or more integers) may be constituted The stator which the magnetic pole section
which has the armature coil of n phase which consists of a connected coil group, and
was formed at the nose of cam of the tooth part of the aforementioned armature core
is made to counter by the magnet field of the aforementioned magnet rotator, 2n
on—off control by which the antiparallel connection was carried out to each and n
phase bridge connection was carried out to the diode—bridge full wave rectifier circuit
and the aforementioned 2n piece diode which consist of 2n diode by which n phase
bridge connection was carried out, and rectify the output of the aforementioned
armature coil The inverter circuit equipped with the switching circuit which consists
of a possible switching device, The position where the physical relationship between
the center position of the magnetic pole section at the nose of cam of the tooth part
of an armature core around which the armature coil of each aforementioned phase is
wound, and the center position of each magnetic pole of the aforementioned magnet
field turns into a relation set up beforehand is detected as a criteria excitation phase

change position of each phase. The position detection equipment which generates a



signal including the information on this criteria excitation phase change position as a
position detecting signal of each phase, The aforementioned magnet rotator in the
direction which starts the aforementioned internal combustion engine to a rotation
**kkk sake To pass required polar drive current from DC power supply to the
aforementioned armature coil through the predetermined switching device of the
aforementioned inverter circuit by the position detecting signal of each
aforementioned phase It has the switch control unit which gives a driving signal to the
predetermined switching device of the aforementioned inverter circuit in the
excitation phase change position which has predetermined angle of advance to the
criteria excitation phase change position or this criteria excitation phase change
position detected. The aforementioned magnet rotator is rotated in the direction
which starts the aforementioned internal combustion engine by passing the drive
current commutated to the armature coil-of the aforementioned n phase by
predetermined phase sequence from the aforementioned DC power supply at the time
of starting of the aforementioned internal combustion engine. In the motor
combination generator for internal combustion engine starting which takes out the
output of the armature coil of the aforementioned n phase outside through the
aforementioned diode—bridge full wave rectifier circuit, and drives an electric load
after an internal combustion engine starts The injector drive coil which outputs the
single-phase alternative current voltage inputted into the power supply section of the
injector of a motor—spirit fuel injection equipment is wound around some of tooth
parts or tooth part groups of the aforementioned armature core. *¥¥x¥* to which the
aforementioned angle of advance is set so that voltage which carries out induction to
the aforementioned magneto coil for a fuel-injection—equipment drive at the time of
starting of the aforementioned internal combustion engine may be made into the
maximum —— the motor combination generator for internal combustion engine starting
characterized by things

[Claim 5] The magnet rotator which has a multipolar magnet field, So that it may be
wound around the tooth part of the armature core which has the tooth part of a large
number on a par with a hoop direction, and this armature core and n phase circuit (n is
two or more integers) may be constituted The stator which the magnetic pole section
which has the armature coil of n phase which consists of a connected coil group, and
was formed at the nose of cam of the tooth part of the aforementioned armature core
is made to counter by the magnet field of the aforementioned magnet rotator, 2n
on—off control by which the antiparallel connection was carried out to each and n
phase bridge connection was carried out to the diode-bridge full wave rectifier circuit
and the aforementioned 2n piece diode which consist of 2n diode by which n phase
bridge connection was carried out, and rectify the output of the aforementioned

armature coil The inverter circuit equipped with the switching circuit which consists

.



of a possible switching device, The position where the physical relationship between
the center position of the magnetic pole section at the nose of cam of the tooth part
of an armature core around which the armature coil of each aforementioned phase is
wound, and the center position of each magnetic pole of the aforementioned magnet
field turns into a relation set up beforehand is detected as a criteria excitation phase
change position of each phase. The position detection equipment which generates a
signal including the information on this criteria excitation phase change position as a
position detecting signal of each phase, The aforementioned magnet rotator in the
direction which starts the aforementioned internal combustion engine to a rotation
**+* sake To pass required polar drive current from DC power supply to the
aforementioned armature coil through the predetermined switching device of the
aforementioned inverter circuit by the position detecting signal of each
aforementioned phase It has the switch control unit which gives a driving signal to the
predetermined switching device of the aforementioned inverter circuit in the
excitation phase change position which has predetermined angle of advance to the
criteria excitation phase change position or this criteria excitation phase change

position detected. The aforementioned magnet rotator is rotated in the direction

‘which starts the aforementioned internal combustion engine by passing the drive

current commutated to the armature coil of the aforementioned n phase by
predetermined phase sequence from the aforementioned DC power supply at the time
of starting of the aforementioned internal combustion engine. In the motor

combination generator for internal combustion engine starting which takes out the

‘ output of the armature coil of the aforementioned n phase outside through the

aforementioned diode-bridge full wave rectifier circuit, and drives an electric load
after an internal combustion engine starts The ignition drive coil which outputs the

single-phase alternative current voltage for driving the ignition for internal combustion

engines to some of tooth parts or tooth part groups of the aforementioned armature

core is wound. The injector drive coil which outputs the single—phase alternative
current voltage for inputting into the power supply section of the injector of a
motor—spirit fuel injection equipment to some of other tooth parts or tooth part
groups of the aforementioned armature core is wound. The motor combination
generator for internal combustion engine starting characterized by setting up the
aforementioned angle of advance so that voltage which carries out induction to the
aforementioned ignition drive coil and the aforementioned injector drive cail,
réspectively at the time of starting of the aforementioned internal combustion engine

may be made into the maximum.
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(54) Vehicle power generating system

(57) In a vehicle power generating system having
an AC power generator (100), a quantity which is
related to the state of power generation of the power
generator (100) and varies according to the supply of a
leading phase current (ix-iz) to the power generator
(100), is detected. When the passage of the leading
phase current (ix-iz) through each armature winding
(5a-5¢) is determined as necessary based on the
detected status quantity, the leading phase current (ix-
iz) is supplied to each armature winding (5a-5c) (an
increase in the amount of supply of the leading phase
current (ix-iz) is included). If passage is determined as
unnecessary, then the supply of the leading phase cur-
rent (ix-iz) to each armature winding (5a-5c) is stopped
(a decrease in the leading phase current (ix-iz) is
included). if so, then a change (improvement) in the
state of power generation such as an increase in output
or the like due to the above supply can be achieved by
supplying the leading phase current (ix-iz) thereto when
its change is required. When the above change is
unnecessary, the supply of the leading phase current
(ix-iz) thereto can be stopped to suppress a defective
condition incident to the supply of the leading phase
current (ix-iz) thereto, particularly, the rate of change in
output current, i.e., an increase in ripple. Owing to the
above construction, the supply of the leading phase cur-
rent (ix-iz) to the power generator (100) can be achieved
by a simple circuit configuration and the state of power
generation and the condition of a vehicle can be
improved.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

The present application is related to and claims pri-
ority from Japanese Patent Application No. Hei. 7-
98980, incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a vehicle power
generating system having a vehicle AC power genera-
tor, and particularly to a vehicle power generating sys-
tem capable of controlling the supply of a leading phase
current.

2. Description of Related Art

Japanese Patent Laid-Open No. 4-138030 dis-
closes a vehicle power generating system for rectifying
a current generated from a vehicle synchronous gener-
ator by a three-phase rectifying bridge circuit compris-
ing semiconductor switching devices, each composed
of a MOSFET, thereby charging a battery.

According to the above disclosure, the respective
MOSFETs, which constitute the three-phase rectifying
bridge circuit, are on-off controlled as follows: each of
voltages (also called "phase voltages") applied to arma-
ture windings for respective phases is first compared
with a battery voltage. Next, a high side switch of the
phase for generating a potential higher than the battery
voltage VB is turned on and a low side switch of the
lower potential generating phase of the remaining two
phases is turned on, whereby a battery charging current
is drawn out.

Itis known that output terminals of respective arma-
ture windings employed in a normal three-phase AC
power generator are electrically connected to one
another by leading-phase capacitors to supply leading
phase currents to their corresponding armature wind-
ings, whereby lags produced in the armature currents
are reduced to increase the output of the generator.

However, the vehicle power generating system
according to the aforementioned disclosure has prob-
lems in terms of output, efficiency, vibrations, etc. Fur-
ther, the aforementioned leadingphase current
supplying system using the conventional leading-phase
capacitors has a problem in that since the inductance of
the power generator is large, the size of each capacitor
is excessively increased due to the need for the
increase in capacity of each leading-phase capacitor.

SUMMARY OF THE INVENTION

With the foregoing problems in mind, it is therefore
an object of the present invention tc provide a vehicle
power generating system capable of supplying a lead-
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ing phase current while preventing the system from
increasing in size and complexity.

To solve the above problem, the present inventors
have found that it is particularly advantageous when a
switch is brought into conduction only during a predeter-
mined period (also hereinafter called a "phase period")
in one cycle or period so that a leading phase current is
supplied to its corresponding armature winding, thereby
making it possible to improve the state of power gener-
ation, e.g., the output, the efficiency, the vibrations, efc.
However, the present inventors have also found that the
rate of change in oulput current, i.e., the ripple, is
greatly increased in the case of the supply of the leading
phase current to its corresponding armature winding
during such a specific phase period under the switch
control.

It is another object of the present invention to
improve the state of power generation by the supply of a
leading phase current while suppressing a variation in
output current.

The above objects are achieved in a first preferred
embodiment of the present invention by providing a
vehicle power generating system including an AC power
generator having a field winding for generating field
magnetic flux and armature windings for producing
power-generating outputs and being drivable by an
engine, an AC-DC power converting unit for rectifying a
voltage outputted from each armature winding and sup-
plying the rectified voltage to an electrical load, a field
current control unit for controlling a field current sup-
plied to the field winding, a vollage control unit for con-
trolling the field current control unit to control each of the
outputs produced from the AC power generator to a pre-
determined valus, a state-of-power generation detect-
ing unit for detecting a predetermined quantity of state
of power generation related to a state of power genera-
tion of the AC power generator, a determining unit for
determining, based on the detected quantity of state of
power generation, whether the supply of a leading
phase current to each armature winding is necessary,
and a leading-phase current control unit for starting the
supply of the leading phase current to each armature
winding or increasing the leading phase current when
the determining unit determines the leading-phase cur-
rent supply as being necessary and stopping the supply
of the leading phase current thereto or decreasing the
leading phase current when the determining unit deter-
mines the leading-phase current supply to be unneces-
sary.

The supply of the leading phase current to each
armature winding will mean an increase in the amount
of supply of the leading phase current thereto. Further,
the stop of the supply of the leading phase current
thereto will mean a decrease in the amount of supply of
the leading phase current thereto.

Preferably, when the quantity of state of power gen-
eration exceeds a predetermined first threshold value in
the direction in which the supply of the leading phase
current to each armature winding is necessary, the
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determining unit determines the supply of the leading
phase current to each armature winding as being nec-
essary. In either case, the quantity of state of power
generation, which is related to the state of power gener-
ation of the power generator and varies according to the
supply of the leading phase current to the power gener-
ator, is detected. When the passage of the leading
phase current through each armature winding is deter-
mined as being necessary based on the detected status
quantity, the leading phase current is supplied to each
armature winding (the increase in the amount of supply
of the leading phase cumrent thereto is included). if
determined as being unnecessary, then the supply of
the leading phase current to each armature winding is
stopped (the decrease in the leading phase current is
included).

If so, then a change inthe state of power generation
such as an increase in output or the like due to the
above supply can be achieved by supplying the leading
phase current to each armature winding when its
change is required. When the above change is unnec-
essary, the supply of the leading phase current thereto
can be stopped to suppress a defective condition inci-
dent to the supply of the leading phase current thereto,
particularly, the rate of change in output current, i.e., an
increase in ripple. Namely, when the state of power gen-
eration is improved by the supply of the leading phase
current to the armature winding while suppressing the
change in output current, for example, the quantity of
state of power generation is a physical quantity related
to the capacity of the battery, and the capacity of the
battery can be increased under the leading-phase cur-
rent control if necessary.

Further, according to the present invention, the
increase in ripple can be suppressed when the increase
in output is unnecessary. On the other hand, when the
increase in output is necessary, the output can be
increased by supplying the leading phase current to the
corresponding armature winding. Further, the body
structure of the system having constant rated power can
be reduced in size. Namely, since the leading phase
current is supplied to the corresponding armature wind-
ing without a leading-phase capacitor, it is unnecessary
to provide a large leading-phase capacitor. Therefore,
the body structure of the system can be reduced in size.
The body of the system can be made even smaller due
to the following reasons.

Namely, since an output current greatly increases in
a high-rpm region, the rating of the vehicle power gen-
erating system is defined based on a body structure for
insuring a constant output current value in an idling
speed region (low-rpm region) for providing the mini-
mum generated voltage and output current. The lead-
ing-phase current supply according to the present
invention can determine the following. Since the gener-
ated voltage is low in the idling speed region (low-rpm
region) in the conventional power generator of non-
leading phase system, the proportion of an output cur-
rent carrying period per period or cycle is small. There-
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fore, the effect of extending the output current carrying
period by the leading-phase current supply is found to
be high in the idling speed region (low-rpm region).
Namely, the effect of supplying the leading phase cur-
rent during a period other than the output current carry-
ing period through a semiconductor switching device to
extend the output current carrying period and supplying
the leading phase current to increase the output current
during the output current carrying period is excellent in
the low-rpm region. It is thus apparent that the body
structure for obtaining a constant rated current by the
supply of the leading phase current to each armature
winding can be greatly reduced in size.

The leading-phase current supply and its control
will be described below.

The leading phase current mentioned in the present
invention shows an armature current that flows in the
direction opposite to the direction of an armature volt-
age. By bringing a switch into conduction only during a
predetermined period (also hereinafter called merely a

"phase period”) in one period of the armature current

indicative of alternating current (AC), the corresponding
armature winding is energized.

The leading phase current is supplied in the direc-
tion of flow into the armature winding during a predeter-
mined period after an output current that flows out from
the armature winding has been brought to 0. Further,
the leading phase current is supplied in the direction of
flow out from the armature winding during a predeter-
mined period after a generated current that flows into
the armature winding has been brought to 0. Inciden-
tally, the predetermined period shows a period (phase
period) from a first predetermined phase angular posi-
tion to a second predetermined phase angular position
in one period corresponding to an electrical angle of 2n
of an antiphase armature current of an arbitrary phase.

When an AC voltage is supplied to the AC-DC
power converting unit, a voltage obtained by rectifying
the AC voltage becomes a certain value. Therefore,
phase periods during which the potential at the high-
potential DC power terminal of the AC-DC power con-
verting unit exceeds the armature voltage and a phase
period during which the potential at the low-potential DC
power terminal of the AC-DC power converting unit falls
below the armature voltage inevitably exist. Convention-
ally, these periods are those during which the armature
current is not supplied.

The supply of the leading phase current to each
armature winding during the aforementioned phase
period unit that the current is supplied to precede or
lead in phase the armature voltage during the above
armature current non-carrying period that has inevitably
occurred in the conventional AC-DC power converting
unit (e.g, a three-phase full-wave rectifier). Therefore,
field magnetic fiux is increased because the leading
phase current precedes in phase the armature voltage,

.. .~thus resulting in- an- increase in generated voltage

(armature voltage) and an increase in output.

s
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A further description will be made of the case where
the leading phase current is supplied through a three-
phase inverter circuit corresponding to the AC-DC
power converting means in the appended claims. The
three-phase inverter circuit includes high side switches
for respective phases, which connect output terminals
for the respective phases and a high-potential DC
power terminal, and low side switches for the respective
phases, which connect the output terminals for the
respectlive phases and a fow-potential DC power termi-
nal.

First, a phase current indicative of an antiphase
current flows in the direction of flow into its correspond-
ing armature winding only during the above predeter-
mined time (T, shown in FIG. 5, for example).

When the antiphase current is not supplied, a
phase voltage is normally a value larger than the volt-
age (0V in FIG. 1) at the low-potertial DC power termi-
nal at a time ty' when the predetermined time T» has
elapsed. Thus, when the antiphase current is not Sup-
plied, the phase current (antiphase current) does not
flow into the armature winding from the low-potential DC
power terminal after the time t".

However, when the antiphase current is caused to
flow into its corresponding armature winding through
the high side switch during the predetermined time To, @
counterelectromotive force developed in each armature
winding upon turning off the high side switch at the time
ty is produced in the direction of lowering the potential
at the output terminal of the armature winding refative to
the corresponding phase, i.e., the phase voltage relative
to the corresponding phase. Thus, the phase voltage is
reduced by the counterelectromotive force so that the
phase voltage Va becomes lower than the potential at
the low-potential DC power terminal. As a result, the
antiphase current flows from the low-potential DC power
terminal to the armature winding of the corresponding
phase through a turned-on low side switch or a low side
diode parallel-connected to the low side switch.

In other words, electromagnetic energy is stored in
the armature winding by the antiphase current that does
not fiow upon non-supply of the antiphase current dur-
ing the predetermined time T, and the electromagnetic
energy is discharged after the time t,". The antiphase
current that flows after the time 1", is actually recovered
from the high-potential DC power terminal.

Further, the low side switch is cut off after a prede-
termined time delay since the time when the current
flowing through the low side switch changes from the
direction of flow into its corresponding armature winding
to the direction of flow out therefrom. In doing so, the
capability of power generation can be enhanced owing
to the same operations and effects as those described
above.

An experimental fact that the rate of changs in out-
put current, i.e., a ripple, increases due to the supply of
the leading phase current will next be analyzed where
the leading phase current is supplied by the three-
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phase inverter circuit corresponding to the AC-DC
power converting means.

