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CONTROL DEVICE FOR VEHICULAR AC 
GENERATOR, AND CONNECTOR 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present invention is related to Japanese patent 
application No. Hei. 11-367125, ?led Dec. 24, 1999; 2000 
81610, ?led Mar. 23, 2000 the contents of Which are 
incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a motor vehicle 
alternator, and more particularly, to a motor vehicle alter 
nator that prevents hunting of the rotational speed of the 
engine during idle state. 

BACKGROUND OF THE INVENTION 

[0003] A decrease in rotational speed (hereinafter referred 
to as an idle rotational speed) of a motor vehicle alternator 
during vehicle idle Will cause torque generated by the engine 
to be reduced. For this reason, the alternator drive torque 
(hereinafter also referred to as load torque) viewed from the 
engine Will in turn increase due to the connection of an 
electrical load. For example, a large amount of starting 
current of a compressor drive motor is used for air condi 
tioning Within the vehicle. This Will result in a hunting 
phenomenon in Which the idle rotational speed becomes 
unstable and ?uctuates. 

[0004] Hunting of the rotational speed of the engine can 
cause the battery voltage to ?uctuate rnore signi?cantly, 
leading to various abnorrnal conditions and presenting a 
dif?culty in maintaining idle operation or the like. 

[0005] To prevent hunting of motor vehicle alternators of 
this type, various techniques have been conventionally sug 
gested Which alloW adjustment of the control voltage 
according to a change in rotational speed. 

[0006] Japanese Unexarnined Patent Publication No. 
7111, published 1979, suggested that the control voltage of 
an alternator should be reduced according to the rate of 
change in speed (a differential value) during deceleration of 
the engine (for negative differential values of rotational 
speed of the engine). On the other hand, during engine 
acceleration (for positive differential values of rotational 
speed of the engine), the voltage should be increased accord 
ing to the rate of change in speed (a differential value). 

[0007] Japanese Unexarnined Patent Publication No. 
87636, published 1985, applied for by the present inventor 
suggested that the amount of generated electricity should be 
kept beloW a predetermined value for a certain time during 
Which the idle rotational speed recovered from the point of 
an increase in electrical load. 

[0008] Japanese Patent Publication No. 55040 of 1994 
applied for by the present inventor suggested that the control 
voltage should be increased in proportion to the degree of 
acceleration While increasing the rotational speed of the 
engine (under acceleration), While being delayed for a 
predetermined time relative to an increase in rotational 
speed of the engine. 

[0009] Japanese Unexarnined Patent Publication No. 
327199, published 1997, suggested that a target voltage 
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should be set to a certain loW value less than a steady state 
target voltage during engine acceleration. On the other hand, 
during deceleration of the engine, the target voltage should 
be set to a certain high value higher than the steady state 
target voltage. 

[0010] HoWever, the following problems have been found 
to occur even With the aforementioned various prior-art 
techniques. First, these anti-hunting techniques change the 
control voltage of a regulator according to a change in 
rotational speed of the engine. Thus, the change of the 
rotational speed of the engine is associated With the change 
of the control voltage irrespective of the condition of the 
electric circuitry comprising the battery, electrical loads, and 
the alternator. For this reason, the condition of the electric 
circuitry Was not taken into account and therefore the 
techniques Were Without validity in some cases. For 
example, it Was not easy to take corrective action appropri 
ately When the battery voltage recovered earlier than 
expected during acceleration or When the voltage recovered 
sloWer than expected due to a deep discharge regardless of 
substantial completion of acceleration. Furthermore, it Was 
necessary to add signals such as a battery voltage to control 
parameters in addition to the aforementioned rotational 
speed of the engine, thus making the circuit processing 
cornplicated. 

[0011] Furthermore, the aforementioned various conven 
tional techniques provided a sudden variation in output or in 
drive torque (load torque) of the alternator during transitions 
of the rotational speed of the engine. The transitions include 
a transition from a steady state mode to a deceleration mode, 
a transition from the deceleration mode to an acceleration 
mode, and a transition near the point of completion of the 
acceleration rnode. Such a sudden change in output of the 
alternator Would cause a sudden change in torque and 
thereby a shock. The change Would also readily cause heavy 
current charging to or heavy current discharging frorn bat 
teries upon generation of high output, leading to a drop in 
charging efficiency or an increase in loss of poWer distribu 
tion. 

SUMMARY OF THE INVENTION 

[0012] In a ?rst aspect of the invention, the controller sets 
the control voltage to an acceleration control voltage higher 
than the battery voltage by a predetermined voltage differ 
ence AV1, Within a range of voltages higher than the battery 
voltage and less than the steady state control voltage, during 
a acceleration during loW speeds With the rotational speed 
being equal to or less than a predetermined value and a rate 
of increase in the rotational speed being equal to or greater 
than a predetermined value. This control can be called a 
mode for supressing rates of increase in battery voltage or a 
charge supression rnode. Control of this type may be 
executed prior to control which employs the steady state 
control voltage as a control voltage, thereby preferably 
realiZing control. 

[0013] That is, according to this control, the control volt 
age is set higher than the battery voltage by a predetermined 
voltage difference AV1 in the recovery process of the 
rotational speed of the engine. In this process, the rotational 
speed of the engine and the battery voltage are decreased due 
to the connection of electrical loads, and the rotational speed 
of the engine is increased due to an increase in fuel injection 
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provided subsequently by the engine control system. Also, 
the predetermined voltage difference AV1 ranges from 0.1V 
to 0.15V, and may be kept at a constant value during 
acceleration during loW speeds. Alternatively, for example, 
the difference may be increased from the earlier stage to the 
later stage of acceleration during loW speeds. 