As described above, the leading phase current
flows out from the armature winding of the given phase
to the low-potential DG power terminal of the AC-DC
power converting unit immediately before the current
flows out from the output terminat (phase oufput termi-
nal) of the armature winding of the phase to the outside
through the high-potential DC power terminal of the AC-
DC power converting unit. When the leading phase cur-
rent is cut off by a semiconductor switching device (i.e.,
a low side switch) of the AC-DC power converting unit,
an induced voltage (Ldi/dt) is produced in the armature
winding so that the leading phase current is intended to
abruptly flow out (rise) through a semiconductor switch-
ing device (high side switch) of the AC-DC power con-
verting unit, which is turned on at this time. Namely,
when the voltage produced in the armature winding is
high, the rising edge of the output current that flows
from the high side switch to. the outside is rendered
steep by the leading phase current pre-supplied to its
corresponding armature winding. Similarly, when the
voltage produced in the armature winding is low, the ris-
ing edge of the output current that flows into the corre-
sponding armature winding through the low side switch,
is rendered steep by the leading phase current pre-sup-
plied to the armature winding, with the result that the
aforementioned ripple is increased by the supply of the
leading phase cumrent to the corresponding armature
winding.

Also, when the quantity of state of power generation
further exceeds a second threshold value exceeding the
first threshold value in the direction opposite to the
direction in which the supply of the leading phase cu-
rent to each armature winding is necessary, the deter-
mining unit determines the supply of the leading phase
current to each armature winding as being unneces-
sary, and the leading phase current may be supplied
when the quantity of state of power generation exceeds
the predetermined first threshold value in the direction
in which the supply of the leading phase current is nec-
essary. in doing so, the control is simplified because so-
called binary control based on the threshold value is
executed. In doing so, hunting can be reduced because
so-called binary control with hysteresis is executed.

Moreover, it is possible that the quantity of state of
power generation includes an electrical status quantity
composed of at least one of a battery voltage, a field
current, the rate of power generation, a generated volt-
age, a load voltage, a generated current and a ripple
ratio. In this way, the state of power generation of the
power generator can be detected and controlled with
ease and reliability.

It is possible that the quantity of state of power gen-
eration includes a velocity status quantity composed of
at least one of the rotational speed of the power gener-
ator, the rotational speed of the engine and a vehicle
speed. In this way, the state of power generation can be
detected and controlled with ease and reliability.

v



7 EP0740394A2 -~ 8

Only when the supply of the leading phase current
is determined as necessary from the result of decision
based on the velocity status quantity and the supply of
the leading phase current is determined as necessary
from the result of decision based on the electrical status
quantity, the leading phase current may be supplied.
Thus, a problem can be avoided that when the state of
rotation of the power generator is improper for the sup-
ply of the leading phase current, a leading-phase cur-
rent carrying command is simply issued based on the
electrical status quantity alone.

Further, when the rotational speed of the engine is
determined as being less than a predetermined rota-
tional speed, the determining unit may determine the
engine as being in an idle state based on the quantity of
state of power generation and when the engine is deter-
mined as being in an idle state, the determining unit
determines the supply of the leading phase current to
each armature winding as necessary. In this way, the
state of power generation of the power generator can be
detected and controlled with ease and reliability.

It is possible that only when the supply of the lead-
ing phase current is determined as necessary from the
result of idle decision and the supply of the leading
phase current is determined as necessary from the
result of decision based on the electrical status quantity,
the leading phase current may be supplied. Thus, the
supply of the leading phase current at the time except
when the power generator is at idle can be stopped.

Incidentally, the effect of increasing an output by the
supply of the leading phase current is particularly excel-
lent at low-rpms such as during idling. This is because
since, at low-rpms such as at idling, the proportion of
the phase period during which the armature voltage
exceeds the potential at the high-potential DC power
terminal is reduced within one period and the proportion
of the leading-phase current carrying enable period
other than the above is increased, and the generated
voltage is low and the output (current) is small, the out-
put increasing effect according to the present invention
by the supply of the leading phase current is enhanced.
Namely, the output increasing effect according to the
present invention significantly appears at low-rpms
such as at idling, that the generated voltage is raised by
the supply of the leading phase current over the above
period; particularly, the period prior to the above period,
the period during which DC is outputted from an arma-
ture winding through the AD-DC power converting unit,
is extended and the output current itself is also
increased.

Thus, shortages in the output can be avoided by
supplying the leading phase current at idle in which the
output is originally low. Further, a variation in output cur-
rent can be reduced at high-rpm in which the output is
usually sufficient.

Moreover, it is possible that the system includes a
detecting unit for detecting a physical quantity related to
the rotational speed of the power generator, and the
leading-phase current control unit determines a timing

20

25

30

35

40

50

55

for supplying the leading phase current to each arma-
ture winding according to the rotational speed of the
power generator detected based on the physical quan-
tity.

Thus, the AC power generator for outputting DC
through the AC-DC power converting unit has, in each
phase, a period during which the armature voltage
(phase voltage) becomes a potential lower than that at
the high-potential DC power terminal of the AC-DC
power converting unit and the period during which the
armature voltage becomes the potential higher than that
at the low-potential DC power terminal thereof and no
current is outputted from each armature winding. Owing
to the turning on of the switch selected for the need for
the leading-phase current control, the leading phase
current is caused to flow through the corresponding
armature winding during these leading-phase current
carrying enable periods. Since the time varies accord-
ing to the rotational speed during these periods, a prob-
lem that the leading phase current is supplied during an
unnecessary period can be solved by adjusting the cur-
rent-carrying periods based on the quantity of state
related to the rotational speed.

As an alternative to basing the decision of the cur-
rent-carrying period on the rotational speed, the maxi-
mum value of the current-carrying period may be
decided.

Further, it is possible that the leading-phase current
control unit starts the supply of the leading phase cur-
rent to each armature winding in leading-phase current
carrying timing in which one of the efficiency and output
of the power generator at the time that the rotational
speed of the engine is a predetermined value becomes
greater than or equal to a predetermined value. In this
way, improvements in output and efficiency can be
achieved and control can be simplified.

Incidentally, the leading-phase current carrying
condition (e.g., the current-carrying timing) for maximiz-
ing the effect of improving the output by the supply of
the leading phase current differs from the leading-phase
current carrying condition for maximizing the effect of
enhancing the efficiency by the supply of the leading
phase current. The leading-phase current carrying
period during which an increase in efficiency becomes
highest is normally shorter than the teading-phase cur-
rent carrying period during which an increase in output
is maximized. .

Moreover, it is possible that the [eading-phase cur-
rent control unit starts the supply of the leading phase
current to each armature winding at a leading-phase
current carrying timing in which one of the efficiency
and output of the power generator at the time that the
rotational speed of the engine is a predetermined idling
engine speed (e.g., 500 - 1000 rpm) becomes greater
than or equal to the predetermined value.

Further, the leading-phase current control unit may
have a high-efficiency power generation mode indica-
tive of a leading-phase current control mode under a
leading-phase current carrying condition in which the
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efficiency of the power generator becomes greater than
or equal to the predetermined value, and a high-output
power generation mode indicative of the leading-phase
current control mode under a leading-phase current car-
rying condition in which the output of the power genera-
tor becomes greater than or equal to the predetermined
value, where the determining unit selects one of both
modes based on the quantity of state of power genera-
tion when the supply of the leading phase current to
each armature winding is determined as being neces-
sary. In this way, high output can be obtained when high
output is needed. When high output is unnecessary,
high efficiency can be aobtained. '

As described above, the leading-phase current car-
rying condition (e.g., the cument-carrying timing) for
maximizing the effect of improving the output by the
supply of the leading phase current is different from the
leading-phase current carrying condition for maximizing
the effect of enhancing the efficiency by the supply of
the leading phase current. In general, the leading-phase
current carrying period during which the increase in effi-
ciency is rendered highest is shorter than the leading-
phase current carmrying period during which the increase
in output is brought to the maximum.

It is thus determined based on the quantity of state
of power generation whether the output leaves a margin
of safety. If it is determined that the output leaves such
a margin, then the leading-phase current carrying con-
dition is shifted from the high-output side to the high-effi-
ciency side. If it is determined that the output lacks such
a margin, then the leading-phase current camrying con-
dition is shifted from the high-efficiency side to the high-
output side. As a result, the aforementioned operations
and effects can be achieved. '

It is also possible that the quantity of state of power
generation includes a battery voltage and the determin-
ing unit determines the supply of the leading phase cur-
rent to each armature winding as being necessary when
the battery voltage is lower than a predetermined first
voltage value and determines the leading-phase current
supply as being unnecessary when the battery voltage
is higher than a predetermined second voltage value
including the predetermined first voltage value. In this
way, the battery voltage can be controlled to a desired
level under the leading-phase current control. This can
bring about an advantage that the above control can be
quickly done owing to the control of the field current.
The range of output control can be also increased in
combination with the field current control.

The leading-phase current control unit may limit the
maximum value of the rate of change in leading phase
current so as to gradually change the leading phase
current; fimit the maximum value of the rate of changein
at least one of a leading-phase current carrying period,

the phase of the carrying leading-phase current relative
to each phase voitage and the average of the leading
phase currenis supplied to the armature windings
thereby to gradually change the leading phase current;
or restrict the maximum value of the rate of change in
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proportion of a leading-phase current carrying period
per predetermined period in which the armature cur-
rents are continuous relative to each other thereby to
gradually change the ieading phase current.

Still further, the leading phase current may be grad-
ually varied, i.e., the leading phase current may be var-
ied at the predetermined maximum rate of increase in
current or the predetermined maximum rate of decrease
in current or less. .

In this way, the foad torque of the power generator
can be prevented from suddenly increasing according to
the supply or non-supply of the leading phase current.
Further, a mechanical shock applied to the engine can
be reduced and a change and increase in the rotational
speed of the engine can be suppressed.

It is possible that the quantity of state of power gen-
eration includes a physical quantity related to at least
one of an output voltage drop at the time of an increase
in the electrical load supplied with power from the power
generator and a reduction in the rotational speed of the
power generator and that the determining unit deter-
mines the gradual change in and supply of the leading
phase current as being necessary when at least one of
the output voltage drop and the reduction in the rota-
tional speed of the power generator is determined as
larger than the other based on the physical quantity. In
this way, the leading-phase current carrying control can
be rapidly performed without the gradual change when
the change in load torque is small.

it is also possibie that the quantity of state of power
generation includes a physical quantity related to a var-
iation in the rotational speed of the engine, and that the
determining unit determines the leading-phase current
supply as necessary when the variation is determined
as large based on the physical quantity and the leading-
phase current control unit suppresses the variation in
the rotational speed of the engine under the control for
the supply of the leading phase current when the lead-
ing-phase current supply is determined as necessary.

Thus, a change in the rotational speed of the
engine is suppressed under the leading-phase current
control in a physical condition (e.g., at idle) under which
the rotational speed of the engine is determined as
being high.

Namely, when the rotational speed of the engine is
high, the leading phase current is supplied to increase
the engine load, whereas when the rotational speed of
the engine is low, the supply of the leading phase cur-
rent is stopped to reduce the engine load. It is therefore
possible to easily and quickly suppress the change in
the rotational speed.

It is still further possible that the quantity of state of
power generation includes a physical quantity related to
vibrations created by the engine, that the determining
unit determines the leading-phase current supply as
being necessary when the vibrations are determined as
large based on the physical quantity, and that the lead-
ing-phase current control unit suppresses the engine
vibrations under the control for the supply of the leading

T
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phase current when the leading-phase current supply is
determined as necessary.

Thus, the vibrations created by the engine can be
suppressed under the leading-phase current controlin a
physical condition (e.g., at idle) under which it is deter-
mined that the engine greatly vibrates.

Namely, the leading-phase current control is exe-
cuted in the direction of suppressing the vibrations at a
frequency the same as the waveform (whose funda-

. mental frequency in particular) of the engine vibrations.
Incidentally, the engine vibrations include rotational

vibrations, reciprocating vibrations and vibrations
obtained by combining these vibrations. However, any
of the vibrations may be controlied.

itis also possible that the quantity of state of power

" generation includes a physical quantity related to the

temperature of a predetermined portion of the power
generator, that the determining unit determines based
on the physical quantity whether the power generator
has a low temperature, and that the leading-phase cur-
rent controf unit stops the supply of the leading phase
current fo each armature winding and reduces the lead-
ing phase current when the power generator is deter-
mined to be low in temperature and starts the supply of
theleading phase current to each armature winding and
increases the leading phase current when the power
generator is determined to be in a non-low temperature
state. .
Thus, when the power generator is low in tempera-
ture, the supply of the leading phase current is stopped.
Namely, when the power generator is at a low tempera-
ture, the resistance of each winding employed in the
power generator is low and the output is increased
under the same physical conditions as compared with
the generator at a high temperature. It is thus possible
to prevent the output current from flowing beyond
expectations or need and prevent the engine load from
becoming heavy.

ltis possible that the leading-phase current control
unit includes a normal/reverse energization open-

" ing/closing circuit having high side switches respectively

composed of semiconductor switching devices for indi-
vidually connecting a high-potential DC power terminal
and output terminals of the armature windings for
respective phases and low side switches respectively
composed of semiconductor switching devices for indi-
vidually connecting a low-potential DG power terminal
set to a potential lower than that at the high-potential DC
power terminal and the output terminals of the armature
windings, and a controller for controlling the nor-
mal/reverse energization openiny/closing circuit.

In this way, the leading-phase current control unit
can be simply constructed. Particularly, when the nor-
mal/reverse energization opening/closing circuit dou-
bles as the AC-DC power converting unit, the circuit
configuration can be further simplified.

- Also, it is possible that the leading-phase current
control unit includes a short-circuiting circuit composed
of a plurality -of semiconductor switching devices for
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short-circuiting between the output terminals of the
armature windings for the respective phases and a con-
troller for controlling the opening and closing of each
semiconductor switching device. In this way, the lead-
ingphase current control unit can be simply con-
structed.

It is further possible that the detecting unit for
detecting a difference in potential between at least one
of the high-potential DC power terminal and the low-
potential DC power terminal of the AC-DC power con-
verting unit and the output terminal of each armature
winding and at least one of the armature cumrents is pro-
vided and the leading-phase current control unit sets a
timing for opening and closing each semiconductor
switching device based on at least one of the potential
difference and at least one armature current. In this way,
itis then unnecessary to provide a turning-angle sensor,
i.e., an absolute type rotary encoder. As a resuit, the
system structure can be simplified.

It is possible that each semiconductor switching
device incorporates therein a current detection resistive
element for detecting the armature current; for example,
the current detection resistive element for detecting
each armature current may be integrated into an IC chip
with the semiconductor switching devices integrated
therein to simplify the system structure.

It is also possible that the controller turns off each
high side switch after a predetermined period has
elapsed since a potential at the output terminal of each
armature winding has become less than a potential at
the high-potential DC power terminal and turns off each
low side switch after a predetermined period has
elapsed since the potential at the output terminal of
each armature winding has become greater than a
potential at the low-potential DC power terminal. Thus,
the leading phase current can be cut off at an optimum
timing with ease and reliability.

It is further possible that the controller turns on

_each high side switch after a predetermined period has

elapsed since the potential at the output terminal of
each armature winding has become greater than the
potential at the low-potential DC power terminal and
turns on each low side switch after a predetermined
period has elapsed since the potential at the output ter-
minal of each armature winding has become less than
the potential at the high-potential DC power terminal.

Moreover, it is possible that each low side switch is
turned on after the predetermined period has elapsed
since the potential at the output terminal of each arma-
ture winding has become less than the potential at the
high-potential DC power terminal (i.e., after the arma-
ture current has been inverted) and each high side
switch is turned on after the predetermined period has
elapsed since the potential at the output terminal of
each armature winding has become greater than the
potential at the low-potential DC power terminal (j.e.,
after the armature current has been reversed). The
leading phase current can be supplied in optimum tim-
ing with ease and reliability if done in this way.

VA
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Particularly, when the high side switch and the low
~ side switch identical in phase to each other are reverse-
operated, the armature winding for each phase is
always electrically connected to either the high side
switch or the low side switch. Thus, a large counterelec-
tromotive force at the time of cutoff of either the high
side switch or the low side switch can be prevented from
being applied to the corresponding semiconductor
switching device as a surge voltage.

It is also possible that the controller turns on the
semiconductor switching devices of the short-circuiting
circuit for allowing the leading phase current to flow in
_each armature winding after the potential at the output
terminal of each armature winding has become less
than the potential at the high-potential DC power termi-
nal, turns on the semiconductor switching devices of the
short-circuiting circuit for allowing the leading phase
current to flow out from each armature winding after the
potential at the output terminal of each armature wind-
ing has become greater than the potential at tha low-
potential DC power terminal and turns off the semicon-
ductor switching devices of the short-circuiting circuit
after a predetermined time has elapsed since the turn-
ing-on. .

Thus, the leading phase current can be turned on
and off in optimum timing with ease and reliability.

The system may also include a phase angle detect-
ing unit for detecting a rotational phase angle of a rotor
of the AC power generator, where the leading-phase
current control unit controls the opening and closing tim-
ing ot each semiconductor switching device based on
the ‘rotational phase angle. In this way, the leading
phase current can be turned on and off at an optimum
timing with reliability.

Each semiconductor switching device may include

a MOSFET. Since the MOSFET is able to provide bidi- .

rectional energization, the semiconductor switching
device can be constructed of a single element. Since
the MOSFET incomporates a pair of parasitic junction
diodes between one of the source and drain thereof and
a well region in particular, an advantage occurs in that if
one of the pair of junction diodes is short-circuited upon
application to each high side switch or each low side
switch of the normalfreverse energization opening/clos-
ing circuit, then an excessive current can be shunted by
the other diode.

The MOSFET may include SiC as a material. Since
SiC has a high withstand voltage and a low on-resist-
ance, a reduction in loss and an increase in voltage can
be achieved.

The above objects are - achieved according to
another aspect of the invention by providing a vehicle
power generating system including an AC power gener-
ator having a field winding for generating field magnetic
flux and armature windings for producing power-gener-
ating outputs and driven by an engine, a field current
control unit for controliing a field current supplied to the
field winding, a voltage control unit for controlfing the
field current control unit to contro! each of the outputs
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from the AC power generator to a predetermined value,
and a leading-phase current control unit for controlling
the supply of a leading phase current to each armature
winding, where the leading-phase current control unit
limits the maximum value of the rate of change in lead-
ing phase current to gradually change the leading
phase current.