[0014] In another aspect, the control voltage is further set 
to a deceleration control voltage loWer than the battery 
voltage by a predetermined voltage difference AV2. This is 
carried out after the rotational speed of the engine has 
decreased beloW a ?rst predetermined rotational speed value 
N1 Within a period of deceleration during loW speeds 
immediately preceding the aforementioned acceleration dur 
ing loW speeds. The control of this type can be referred to as 
a battery voltage drop adjustment mode or a discharge 
suppression mode Which means not more than the suppres 
sion of discharge of the battery. Moreover, the control is 
desirably executed prior to the control Which employs the 
steady state control voltage as a control voltage. 

[0015] The predetermined voltage difference AV2 ranges 
from 0.01V to 0.1V, and may be kept at a constant value 
during deceleration during loW speeds. Alternatively, for 
eXample, the difference may be increased being operatively 
associated With a decrease in rotational speed of the engine 
or a drop in battery voltage. 

[0016] That is, this arrangement employs a gradual 
decrease in control voltage during deceleration. This is 
carried out at the later stage of during deceleration during 
loW speeds in Which a smaller amount of the alternator 
output and torque produced by the engine is provided. The 
control voltage is thereby maintained to prevent the battery 
from being discharged While the rotational speed of the 
engine has decreased slightly and alloWable poWer genera 
tion capacity is available at the earlier stage of during 
deceleration during loW speeds. When the rotational speed 
of the engine decreases more than this, the control voltage 
is decreased, being operatively associated With a drop in 
battery voltage Which requests that the battery discharges. 
Also, this arrangement does not alloW the control voltage to 
be reduced all at once even after the rotational speed of the 
engine has been decreased beloW the ?rst predetermined 
rotational speed value N1. For this reason, the drive torque 
(load torque) of the alternator Will not be suddenly changed. 

[0017] In another aspect of the invention, the predeter 
mined voltage difference AV1, betWeen a voltage given at a 
minimum rotational speed value Nmin, at Which during 
deceleration during loW speeds is shifted to acceleration 
during loW speeds, and a voltage at the subsequent rotational 
speed of the engine being equal to or greater than a second 
predetermined rotational speed value N2, is set to a voltage 
less than the predetermined voltage difference AV1 during 
the subsequent acceleration during loW speeds. Accordingly, 
poWer generation and charging of the battery are prevented 
to increase the rotational speed of the engine during the 
earlier stage in the recovery process of the rotational speed 
of the engine Where the outputs of the engine torque and the 
alternator are not suf?cient. At the same time, a sudden 
increase in drive torque (load torque) of the alternator 
vieWed from the engine is prevented When during decelera 
tion during loW speeds is shifted to acceleration during loW 
speeds. Furthermore, a sudden increase in battery charging 
current is prevented. This makes it possible to realiZe a 
smooth increase in engine load torque. 
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[0018] In another aspect, the controller further alloWs the 
predetermined voltage difference AV1 to increase at a later 
stage rather than at an earlier stage of acceleration during 
loW speeds. In another aspect, the control voltage is set to a 
deceleration control voltage less than the battery voltage by 
the predetermined voltage difference AV2. This is carried 
out during a period of deceleration during loW speeds With 
the rotational speed, immediately preceding the rotational 
speed of the engine is increased, being equal to or less than 
a predetermined value and the rate of decrease in rotational 
speed being equal to or greater than a predetermined value. 

[0019] This makes it very possible to prevent a sudden 
increase in drive torque (load torque) of the alternator 
vieWed from the engine, and the predetermined voltage 
difference AV2 increases at a later stage rather than at an 
earlier stage of during deceleration during loW speeds. Thus, 
the battery is prevented from being discharged by generating 
a relatively large amount of poWer by the alternator. This is 
done at the earlier stage of acceleration during loW speeds 
With a decrease in rotational speed of the engine being still 
small. That is, this is done When the engine torque and the 
output of the alternator are still sufficient. On the other hand, 
consider the later stage of acceleration during loW speeds 
Where a smaller decrease occurs in rotational speed of the 
engine. that is, this happens When the engine torque and the 
output of the alternator have become insufficient. In this 
stage, poWer generation by the alternator is prevented to 
compensate for shortage in poWer by discharging the battery, 
thereby preventing a sudden decrease of the rotational speed 
of the engine. 

[0020] Also, said increasing of the predetermined voltage 
difference AV2 is continuously operatively associated With 
a decrease in rotational speed of the engine, thereby making 
it possible to smooth still more the change in drive torque 
(load torque) of the alternator vieWed from the engine. 

[0021] In another aspect of the invention, the controller for 
alloWing the battery voltage to approach a control voltage 
includes a ?rst setting means for setting the control voltage 
to a predetermined steady state control voltage, and second 
setting means for setting the control voltage to an accelera 
tion control voltage higher than the battery voltage by a 
predetermined voltage difference AV1. This voltage is 
Within a range of voltages higher than the battery voltage 
and less than the steady state control voltage, during accel 
eration during loW speeds With the rotational speed of the 
engine being equal to or less than a predetermined value and 
a rate of increase in the rotational speed being equal to or 
greater than a predetermined value. 

[0022] In such an arrangement, When the second setting 
means employs the acceleration control voltage as the 
control voltage, more controlled poWer generation is carried 
out than When the control voltage is at the steady state 
control voltage. Consequently, While the battery is being 
charged, it becomes possible to make the load provided by 
the alternator to the engine loWer than the load provided 
under the steady state control voltage. 

[0023] To achieve the aforementioned object, the folloW 
ing method can be employed in a method for controlling a 
motor vehicle alternator Wherein a rotational speed of an 
engine and a battery voltage are input, and ?eld current is 
controlled so as to alloW the battery voltage to approach a 
control voltage. That is, the control voltage is set to an 
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acceleration control voltage higher than the battery voltage 
by a predetermined voltage difference AVl, Within a range 
of voltages higher than the battery voltage and less than the 
steady state control voltage, during a acceleration during 
loW speeds With the rotational speed of the engine being 
equal to or less than a predetermined value and a rate of 
increase in the rotational speed being equal to or greater than 
a predetermined value. 

[0024] In another aspect of the invention, the resistance 
potential divider circuit for outputting a plurality of voltages 
is used to form an acceleration control voltage and a 
deceleration control voltage. The voltages are then selected 
by a plurality of sWitches (an analog multiplexer may also be 
employed). 
[0025] In another aspect, the sWitch control circuit deter 
mines Which one of the sWitches is to be selected, according 
to the rotational speed of the engine sensed according to a 
voltage of one phase output from an output terminal of the 
armature coil. 

[0026] In another aspect of the invention, a delay time in 
response to control during acceleration during loW speeds is 
made greater than a delay time in response to control during 
deceleration during loW speeds. This prevents a sudden 
decrease in output current of the alternator during accelera 
tion, or a sudden drop in alternator torque. This makes it 
possible to avoid sudden charging of the battery during 
acceleration and provides further improved stability in the 
rotational speed of the engine. 

[0027] In another aspect, the control means has a delay 
circuit for determining a delay time in response to control 
during acceleration during loW speeds. Moreover, the delay 
circuit is turned off during deceleration during loW speeds. 

[0028] In another aspect of the invention, the controller 
sets the control voltage to an acceleration control voltage 
that is higher than the battery voltage by a predetermined 
voltage difference AVl, Within a range of voltages higher 
than the battery voltage and less than the steady state control 
voltage, during a acceleration during loW speeds With the 
rotational speed being equal to or less than a predetermined 
value and a rate of increase in the rotational speed being 
equal to or greater than a predetermined value. This control 
can be called a mode for suppressing rates of increase in 
battery voltage or a charge suppression mode. Control of this 
type may be eXecuted prior to control Which employs the 
steady state control voltage as a control voltage, thereby 
preferably realiZing control. 

[0029] That is, according to this control, the control volt 
age is set higher than the battery voltage by a predetermined 
voltage difference AVl in the recovery process of the 
rotational speed of the engine. In this process, the rotational 
speed of the engine and the battery voltage are decreased due 
to the connection of electrical loads, and the rotational speed 
of the engine is increased due to an increase in fuel injection 
provided subsequently by the engine control system. Also, 
the predetermined voltage difference AVl ranges from 0.1V 
to 0.15V, and may be kept at a constant value during 
acceleration during loW speeds. Alternatively, for eXample, 
the difference may be increased from the earlier stage to the 
later stage of acceleration during loW speeds. 

[0030] In another aspect, the control voltage is further set 
to a deceleration control voltage loWer than the battery 
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voltage by a predetermined voltage difference AV2. This is 
carried out after the rotational speed of the engine has 
decreased beloW a ?rst predetermined rotational speed value 
N1 Within a period of deceleration during loW speeds 
immediately preceding the aforementioned acceleration dur 
ing loW speeds. The control of this type can be referred to as 
a battery voltage drop adjustment mode or a discharge 
supression mode Which means not more than the control of 
discharge of the battery. Moreover, the control is desirably 
executed prior to the control Which employs the steady state 
control voltage as a control voltage. The predetermined 
voltage difference AV2 ranges from 0.1V to 0.15V, and may 
be kept at a constant value during deceleration during loW 
speeds. Alternatively, for eXample, the difference may be 
increased being operatively associated With a decrease in 
rotational speed of the engine or a drop in battery voltage. 

[0031] That is, this arrangement employs a gradual 
decrease in control voltage at the time of deceleration like 
the acceleration control voltage in the aforementioned claim 
1. This is carried out at the later stage of said period of 
deceleration during loW speeds in Which a smaller amount of 
the alternator output and the torque produced by the engine 
is provided. The control voltage is thereby maintained to 
prevent the battery from being discharged While the rota 
tional speed of the engine has decreased slightly and alloW 
able poWer generation capacity is available at the earlier 
stage of during deceleration during loW speeds. When the 
rotational speed of the engine decreases more than this, the 
control voltage is decreased, being operatively associated 
With a drop in battery voltage Which requests that the battery 
discharges. Also, this arrangement does not alloW the control 
voltage to be reduced at once even after the rotational speed 
of the engine has been decreased beloW the ?rst predeter 
mined rotational speed value N1. For this reason, the drive 
torque (load torque) of the alternator Will not be suddenly 
changed. 

[0032] In another aspect of the invention, the predeter 
mined voltage difference AVl, betWeen a voltage given at a 
minimum rotational speed value Nmin, at Which during 
deceleration during loW speeds is shifted to acceleration 
during loW speeds, and a voltage at the subsequent rotational 
speed of the engine being equal to or greater than a second 
predetermined rotational speed value N2, is set to a voltage 
less than the predetermined voltage difference AVl during 
the subsequent acceleration during loW speeds. Accordingly, 
poWer generation and charging of the battery are prevented 
to increase the rotational speed of the engine at the earlier 
stage in the recovery process of the rotational speed of the 
engine Where the outputs of the engine torque and the 
alternator are not sufficient. At the same time, a sudden 
increase in drive torque (load torque) of the alternator 
vieWed from the engine is prevented When during decelera 
tion during loW speeds is shifted to acceleration during loW 
speeds. Furthermore, a sudden increase in battery charging 
current is prevented. This makes it possible to realiZe a 
smooth increase in engine load torque. 

[0033] In another aspect, the control voltage is set to a 
deceleration control voltage less than the battery voltage by 
the predetermined voltage difference AV2. This is carried 
out during a period of deceleration during loW speeds With 
the rotational speed, immediately preceding the rotational 
speed of the engine is increased, being equal to or less than 
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a predetermined value and the rate of decrease in rotational 
speed being equal to or greater than a predetermined value. 