In this way, it is possible to prevent an abrupt
change in load torque of the power generator incident to
the supply or non-supply of the leading phase current,
reduce a mechanical shock applied to the engine and
suppress an increase in variations in the rotational
speed of the engine.

The above objects are achieved accordxng to a fur-
ther aspect of the invention by providing a vehicle power
generating system including an AC power generator
having a field winding for generating field magnetic flux
and armature windings for producing power-generating
outputs and driven by an engine, a field current control
unit for controlling a field current supplied to the field
winding, a voltage control unit for controlling the field
current control unit to control each of outputs produced
from the AC power generator to a predetermined value,
a detecting unit for detecting a physical quantity related
to' a variation in the rotational speed of the engine, a
leading-phase current control unit for controlling the
supply of a leading phase current to each armature
winding, and a determining unit for determining the
magnitude of the variation in the rotational speed of the
engine based on the physical quantity, whereby the
leading-phase current control unit supplies the leading
phase current to each armature winding when the vari-
ation is determined to be large.

Thus, a change in the rotational speed of the
engine is reduced under the control of the leading
phase current. Namely, when the rotational speed of the
engine is high, the leading phase current is supplied to
increase the engine load. On the other hand, when the
rotational speed of the engine is low, the supply of the
leading phase current is stopped to lighten the engine
load. As a result, the rotational speed of the engine can
be easily and quickly prevented from varying.

The above objects are achieved according to still
another aspect of the invention by providing a vehicle
power generating system including an AC power gener-
ator having a field winding for generating field magnetic
flux and armature windings for producing power-gener-
ating outputs and driven by an engine, a field current
control unit for controlling a field current supplied to the
field winding, a voltage confro! unit for controlling the
field current control unit to control each of outputs pro-
duced from the AC power generator to a predetermined
value, a detecting unit for detecting a physical quantity
related to vibrations created by the engine, a leading-
phase current control unit for controlling the supply of a
leading phase current to each armature winding, and a
determining unit for determining the magnitude of the
engine variations based on the physical quantity,
whereby the leading-phase current control unit supplies
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the leading phase current to each armature winding
when the vibrations are determined as large.

in this way, vibrations created by the engine are
reduced under the control of the leading phase current.
Namely, the leading phase current is controlled in the
direction of suppressing the vibrations at the same fre-
quency as that (particularly, fundamental frequency) of
a detected and estimated engine vibrating waveform.
Incidentally, the engine vibrations include rotational
vibrations, reciprocating vibrations and vibrations
obtained by combining them. However, any of them may
be controlled.

The above objects are achieved according to yet
another aspect of the present invention by providing a
vehicle power generating system including an AC power
generator having a field winding for generating field
magnetic flux and armature windings for producing
power-generating outputs and driven by an engine, a
field current control unit for controlling a field current
supplied to the field winding, a voltage control unit for
controlling the field current controt unit to control each of
outputs produced from the AC power generator to a pre-
determined value, a detecting unit for detecting a physi-
cal quantity related to the temperature of a
predetermined portion of the AC power generator, a
leading-phase current control unit for controlling the
supply of a leading phase current to each armature
winding, and a determining unit for determining based
on the physical quantity whether the AC power genera-
tor is at a low temperature, whereby the leading-phase
current control unit stops the supply of the leading
phase current to each armature winding and reduces
the leading phase current when the AC power generator
is determined as fow in temperature and starts the sup-
ply of the leading phase current to each armature wind-
ing and increases the leading phase cumrent when the
AC power generator is determined as being at a non-
low temperature. i

Thus, an output excessively-producing phenome-
non at a low temperature is suppressed under the con-
trol of the leading phase current in the vehicle power
generating system having the AC power generator.

Namely, when the power generator is at a low tem-
perature, the resistance of each winding employed in
the power generator is low and the output is increased
under the same physical condition as compared with at
a high temperature. It is thus possible to prevent the out-
put current from flowing beyond expectations or need
due to the stop of the supply of the leading phase cur-
rent at the low temperature and prevent the engine foad
from becoming heavy.

The above and other objects, features and advan-
tages of the present invention will become apparent
from the following description and the appended claims,
taken in conjunction with the accompanying drawings in
which preferred embodiments of the present invention
are shown by way of illustrative example.
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BRIEF DESCRIPTION OF THE DRAWINGS

Additional objects and advantages of the present
invention will be more readily apparent from the follow-
ing detailed description of preferred embodiments
thereot when taken together with the accompanying
drawings in which:

FIG. 1 is a circuit diagram for explaining an overall
configuration of a system according to the present
invention;

FIG. 2 is a single-phase circuit diagram of a three-
phase full-wave rectifier 11 shown in FIG. 1;

FIGS. 3A - 3D are timing charts for describing the
waveforms of a phase current and a phase voltage
and opening/closing timings of MOSFETs 11a and
11d at the time of control of a non-leading phase
current by the vehicle power generating system
shownin FIG. 1;

FIGS. 4A - 4F are timing charts for describing the
waveforms of a phase current and a phase voltage
and opening/closing timings of the MOSFETs 11a
and 11d at the time of control of a leading phase
current by the vehicle power generating system
shown in FIG. 1;

FIG. 5 is a flowchart for describing the control oper-
ation of a controlier 7 shown in FIG. 1 at the time of
control of the non-leading phase current; _
FIGS. 6 and 7 are a flowchart for describing ancther
control operation of the controller 7 shown in FIG. 1
at the time of the control of the leading phase cur-
rent;

FIG. 8 is a circuit diagram for explaining a second
embodiment of the vehicle power generating sys-
tem shownin FIG. 1;

FIGS. 9A - 90 are timing charts for describing the
relationship between phase angles and the phases
of gate signals at the time of control of non-leading
phase and leading phase currents by the vehicle
power generating system shown in FIG. 8;

FIG. 10 is a circuit diagram for explaining a third
embodiment of the vehicle power generating sys-
tem shown in FIG. 1;

FIG. 11 is a circuit diagram for explaining a fourth
embodiment of the vehicle power generating sys-
tem shown in FIG. 1;

FIGS. 12 and 13 are a flowchart for describing the
control operation of a controller shown in FIG. 12 at
the time of control of a non-leading phase cument;
FIG. 14 is a flowchart for describing the control
operation of the first embodiment of a vehicle power
generating system of the present invention;

FIG. 15 is a characteristic diagram illustrating the
relationship between the delay phase-angle vaiue &
and efficiency and the output all obtained in the first
embodiment at the time of control of a leading
phase current;

FIG. 16 is a timing chart for describing variations in
output current obtained in the first embodiment at
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the time of control of the leading and non-leading
phase currents;

FIG. 17 is a characteristic diagram showing the
relationship between the output current and the
rotational speed of a generator both cbtained in the
first embodiment at the time of control of the leading
and non-leading phase currents;

FIG. 18 is a flowchart for describing the control
operation of the second embodiment;

FIG. 19 is a flowchart for describing the control
operation of the third embodiment;

FIG. 20 is a flowchart for describing the control
operation of the fourth embodiment;

FIGS. 21A - 21C are timing charts for explaining
effects obtained in the fourth embodiment;

FIG. 22 is a flowchart for describing the control
operation of the fourth embodiment;

FIG. 23 is a timing chart for describing effects
obtained in a fifth embodiment according to the
present invention;

FIG. 24 is a flowchart for describing a modification
of the fifth embodiment;

FIG. 25 is a flowchart for describing the control
operation of a sixth embodiment according to the
present invention;

FIG. 26 is a flowchart for describing the control
operafion of a seventh embodiment according to
the present invention; and

FIG. 27 is a flowchart for describing the control
operation of an eighth embodiment of the present
invention. :

DETAILED DESCRIPTION OF THE PRESENTLY
PREFERRED EXEMPLARY EMBQDIMENTS

An overall configuration of a vehicle power generat-
ing system according to the present invention will here-
inafter be described with reference to the block diagram
shown in FIG. 1.

As shown in the block diagram of FIG. 1, the vehicle
power generating system includes a three-phase syn-
chronous generator (e.g., an AC power generator) 100,
a three-phase full-wave rectifier (corresponding to the
AC-DC power converting means and normalfreverse
energization opening/closing circuit as recited in the
appended claims) 11 for rectifying AC current generated
by the three-phase synchronous generator 100, and a
controller 7. The three-phase full-wave rectifier 11 and
the controller 7 constitute a determining means and a
leading phase current supplying means as recited in the
appended claims.

A current generated in each of armature coils 5a
through 5c is rectified by the three-phase full-wave rec-
tifier 11. A field current passing through a field coil 4¢c is
controlled by the controller 7. When the field coil 4c¢
through which the field current is passed is rotated, a
three-phase AC voltage is induced in the armature coils
Sa through 5c.
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The three-phase full-wave rectifier 11 comprises an
inverter circuit of a type wherein MOSFETs 11a through
11f each composed of SiC are provided in the form of a
three-phase bridge connection. A high-potential DC
output terminal of the three-phase full-wave rectifier 11
is electrically connected to a high-potential terminal of a
battery 9 and one terminal of an electrical load 10, and
a low-potential DC output terminal thereof is electrically
grounded together with a low-potential terminal of the
battery 9 and the other end of the electrical load 10.

The controller 7 is implemented using a microproc-
essor and controls the conductivity of a field current If
using pulse width modulation (PWM) techniques so that
a battery voltage VB matches a predetermined gener-
ated voltage. Further, the controller 7 generates gate
voltage signals Ga through Gf based on voltage drop
signais Pa through Pf to be described later, which are
individually inputted from their corresponding Si-MOS-
FETs 11a through 11f and applies the produced gate
voltage signals Ga through Gf to their corresponding
gate electrodes of the Si-MOSFETs 11a through 11f.
Incidentally, reference numeral 70 indicates a field tem-
perature detector, which is attached to the generator
and generates a temperature signal corresponding to
the temperature of a field winding.

An a-phase inverter of the three-phase full-wave
rectifier 11 will now be described with reference to FIG.
2.

The Si-MOSFET 11a which serves as a high side
switch and the Si-MOSFET 11d which serves as a low
side switch are each N-channel type devices and are
connected in series with one another. The Si-MOSFET
11a has an N-type region on the armature coil side,
which serves as a drain region during power generation,
an N-type region on the battery side, which serves as a
source region during power generation, and a P-well
region provided directly under the gate electrode 114a
thereof. A PN junction between these N-type regions
and the P-well region forms a parasitic diode.

In the Si-MOSFET 11a serving as the high side
switch, the P-well region and the N-type region on the
armature coil side are short-circuit connected to one
another. Further, the N-type region on the armature coil
side and an output terminal of the armature coil 5a are
electrically connected to each other through a small
resistance used for the detection of a current, such as a
small resistance 113a formed on a chip with an insulat-
ing film interposed therebetween by patterning a semi-
conductor or a metallic tfrace or the like having a
predetermined resistivity. Thus, the cument can be
detected by detecting a voltage drop developed across
the low resistor 113a.

In the Si-MOSFET 11d, similarly to the above, a P-
well region and an N-type region on the side opposite
the armature coil side are short-circuit connected to
each other. Further, the N-type region on the side oppo-
site the armature coil side and a ground terminal are

" electrically connected to each other through a small

resistance 113d for the detection of a current. Thus, the
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current can be detected by detecting a voltage drop
developed across the resistor 113d. The remaining
other Si-MOSFETs 11b, 11e, 11c and 11f respectively
have resistors similar to the above resistors and include
terminals Pb through Pf electrically connected to their
corresponding points where N-type regions and the
resistors are electrically connected to one ancther. Inci-
dentally, the parasitic diodes 112a and 112d of the Si-
MOSFETs 11a and 11d serve as current paths or chan-
nels used for supplying the generated current to the bat-
tery 9.

Thus, a current that flows when the Si-MOSFET
11a is turned on can be detected from the difference
between a phase voltage Va and a potential applied to a
connecting terminal Pa. Similarly, channel currents that
flow in the Si-MOSFETs 11b through 11f can be
detected.

Incidentally, the respective gate voitages are suffi-
ciently high and each of the Si-MOSFETs 11a through
11f is used in a non-saturation active region (i.e., in an
operating mode in which a channel is not pinched off in
a depletion layer).

The opening/closing timing of each of the Si-MOS-

FETs 11a through 11f of the three-phase full-wave rec- -

tifier 11 will next be described.
(Where no leading phase current is supplied):

One example of the control for performing the non-
supply of the leading phase current will first be
described. FIG. 3Bis a timing chart of the phase voltage
Va developed in the armature coil 5a.

The control of the Si-MOSFET 11d, which serves
as the a-phase low side switch, is performed as follows.
It is checked whether the phase voltage Va of the arma-
ture coil Sa is lower than the ground voitage VE = 0V
and other phase voltages Vb and Vc. If the phase volt-
age Va is found to be lower than these voltages, then
the Si-MOSFET 11d is turned on. The turning-off of the
Si-MOSFET 11d is carried out at the time when the
phase voltage Va has become higher than the ground
voltage. The contro! of opening and closing of each of
the Si-MOSFETs 11e and 11f which serve as the low
side switches of other phases is performed in the same
manner as described above.

One example of a subroutine for executing a non-
leading phase mode will be described in accordance
with a flowchart shown in FIG. 5. The subroutine shown
in the flowchart will be executed while interrupting an
unillustrated main routine at regular time intervals.

It is first checked whether a phase voltage Va of an
x-phase exceeds the battery voltage VB (Step 200). I
the answer is YES, then the high side switch 11a is
turned on (Step 202). If the answer is NO, then the high
side switch 11a is turned off (Step 204). A check is next
made as to whether the phase voltage Va is smaller
than OV corresponding to a potential at the low-potential
terminal of the battery (Step 206). If the answer is YES,
then the low side switch 11d is turned on (Step 208). If
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the answer is NO, then the low side switch 11d is turned
off (Step 210).

It is next checked whether a phase voltage Vb of a
y-phase exceeds the battery voltage VB (Step 212). If
the answer is found to be YES, then the high side switch
11bis turned on (Step 214). If the answer is found to be
NO, then the high side switch 11b is turned off (Step
216). A check is next made as to whether the phase
voltage Vb is lower than 0V comresponding to the poten-
tial at the low-potential terminal of the battery (Step
218). If the answer is found to be YES, then the low side
switch 11e is turned on (Step 220). If the answer is
found to be NO, then the low side switch 11e is turned
off (Step 222).

It is next checked whether a phase voitage Vc of a
z-phase exceeds the battery voltage VB (Step 224). If
the answer is found to be YES, then the high side switch
11¢is turned on (Step 226). If the answer is found tobe
NO, then the high side switch 11¢ is turned off (Step
228). A check is next made as to whether the phase
voltage Vc is lower than OV corresponding to the poten-
tial at the low-potential terminal of the battery (Step
230). If the answer is found to be YES, then the low side
switch 11f is turned on (Step 232). if the answer is found
1o be NO, then the low side switch 11f is turned off (Step
234). Thereafter, execution returns to the main routine.

(Where the leading phase current is supplied):

One example of control for performing the supply of
the leading phase current will now be described. FIG.
4B is a timing chart of the phase voitage Va developed
in the armature coil 5a.

in the present embodiment, the turning-on timing of

'the Si-MOSFET 11a, which serves as the high side

switch, is provided at the time when. a phase current
flowing therein changes from negative to positive, i.e., a
time t,'(=t,) delayed by T,(=T,) from a time t,
when a voltage drop Vpsd developed across the low
resistor 113d changes from negative to positive. The
turning-on timing of each of the other Si-MOSFETs 11b
and 11¢, which serve as the high side switches, is pro-
vided in the same manner as described above. Further,
the turning-on timing of the Si-MOSFET 11d, which
serves as the low side switch, is provided at the time
when a phase current flowing therein changes from
positive to negative, i.e., a time t,' delayed by T, from a
time t; when a voltage drop Vpsa developed across the
low resistor 113a changes from positive to negative.
The turning-on timing of each of other Si-MOSFETs 11e
and 11f, which serve as the low side switches, is pro-
vided in the same manner as described above.

On the other hand, the turning-on timing of each of
the Si-MOSFETs 11a through 11f is extended up to the
timing after a phase period of about 180° from the turn-
ing-on timing in the present embodiment. Namely, the
Si-MOSFET 11a is turned off simultaneously with or
immediately before the turning on of the Si-MOSFET
11d, whereas the Si-MOSFET 11d is turned off simuita-
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neously with or immediately before the turning on of the
Si-MOSFET 11a.

One example of a subroutine for executing a lead-
ing phase control mode will be described in accordance
with flowcharts shown in FIGS. 6 and 7.

it is first checked whether a flag F2 for making a
decision as to whether the execution of the subroutine is
regarded as the first execution or not is 1 (Step 290). I
the execution of the subroutine is found to be other than
the first execution (F2 = 1), then execution jumps to
Step 300. If the execution of the subroutine is found to
be the first execution (F2 = 0), then only the operation
for bringing the MOSFETSs 11a through 11f into conduc-
tion (i.e., tumning them on) is performed using the non-
leading phase control routine shown in FIG. 5 (Step
292). Further, the flag F2 is set to 1 and execution pro-
ceeds to Step 300 {Step 294). Incidentally, the flag F2
will be reset to 0 upon power-up.

It is first checked at Step 300 whether the current or
armature current ix flowing in the low side switch 11d
changes from negative to positive, i.e., from the direc-
tion in which the current flows into the stator winding 5a
to the direction in which the current flows out into the
low-potential DC power terminal (0V) during a turning-
on period of the low side switch 11d. if the answer is
found to be YES, then an internal timer d is started
(Step 302). If the answer-is found to be NO, it is then
checked whether the current or armature current ix flow-
ing in the high side switch 11a changes from positive to
negative, i.e., from the direction in which the current
flows out from the stator winding 5a to the high-potential
DC power terminal to the direction in which the current
flows into the stator winding 5a during a turning-on
period of the high side switch 11a (Step 304). If the
answer is found to be YES, then an internal timer a is
started (Step 306). If the answer is found to be NO, then
execution praceeds to Step 308.

ltis first checked at Step 308 whether the current or
armature current iy flowing in the low side switch 11e
changes from negative to positive i.e., from the direction
in which the cumrent flows into the stator winding 5b to
the direction in which the current flows out into the low-
potential DC power terminal (OV) during a turning-on
period of the low side switch 11e. If the answer is found
tobe YES, then an internal timer e is started (Step 310).
If the answer is found to be NO, it is then checked
whether the current or armature current iy flowing in the
high side switch 11b changes from positive o negative,
i.e., from the direction in which the current flows out
from the stator winding 5b to the high-potential DC
power terminal to the direction in which the current flows
into the stator winding 5b during a turning-on period of
the high side switch 11e (Step 312). If the answer is
found o be YES, then an internal timer b is started
(Step 314). If the answer is found to be NO, then execu-
tion proceeds to Step 316.

ltis first checked in Step 316 whether the curent or
armature current iz flowing in the low side switch 11f
changes from negative to positive i.e., from the direction
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in which the current flows into the stator winding 5c to
the direction in which the current flows out into the low-
potential DC power terminal (V) during a turning-on
period of the low side switch 111. if the answer is found
to be YES, then an internal timer f is started (Step 318).
if the answer is found to be NO, it is then checked
whether the current or armature current iz flowing in the
high side switch 11c¢ changes from positive to negative,
i.e., from the direction in which:the current flows out
from the stator winding 5S¢ to the high-potential DC
power terminal to the direction in which the current flows
into the stator winding 5c during a turning-on period of
the high side switch 11c (Step 320). lf the answer is
found to be YES, then an internal timer ¢ is started
(Step 322). If the answer is found to be NO, then execu-
tion proceeds to Step 400.

At Step 400, a checkis made as fo whether the time
measured by timer d is over, i.e., only a predetermined
delay time AT=T, =T, has elapsed. If it is deter-
mined at Step 400 that the time period measured by
timer d is not over, then execution proceeds directly to
Step 404. [f it is determined at Step 400 that the timer d
is over, then the low side switch 11d is turned off and the
high side switch 11a is turned on. Further, the timerdis
reset to 0 and thereafter execution proceeds to Step
404,

It is checked at Step 404 whether the time period
measured by timer a is over, i.e., only the predeter-
mined delay time (leading-phase current carrying or
energizing time) AT=T, =T, has elapsed. If the
answer is found to be NO at Step 404, then execution
proceeds directly to Step 408. f the answer is found to
be YES at Step 404, then the low side switch 11d is
turned on and the high side switch 11a is turned off. Fur-
ther, the timer a is reset to 0 and thereafter execution
proceeds to Step 408.

it is checked at Step 408 whether the time period
measured by timer e is over, i.e., only the predeter-
mined delay time AT=T, =T, has elapsed. If the
answer is found to be NO at Step 408, then execution
proceeds directly to Step 412. if the answer is found to
be YES at Step 408, then the low side switch 11e is
turned off and the high side switch 11b is turned on.
Further, the timer e is reset 10 0 and thereafter execution
proceeds to Step 412.

It is checked at Step 412 whether the time period
measured by timer b is over, i.e., only the predeter-
mined delay time AT=T,=T, has elapsed. If the
answer is found to be NO at Step 412, then execution
proceeds directly to Step 416. If the answer is found to
be YES at Step 412, then the low side switch 11e is
turned on and the high side switch 11b is turned off. Fur-
ther, the timer b is reset to 0 and thereafter execution
proceeds to Step 416,

it is checked at Step 416 whether the time period
measured by timer f is over, i.e., only the predetermined
delay time AT =T, =T, has ¢lapsed. If the answer is

- found to be NO at Step 416, then execution proceeds

directly to Step 420. If the answer is found to be YES at
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Step 416, then the low side switch 11f is turned off and
the high side switch 11c is turned on. Further, the timer
fis reset to 0 and thereafter execution proceeds to Step
420.

It is checked at Step 420 whether the time period
measured by timer c is over, i.e., only the predetermined
delay time AT =T, = T, has elapsed. If the answer is
found to be NO at Step 420, then execution proceeds
directly to Step 102. If the answer is found to be YES at
Step 420, then the low side switch 111 is turned on and
the high side switch 11¢ is turned off. Further, the timer
cis reset to 0 and thereafter execution proceeds to Step
102.

In doing so, the paths or channels through which
leading phase components are supplied to their arma-
ture coils 5a, Sb and Sc can be formed due to delays at
the time of the turning off referred to above, thus result-
ing in the increase in the field. Even if the Si-MOSFET
11a has reached the time t;, for example, the Si-MOS-
FET 11a is not turned OFF. Therefore, the turning off
thereof is delayed by the time interval AT=T,=T,.
Similarly, the tuming off of the Si-MOSFET 11d is also
made at the time t,' delayed by AT =T, = T, from the
time t,. Thus, the current can be provided to each of the
armature coils 5a through 5c. As a result, the current
whose phase leads the phase voltage by a (see FIGS.
4A-4F) for producing a field increasing action is sup-
plied to the stator coil 5a. It is now necessary to set the
sum of a charging interval or period T, (= T4) and the
delay time AT =T, = T, to an electrical angle of 180°
or less. Even if the phases are controlled in a state in
which the b phase is allowed to lag the a phase by an
electrical angle of 120° and the ¢ phase is allowed to
lead the a phase by an electrical angle of 120°, the lead-
ing phase control over the three phases can be per-
formed.

In the aforementioned control example, each of the
switches 11a through 11f is turned on only during an
interval of 180°. However, the turning-on period may be
less than 180°. Since the period in which both the high
side switch and the low side switch are turned off is pro-
duced in each phase inverter circuit in this case, the fol-
lowing controf may be performed.

A description will be made of the a phase, for exam-
ple. If the phase voltage Va of the stator winding 5a rel-
ative to the a phase becomes higher than the battery
voltage VB during the period in which the high side
switch 11a and the low side switch 11d are being turned
off, then the high side switch 11a is turned on. On the
other hand, the turning off of the turned-on high side
switch 11a may be performed after the predetermined
delay time AT has elapsed since the phase voltage Va
has become lower than the battery voltage VB in the
same manner as described above.

Similarly, if the phase voltage Va becomes lower
than the ground potential during the period in which the
high side switch 11a and the low side switch 11d are

" being turned off, then the low side switch 11d is turned

on. On the other hand, the turning off of the turned-on
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low side switch 11d may be carried out after the prede-
termined delay time AT has elapsed since the phase
voltage Va has become lower than the ground voltage
0V in the same manner as described above. The control
on the b and c phases is also performed in the same
manner as described above. Incidentally, the aforemen-
tioned device opening/closing control is made to the a
phase alone. The control of the b and ¢ phases over the
switches 11b, 11c, 11e and 11f may be performed with
the a-phase switching timing shifted by 120°.

FIG. 8 is a block circuit diagram of a vehicle AC
power generator illustrating @ modification 1 of the
embodiment shown in FIG. 1. The present block circuit
diagram showing the vehicle AC power generator is the
same as the block circuit diagram of FIG. 1 except that
the present vehicle AC power generator includes a
magnetic pole position detector (corresponding to a
phase angle detecting means in the appended claims)
16 for detecting the position of each magnetic pole of a
rotor and a small resistive element r used for the detec-
tion of a field current. Incidentally, the resistive element
ris electrically series-connected to afield coil 4¢. A con-
troller 7 detects the field curent from a voltage drop
developed across the resistive element r and reads
engine information from an ECU 2 for controlling an
engine 1. In the present embodiment, MOSFETs 17a
through 17f of a three-phase full-wave rectifier 11 are
different from the MOSFETS 11a through 11fin that they
do not have such resistors for current detection.

The control for opening and closing the MOSFETs
17a through 17f constructed in the above-described
manner will next be described below with reference to
timing charts shown in FIGS. 9A-90.

In the present embodiment, the position of each
magnetic pole of the rotor is detected by the magnetic
pole position detector 16. The magnetic pole position
detector 16 is composed of an absolute position-type
rotary encoder. Further, the magnetic pole position
detector 16 outputs a reference pulse signal at a refer-
ence angular position and outputs a pulse signal at
each predetermined incremental angle. The controller 7
counts a pulse signal from the read reference pulse sig-
nal and oulputs phase angle signals Sa, Sb and Sc to
control the MOSFETSs 17a through 17f. The controller 7
outputs a high level at a phase angle 51 at which a
phase voltage Va corresponding to an output voltage
from an armature coil (armature winding) 5a of an X
phase changes from negative to positive and outputs a
low level at a phase angle 52 at which the phase voltage
Va changes from positive to negative. Further, the con-
troller 7 outputs a high level at a phase angle 53 at
which a phase voltage Vb corresponding to an output
voltage from an armature coil (armature winding) 5b of
a Y phase changes from negative to positive and out-
puts a fow level at a phase angle 54 at which the phase
voltage Vb changes from positive to negative. Further-
more, the controller 7 outputs a high level at a phase
angle 55 at which a phase voltage V¢ corresponding to
an output voltage from an armature coil (armature wind-
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ing) 5c of a Z phase and outputs a low level at a phase
angle 56 at which the phase voltage Vc changes from
positive to negative.

Since a non-leading phase control mode itself can
be set equal to that shown in FIG. 5, a leading phase
control mode will be described below. The leading
phase control made under the present embodiment is
as follows. As shown in FIGS. 9A-90, the MOSFET 17a
and the MOSFET 17d are respectively turned on and off
at the time when the phase angle for the leading phase
control lags behind the phase angle 51 by a phase
angle equivalent to a predetermined delay or lag angle
5. The MOSFET 17a and the MOSFET 17d are respec-
tively turned off and on at the time when the phase
angle for the leading phase control lags behind the
phase angle 52 by the phase angle equivalent to the
predetermined lag angle 5. The MOSFET 17b and the
MOSFET 17e are respectively turned on and off at the
time when the phase angle for the leading phase control
lags behind the phase angle 53 by the phase angle
equivalent fo the predetermined lag angle 6. The MOS-
FET 17b and the MOSFET 17e are respectively turned
off and on at the ime when the phase angle for the lead-
ing phase control lags behind the phase angle 54 by the
phase angle equivalent to the predetermined lag angle
6. The MOSFET 17¢ and the MOSFET 17f are respec-
tively turned on and off at the time when the phase
angle for the leading phase control lags behind the
phase angle 55 by the phase angle equivalent to the
predetermined lag angle 5. Further, the MOSFET 17¢
and the MOSFET 17 are respectively turned off and on
at the time when the phase angle for the leading phase
contro! lags behind the phase angle 56 by the phase
angle equivalent to the predetermined lag angle 6.

The same leading phase control as that shown in
FIG. 1 can be achieved if the above construction is
made. A method of setting a leading-phase current car-
rying or energizing time comprised of the delay time AT
employed in the vehicle power generafing system
shown in FIG. 1 and the lag angle & employed in the
vehicle AC power generator shown in FIG. 8 will be
described in greater detail below.

A power generating system illustrating a second
embodiment of the present invention will now be
described with reference to FIG. 10. The power gener-
ating system shown in FIG. 10 isone of a type wherein
the MOSFETs 11a through 111 of the three-phase full-
wave rectifier 11 shown in FIG. 1 are respectively
replaced by MOSFETs 17a through 17f excluding small
resistive elements for current detection in a manner sim-
ilar to FIG. 2,

Since the non-leading phase control itself can
adopt the control mode shown in FIG. 5, a leading-
phase current control mode of the second embodiment
will be described below with reference to the flowcharts
shown in FIGS. 6 and 7. The present modification is dif-
ferent from the embodiment shown in FIG. 1 in that the

opening/closing timing of each of the MOSFETs 17a
through 17f is decided based on the difference in poten-
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tial between the source and drain of each of the MOS-
FETs 17a through 17f. FIG. 6 shows a routine for
making a decision about a zero-crossing point of each
armature current, and FIG. 7 shows a routine for con-
trolling the opening/closing of each of the MOSFETs
17a through 17f. The present embodiment is different
from the first embodiment in which the zero-crossing
point is detected based on the voltage drop developed
across each resistor, only in that the zero-crossing point
of each armature current is determined based on the
difference in potential between the source and drain of
each of the MOSFETS 17a through 17f.

It is first checked whether a flag F2 for making a
decision as to whether the execution of the routine is the
first execution or not is 1 (Step 290). If the execution of
the routine is found to be other than the first execution
(F2 = 1), then execution jumps to Step 300. If the execu-
tion of the routine is found to be the first execution (F2 =
0), then only the operation for bringing the MOSFETs
17a through 17%into conduction (i.e., turning them on} is
performed using the routine shown in FIG. 8 (Step 292).
Further, the flag F2 is set to 1 and execution proceeds
to Step 300 (Step 294). Incidentally, the flag F2 will be
reset to 0 upon power-up.

ttis first checked at Step 300 whether the current or
armature current ix flowing in the low side switch 17d
changes from negative to positive, i.e., from the direc-
tion in which the current flows into the stator winding 5a
to the direction in which the current flows out into the
low-potential DC power terminal (0V), depending on
whether Va has become greater than or equal to OV dur-
ing a turning-on period of the low side switch 17d. If the
answer is found to be YES at Step 300, then the internal
timer d is started (Step 302). If the answer is found to be
NO at Step 300, it is then checked whether the current
orarmature current ix flowing in the high side switch 17a
changes from positive to negative, i.e., from the direc-
tion in which the current flows out from the stator wind-
ing 5a to the high-potential DC power terminal to the
direction in which the current flows into the stator wind-
ing 5a, depending on whether Va has become smaller
than or equal to than VB during a turning-on period of
the high side switch 17a (Step 304). if the answer is
found to be YES at Step 304, then the internal timer ais
started (Step 306). If the answer is found to be NO at

Step 304, then execution proceeds to Step 308.

It is first checked at Step 308 whether the current or
armature current iy flowing in the low side switch 17e
changes from negative to positive, i.e., from the direc-
tion in which the current flows into the stator winding 5b
to the direction in which the current flows out into the
low-potential DC power terminal (0V), depending on
whether Vb has become greater than or equal to OV
during a turning-on period of the low side switch 17e. If
the answer is found to be YES at Step 308, then the
internal timer e is started (Step 310). i the answer is
found to be NO at Step 308, it is then checked whether
the current or armature current iy flowing in the high
side switch 17b changes from positive to negativs, i.e.,

e

ey
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from the direction in which the current flows out from the
stator winding 5b to the high-potential DC power termi-
nal to the direction in which the current flows into the
stator winding Sb, depending on whether Vb has
become less than or equal to VB during a turning-on
period of the high side switch 17b (Step 312). If the
answer is found to be YES at Step 312, then the internal
timer b is started (Step 314). If the answer is found to be
NO at Step 312, then execution proceeds to Step 316.

Itis first checked at Step 316 whether the current or
armature current iz flowing in the low side switch 17f
changes from negative to positive, i.e., from the direc-
tion in which the current flows into the stator winding 5¢
to the direction in which the current flows out into the
low-potential DC power terminal (0V), depending on
whether Ve has become greater than or equal to OV dur-
ing a turning-on period of the low side switch 17f. If the
answer is found to be YES at Step 316, then the internal
timer f is started (Step 318). If the answer is found to be
NO at Step 316, it is then checked whether the cumrent
or armature current iz flowing in the high side switch 17¢
changes from positive to negative, i.e., from the direc-
tion in which the current flows out from the stator wind-
ing 5c to the high-potential DC power terminal to the
direction in which the current flows into the stator. wind-
ing Sc, depending on whether Vc has become less than
or equal to VB during a turning-on period of the high
side switch 17¢ (Step 320). if the answer is found to be
YES at Step 316, then the internal timer ¢ is started
(Step 322). If the answer is found fo be NO at Step 316,
then execution proceeds to Step 400.

At Step 400, a checkis made as to whether the time
period measured by timer d is over, i.e., only a predeter-
mined delay time AT =T, =T, has elapsed. If it is
determined at Step 400 that the time period measured
by timer d is not over, then execution proceeds directly

‘to Step 404. If it is determined at Step 400 that the time

period measured by timer d is over, then the low side
switch 17d is turned off and the high side switch 17a is
turned on. Further, the timer d is reset to 0 and thereaf-
ter execution proceeds to Step 404.

It is checked at Step 404 whether the time period
measured by timer a is over, i.e., only the predeter-
mined delay time AT =T, =T, has elapsed. If the

answer is found to be NO at Step 404, then execution .

proceeds directly to Step 408. If the answer is found to
be YES at Step 404, then the low side switch 17d is
turned on and the high side switch 17a is turned off. Fur-
ther, the timer a is reset to 0 and thereafter execution
proceeds to Step 408. ,

it is checked at Step 408 whether the time period
measured by timer e is over, i.e., only the predeter-
mined delay time AT =T, =T, has elapsed. If the
answer is found to be NO at Step 408, then execution
proceeds directly to Step 412. If the answer is found to
be YES at Step 408, then the low side switch 17e is
turned off and the high side switch 17b is turned on.
Further, the timer e is reset to 0 and thereafter execution
proceeds to Step 412.
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It is checked at Step 412 whether the time period
measured by timer b is over, i.e., only the predeter-
mined delay time AT=T, =T, has elapsed. if the
answer is found to be NO at Step 412, then execution
proceeds directly to Step 416. If the answer is found to
be YES at Step 412, then the low side switch 17e is
turned on and the high side switch 17b is turned off. Fur-
ther, the timer b is reset to 0 and thereafter execution
proceeds to Step 416.

It is checked at Step 416 whether the time period
measured by timer fis over, i.e., only the predetermined
delay time AT=T, =T, has elapsed. If the answer is
found to be NO at Step 416, then execution proceeds
directly to Step 420. If the answer is found to be YES at
Step 4186, then the low side switch 17f is turned off and
the high side switch 17¢ is turned on. Further, the timer
fis reset to 0 and thereafter execution proceeds to Step
420.