[0034] This prevents sudden increase in drive torque (load 
torque) of the alternator vieWed from the engine, and the 
predetermined voltage difference AV2 increases at a later 
stage rather than at an earlier stage of during deceleration 
during loW speeds. Thus, the battery is prevented from being 
discharged by generating a relatively large amount of poWer 
by the alternator. This is done at the earlier stage of accel 
eration during loW speeds With a drop in rotational speed of 
the engine being still small. That is, it is done When the 
engine torque and the output of the alternator are still 
sufficient. On the other hand, consider the later stage of 
acceleration during loW speeds Where a smaller drop occurs 
in rotational speed of the engine, that is, When the engine 
torque and the output of the alternator have become insuf 
?cient. In this stage, poWer generation by the alternator is 
relatively strongly prevented to compensate for shortage in 
poWer by discharging the battery, thereby preventing a 
sudden drop of the rotational speed of the engine. 

[0035] Here, the controller for alloWing the battery voltage 
to approach a control voltage can be comprised of ?rst 
setting means for setting the control voltage to a predeter 
mined steady state control voltage, and second setting means 
for setting the control voltage to an acceleration control 
voltage higher than the battery voltage by a predetermined 
voltage difference AVl, Within a range of voltages higher 
than the battery voltage and less than the steady state control 
voltage, during a acceleration during loW speeds With the 
rotational speed of the engine being equal to or less than a 
predetermined value and a rate of increase in the rotational 
speed being equal to or greater than a predetermined value. 

[0036] To achieve the aforementioned object, the folloW 
ing method can be employed in a method for controlling a 
motor vehicle alternator Wherein a rotational speed of an 
engine and a battery voltage are input, and ?eld current is 
controlled so as to alloW the battery voltage to approach a 
control voltage. That is, the control voltage is set to an 
acceleration control voltage higher than the battery voltage 
by a predetermined voltage difference AVl, Within a range 
of voltages higher than the battery voltage and less than the 
steady state control voltage, during a acceleration during 
loW speeds With the rotational speed of the engine being 
equal to or less than a predetermined value and a rate of 
increase in the rotational speed being equal to or greater than 
a predetermined value. 

[0037] Further areas of applicability of the present inven 
tion Will become apparent from the detailed description 
provided hereinafter. It should be understood that the 
detailed description and speci?c examples, While indicating 
preferred embodiments of the invention, are intended for 
purposes of illustration only, since various changes and 
modi?cations Within the spirit and scope of the invention 
Will become apparent to those skilled in the art from this 
detailed description. In the draWings: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] The present invention Will become more fully 
understood from the detailed description and the accompa 
nying draWings, Wherein: 
[0039] FIG. 1 is a circuit block diagram of a motor vehicle 
alternator according to a ?rst embodiment of the present 
invention; 
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[0040] FIG. 2 is a graphical representation of the rela 
tionship betWeen the rotational speed of the engine during 
loW vehicle alternator speeds according to the drive torque 
(load torque) according to the present invention; 

[0041] FIG. 3 is a timing chart illustrating the relationship 
according to time betWeen the rotational speed of the engine 
during loW vehicle alternator speeds and the alternator drive 
torque (load torque) according to the present invention; 

[0042] FIG. 4 is a circuit diagram illustrating a controller 
for use in the motor vehicle alternator according to the 
present invention; 

[0043] FIG. 5 is a How chart illustrating the control of the 
motor vehicle alternator according to the present invention; 

[0044] FIG. 6 is a How chart illustrating the control of a 
motor vehicle alternator according to the present invention; 

[0045] FIG. 7 is a How chart illustrating the control of a 
motor vehicle alternator according to the present invention; 

[0046] FIG. 8 is a How chart illustrating a modi?ed 
eXample of controlling a motor vehicle alternator according 
to the present invention; 

[0047] FIG. 9 is a How chart illustrating motor control of 
a motor vehicle alternator according to the present inven 
tion; 

[0048] FIG. 10 is a How chart illustrating an eXample of 
controlling a motor vehicle alternator according to embodi 
ment 5; 

[0049] FIG. 11 is a circuit diagram illustrating an eXample 
of the controller of a motor vehicle alternator according to 
embodiment 6; 

[0050] FIG. 12 is a circuit diagram illustrating a delay 
circuit according to the present invention; 

[0051] FIG. 13 is a circuit diagram illustrating an eXample 
of an analog multiplexer circuit according to the present 
invention; 

[0052] FIG. 14 is a circuit diagram illustrating an eXample 
of a circuit for forming a selection signal S according to the 
present invention; 

[0053] FIG. 15 is a circuit diagram illustrating a modi? 
cation of the present invention; 

[0054] FIG. 16 is a timing chart during deceleration 
illustrating the voltage of each portion of a circuit according 
to the present invention; 

[0055] FIG. 17 is a timing chart during acceleration 
illustrating the voltage of each portion of the circuit shoWn 
in FIG. 15; 

[0056] FIG. 18 is a graphical representation of the rela 
tionship betWeen the rotational speed of the engine during 
loW speeds of a prior-art motor vehicle alternator and the 
alternator drive torque (load torque) vieWed from the engine; 
and 

[0057] FIG. 19 is a timing chart illustrating the relation 
ship in terms of the time betWeen the rotational speed of the 
engine during loW speeds of the prior-art motor vehicle 
alternator and the alternator drive torque (load torque) 
vieWed from the engine. 
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DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

[0058] In the embodiments described below, the alternator 
is adapted to increase the exciting current to raise generator 
output since the control voltage is a little higher than the 
battery voltage during acceleration. HoWever, a difference 
AV1 betWeen the battery voltage and the control voltage is 
small and it takes a predetermined time AT1 for the battery 
voltage to return to the control voltage. For this reason, the 
battery voltage increases at the rate of increase speci?ed by 
the predetermined voltage difference AV1, the predeter 
mined delay timeAT1, an increase in alternator output due to 
an increase in rotational speed of the engine, the perfor 
mance of the battery, and the magnitude of electrical loads. 
The aforementioned delay timeAT1 includes, for example, a 
delay in response caused by a feedback control system. 