It is checked at Step 420 whether the time period
measured by timer ¢ is over, i.e., only the predetermined
delay time AT =T, = T, has elapsed. If the answer is
found to be NO at Step 420, then execution proceeds
directly to Step 102. If the answer is found to be YES at
Step 420, then the low side switch 17f is turned on and
the high side switch 17¢ is turned off. Further, the timer
¢ is reset to 0 and thereafter execution returns to the
main routine.

A third embodiment of the present invention will
now be described with reference to FIG. 11.

The vehicle power generating system according to
the third embodiment comprises a vehicle three-phase
synchronous generator {corresponding to an alternator
in the appended claims) 100 having Lundell-Rice type
tield poles, a three-phase full-wave rectifier (corre-
sponding to an AC-DC power converting means in the
appended claims) 3 for rectifying an AC current gener-
ated from the vehicle three-phase synchronous genera-
tor 100, a short-circuiting circuit 4, a controller 7a for
controlling the short-circuiting circuit 4 and a regulator 8
for the control of a field current. The short-circuiting cir-
cuit 4 and the controller 7a constitute a leading-phase
current control means in the appended claims.

The threephase synchronous generator 100

-includes three-phase armature windings 5a, 5b and 5¢

each wound on a stator core and a field winding 4c
wound on a rotor core. The three-phase synchronous
generator 100 is a so-called alternator driven by an
engine. As is well known, three-phase AC voltages Va,
Vb and Ve are respectively induced in the armature
windings 5a, 5b and 5c by supplying a necessary field
current from the regulator & to the field winding 4¢ and
rotating the rotor core by the engine.

The controller 7a has a microprocessor incorpo-
rated therein. The controller 7a serves as a circuit for
controlling respective short-circuit switches 41 through
43 of the short-circuiting circuit 4 based on output volt-
ages (phase voltages) from the armature windings 5a,
Sb and 5c and supplying a predetermined amount of
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leading phase current to each of the armature windings
5a, 8b and 5¢ at a predetermined timing.

The regulator 8 has a conductivity or conduction-
rate determining circuit 81 for comparing the battery
voltage VB with a predetermined reference voltage to
keep the battery voltage VB constant, determining the
conductivity of a field current If from the result of com-
parison and controlling a switching transistor 82 based
on the determined conductivity. The switching transistor
82 intermittently controls the field current supplied to the
field winding 4c.

The three-phase full-wave rectifier 3 is a conven-
_ tional one. Further, the three-phase full-wave rectifier 3
rectifies the output generated from the vehicle three-
phase synchronous generator 100 and supplies the rec-
titied output fo the battery 9 and an electrical load 10.

The short-circuiting circuit 4 comprises the short-
circuit switches 41 through 43 each composed of a
power MOSFET made up of SiC, which are provided in
the form of a delia connection (or star connection).
Points where the short-circuit switches 41 through 43
are respectively connected to one another are electri-
cally connected to their corresponding output terminals
of the armature windings 5a, 5b and 5c.

Since the phase voltages Va through Vc may be
rectified by the three-phase full-wave rectifier 3 without

bringing the short-circuit switches 41 through 43 into_
conduction, non-leading phase control of the third

embodiment will not be described in detail. In the
present embodiment, the phase voltage Va wilt lead the
phase voltage Vb by 120° and the phase voltage Vb will

 lead the phase voltage Vc by 120°. For simplicity of illus-
tration, forward voltage drops developed across diodes
31 through 36 of the three-phase full-wave rectifier 3 will
be neglected.

The leading-phase current control of the third
embodiment will be described below with reference to
flowcharts shown in FIGS. 12 and 13. A subroutine
shown in FIGS. 12 and 13 is an interrupt routine prefer-
ably executed periodically at a predetermined time
interval.

It is first checked whether a flag F for instructing the
execution of the short-circuit control is 1 (Step 500). If
the flag F is found to be 0 at Step 500, execution returns
to a main routine (not shown) as the presence of the
instruction for the execution of the short-circuit control. if
the flag F is found to be 1 at Step 500, then execution
proceeds to Step 501.

At Step 501, the phase voltages Va through Ve are
read. A check is next made as to whether the read
phase voltage Va is less than the battery voitage VB
(Step 502). If the answer is found to be NO at Step 502,
then execution proceeds to Step 503. If the answer is
found to be YES at Step 502, then execution proceeds
to Step 512. 1t is checked at Step 503 whether the
phase voltage Va is greater than a ground voltage VE (=
OV). If the answer is found to be NO at Step 503, then
execution proceeds to Step 504. If the answer is found
to be YES at Step 508, then execution proceeds to Step
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512. At Step 512, a timer a for setting a conduction time
of the short-circuit switch 41 is started to immediately
turn on the short-circuit switch 41 (Step 514). Thereaf-
ter, execution proceeds to Step 600.

Itis checked at Step 504 whether the phase voltage
Vb is smaller than the battery voltage VB. If the answer
is found to be NO at Step 504, then execution proceeds
to Step 506. If the answer is found to be YES at Step
504, then execution proceeds to Step 516. It is next
checked at Step 506 whether the phase voltage Vb is
greater than the ground voltage VE (= 0V). If the answer
is found to be NO at Step 506, then execution proceeds
to Step 508. If the answer is found to be YES at Step
506, then execution proceeds to Step 516. At Step 516,
atimer b for setting a conduction time of the short-gircuit
switch 42 is started to immediately turn on the short-cir-
cuit switch 42 (Step 518). Thereafter, execution pro-
ceeds to Step 600.

it is checked at Step 508 whether the phase voltage
V¢ is smaller than the battery voltage VB. If the answer
is found to be NO at Step 508, then execution proceeds
to Step 510. If the answer is found to be YES at Step
508, then execution proceeds to Step 520. It is next
checked at Step 510 whether the phase voltage Vc is
greater than the ground voltage VE (= 0). if the answer
is found to be NO at Step 510, then execution proceeds
to Step 600. If the answer is found to be YES at Step
510, then execution proceeds to Step 520. At Step 520,
atimer ¢ for setting a conduction time of the short-circuit
switch 43 is started to immediately turn on the short-cir-
cuit switch 43 (Step 522). Thereafter, execution pro-
ceeds to Step 600.

Incidentally, the reason why execution jumps over
to Step 600 immediately after completion of Steps 514
and 518 is that the routine shown in FIGS. 12 and 13 is
regularly and frequently executed and the short-circuit
switches 41 through 43 are not turned on together due
to the differences in phase between the short-circuit
switches 41 through 43 within a one routine cycfic time.
Further, a predetermined delay time AT calculated or
preset by an embodiment to be described later will be
set in each of the timers a, band c.

It is checked at the following Step 600 whether a
time measured by the timer a has reached the delay
time AT set in the timer a. f the answer is found to be
NO at Step 600, then execution proceeds to Step 604. If
the answer is found to be YES at Step 600, then the
short-circuit switch 41 is turned off and the timer a is
reset (Step 602). Thereafter, execution proceeds to
Step 604.

it is checked at the following Step 604 whether a
time measured by the timer b has reached the delay
time AT set in the timer b. If the answer is found to be
NO at Step 604, then execution proceeds to Step 608. if
the answer is found to be YES at Step 604, then the
short-circuit switch 42 is turned off and the timer b is
reset (Step 606). Thereafter, execution proceeds to
Step 604.
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It is next checked at Step 608 whether a tee meas-
ured by the timer ¢ has reached the delay time AT setin
the timer c. If the answer is found to be NO at Step 608,
then execution returns to the main routine (not shown).
If the answer is found to be YES at Step 608, then the
short-circuit switch 43 is turned off and the timer ¢ is
reset (Step 610). Thereafter, execution returns fo the
main routine. '

It the discharged or outflow currents are brought to
zero, then the leading phase currents (short-circuit cur-
rents) flow into their corresponding armature windings
Sa, 5b and 5c through the short-circuit switches 41
through 43 due to the above operation, whereas if the
inflow currents are brought to zero, then the leading
phase currents (short-circuit currents) flow out through
the short-circuit switches 41 through 43, whereby the
supply of the leading phase currents can be achieved.

An electromagnetic phenomenon produced by the
conduction control of the short-circuit switch 41 will now
be described below with reference to FIGS. 4A-4F.

In the third embodiment, the passage of the short-
circuit current through its corresponding armature wind-
ing is started at a time t; and completed at a time (here-
inafter called "t;") when a short-circuit time is brought to
an end. When no short-circuit current is supplied, the
phase voltage Va is normally smaller than VB but has a
value greater than a voitage (0V) at a low-potential DC
power terminal. When the short-circuit current is not
supplied, the phase current Va does not flow in the sta-
tor winding 5a from the low-potential DC power terminat
after the elapse of the time t,". However, when the short-
circuit phase current is caused to flow in the stator wind-
ing 5a of the stator windings during a period from the
time t; to the time t;, a counterelectromotive force
developed in the stator winding Sa upon the turning off
of the short-circuit switch 41 at the time t,' is produced
in the direction of reducing the potential or the phase
voltage Va at an output terminal of the stator winding 5a.
Therefore, the phase voltage Va is reduced by the pro-
duced counterelectromotive force and hence the phase
voltage Va becomes lower than the potential (0V) at the
low-potential DC power terminal. As a result, the current
is able to flow from the low-potential DC power terminal
to the stator winding 5a through the diode 34.

In other words, it is considered that electromagnetic
energy is stored in the stator winding 5a owing to the
passage of the short-circuit current through the stator
winding 5a and the electromagnetic energy is released
after the time t;". The current that flows subsequent to
the time t4" is recovered by a battery 9 through a high-
potential DC power terminal. For similar reasons, it is
considered that when the short-circuit current flows out
from the stator winding 5a during a period from a time t,
to a time ty', electromagnetic energy is stored in the sta-
tor winding 5a owing to the passage of the short-circuit
current therethrough and the electromagnetic energy is
released after the time t,'". The current that flows subse-
quent to the time t,' is recovered by the battery 9
through the high-potential DC power terminal.
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The third embodiment can bring about an excellent
advantageous effect in that since the phase current is
supplied to each of the short-circuit switches 41 through
43 referred to above, the battery 9 is not discharged
even in the event that these switches are brought into
cut-off disable states, whereby safety is ensured.

A fourth emhodiment of the present invention in
which the above-described passage of the phase cur-
rentthrough each stator winding is applied to the control
of operation of the vehicle power generating system will
be described below. However, a mode using the turning-
angle sensor (i.e., an absolute position-type rotary
encoder) 16 shown in FIG. 7 will be described as the
leading-phase current control mode by way of example
for simplicity of illustration. it is, however, needless to
say that other modes referred {0 above may be adopted.

The fourth embodiment of the present invention,
which performs the leading-phase current control based
on the rate of generation of power by the power genera-
tor 100, will be described with reference to a flowchart
shown in FIG. 14 as one example for describing the

" state of generation of power by the power generator

100.

The controlier 7 first waits until the rate of genera-
tion of power by the power generator 100 is greater than
or equal to a predetermined threshold value A (e.q.,
100%) (Step 1000). Then, it is then determined that a
heavy-load state or power insufficient state has
occurred. Further, the rotational speed is detected from
a turning-angle signal detected by the turning-angle
sensor 16 shown in FIG. 8 (Step 1010). In the present
embodiment, the rate of power generation will be
defined as a conduction rate or conductivity of a control
voltage applied to a base electrode of a switching tran-
sistor (not shown) which is incorporated in the controlier
7 shown in FIG. 8 and controls the field current supplied
to the field winding 4c. The conduction rate is assumed
to be achieved by the controller 7 under the known con-
trol of the switching transistor so that the battery voltage
VB coincides or matches with a predetermined target
voltage.

At the next Step 1020, a lag angular value &a indic-
ative of the maximum efficiency at the detected rota-
tional speed n is read from a map stored in a memory
(not shown) included in the controller 7 and in which the
relationship between n and sa has been stored in
advance. The read lag angular-value 5a is stored in a
register (not shown) of a CPU (not shown) in the con-
troller 7. As indicated by the timing charts of FIGS. 9A-
90, although not shown in a flowchart, the controiler 7

. executes a subroutine for opening and closing each of

the MOSFETs 17a through 17f at a timing in which the
phase angles for the leading phase control respectively
lag the phase angles s1 through s6 by the lag angular
value ba, at regular time intervals or at regular angles
independent of the main routine shown in FIG. 14. Inci-
dentally, the relationship between the lag angular value
6a at which the power generator 100 can produce the
maximum efficiency when the rate of power generation
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is greater than or equal to A and the rotational speed n
is measured in advance and stored in the memory.

It is next checked whether a predetermined time
has elapsed since the time when the passage of the
leading phase current through the armature winding
has started at the lag angular value 5a for providing the
maximum efficiency of the power generator 100 (Step
1025). i the answer is found to be NO at Step 1025,
then execution returns to Step 1010. if the answer is
found to be YES at Step 1025, it is then checked
whether the rate of power generation is greater than or
equal to A in order to check whether the capacity of the
battery 9 is in a recovered state according to the pas-
sage of the leading phase current therethrough at the
maximum efficiency, i.e., the power shortage has been
resolved (Step 1030). If the rate of power generation is
found to be less than A, it is then determined that the
battery 9 is being charged due to the passage of the
leading phase cuirent therethrough at maximum effi-
ciency and hence the power shortage is being resolved.
Thereatfter, execution proceeds to Step 1040. If the rate
of power generation still remains greater than or equal
to A, itis then determined that the passage of the lead-
ing phase current therethrough under the condition of
the maximum efficiency does not resolve the power
shortage. Thus, the rotational speed n is detected again
(Step 1060). A lag angular value 8b for providing the
maximum output of the power generator 100 at the
detected rotational speed nis read from the map stored
in the memory (not shown) included in the controlier 7
and in which the relationship between n and s has been
stored in advance. The read lag angular value &b is
stored in the register {not shown) of the CPU (not
shown) in the coniroller 7. The controller 7 executes the

subroutine for opening and closing each of the MOS-

FETs 17a through 17f at a timing at which the phase
angles for the leading phase control respectively lag the
phase angles s1 through s6 by the lag angular value 5b,
at regular time intervals or at regular angles independ-
ent of the main routine shown in FIG. 14. Incidentally,
the relationship between the lag angular value &b at
which the power generator 100 can produce the maxi-

mum efficiency when the rate of power generation is-

greater than or equal to A and the rotational speed n is
measured in advance and stored in the memory.

If the rate of power generation is found to be less
than A at Step 1030, it is determined whether the rate of
power generation is smaller than or equal to a second
threshold value B (e.g., 50%) (Step 1040). If the answer
is found to be NO at Step 1040, then execution returns
fo Step 1010. If the answer is found to be YES at Step
1040, it is determined that it is unnecessary to pass the
leading phase current through the armature winding
and a command for executing the control of setting the
lag angular value 5 to 0, i.e., the non-leading phase cur-
rent control (see FIG. 5) under interrupt control is issued
{Step 1050).

Thus, when the amount of power to be generated is
slightly low according to the rate of power generation
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indicative of a status quantity of power generation, the
leading phase current can be controlled in a mode in
which the power generator 100 generates power with
high efficiency. When the amount of power to be gener-
ated still is low, the non-leading-phase current control
can be executed in a high-output power generation
mode.

As shown in FIG. 15, the amount of leading phase
current (lag angular value 5a in the present embodi-
ment) corresponding to the maximum efficiency, which
is obtained at an arbitrary rotational speed, is commonly
smaller than the amount of leading phase current (lag
angular value &b in the present embodiment) corre-
sponding to the maximum output.

The aforementioned embodiment shows the case
where the rate of power generation has been adopted
as the quantity of state of power generation indicative of
the state of power generation. However, other electrical
quantities of states such as a field current, a battery
voltage, a.generated voltage, a load voltage, a gener-
ated current, a ripple ratio, etc. may be used as an alter-
native to the above. Namely, if the field current and the
generated current exceed a first threshold value in their
increasing directions, then the state of power shortage
or the state of need for an increase in power generated
can be determined. If the battery voltage, the generated
voltage and the load voltage exceed the first threshold
value in their decreasing directions, then the state of
power shortage or the state of need for the increase in
power generated can be determined. If the ripple ratio,
i.e., the rate of change in the output current or output
voltage of the power generator 100, exceeds the first
threshold value in its increasing direction, then the state
of power shortage or the state of need for the increase
in power generated can be determined.

Further, if the field current and the generated cur-
rent exceed a second threshold value smaller than the
first threshold value in their decreasing directions, then
the state of power shortage is resolved and the passage
of leading phase current through the armature winding
is allowed to stop without hunting. If the battery voitage,
the generated voltage and the load voltage exceed a
second threshold value larger than the first threshold
value in their increasing directions, it is then possible to
resolve the state of power shortage and stop the pas-
sage of leading phase current therethrough without
hunting. If the ripple ratio, i.e., the change in output cur-
rent or output voltage of the power generator 100
exceeds the second threshold value which is smaller
than the first threshold value in its decreasing direction,
itis then possible to resalve the state of high ripple and
stop the passage of leading phase current therethrough
without hunting.

Velocity status quantities related to the rotational
speed of the power generator 100 such as the rotational
speed of the power generator 100 or the engine 1, a
vehicle speed, etc., which are used in place of the elec-
trical status quantities described above, may be used as
the quantity of state of power generation in place of the
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rate of power generation to execute the aforementioned
leading-phase current control.

Namely, since the voltage generated from and cur-
rent outputted from the generator 100 greatly increase
as the rotational speed thereof increases, no problem
occurs even if there is no power shortage if the rota-
tional speed n of the power generator, the engine speed
and the vehicle speed exceed the second threshold
value in their increasing directions. It is therefore possi-
ble to stop the passage of leading phase cument
through the armature winding. On the other hand, when
the rotational speed n of the power generator, the
engine speed and the vehicle speed exceed the first
threshold value which is smaller than the second
threshold value in their decreasing directions, the possi-
bility of a power shortage is determined and a command
for passing the leading phase current through the arma-
ture winding is issued.

Thus, no leading phase current is supplied to its
corresponding armature winding in a high rotational
range in which the passage of leading phase current
therethrough is unnecessary. The ripple ratio of the out-
put current in the high rotational range can be reduced
and the shortage of output canbe resolved in a low rota-
tional range. A comparison between the rate of change
in output current (ripple) at the time that the lag angular
value & is O (at the time of the non-leading phase con-
trol) and the rate of change in output current (ripple) at
the time of the leading phase control will be shown in
FiG. 16. A problem arises that the ripple increases upon
passage of the leading phase current through the arma-
ture winding.

incidentally, the leading phase current may flow
through the armature winding only when both the veloc-
ity status quantities and the electrical status quantities
require the passage of leading phase current there-
through. Alternatively, the leading phase current may be
supplied to the armature winding unconditionally at ow
rom and the leading phase current may be supplied
thereto at high rpm only when the electrical status quan-
tities require the passage of leading phase current
therethrough. For example, detection is made as to
whether the rotational speed n-of the power generator is
less than or equal to 2000 rpm. Based on the result of
detection, the control for generating the leading phase
current is performed. Further, the leading phase current
can be supplied at 2000 - 5000 rpm only when the elec-
trical status quantities require an increase in output.
Furthermore, the leading phase current can be caused
to stop flowing at 5000 rpm or more.

FIG. 17 shows the relationship between the output
currents at the time of the supply of the ieading phase
current and the non-leading phase current and the rota-
tional speed n of the power generator. The effect of
increasing the output according to the passage of the
leading phase current through the corresponding arma-
ture winding is particularly significant at low rpm but is
low at high rpm.
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In the aforementioned embodiment, the binary con-
trol of the supply of the leading phase current has been
executed. It is, however, needless to say that the
amount of passage of the leading phase current through
the corresponding armature winding may be increased
in place of the supply of the leading phase cument and
the amount of passage of the leading phase current
therethrough may be reduced in place of non-supply of
the leading phase current.

Owing to the construction and operation described
above, the above control on normal use can provide an
improvement in gas mileage for the vehicle and preven-
tion of the charging of the battery from shortage by hold-
ing the generated output as a power source in high
quality in a reduced state of the ripple of the generated
output and generating high-efficiency and high output
power when the output of the power generator is low.

Since the output at low rpm under which the output
is apt to be low can be increased owing to the supply of
the leading phase current, the power generator can be
reduced in size and weight correspondingly. The effect
of reducing idle speed and thereby improving the gas
mileage can be also achieved in the same structure.

One example for performing the control for the pas-
sage of leading phase current through its corresponding

armature winding at idle speed in a fifth embodiment will

now be described with reference to FIG. 18,

In the present embodiment, Step 2020 is executed
as an alternative to Steps 1010 and 1020 in the flow-
chart of FIG. 14 iilustrative of the fourth embodiment.
Further, Step 2070 is executed as an alternative to
Steps 1060 and 1070.

Namely, at Step 2020, a lag angular value & is fixed
to a lag angular value 8¢ equivalent to the amount of
passage of leading phase current through its corre-
sponding armature winding, which provides the maxi-
mum efficiency of the power generator 100 at a
predetermined idle speed regardless of an actual rota-
tional speed. At Step 2070, the lag angular value 5 is
fixed to a lag angular value 5d equivalent to the amount
of passage of leading phase current through its corre-
sponding armature winding, which provides the maxi-
mum oulput of the power generator 100 at the
predetermined idle speed regardless of the actual rota-
tional speed.

Thus, the leading phase current for providing the
maximum output can be supplied when an increase in
output is strongly required at idle speed under which the
most need of the supply of the leading phase current
occurs. Further, the leading phase current can be sup-
plied with high efficiency when a slight increase in out-
put is required but the supply of the maximum output is
not required at idle speed under which the greatest
need of the supply of the leading phase current occurs.
Furthermore, when the increase in output according to
the supply of the leading phase current is not required,
its supply can be canceled. Since the effect of increas-
ing the output owing to the supply of the leading phase
current at non-idle is small, a great advantageous effect
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can be ensured by doing so even though the control is
simple. , '

Similarly, a lag angular value 5 at a vehicie normal
rotational speed can be set to the best efficiency value
or the maximum output value as an alternative to the lag
angular value 5 atidle speed. In doing so, the efficiency
of the power generator can be improved relative to the
rotational speed most used while the vehicle is running,
thereby making it possible to bring about the effect of
improving gas mileage of the vehicle.

Another example for performing the control for the
supply of the leading phase current at idle speed in a
sixth embodiment will now be described with reference
to FIG. 19.

In the present embodiment, Step 990 for making a
decision as to whether the vehicle is at idle is provided
before Step 1000 in the flowchart shown in FIG. 18 illus-
trative of the embodiment 2. Incidentally, the idling is
determined by an ECU 2 based on the degree of open-
ing of a throttle, the rotational speed and a vehicle
speed.

In the present embodiment, the supply of the lead-
ing phase current is intermittently controlied based on
the result of decision with both the rotational speed of
the engine corresponding to the velocity status quantity
and the rate of power generation corresponding to the
elactrical status quantity as the quantities of state of
power generation. The supply of the leading phase cur-
rent is controlied according to the rate of power genera-
tion particularly only when the rotational speed of the
engine is determined as the idle speed. If so, then the
leading phase current can be provided only when the
rate of power generation is high at idle speed under
which the most need of the supply of the leading phase
current takes place, i.e., the power to be generated is
low. Further, the leading phase current for providing the
maximum output can be supplied when an increase in
output is strongly required. Furthermore, the leading
phase current can be supplied with the maximum effi-
ciency when a slight increase in output is required but
the supply of the maximum output is not required at idle
speed under which the greatest need of the supply of
the leading phase current occurs.

The rotational speed of the engine is detected
based on a pulse signal outputted from the turning-
angle sensor 16. If the detected rotational speed falls
within a predetermined range of low rotational speed,
then the rotational speed may be determined as being
indicative of idle in the present embodiment. As an alter-
native to the rotational speed n of the power generator

referred to above, the vehicle speed, the rotational -

speed of the engine, etc. may be used as the velocity
status quantities. If a vehicle speed sensor outputs a
vehicle speed 0, for example, then the engine can be
determined as idie. When the rotational speed of the
engine is below 800 rpm, the engine is determined to be
at idle and execution proceeds to Step 1000. When the
rotational speed of the engine increases above 2000
rpm, the supply of the leading phase current may be

10

15

20

25

30

35

50

55

20

stopped. Further, the control for supplying the leading
phase current can be executed regarding the rotational
speed of the power generator as low and the output
generated therefrom as small when the vehicle speed is
below 5 lanvhour. If the vehicle speed is above 20
km/hour, then the control for the supply of the leading
phase current can be stopped with the rotational speed
n of the power generator regarded as high and the out-
put generated therefrom regarded as sufficiently large.

in the aforementioned embodiments, the controller
7 includes a microprocessor. In this condition, each indi-
vidual flowchart has been executed. tt is however need-
less to say that the aforementioned flowcharts can be
carried out by the ECU 2.

A seventh embodiment for performing contro! over
a leading phase current with a battery voltage equiva-
lent to an electrical status quantity as the quantity of
state of power generation will be described with refer-
ence to a flowchart shown in FIG. 20.

The controller first waits until the rate of power gen-
eration reaches a predetermined value (95% or more in
the present embodiment) (Step 700). If the answer is
found to be YES at Step 700, it is then checked whether
a battery voltage VB is less than a predetermined
adjusted voltage Vref (Step 702). If the answer is found
fo be NO at Step 702, it is then checked whether a lag
angular value & is equal to the minimum value 5min (cor-
responding to a value near 0 in the present embodi-
ment) (Step 706). If the answer is found to be YES at
Step 706, then the lag angular value § is set to 0 deter-
mining the supply of the leading phase current as
unnecessary (Step 712). Thereafter, execution returns
to Step 700. If the answer is found to be NO at Step 706,
then a value obtained by subtracting only a predeter-
mined small value from the previous value of the lag
angular value 5 is set as the present value of the lag
angular value 6 (Step 710). After a predetermined time
has been delayed (Step 711), execution returns to Step
700. On the other hand, if the battery voltage VB is
greater than the predetermined adjusted voltage Vref at
Step 702, it is then checked whether the lag angular
value 6 is the maximum value dmax. If the answer is
found to be YES at Step 704, then execution returns to
Step 700. If the answer is found to be NO at Step 704,
then a value obtained by adding a predetermined small
value to the previous value of the lag angular value 6 is
set as the present value of the lag angular value 5 (Step
708). After a predetermined time has been delayed
(Step 711), execution returns to Step 700. The delay of
the predetermined time at Step 711 is made for sup-
pressing a routine cyclic speed thereby to prevent the
rate of increase in the lag angular value 5 at Step 708
and the rate of decrease in the lag angular value 5 at
Step 710 from excessively speeding up.

In the present embodiment, if the value stored in
the register of CPU provided in the controller 7 for stor-
ing the lag angular value 5 is 0, then the control for the
supply of a non-leading phase current is executed in
accordance with an interrupt routine executed at prede-

.
»
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termined time intervals. If the value stdred in the register

is not 0, then the control for the supply of the leading

phase current is executed in accordance with the inter-
rupt routine executed at predetermined time intervals.

Namely, in the present embodiment, the leading
phase current is controlled to cause the battery voltage
VB to coincide with the adjusted voltage Vref where
there is a possibility that the rate of power generation
becomes greater than a predetermined value and the
shortage of power generation occurs in the case of sim-
ple control on a field current.

In the aforementioned embodiment, the maximum
value dmax of the lag angular vaiue & is set to the lag
angular value 52 for generating the maximum output
shown in FIG. 15. The minimum value 5min of the lag
angufar value & is set to the lag angular value 60 shown
in FIG. 15.

Since the maximum value of the rate of change in
the lag angular value 3 is controlled to be the predeter-
mined value or less at Steps 708, 710 and 711 in the
present embodiment (i.e., the lag angular value gradu-

ally varies), a sudden shock to the engine load by the

supply of the leading phase current can be lightened.
The effect of gradually changing the fag angular
value will be described with reference to FIGS. 21A-
21C. if the load for the power generator suddenly
increases and the battery voliage is lowered, then the
engine load is simply increased gradually owing to the
effect of gradually increasing the lag angular value 5 at
Steps 708 and 711 under the leading-phase current
control when the rate of power generation suddenly
increases due to the conventional field current control or
the lag angular value 5 suddenly increases upon control
of the leading phase current. It is therefore possible to
prevent the rofational speed of the engine from sud-
denly decreasing. Since the leading phase current grad-
ually increases even when the rate of power generation
is 100%, the rotational speed of the engine can be pre-

_vented from suddenly decreasing. In the present

embodiment, a predetermined initial value is set to the
above register for storing the lag angular value 5 therein
at the time of initial reset after power-on. Incidentally, as
an alternative to the reduction in the battery voltage, a
redugction in the rotational speed of the power generator
from a predetermined value may be detected to gradu-
ally change the lag angular value and supply the cur-
rent. The aforementioned gradual change is made to
contral the maximum value (variation speed) of the rate
of change in the lag angular value 5 to. the predeter-
mined value or lees. The lag angular value 5 shows a
leading-phase current supplying or carrying period. A
description for gradually changing the lag angular value
d based on the turning-angle sensor has been made for
simplicity as the leading-phase current control system.
As a result, the leading phase current that leads the
phase voltage by the lag angular value & in phase is
supplied. Thus, even if the phase period of each of the
phase voltage and the phase current is detected and
the control for the supply of the leading phase current is
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performed so that the maximum value of the rate of
change in the detected phase period is constrained to a
predetermined value or less, the same advantageous
efiect as described above can be obtained by addition-
ally providing the decision on the zero-crossing point of
the phase voltage in addition to the decision on the
zero-crossing point of the armature current as in the fifth
embodiment of the present invention.

Even if the values of leading phase currents that
flow during the leading-phase current carrying period
are detected fo calculate the average value of the
detected values and the maximum value of the rate of
change in the calculated average value is controlled to
be a predetermined value or less, the same advanta-
geous effect as described above can be obtained. Fur-
ther, even if the period or cycle of the armature current
is detected so that the maximum value of a leading-
phase current carrying period (i.e., the period for sup-
plying the leading phase current) is decided from the
detected period and each of the constants and variables
related to the angles employed in the present embodi-
ment (Steps 704, 746, 708, 710 and 712) is used by
being replaced with the leading-phase current carrying
period, the same advantageous effect as described
above can be obtained. Namely, the above effect of
gradually changing the lag angular value can be
obtained by adding or subfracting a predetermined
small proportion to or from an initial value (e.g., 1%) of
a proportion of the leading-phase cumrent carrying
period per period of the armature current according to
the battery voltage and controlling the maximum value
of the rate of change in that proportion to a predeter-
mined value or less.

The operation for reducing a periodic variation (i.e.,
ripple) in the rotational speed of the engine under the
aforementioned leading-phase current control in an
eighth preferred embodiment of the present invention
will now be described with reference to a flowchart
shown in FIG. 22. .

Since the aforementioned ripple is sensitive at idle
in particular, it is first checked based on a system or
mode the same as that at Step 990 in FIG. 19 whether
the engine is at idle (Step 800). if the answer is found to
be NO at Step 800, then execution returns to Step 800.
If the answer is found to be YES at Step 800, then the
rotational speed of the engine is detected (Step 804). It
is next checked whether the detected rotational speed
of the engine is smaller than a predetermined rotational
speed N1 (Step 804). If the answer is found to be YES
at Step 804, then a leading-phase current carrying or
supplying mode (see FIGS. 6A and 7, for example) is
selected to increase an engine load (Step 806). I the
answer is found to be NO at Step 804, then a non-lead-
ing phase current supplying mode (see FIG. 5, for
example) is selected to decrease the engine load (Step
808).

In doing s0, the periodic variation (i.e., ripple) in the
rotational speed of the engine can be reduced. FIG. 23
is a timing chart for describing the effect of reducing the
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periodic variations (i.e., ripples) in the rotational speed
of the engine at the time of the supply (indicated by the
solid line) of the leading phase current and the non-sup-
ply (indicated by the broken ling) of the leading phase
current. If the average rotational speed of the engine at
idle is regarded as Nm (600 rpm in the present embod-
iment), it is then preferable that the aforementioned pre-
determined rotational speed N1 is Nm, preferably, a
value (e.g., 590 rpm) slightly smaller than Nm. in the
present embodiment, the lag angular value 5 is kept
constant.

Incidentally, the predetermined rotational speed N1
can be corrected according to the magnitude of the var-
iation (ripple) in the rotational speed of the engine.
Namely, when the variation in the rotational speed of the
engine is large, the predetermined rotational speed N1
is set to a value substantially equal to the average rota-
tional speed Nm (600 rpm in the present embodiment)
to increase engine load torque in the form of the phase
opposite to that of the variation in the rotational speed of
the engine. On the other hand, when the rotational
speed of the engine is fow, the predetermined rotational
speed N1 is set to a value sufficiently smaller than the
average rotational speed Nm (600 rpm in the present
embodiment) so that the amount of increase in the
engine load torque having the phase opposite to that of
the variation in the rotational speed of the engine is
reduced. One example of this processing will be shown
in a flowchart of FIG. 24. This flowchart is equivalent to
one in which Step 803 is additionally provided between
Steps 802 and 804 in FIG. 21. The present Step 803
corresponds to a step for reading a predetermined rota-
tional speed N1 comresponding to the detected rota-
tional speed of the engine from the memory in the
controller 7 based on the detected rotational speed of
the engine. Incidentally, the relationship between the
two has been stored in the memory in advance. In doing
so, the amount of the supply of the leading phase cur-
rent can be adjusted according to the ripple. Thus, when
the ripple is small, it is possible to prevent the risk of
increasing the ripple by the supply of a leading phase
current having an opposite phase.

Incidentally, the control for the amount of supply of
the leading phase current permits an adjustment to the
lag angular value 5 even if the proportion of the leading-
phase current carrying period per each period of the
phase current is changed, as well as an adjustment to
the leading-phase current camrying period at each
period of the phase current, i.e., the lag angular value 5.

In the aforementioned embodiment, the variation in
the rotational speed due to the supply of the leading
phase current has been suppressed depending on
whether the rotational speed of the engine is greater
than the predetermined rotational speed N1. However,
the rotational speed of the engine may be suppressed
when the rate (the amount of change in the rotational
speed / the average rotational speed) of change in the
rotational speed of the engine during a predetermined
period exceeds a predetermined level. Further, if the
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leading phase current is being supplied when the rota-
tional speed of the engine falls into the idling engine
speed range, then the supply of the leading phase cur-
rent may be stopped to suppress the stoppage of the
engine.

Another control example for preventing the rota-
tional speed of the engine from suddenly decreasing
under the control of the leading phase current in a ninth
preferred embodiment of the present invention will now
be described with reference to FIG. 25.

A quantity of state, which varies in relation to a sud-
den change in engine load is first inputted (Step 900). It
is checked whether the engine load abrupfly increases
based on the variation in the quantity of state (Step
802). if the answer is found to be YES at Step 902, itis
then checked whether the control is in a leading-phase
current carrying mode (Step 904). If the answer is found
to NO at Step 904, it is then checked whether the
engine load is abruptly reduced (Step 906).

For the quantity of state which varies in relation to
the sudden change in engine load, a load current, a bat-
tery voltage, the rate of power generation, the state of
opening and closing of a switch for controlling the appli-
cation of power fo an electrical {oad, the state of open-
ing and closing of a switch for applying power to a
mechanical load such as a compressor or the like can
be adopted. It is apparent that these status quantities
can be detected by the controller 7 or the ECU 2.