[0059] Accordingly, a gradual increase in alternator output 
leads to a gradual increase in battery voltage and in drive 
torque (load torque) of the alternator vieWed from the 
engine. During the acceleration, that is, during natural 
recovery of the rotational speed of engine (acceleration 
during loW speeds), no sudden increase Will occur in the load 
torque of the engine. Consequently, after the rotational speed 
of the engine has recovered to a steady state rotational speed 
(for example, an idle rotational speed), overshoots of the 
rotational speed of the engine caused such as by a delay in 
response of the engine control system Will not increase. 

[0060] After all, the drive torque (load torque) of the 
alternator vieWed from the engine and the overshoot of the 
rotational speed of the engine can be Well prevented. 

[0061] Shortage in battery charging current (alternator 
output) is caused by the lack in the alternator output at the 
?nal stage of during the aforementioned temporary decel 
eration that resulted from the connection of electrical loads. 
The shortage is generally re-charged in the process Where 
the battery voltage recovers from the minimum value thereof 
at the start of the acceleration during loW speeds to the 
speci?ed steady state target value. HoWever, in the arrange 
ment described above, the alternator output at each point in 
during the acceleration during loW speeds does not increase 
according to the amount of recovery of the rotational speed 
of the engine. The alternator output increases according to 
an increase in control voltage operatively associated With the 
amount of recovery of the battery voltage. That is, the 
recovery of the battery voltage. Since the battery is accord 
ingly re-charged, the alternator output can gradually recover 
from a signi?cant drop thereof according to not only the 
possible alternator output dependent of the rotational speed 
of the engine, but also the magnitude of the electrical loads, 
or the degree of battery discharge. On the other hand, the 
alternator output can quickly recover from a slight drop 
thereof. In either case, a sudden recharge of the battery can 
be avoided. In addition, a sudden increase in drive torque of 
the alternator (load torque) vieWed from the engine, accom 
panied by a sudden re-charge of the battery (that is, a sudden 
increase in battery voltage) Which Would last until the 
battery is completely re-charged can be avoided. Thus, a 
smooth increase in the drive torque (load torque) of the 
alternator vieWed from the engine can be realiZed. 

[0062] The aforementioned hunting phenomenon Will be 
explained beloW in more detail. 

[0063] Connection of an electrical load at rotational 
speeds during idle operation can cause an increase in load 

Nov. 22, 2001 

torque of the engine, thereby reducing the rotational speed 
of the engine beloW the rotational speed for idle operation. 
Thereafter, the rotational speed of the engine Will be 
increased by constant rotational speed control for idle opera 
tion by means of an engine controller. Then, the rotational 
speed of the engine Will exceed the rotational speed for idle 
operation. The engine controller Will sense the excess of the 
rotational speed of the engine to thereby reduce the rota 
tional speed of the engine. Thus, the rotational speed of the 
engine Will repeatedly ?uctuate as such, ultimately converg 
ing gradually at the rotational speed for idle operation. 

[0064] The relationship betWeen a change in the afore 
mentioned rotational speed of the engine and a change in 
drive torque (hereinafter also simply referred to as load 
torque) of the motor vehicle alternator (hereinafter referred 
to as the alternator) Will be explained With reference to FIG. 
18. 

[0065] A characteristic line (shoWn by a dashed line) 
connecting betWeen coordinates A1-C1 represents the rela 
tionship betWeen the rotational speed of the engine and the 
load torque With the alternator output W being equal to a 
predetermined certain value W1. A characteristic line 
(shoWn by a solid line) connecting betWeen coordinates 
A2-C2 represents the relationship betWeen the rotational 
speed of the engine and the load torque With the alternator 
output W being equal to a certain value W2 greater than W1. 
The coordinates C1 and C2 represent the load torque values 
With the minimum rotational speed possible to output the 
alternator outputs W1 and W2. 

[0066] When the alternator runs at speeds loWer than C1 
or C2 With the alternator output W being equal to W1 or W2, 
the output W of the alternator can not supply suf?cient 
poWer to electrical loads, thus the battery Will be discharged 
to compensate for the shortage. 

[0067] For example, suppose that the Working point is 
stable at coordinate A1 in the region of rotational speeds for 
idle operation With permanent loads (i.e., minimum electri 
cal loads required for running the vehicle such as for 
initiating ignition, driving fuel injection valves, and driving 
the control computer). 

[0068] NoW, connection of an additional electrical load to 
the alternator Would cause the alternator to increase the 
exciting current in order to increase the output. The drive 
torque of the alternator is thereby increased and thus the 
Working point shifts from point A1 to A2. At this time, the 
engine is injecting just enough fuel to remain stable at A1, 
so that the rotational speed of the engine is reduced and the 
Working point is shifted to point B on the characteristic line 
Y. 

[0069] In addition, a drop in rotational speed of the engine 
Would cause an increase in drive torque of the alternator 
(load torque), thereby further reducing the Working point 
beyond the point B. 

[0070] At this time, the engine control system senses the 
drop in rotational speed and increases the amount of fuel 
injection to maintain the Working point at point A2. HoW 
ever, a certain control delay time occurs until the rotational 
speed of the engine is recovered to pointA2, thereby causing 
the Working point to drop to point D and the battery to be 
discharged. 
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[0071] Control of the engine Will, in a While, start increas 
ing the rotational speed. HoWever, the alternator Will charge 
the battery to compensate for the previous discharge of the 
battery. At this time, the alternator outputs charge current for 
charging the battery in addition to the current required by the 
electrical loads. Consequently, this Will cause the drive 
torque (load torque) vieWed from the engine to increase and 
the Working point to reach coordinate F through point E. 

[0072] After the battery has been completely charged, the 
output current of the alternator Will decrease to the value 
required by the electrical loads, thus reducing the load 
torque and alloWing the Working point to reach coordinate 
G. 

[0073] At this time, to increase the rotational speed once 
reduced to point D, the engine Will increase fuel supply. 
HoWever, beyond point F, the load torque of the engine Will 
decrease at once, thereby loWering the Working point to 
point G. At this time, the control system Will sense the 
increase in rotational speed and reduce the fuel injection to 
maintain the Working point at point A2. HoWever, the 
rotational speed of the engine Will repeatedly ?uctuate 
Within the range from N1 to N2 due to the aforementioned 
variation in drive torque (load torque) of the alternator or the 
aforementioned control delay. This phenomenon is illus 
trated in terms of time in FIG. 19. It can be seen in the ?gure 
that a sudden change in torque has occurred Which is 
different from the cycle of a variation in rotational speed. 
The battery discharge can be controlled When the alternator 
output has increased to improve hunting problem. HoWever, 
this is not so easily employed from the vieWpoint of mount 
ing space, cost, and noise. 

[0074] This problem can be solved by means of the 
present invention in Which the control voltage is formed 
according to the battery voltage and the condition of the 
electrical circuitry is taken into account. 

[0075] That is, the alternator can be prevented from gen 
erating an unreasonably excessive amount of electricity 
during the initial acceleration (e.g., from point D to F in 
FIG. 18) during loW speeds. Thus, the battery is prevented 
from charging quicker than in the conventional art (e.g., at 
point F), causing the load of the engine to be reduced to 
alloW the rotational speed of the engine to increase to N2. In 
other Words, overshoots in the rotational speed of the engine 
exceeding the rotational speed for idle operation can be 
prevented, thereby reducing the maximum amplitude N2 of 
the ?uctuation of rotational speed of the engine. 

[0076] Furthermore, even during acceleration during loW 
speeds, control Will be shifted to normal control after the 
battery voltage has reached the steady state control voltage, 
thus preventing an abnormal increase in battery voltage. The 
normal control in the foregoing control means for alloWing 
the battery voltage to converge to the steady state control 
voltage With the control voltage being employed as the 
steady state control voltage. 

[0077] The controller is comprised of a circuit into Which 
operational ampli?ers or the like are incorporated or of a 
microcomputer and programs. The input means can be 
comprised of a sensor for sensing the rotational speed of the 
engine and the signal processing circuit therefor. Alterna 
tively, the input means can have additional input processing 
steps that are implemented by programs. Control means can 
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be a feedback control system Which provides output accord 
ing to a difference betWeen the control voltage and the 
battery voltage. Input or the ?eld current of a ?eld coil for 
controlling the output of a motor vehicle alternator can be 
realiZed, for example, With sWitching devices for interrupt 
ing the poWer supplied from the poWer source to the ?eld 
coil. A control signal to the sWitching devices can be 
employed as an output signal of the control means. The 
sWitching devices include for example poWer transistors. 
Furthermore, a base or a gate signal that serves as a control 
signal can be replaced With a pulse signal Which is PWM 
modi?ed according to a difference betWeen the control 
voltage and the battery voltage. In addition, ?rst setting 
means and second setting means can be realiZed, for 
example, With resistance potential divider circuit for setting 
the input voltage of the operational ampli?ers. Alternatively, 
the ?rst and second means can be realiZed With data stored 
in storage means of a microcomputer and processing steps 
for substituting the data into variable parameters in the 
operational processing. Here, the steady state control voltage 
can be employed as a constant value or a value to be changed 
according to the running condition of the engine or the 
vehicle. Furthermore, the acceleration control voltage at a 
certain time can be set, for example, either Without a delay 
or With a predetermined delay according to the battery 
voltage at the same point of time. Also, the acceleration 
control voltage preferably perfectly folloWs the battery 
voltage over the entire period of the acceleration during loW 
speeds. For example, the acceleration control voltage is 
gradually increased When the battery voltage is gradually 
increased, Whereas the acceleration control voltage is not 
increased When the battery voltage is not increased due to 
heavy electrical loads. Also, it is also conceivable to employ 
a con?guration or method that alloWs the acceleration con 
trol voltage to be set by estimating a change in battery 
voltage during acceleration during loW speeds. For example, 
such an arrangement or method can alloW the acceleration 
control voltage to be set as a ramp voltage that increases 
according to a certain function from the initial point in 
acceleration during loW speeds. 

[0078] The block diagram of a motor vehicle alternator 
used in embodiment 1 of the present invention is explained 
beloW With reference to FIG. 1. An alternator 2 is supplied 
With poWer from an engine 1 via a belt 3. An output terminal 
20 of the alternator 2 supplies poWer to a battery 5 and a 
vehicle electrical load 6. Accordingly, the maximum alter 
nator output (the maximum alternator current) determined 
by the rotational speed of the alternator 2 (proportional to the 
rotational speed of the engine) depends on the rotational 
speed of the engine. Consider some running conditions and 
particularly a case Where the rotational speed of the engine 
is as loW as the rotational speed for idle operation. In these 
cases, the alternator 2 Would be lacking in poWer supplied to 
the vehicle electrical load 6, thereby causing the battery 5 to 
supply poWer to the vehicle electrical load 6. 

[0079] The alternator 2 is provided With a controller 4 for 
PWM controlling of the battery voltage to a control voltage 
to control the exciting current and thereby adjust the alter 
nator output to the battery 5 at a proper level. 

[0080] The controller 4 comprises means 41 for sensing 
the rotational speed of the alternator 2 and mode sWitch 
means 42. The mode sWitch means 42 are to sWitch the state 
of poWer generation of the alternator 2 betWeen a normal 
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mode and a charge supression mode. In the normal mode, 
the battery 5 is charged normally at the normal time, Whereas 
in the charge supression mode, the charging to the battery 5 
is controlled during acceleration during loW speeds. The 
controller 4 also comprises control voltage setting means 43 
for setting the control voltage or the upper limit value of the 
supply voltage to the battery 5. Moreover, the controller 4 
comprises sWitch means 44 for carrying out PWM control 
by interrupting the exciting current according to the result of 
comparison betWeen the control voltage and the battery 
voltage. 