If the answer is found to be NO at Step 906, then
execution returns to Step 900. If the answer is found to
be YES at Step 906, then a command for supplying the
leading phase current is issued (Step 910). Thereafter,
execution returns to Step 900. If the answer is found to
be NO at Step 904, then execution returns to Step 900.
If the answer is found to be YES at Step 904, then a

check is made .to see if the battery voltage is greater _

than a predetermined minimum value and the aflow-
ance for the capacity of the battery is provided (Step
908). I the battery voltage is low and no allowance for
the capacity of the battery is given, then execution
returns to Step 900. If the battery voltage is high and its
allowance is given, then the leading-phase cumrent car-
rying mode is stopped (Step 912) and execution returns
to Step 900.

it is thus possible to prevent the rotational speed of
the engine from suddenly changing due to the sudden
change in the load of the power generator as shown in
FIGS. 21A-21C. -

Incidentally, the leading-phase current control has a
fast response compared to the field current control.
Accordingly, the leading-phase current control is suita-
ble for the control in the present embodiment.

An embodiment for performing leading-phase cur-
rent control based on the temperature of the field wind-
ing 4c, each of the stator windings 5a through 5S¢ or a
predetermined portion of the power generator 100 in a
tenth preferred embodiment of the present invention will
now be described with reference to a flowchart shown in
FIG. 26.
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The present flowchart is one in which Steps 1002,
1004 and 1006 are added to the flowchart shown in
FIG. 14. Only these steps will be described below. At
Step 1000, the rate of power generation is compared
with a predetermined value A (e.g., 95%). If the answer
is found to be YES at Step 1000, then the leading-phase
cutrent control is executed since the output is potentially
low. Before its control, however, the temperature of the
power generator 100 is detected based on a signal pro-
duced from a temperature sensor 70 shown in FIG. 8
(Step 1002). It is already known that when the tempera-
ture of the power generator 100 is low, a field current
increases.

If the detected temperature is now found to be
higher than or equal o a predetermined value T (100°C,
for example), then execution proceeds to Step 1010
regarding an increase in field current at the low temper-
ature referred to above as negligible. i the detected
temperature is less than or equal to T, then a lag angular
value g corresponding to the temperature is searched
from a stored map and the searched lag angular value
bq is set to the aforementioned register for storing the s
therein {(Step 1006). Thereafter, execution proceeds to
Step 1040.

The above map stored in a memory shows the rela-
tionship between the pre-checked temperature and the
most suitable lag angular value 5g (which no produces
magnetic saturation at that temperature). Namely, the
lag angular value 5g becomes smaller as the tempera-
ture becomes higher.

" Incidentally, the temperature of the power generator
100 may be searched from a map showing the relation-
ship between the resistance and temperature based on
an electrically-detected resistance value of a connected
current detection resistor for detecting the field current
flowing through the field winding 4c. Since the tempera-
ture sensor 70 is unnecessary in this case, the structure
can be simplified.

In doing so, the leading phase current can be
reduced by the increase in field current at the low tem-
perature even when the rate of power generation is
large, i.e., the load is large. It is therefore possible to
suppress an output increase and magnetic saturation
beyond conventional expectations. Particularly when
the engine is started or immediately after the engine
has started up at a low temperature, the engine load
can be prevented from being uselessly increased by the
power generator 100.

In the present embodiment, the leading phase cur-
rent is increased and reduced relative to the tempera-
ture. However, the startability of the engine at the low
temperature can be further improved by controlling the
field current to a predetermined limiting value at the low
temperature and suppressing the torque of the power
generator.

A vibration control operation for reducing the vibra-
tions created by the engine under the control of a lead-
ing phase current in an eleventh preferred embodiment
of the present invention will now be described with refer-
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ence o a flowchart shown in FIG. 27. Other embodi-
ments show applications in which the output controf
based on the leading-phase current control according to
the present invention is high-speed as compared with
the conventional output control based on the field cur-
rent.

Since the vibrations created by the engine are eas-
ily sensitive at idle in particular, it is first determined

based on a system or mode similar to that at Step 990

in FIG. 19 whether the engine is at idle (Step 2000). If
the answer is found to be NO at Step 2000, then execu-
tion returns to Step 2000. If the answer is found to be
YES at Step 2000, then a crank angle is read from an
unillustrated crank angle sensor attached to the engine
1 through the ECU 2 (Step 2002).

Itis next checked whether the read crank angleis a
half period controliable under the supply of the leading
phase current or a reverse half period (Step 2004). If the
answer is found to be YES at Step 2004, then a leading-
phase current supplying or camying mode (see FIGS. 6
and 7) is selected (Step 2006). If the answer is found to
be NO at Step 2004, then a leading-phase current non-
carrying mode (see FIG. 5) is selected (Step 2008).

Incidentally, the engine vibrations (whose funda-
mental frequency components in particular) are repre-
sented in the form of a waveform obtained by combining
rotational vibrations and reciprocating vibrations. How-
ever, the composite waveform has one cycle or period
related to a predetermined crank angle. The rotational
speed of the engine increases during a phase period
(hereinafter called "speed-increasing phase period")
from a predetermined crank angle 61 to a predeter-
mined crank angle 62. Thus, if the engine load is ren-
dered heavy by supplying the leading phase current
during the speed-increasing phase period (which may
be a half period with the speed-inicreasing phase period
as the center), then the rotational speed of a crankshaft
can be prevented from increasing and the engine vibra-
tions related to the speed increase in the crankshaft can
be suppressed. '

When the power generator 100 and the engine 1
are coupled to each other by a belt, there may bea case
where a forque transfer time between the two is delayed
somewhat. In this case, the timing for selecting the lead-
ing-phase current carrying mode may be made fast by
using the delay time.

Although the present invention has been fully
described in connection with the preferred embodiment
thereof with reference to the accompanying drawings, it
is to be noted that various changes and modifications
will become apparent to those skilled in the art. Such
changes and modifications are to be understood as
being included within the scope of the present invention
as defined by the appended claims.

In a vehicle power generating system having an AC
power generator (100), a quantity which is related to the
state of power generation of the power generator (100)
and varies according to the supply of a leading phase
current (ix-iz) to the power generator (100), is detected.

{5}
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When the passage of the leading phase current (ix-iz)
through each armature winding (5a-5¢) is determined
as necessary based on the detected status quantity, the
leading phase current (ix-iz) is supplied to each arma-
ture winding (5a-5¢) (an increase in the amount of sup-
ply of the leading phase current (ix-iz) is included). If
passage is determined as unnecessary, then the supply
of the leading phase current (ix-iz) to each armature
winding (5a-5¢) is stopped (a decrease in the leading
phase current (ix-iz) is included). If so, then a change
(improvement) in the state of power generation such as
an increase in output or the like due to the above supply
can be achieved by supplying the leading phase current
(ix-iz) thereto when its change is required. When the
above change is unnecessary, the supply of the leading
phase current (ix-iz) thereto can be stopped to suppress
a defective condition incident fo the supply of the lead-
ing phase current (ix-iz) thereto, particularly, the rate of
change in output current, i.e., an increase in ripple.
Owing to the above construction, the supply of the lead-
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ing phase current (ix-iz) to the power generator {100)- -

can be achieved by a simple circuit configuration and
the state of power generation and the condition of a
vehicle can be improved.

Claims
1. A vehicle power generating system comprising:

a power generator (100) having a field winding
{4c) for generating field magnetic flux and
armature winding (5a-5¢) driven by an engine
(1) for producing power-generating outputs
{Va-Vc), said power generator (100) for being
AC-DC power converting means (11) for recti-
fying a voltage (Va-Vc) outputted from each
armature winding (5a-5¢) and supplying said
rectified voliage to an electrical load (10);

field current control means (7) for controlling a
field current (If) supplied to said field winding
(4c);

voitage control means (7) for controlling said
field current control means (7) to contro! each
of outputs (Va-Vc) produced from said power
generator (100) to be a predetermined value;
state-ofpower generation detecting means
(113a-113f) for detecting a predetermined
quantity of state of power generation related to
a state of power generation of said power gen-
erator (100);

determining means (7, 290, 300, 304, 308,
312, 216, 320) for determining based on said
detected quantity of state of power generation
whether supply of a leading phase current (ix-
iz) to each armature winding (5a-5¢) is neces-
sary; ard

leading-phase current control means (7, 11,

292-422) for starting said supply of said lead--

ing phase current (ix-iz) to each armature wind-
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ing (5a-5¢) or increasing said supply when said
determining means (7, 290, 300, 304, 308,
312, 216, 320) determines said leading-phase
current supply as necessary and stopping said
supply of said leading phase current (ix-iz)
thereto or decreasing said leading phase cur-
rent (ix-iz) when said determining means (7,
290, 300, 304, 308, 312, 216, 320) determines
said leading-phase current supply as being
unnecessary.

2. A vehicle power generating system according to
claim 1, further comprising a battery (9) supplied
with power from said AC-DC power converting
means (11).

3. A vehicle power generating system according to
claim 1 or 2, wherein when said quantity of state of
power generation exceeds a predetermined first
threshold value in a direction in which said supply of
‘said leading phase current (ix-iz) to each armature
winding (5a-5c) is necessary, said determining
means (7, 290, 300, 304, 308, 312, 216, 320) is for
determining said supply of said leading phase cur-
rent (ix-iz) to each armature winding (5a-5¢) as
being necessary.

4. A vehicle power generating system according to
claim 3, wherein when said quantity of state of
power generation further exceeds a second thresh-
‘old value exceeding said first threshold value in a
direction opposite to said direction in which said
supply of said leading phase current (ix-iz) to each
armature winding (5a-5c¢) is necessary, said deter-
mining means (7, 290, 300, 304, 308, 312, 216,
320) is for determining said supply of said leading
phase current (ix-iz) to each armature winding (5a-
5¢) as unnecessary.

§. A vehicle power generating system according to
any of claims 1 to 4, wherein said quantity of state
of power generation includes an electrical status
quantity composed of at least one of a battery volt-
age (VB), a field current (if), a rate of power gener-
ation, a generated voltage, a load voltage, a
generated current and a ripple ratio.

6. A vehicle power generating system according to
claims 1 to 5, wherein said quantity of state of
power generation includes a velocity status quantity
composed of at least one of said rotational speed
(n) of said power generator (100), said rotational
speed of said engine (1) and a vehicle speed.

7. A vehicle power generating system according to
claims 1 to 6, wherein when said rotational speed of
said engine (1) is determined as less than a prede-
termined rotational speed, said determining means
(7, 990) is for determining said engine (1) to be at

s
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idle based on said quantity of state of power gener-
ation and when said engine (1) is determined to be
at idle, said determining means (7, 1000-1070) is
for determining said supply of said leading phase
current (ix-iz) to each armature winding (5a-5¢) as
being necessary.

A vehicle power generating system according to
any of claims 1 to 7, further comprising detecting
means (16) for detecting a physical quantity related

- to said rotational speed (n) of said power generator

(100) and wherein said leading-phase current con-
trol means (7, 242-422) determines timing for sup-
plying said leading phase current (ix-iz) to each
armature winding (5a-5¢) according to said rota-
tional speed (n) of said power generator (100)
detected based on said physical quantity.

A vehicle power generating system according to
any of claims 1 to 7, wherein said leading-phase
current control means (7, 242-422) supplies said
leading phase current (ix-iz) to each armature wind-
ing (5a-5c¢) at a leading-phase current carrying tim-
ing in which one of efficiency and output of said
power generator (100) at a time that said rotational
speed of said engine (1) is a predetermined value,
is greater than or equal to a predetermined value.

A vehicle power generating system according to
claim 9, wherein said leading-phase current control
means (7, 242-422) supplies said leading phase
cuirent (ix-iz) to each armature winding (5a-5¢) ata
leading-phase current carrying timing in- which one
of efficiency and output of said power generator
(100) at a time that said rotational speed of said
engine (1) is a predetermined idling engine (1)
speed, is greater than or equal to said predeter-
mined value.

- A vehicle power generating system according to

any of claims 1 to 10, wherein said leading-phase
current control means (7, 242-422) has a high-effi-
ciency power generation mode indicative of a lead-
ing-phase current control mode under a leading-
phase current carrying condition in which efficiency
of said power generator (100) becomes greater
than or equal fo a predetermined value, and a high-
output power generation mode indicative of said
leading-phase current control mode under a lead-
ing-phase current carrying condition in which an
output (Va-Vc) of said power generator (100)
becomes greater than or equal to said predeter-
mined value, and said determining means (7, 1000-
1070) selects one of said modes based on said
quantity of state of power generation when said
supply of said leading phase current (ix-iz) to each
armature winding (5a-5¢) is determined as being
necessary.
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12.

13.

14.

15,

16.

17.

A vehicle power generating system according to
any of claims 1 to 11, wherein said quantity of state
of power generation includes a battery voltage (VB)
and said determining means (7, 500-522) deter-
mines said supply of said leading phase current (ix-
iz) to each armature winding (5a-5c) as being nec-
essary when said battery voltage (VB) is lower than
a predetermined first voltage value and determines
said leading-phase current supply as being unnec-
essary when said battery voltage (VB) is higher
than a predetermined second voltage value includ-
ing said predetermined first voltage value.

A vehicle power generating system according to
any of claims 1 to 12, wherein said leading-phase
current control means (7, 700-712) limits a maxi-
mum value of a rate of change in leading phase cur-
rent (ix-iz) fo gradually change said leading phase
current.

A vehicle power generating system according to
claims 1 to 13, wherein said leading-phase current
control means (7, 700-712) limits a maximum value
of a rate of change in at least one of a leading-
phase current carrying period, a phase of said car-
rying leading-phase current relative to each phase
voltage and an average of said leading phase cur-
rents (ix-iz) supplied to said armature windings (5a-
5¢) thereby to gradually change said leading phase
current.

A vehicle power generating system according to
claim 14, wherein said leading-phase cuirent con-
trol means (7, 700-712) restricts a maximum value
of a rate of change in proportion of a leading-phase
current carrying period per predetermined period in
which armature currents (ix-iz) are continuous rela-
tive to each other thereby to gradually change said
leading phase current.

A vehicle power generating system according to
any of claims 13 to 15, wherein said quantity of
state of power generation includes a physical quan-
fity related to at least one of an output voltage drop
at a time of an increase in a electrical load (10) sup-
plied with power from said power generator (100)
and a reduction in said rotational speed (n) of said
power generator (100) and said determining means

determines said gradual change in and supply bf _

said leading phase current (ix-iz) as being neces-
sary when at least one of said output voltage drop
and said reduction in said rotational speed (n) of
said power generator (100) is determined as being
larger than the other based on said physical quan-

fity.

A vehicle power generating system according to
claim 1, wherein said quantity of state of power
generation includes a physical quantity related to a

\’5{
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variation in said rotational speed of said engine (1),
said determining means (7, 902) determines said
teading-phase current supply as being necessary
when said variation is determined as being large
based on said physical quantity and said leading-
phase current control means (7, 904-412) sup-
presses said variation in said rotational speed of
said engine (1) for said supply of said leading
phase current (ix-iz) when said leading-phase cur-
rent supply is determined as being necessary.

A vehicle power generating system according to
claim 1, wherein said quantity of state of power
generation includes a physical quantity related to
vibrations created by said engine (1), said deter-
mining means (7, 2004) determines said leading-
phase current supply as necessary when said
vibrations are determined as large based on said
physical quantity and said leading-phase current
control means (7, 2006) suppresses said engine
vibrations for said supply of said leading phase cur-
rent (ix-iz) when said leading-phase current supply
is determined as being necessary.

A vehicle power generating system according to
claim 1, wherein said quantity of state of power
generation includes a physical quantity related to a
temperature of a predetermined portion of said
power generator (100), said determining means (7,
1004) determines based on said physical quantity
whether said power generator (100) has a low tem-
perature and said leading-phase current control
means (7, 1006, 1030-1050) stops said supply of
said leading phase current (ix-iz) to each armature
winding (5a-5c) and reduces said leading phase
current (ix-iz) when said power generator (100) is
determined as being low in temperature and starts
said supply of said leading phase current (ix-iz) to
each armature winding (5a-5¢) and increases said
leading phase current (ix-iz) when said power gen-
erator (100) is determined as being in a non-low
temperature state.

A vehicle power generating system according to
any of claims 1 to 19, wherein said leading-phase
current control means (7, 11, 244-422) includes a
normal/reverse energization opening/closing circuit
(11) having high side switches (11a-11c) respec-
tively composed of semiconductor switching
devices (111a-111c) for individually connecting a
high-potential DC power terminal and output termi-
nals of said armature windings (5a-5c) for respec-
tive phases and low side switches (11d-11%)
respectively composed of semiconductor switching
devices (111d-111f) for individually connecting a
low-potential DC power terminal set to a potential
lower than that at said high-potential DC power ter-
minal and said output terminals of said armature
windings (5a-5c), and a controller (7} for controliing
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21.

22,

23.

24,

25.

said normal/reverse energization opening/closing
circuit (11).

A vehicle power generating system according to
any of claims 1 to 19, wherein said leading-phase
current control means (7, 11, 244-422) includes a
short-circuiting circuit (11) composed of a plurality
of semiconductor switches (111a-1111) for short-
circuiting between output terminals of said arma-
ture windings (5a-5c¢) for respective phases and a
controller (7) for controlling opening and closing of
each semiconductor switching device (11a-11f).

A vehicle power generating system according to
claim 20, further including detecting means (113a-
113f) for detecting a difference in potential between
at least one of said high-potential DC power termi-
nal and said low-potential DC power terminal of
said AC-DC power converting means (11) and said
output terminal of each armature winding (5a-5c)
and at least one of said armature currents (ix-iz)
and wherein said leading-phase current control
means (7, 400-422) sets timing for opening and

‘closing each semiconductor switch (11a-11f) based

on at least one of said potential difference and said
at least one armature current (ix-iz).