[0081] The relationship betWeen the rotational speed of 
the alternator 2 and the drive torque (load torque) of the 
alternator is shoWn in FIG. 2. 

[0082] At the steady state point A1 for the rotational speed 
for idle operation, the control voltage, that is, the upper limit 
value of the supply voltage to the battery 5 is set to 145V, 
With the output voltage of the alternator 2 generally being 
equal to 145V. At this time, the alternator 2 is running in the 
normal mode. 

[0083] Connection of an electrical load Would cause the 
alternator output to increase and thereby the drive torque 
(load torque) of the alternator to increase, thus causing the 
Working point to be shifted from the stable point A1 to the 
stable point A2. 

[0084] HoWever, the rotational speed of the engine Would 
decrease due to a sudden increase in load, causing the 
Working point to be shifted from A1 through B and C2 to D 
as described above. Although the control voltage (steady 
state control voltage) has been set to 145V during the period 
from C2 to D, the alternator 2 cannot generate the output in 
response to the load, thus causing the output voltage to 
gradually decrease. That is, this Will cause the voltage 
applied to the battery 5 to gradually decrease, meanWhile the 
charge polariZation of the battery 5 is diminished and 
discharge is continued. 

[0085] MeanWhile, feedback control is being carried out to 
increase the rotational speed of the engine, thereby alloWing 
the rotational speed of the engine to start increasing from the 
minimum point D. 

[0086] At this time, the controller of the alternator 2 senses 
the increase in rotational speed based on the P terminal 
Waveform to set the control voltage to the acceleration 
control voltage higher than the battery voltage by the 
predetermined voltage difference AV1. This is done Within 
the voltage range loWer than the voltage at the normal time 
(145V), that is, What is called in the present invention the 
steady state control voltage, and is higher than the battery 
voltage (125V) With the terminals of the battery 5 being 
made open. 

[0087] HoWever, a circuit system for generating the alter 
nator output according to the acceleration control voltage 
after having sensed the battery voltage is provided With a 
delay system to prevent control from being performed at 
higher speeds. Thus, control responses are delayed to some 
extent. The delay in control can be produced by means of a 
delay circuit system for delaying the acceleration control 
voltage or alternatively by means of some other circuit 
impedance. Here, the acceleration control voltage is delayed 
at the pre-stage of the comparator Which compares the 
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control voltage or the acceleration control voltage With the 
battery voltage to adjust the duty ratio of the exciting current 
to the ?eld coil. 

[0088] The control Will return to the original state after the 
battery voltage has reached the original steady state target 
value of 145V. 

[0089] That is, the control voltage is set to a level higher 
by the predetermined voltage difference AV1 than the bat 
tery voltage during acceleration during loW speeds accord 
ing to this embodiment. As described above, the charging is 
thereby controlled to alloW the battery to be charged more 
sloWly and the rotational speed of the engine to be increased 
more gradually. Thus, it becomes possible to realiZe a 
smoother change in drive torque (load torque) of the alter 
nator vieWed from the engine. 

[0090] In contrast, With the conventional control (Where 
the control voltage is equal to the constant steady state 
control voltage of 145V), the upper limit output voltage of 
the alternator 2 is 145V. Even at the Working point E, the 
output voltage does not reach the upper limit because the 
battery has not been completely charged, and therefore the 
alternator 2 Will continue full generation of poWer until the 
output voltage reaches 145V, thus alloWing the Working 
point to reach point F. That is, this control can be carried out 
to make the increase in drive torque of the alternator smaller 
by A1. 

[0091] The change in rotational speed of the engine and in 
drive torque of the alternator, after the electrical loads have 
been connected, and the change in battery voltage and in 
control voltage, shoWn in FIG. 2, are shoWn in the timing 
chart of FIG. 3. 

[0092] As an example of the controller 4, a circuit for 
forming the control voltage by processing by a microcom 
puter is shoWn in FIG. 4. 

[0093] Reference numeral 100 designates a motor vehicle 
alternator comprising a three phase armature coil 101, a 
three phase full Wave recti?er 102, and a ?eld coil 103. 
Reference numeral 104 designates a sWitching transistor for 
interrupting the exciting current, 105 designates a ?yWheel 
diode, and 106 designates a comparator for controlling the 
sWitching transistor 104. Reference numeral 107 designates 
a resistance potential divider circuit for dividing the battery 
voltage to input a divided voltage to the negative input 
terminal of the comparator 106. Reference numeral 108 
designates a f/V converter for converting the frequency 
(operatively associated With the rotational speed of the 
engine) of the single phase voltage input from the three 
phase armature coil 101 to an analog voltage representative 
of the rotational speed of the engine. Reference numeral 109 
designates an A/D converter for converting the aforemen 
tioned analog voltage output from the f/V converter 108 to 
a digital signal. Reference numeral 110 designates an A/D 
converter for converting the battery voltage to a digital 
signal. Reference numeral 111 designates a microcomputer 
for forming the control voltage according to the rotational 
speed of the engine and the battery voltage to be input. 
Reference numeral 112 designates a D/A converter for 
converting an output from the microcomputer to an analog 
voltage to input the voltage to the positive input terminal of 
the comparator. 

[0094] FIG. 5 shoWs a How chart in Which the microcom 
puter 111 forms the control voltage. First, in step 1000, it is 
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checked if the rotational speed of the engine is equal to the 
predetermined value (equal to or slightly less than the 
rotational speed for idle operation). If the rotational speed is 
less than the predetermined value, step 1002 determines if 
the rate of increase in rotational speed of the engine is equal 
to or greater than the predetermined value. If the rate of 
increase in rotational speed of the engine is equal to or 
greater than the predetermined value, it is determined that 
the process is in acceleration during loW speeds. Then, in 
step 1004, the predetermined voltage difference AV1 is 
added to the battery voltage to form the control voltage. 
Then, in step 1006, it is checked if the battery voltage V has 
been recovered to the steady state control voltage (14.5V). 
If the battery voltage V has not recovered yet, the process 
Will Wait for a predetermined delay timeAT1 (step 1008) and 
then a control voltage Vref is output at step 1010. If the 
battery voltage V has already recovered, then the process 
proceeds to 1012. If the conditions are not satis?ed in steps 
1000 and 1002, then the control voltage Vref is set to 14.5V 
or the steady state control voltage (step 1012) and then the 
process proceeds to 1010. 

[0095] In step 1000, instead of determining if the rota 
tional speed of the engine N is less than the predetermined 
value, but if the battery voltage V is less than the predeter 
mined value. In addition, in step 1002, instead of determin 
ing Whether the rate of increase in rotational speed of the 
engine is equal to or greater than the predetermined value, 
if the rate of increase in battery voltage V is equal to or 
greater than the predetermined value can be determined. 

[0096] (Embodiment 2) 
[0097] NoW, another embodiment of the motor vehicle 
alternator according to the present invention is explained 
beloW With reference to the How chart shoWn in FIG. 6. 
Also, this How chart is executed if “N” has been given in 
step 1002 in FIG. 5. 

[0098] First, it is checked if the rate of decrease in 
rotational speed of the engine is equal to or greater than the 
predetermined value in step 2002. If yes, it is determined 
that the process is Within during deceleration during loW 
speeds, and then the predetermined voltage difference AV2 
is subtracted from the battery voltage to form the control 
voltage Vref in step 2004. Then, it is determined if the 
battery voltage V has been reduced to the minimum voltage 
Vmin (125V) of the battery voltage (2006). If yes, the 
control voltage Vref is ?xed to 125V (2007). If no, the 
process Will Wait for the predetermined delay time AT2, step 
2008, and then proceed to step 1010. 

[0099] If the conditions are not satis?ed in steps 1000 and 
1002, then the control voltage Vref is set to 14.5V or the 
steady state control voltage (2012) and then the process 
proceeds to step 1010. 

[0100] In step 2000, instead of determining if the rota 
tional speed of the engine N is less than N1, it can be 
determined if the battery voltage V is less than the prede 
termined value. In addition, in step 2002, it may be deter 
mined if the rate of decrease in battery voltage V is equal to 
or greater than the predetermined value. 

[0101] Embodiment 3. 

[0102] Referring to FIG. 7, a How chart is shoWn that is 
executed immediately after the step 1002 of FIG. 5 for the 
third embodiment. 
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[0103] First, it is checked if the rotational speed of the 
engine N is equal to the predetermined value N2 in step 
3000. The value N2 is less than the rotational speed for idle 
operation and greater than the minimum rotational speed 
during shift during deceleration during loW speeds to that of 
acceleration during loW speeds. If the speed N is less than 
the value N2, then the control voltage Vref is ?xed to the 
battery voltage during the aforementioned minimum rota 
tional speed or the minimum battery voltage, step 2002. If 
not, the process proceeds to step 1004. 

[0104] Also, in step 3000, it may be determined not if the 
rotational speed of the engine N is less than N2 but if the 
battery voltage V is less than the predetermined value. 

[0105] (Other Embodiment) 
[0106] in FIG. 8., When the rotational speed of the engine 
N of FIG. 7 is beloW N2, the predetermined voltage differ 
ence AV1 can be compressed to approximately half instead 
of as provided in step 3002. This alloWs prohibition or 
suppression of battery charging at the initial stage of accel 
eration during loW speeds. 

[0107] Referring to FIG. 9, a fourth embodiment is pro 
vided. This How chart is executed betWeen steps 1002 and 
1004 of FIG. 5. 

[0108] In step 4000, the predetermined voltage difference 
AV1 is determined according to the battery voltage based on 
a built-in map. Also, the built-in map is adapted to increase 
the predetermined voltage difference AV1 as the battery 
voltage increases. This makes it possible to prohibit or 
suppress the battery charging at the initial stage of accel 
eration during loW speeds. 

[0109] (Embodiment 5) 
[0110] Referring to FIG. 10, a ?fth embodiment is 
described. This How chart is also executed betWeen steps 
2002 and 2004 of FIG. 6. In step 5000, the predetermined 
voltage difference AV2 is determined based on a built-in 
map according to the battery voltage. Also, the built-in map 
is adapted to increase the predetermined. voltage difference 
AV2 as the battery voltage decreases. This makes it possible 
to prohibit or suppress the battery charging at the ?nal stage 
of during deceleration during loW speeds. 

[0111] (Other Embodiments) 
[0112] In the above explanations, the control voltage Vref 
Was changed to smooth the drop in rotational speed of the 
engine and in battery voltage after the connection of the 
electrical loads and a variation in drive torque (load torque) 
of the alternator vieWed from the engine during the subse 
quent recovery period. HoWever, it is apparent that con 
versely calculating the amount of control equal to the 
aforementioned control voltage Vref on the signal voltage 
applied to the negative input terminal of the comparator 106 
Would also yield an equivalent result in terms of circuit. 

[0113] In place of the embodiments described above, the 
folloWing con?guration can be employed. For example, the 
rotational speed of the engine can be used by sensing the 
rotational speed of a rotational member such as the crank 
shaft or camshaft of the engine or the rotational speed of the 
motor vehicle alternator. In addition, the rotational speed of 
the motor vehicle alternator can be sensed With a sensor for 
sensing the rotational speed of the shaft of the alternator or 