A vehicle power generating system according to
claim 22, wherein each semiconductor switching

device (11a-11f) incorporates therein a current

detection resistive element (113a-113f) for detect-
ing said armature current (ix-iz).

A vehicle power generating system according to
claim 20, wherein said controller turns off (7, 206,
414, 422) each high side switch (11a-11c) after a
predetermined period has elapsed since a potential
at said oulput terminal of each armature winding
(5a-5¢) has become less than a potential at said
high-potential DC power terminal and turns off (7,
402, 410, 418) each low side switch (11d-11{) after
a predetermined period has elapsed since said
potential at said output terminal of each armature
winding (5a-5¢) has become greater than a poten-
tial at said low-potential DC power terminal.

A vehicle power generating system according to
claim 20, wherein said confroller furns on (7, 402,
410, 418) each high side switch (11a-11¢c) after a
predetermined period has elapsed since said
potential at said output terminal of each armature
winding (5a-5¢) has become greater than said
potential at said low-potential DC power terminai
and turns on (7, 406, 414, 422) each low side
switch (11d-11f) after a predetermined period has
elapsed since said potential at said output terminal
of each armature winding (5a-5¢) has become less
than said potential at said high-potential DC power
terminal.

v
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A vehicle power generating system according to
claim 21, wherein said controller (7) turns on said
semiconductor switches (11a-11f) of said short-
circuiting circuit (11) for allowing said leading phase
current (ix-iz) to flow in each armature winding (5a-
5c) after said potential at said output terminal of
each armature winding (5a-5¢) has become less

than said potential at said high-potentiat DC power’

terminal, turns on said semiconductor switches
(11a-11f) of said short-circuiting circuit (11) for
allowing said leading phase current (ix-iz) to fiow
out from each armature winding (5a-5c) after said
potential at said oufput terminal of each armature
winding (5a-5¢) has become greater than said
potential at said low-potential DC power terminal
and turns off said semiconductor switches (11a-
111) of said short-circuiting circuit (11) after a pre-
determined time has elapsed since said turning-on.

. A vehicle power generating system according to

either of claims 20 and 21, further including phase
angle detecting means (16) for detecting a rotfa-
tional phase angle of a rotor of said power genera-
tor (100) and wherein said leading-phase current
control means (7, 242-422) controls opening/clos-
ing timing at said time of opening/closing of each
semiconductor switch (11a-11f) based on said rota-
tional phase angle.

A vehicle power generating system according to
any of claims 20 to 27, wherein each semiconduc-
tor switching device (111a-111f) comprises a MOS-
FET (111a-1114).

A vehicle power generating system according to
claim 28, wherein said MOSFET (111a-111f) is
composed of SiC.

A vehicle power generating system comprising:

a power generator (100) having a field winding
(4c) for generating field magnetic fiux and
armature windings (5a-5¢) for producing
power-generating outputs (Va-Vc), said power
generator (100) for being driven by an engine
(1)

field current control means (7) for controlling a
field current (If) supplied to said field winding
(4c);

voltage control means (7) for controfling said
field current control means (7) to control each
of outputs (Va-Vc) produced from said power
generator (100) to a predetermined value; and
leading-phase current control means (7, 700-
712) for controlling supply of a leading phase
current (ix-iz) to each armature winding (5a-
5¢), said leading-phase current control means
(7, 700-712) limiting a maximum value of a rate
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52

7 of change in leading phase current (ix-iz) to

gradually change said leading phase current.

31. A vehicle power generating system comprising:

a power generator (100) having a field winding
(4c) for generating field magnetic flux and
armature windings (5a-5¢) for producing
power-generating outputs (Va-Vc), said power
generator (100) for being driven by an engine
(1)

field current control means (7) for controlling a
field current (If) supplied to said field winding
(4c);

voltage conirol means (7) for controlling said
field current control means (7) to contro! each
of outputs (Va-Vc) produced from said power
generator (100) to be a predetermined value;
detecting means (16) for detecting a physical
quantity related to a variation in said rotational
speed of said engine (1);

leading-phase current control means (7, 806)
for controlling a supply of a leading phase cur-
rent (ix-iz) to each armature winding (5a-5¢);
and

determining means (7, 804) for determining a
magnitude of a variation in said rotational
speed of said engine (1) based on said physi-
cal quantity;

whereby said leading-phase current control

means (7, 806) supplies said leading phase
current (ix-iz) to each armature winding (5a-5¢)
when said variation is determined as being
larger than a predetermined value.

32. A vehicle power generating system comprising:

a power generator (100) having a field winding
(4c) for generating field magnetic flux and
armature windings (5a-5c) for producing
power-generating outputs (Va-Vc), said power
generator (100) for being driven by an engine
) -

field current control means (7) for controlling a
field current (If) supplied to said field winding
(4c);

voltage control means. (7) for controlling said
field current control means (7) to control each
of outputs (Va-Vc) produced from said power
generator (100) to a predetermined value;
detecting means (16) for detecting a physical
quantity related to vibrations created by said
engine (1);

leading-phase current control means (7, 2006)
for controlling supply of a leading phase curent
(ix-iz) to each armature winding (5a-5c); and
determining means (7, 2000-2008) for deter-
mining a magnitude of said engine variations
based on said physical quantity;
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whereby said leading-phase current control
means (7, 2006) supplies said leading phase
current (ix-iz) to each armature winding (5a-5c)
when said vibrations are determined as being
larger than a predetermined value.

33. A vehicle power generating system comprising:

a power generator (100) having a field winding
(4c) for generating field magnetic flux and
armature windings (Sa-5¢) for producing
power-generating outputs (Va-Vc), said power
generator (100) for being driven by an engine
(1):

field current control means (7) for controlling a
field current (If) supplied to said field winding
(de);

voltage control means (7) for controlling said
field current control means (7) to control each
of outputs (Va-Vc) produced from said power
generator'(100) to be a predetermined value;
detecting means (70) for detecting a physical
quantity related to a temperature of a predeter-
mined portion of said power generator (100);
leading-phase current contro! means (7, 1006,
1030-1070) for controlling a supply of a leading
phase current (ix-iz) to each armature winding
(5a-5¢); and

determining means (7, 1009) for determining
based on said physical quantity whether said
power generator (100) is at a low temperature;
whereby said leading-phase current control
means stops (7, 10086, 1030-1050) said supply
of said leading phase current (ix-iz) to each
armature winding (5a-5¢) and reduces said
leading phase current (ix-iz) when said power
generator (100) is determined as low in tem-
perature and starts (7, 1010, 1020, 1025-1070)
said supply of said leading phase current (ix-iz)
fo each armature winding (5a-5¢) and
increases said -leading phase current -(ix-iz)
when said power generator (100) is determined
as being at a non-low temperature.
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International Application"
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present international application be
processed according to the Patent
Cooperation Treaty
0-6 Rece_iving Office (specified by the Japan Patent Office (Ro/Jp)
applicant)
0-7 Applicant's or agent's file reference |[pPCTQO1X
[ Title of invention OUTPUT CONTROL UNIT FOR SYNCHRONOUS
GENERATOR
il Applicant
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-2 | Applicant for all designated States
-4 Name HONDA GIKEN KOGYO KABUSHIKI KAISHA
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Minato-ku, Tokyo 107-8556
Japan
-6 State of nationality JP
Iz State of residence JP
-8 Telephone No. 03-5412-1114
-9 Facsimile No. 03-5412-1524
A Applicant and/or inventor
li1-1-1 | This person is: inventor only
Ii-1-4 | Name (LAST, First) OTA, Atsuo
M-1-5 | Address: c/o Kabushiki Kaisha Honda Gijutsu
Kenkyusho
4-1, Chuo l-chome
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Japan '
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-2 Applicant and/or inventor

I-2-1 | This person is: inventor only

ll-2-4 | Name (LAST, First) HONDA, Satoshi

1I-2-5 | Address: c/o Kabushiki Kaisha Honda Gijutsu
Kenkyusho |

4-1, Chuo l-chome
Wako-shi, Saitama 351-0193

Japan
V-1 Agent or common representative; or
address for correspondence
The person identified below is agent
hereby/has been appointed to act on
behalf of the applicant(s) before the
competent International Authorities as:
IV-1-1 [ Name (LAST, First) TANAKA, KOj u
tV-1-2 | Address: Room 403, Famiil-Nishishinjuku, 3-23,

Nishishinjuku 3-chome
Shinjuku-ku, Tokyo 160-0023

Japan
IV-1-3 | Telephone No. 03-3342-3380
IV-1-4 | Facsimile No. 03-3342-3379
V-1-5 [ e-mail nissinpo@blue.ocn.ne.jp
V-2 | Additional agent(s) additional agent(s) with same address as
first named agent
IV-2-1 [ Name(s) HIRAKI, Michito
\") Designation of States
V-1 Regional Patent —_
(other kinds of protection or treatment,
if any, are specified between
parentheses after the designation(s)
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V-2 National Patent BR CO ES ID IL IN KR PH TR VN ZA

(other kinds of protection or treatment,
if any, are specified between
parentheses after the designation(s)
concerned)

V.5 Precautionary Designation Statement

In addition to the designations made
under items V-1, V-2 and V-3, the
applicant also makes under Rule 4.9(b)
all designations which would be
permitted under the PCT except any
designation(s) of the State(s) indicated
under item V-6 below. The applicant
declares that those additional
designations are subject to confirmation
and that any designation which is not
confirmed before the expiration of 15
months from the priority date is to be
regarded as withdrawn by the applicant
at the expiration of that time limit.

V-6 Exclusion(s) from precautionary NONE
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entitlement, as at the international filing
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Vill-4 | Declaration of inventorship (only for the | _
purposes of the designation of the
United States of America)
VIil-5 | Declaration as to non-prejudicial -
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novelty
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IX-4 Abstract 1 -
IX-5 Drawings 6 -
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WO 02/31960

PCT/JP01/08873
PATENT COOPERATION TREATY
From the INTERNATIONAL BUREAU
T To:
PC TANAKA, Koju
Room 403, Famiil-Nishishinjuku, 3-
NOTICE INFORMING THE APPLICANT OF THE 23, Nishishinjuku 3-chome
COMMUNICATION OF THE INTERNATIONAL Shinjuku-ku, Tokyo 160-0023
APPLICATION TO THE DESIGNATED OFFICES JAPON
(PCT Rule 47.1(c), first sentence)
Bate of mailing (day/month/year)
18 April 2002 (18.04.02)
Applicant's or agent's file reference .
PCTO1X IMPORTANT NOTICE
International application No. International filing date (day/month/year) |Priority date {day/month/year)
PCT/JP01/08873 10 October 2001 (10.10.01) 11 October 2000 (11.10.00)
Applicant

HONDA GIKEN KOGYO KABUSHIKI KAISHA

1.

Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application
to the following designated Offices on the date indicated above as the date of mailing of this notice:

KR

In accaordance with Rule 47.1(c), third sentence, those Offices will accept the present notice as conclusive evidence that
the communication of the international application has duly taken place on the date of mailing indicated above and no copy
of the international application is required to be furnished by the applicant to the designated Office(s).

The following designated Offices have waived the requirement for such a communication at this time:

BR,CO,ES,ID,IL,IN,PH,TR,VN,ZA

The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the
applicant to furnish a copy of the international application (Rule 49.1 (a-bis)).

Enclosed with this notice is a copy of the international application as published by the International Bureau on
18 April 2002 (18.04.02) under No. WO 02/31960

TIME LIMITS for filing a demand for international preliminary examination and for entry into national phase

The applicable time limit for entering the national phase will, subject to what is said in the following paragraph be 30 MONTHS
from the priority date, not only in respect of any elected Office if 2 demand for international preliminary examination is filed
before the expiration of 19 months from the priority date, but also in respect of any designated Office, in the absence of

filing of such demand, where Article22(1) as modified with effect from 1 April 2002 applies inrespect of the designated Office.
For further details, see PCT Gazette N0.44/2001 of 1 November 2001 . pages 19926, 19932 and 19934, as well as the PCT News-
letter, October and November 2001 and February 2002 issues.

In practice, time limits other than the 30-month time limit will continue to apply, for various perieds of time, in respect of certain
designated or elected Offices. For regular updates on the applicable time limits (20,21,30 or 31 manths, or other time limit),
Office by Office, refer to the PCT Gazette, the PCT Newsletter and the PCT Applicant's Guide, Volume I, National Chapters, all
available from WIPO's Internet site, at http://www.wipo.int/pct/enfindex.html.

For filing a demand for international preliminary examination, see the PCT Applicant's Guide, Volume I/A, Chapter IX. Only an
an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter il has the right to file a demand
for international preliminary examination (at present, all PCT Contracting States are  bound by Chapter Il.)

It is the applicant's sole responsibility to monitor all these limits.

Facsimile No. (41-22) 740.14.35 Telephone No. (41-22) 338.91.11

Authorized offi
The International Bureau of WIPQ uihorized ofiicer

34, chemin des Colombettes J. Zahra
1211 Geneva 20, Switzeriand

Form PCT/IB/308 (April 2002) 4781488



INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP01/08873

A. CLASSIFICATION OF SUBJECT MATTER
Int.Cl’ HO2P 9/48

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Int.Cc1’ HQ2P 9/00-9/48

Minimum documentatlon searched (classification system followed by classification symbols)

Jitsuyo Shinan Koho 1922-1996
Kokai Jitsuyo Shinan Koho 1971-2001

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Toroku Jitsuyo Shinan Koho 1994-2001
Jitsuyo Shinan Toroku Koho 1996-2001

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y EP 0740394 A2 (NIPPONDENSO CO.,LTD.), 1
A 30 October, 1996 (30.10.1996}, 2-4

Column 17, line 33 to Column 45, line 24; Figs. 1 to 27
& JP 8-298731 A
Par. Nos. [0030) to [0163]1; Figs. 1 to 27
Y US 5648705 A (Ford Moteor Cowmpany), 1
A 15 July, 1997 (15.07.1%897), ) 2-4
Column 3, line 1 to Column 8, line 11; Figs. 1 to 9
& US 5793167 A
Y JP 2000-102279 A (Kokusan Denki Co., Ltd.), 1
A 07 April, 2000 (07.04.2000), z2-4
Par. Nos. [0041] to [0052); Figs. 2, 3 {(Family: none)
A US 5642021 A (Ford Motor Company), 2-4
24 July, 1997 (24.07.1997),
Column 2, line 27 to Column 5, line 5 {(Family: none)

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A"  document defining the general state of the art which is not
considered to be of particular relevance

“E" ecarlier document but published on or after the international filing
date

“L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0" document referring 10 an oral disclosure, use, exhibition or other
means

“P*  document published prior to the intemnational filing date but later
than the priority date claimed

“T” later document published after the international filing date or
priority date and not in cenflict with the application but cited to
understand the principle or theory underlying the invention

“X" document of particular relevance; the claimer] invention cannot be
considered novel or cannot be considered lo involve an inventive
step when the document is taken alone

“Y"  document of particular relevance; the claimed invention cannot be
considered to involve an-inventive step when the document is
combined with one or more other such documents, such
combination being abvious to a person skilled in the art

*&"  document member of the same patent family

Date of the actual conpletion of the international search
08 January, 2002 (08.01.02)

Date of mailing of the international search report
22 January, 2002 (22.01.02)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No.

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 1992)
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PATENT COOPERATION TREATY

From the INTERNATIONAL BUREAU

Ry

PCT To;

NOTIFICATION OF RECEIPT OF

RECORD COPY TANAKA, Koju

Room 403, Famiil-Nishishinjuku, 3-
23, Nishishinjuku 3-chome

(PCT Rule 24.2(a)) Shinjuku-ku, Tokyo 160-0023

JAPON
Date of mailing (day/month/year)
09 November 2001 (09.11.01) IMPORTANT NOTIFICATION
Applicant's or agent's file reference International application No.
PCTO1X PCT/JP01/08873

The applicant is hereby notified that the International Bureau has received the record copy of the international application as
detailed below.

'lName(s) of the applicant(s) and State(s} for which they are applicants:
HONDA GIKEN KOGYO KABUSHIK!I KAISHA (all dlesignated States)

International filing date : 10 October 2001 (10.10.01)
Priority date(s) claimed : 11 October 2000 (11.10.00)
Date of receipt of the record copy

by the International Bureau : 26 October 2001 {26.10.01)
List of designated Offices :

National :BR,CO,ES,ID,IL,IN,KR,PH,TR,VN,ZA

ATTENTION

The applicant should carefully check the data appearing in this Natification. In case of any discrepancy between these data
and the indications in the international application, the applicant should tmmediately inform the International Bureau.

In addition, the applicant's attention is drawn to the information contained in the Annex, relating to:
time limits for entry into the national phase
confirmation of precautionary designations
D requirements regarding priority documents

A copy of this Notification is being sent to the receiving Office and to the InternationalSearchin§ Authority.

The International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Facsimile No. {41-22) 740.14.35 -

Form PCT/IB/301 (April 2000} 004438885
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Bogota DC

Doctor(a)
HUMBERTO RUBIO CAMACHO
Apoderado(a)

REFERENCIA: Radicacion No.
Solicitud Internacional
Fecha inicio fase nacional
Tramite
Evento
Actuacion
Oficio No.
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Industria y Comercio
SUPERINTENDENCIA

Folio 170

03-29529
PCT/JP2001/08873
11/05/2003

011

379

416

1210

001

Teniendo en cuenta que la solicitud de privilegio de patente que se tramita bajo el
expediente indicado en la referencia, retne los requisitos de forma establecidos en la
Decision 486 de la Comisién de la Comunidad Andina, el Tratado de Cooperacion en
Materia de Patentes (PCT), el Reglamento y la Circular Unica de la Superintendencia de
Industria y Comercio, se envia el extracto de la solicitud a la Oficina de Comunicaciones

para efecto de su publicacién en la Gaceta de Propiedad Industrial.

Cumplase
Dado en Bogota DC,

01T 200

ALIX CARMENZA CESPEDES DE VERGEL
Jefe de la Divjgion de Nuevas Creaciones
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