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HYBRD CAR 

TECHNICAL FIELD 

0001. The present invention relates to an apparatus and 
method for controlling a hybrid car having an engine and 
electric motorS. 

BACKGROUND ART 

0002. In a hybrid car using an engine and electric motors, 
a power generated by the engine is converted to an electric 
energy directly or through a generator, while the electric 
energy is converted to a mechanical energy by a motor or is 
Stored in a battery. Such a hybrid car is advantageous in that 
the running distance can be made long in comparison with 
an electric car in which the Supply of energy is done with a 
battery alone. 
0003) In Japanese Patent Laid-Open No. Hei 9-37410 
there is disclosed a configuration provided with an engine, 
a power distributing mechanism, and motor generators. 
0004. In such a hybrid car, when the required driving 
torque is large, the car is driven by the engine, part of the 
engine power is distributed to a motor generator which is for 
assisting the vehicle Speed, allowing the motor generator to 
act as a generator, then with the generated power from the 
generator, the torque from a driving motor is assisted to 
increase the driving torque. 
0005. On the other hand, when the required driving 
torque is Small and the vehicle speed is high, part of the 
engine driving torque is recovered from a motor generator 
which is for assisting the driving toque, and with this electric 
power, a differential motor generator is allowed to operate as 
a motor, thereby permitting a vehicular operation at a high 
Speed. 
0006. In such a configuration, when the car is to be driven 
at a low speed and at a Small driving torque required (a small 
driving output required), it is necessary that the vehicular 
operation be done in a region of a Small engine torque. In 
Such a Small engine torque region, there is a tendency to an 
increase of pumping loSS and deterioration of fuel economy 
because the vehicular operation is performed in a closed 
State of the throttle Valve. If the operation in a large pumping 
loSS region is restricted, there arises the problem that the 
engine operating region becomes Small and the motor Size 
increases to assist torque for acceleration. If the engine 
operation is topped in low speed and low torque conditions, 
the operational proportion using the battery increases, thus 
requiring a larger battery capacity or more frequent charge/ 
discharge control for the battery. A highly efficient operation 
can be realized by combining the engine with a transmission, 
Selecting a shift gear (a change gear ratio in case of a stepless 
change gear ratio) and performing operation in a region 
where the engine torque is as high as possible. However, 
there arises the problem that, Since the operating torque has 
already approached its maximum level, there remains no 
marginal torque in acceleration, thus resulting in a poor 
accelerative feeling and deterioration of the driving perfor 

CC. 

0007 Accordingly, it is the first object of the present 
invention to provide a hybrid car having an engine and 
electric motors which car can effect a highly efficient opera 
tion without increasing the motor and battery capacities. 
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0008. It is the second object of the present invention to 
ensure a Superior driving performance in a highly efficient 
operation. 

DISCLOSURE OF INVENTION 

0009. The above first object of the present invention can 
be achieved by allowing a lean burn to take place to enlarge 
the region of the highly efficient operation and increasing the 
proportion of operation with the engine at a low torque while 
decreasing the proportion of motor operation using the 
battery. Lean burn is advantageous in that the pumping loSS 
can be diminished because the throttle valve is opened. The 
pumping loSS of the engine at a low torque may be dimin 
ished by controlling the intake valve timing to control the 
amount of intake air. 

0010. The above second object can be achieved by select 
ing a region of a large number of revolutions of the engine 
to ensure a marginal torque for operation at a required 
engine output. For example, whether the driver of the car 
attaches importance to fuel economy or to the driving 
performance is judged in accordance with a change in the 
degree of opening of an accelerator pedal. If the driver 
attaches importance to the driving performance, there is 
Selected an engine operation region of a large marginal 
torque. In the high engine Speed region, driving performance 
takes precedence over other points although fuel economy 
becomes worse than at the highest efficiency point. 

BRIEF DESCRIPTION OF DRAWINGS 

0011 FIG. 1 is a system diagram according to the present 
invention. 

0012 FIG. 2 is a system diagram according to the present 
invention. 

0013 FIG. 3 is an operation explaining diagram accord 
ing to the present invention. 
0014 FIG. 4 is an operation explaining diagram accord 
ing to the present invention. 
0015 FIG. 5 is an operation explaining diagram accord 
ing to the present invention. 
0016 
0017 FIG. 7 is a diagram explanatory of operation of a 
conventional System. 
0018 FIG. 8 is an operation explaining diagram accord 
ing to the present invention. 
0019 FIG. 9 shows an example of air/fuel ratio and EGR 
control. 

0020 FIG. 10 shows an example of an air flow control 
ling method. 
0021 FIG. 11 shows another example of air/fuel ratio 
and EGR control. 

FIG. 6 shows a configuration of an engine. 

0022 FIG. 12 shows an example of a combustion con 
trolling method. 
0023 FIG. 13 is a diagram explanatory of operation of a 
conventional System. 
0024 FIG. 14 is an operation explaining diagram accord 
ing to the present invention. 
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0025 FIG. 15 shows another example of operation 
according to the present invention. 

0.026 FIG. 16 shows a driving torque control in a tran 
Sient time. 

0.027 FIG. 17 is a block diagram according to the present 
invention. 

0028 FIG. 18 is a block diagram according to the present 
invention. 

0029 FIG. 19 shows a system according to a further 
embodiment of the present invention. 

0030 FIG.20 is a block diagram according to the present 
invention. 

0.031 FIG.21 is an operation explaining diagram accord 
ing to the present invention. 

0032 FIG.22 shows a further embodiment of the present 
invention. 

0033) 
catalyst. 

0034) 
catalyst. 

FIG. 23 shows an operation example of NOX 

FIG. 24 shows an operation example of the NOX 

0.035 FIG.25 is a block diagram according to the present 
invention. 

0036 FIG. 26 is a flow chart according to the present 
invention. 

0037 FIG.27 is an operation explaining diagram accord 
ing to the present invention. 

0038 FIG. 28 shows an effect obtained by the present 
invention. 

0039 FIG.29 shows a further embodiment of the present 
invention. 

0040 FIG.30 shows a further embodiment of the present 
invention. 

0041 FIG. 31 shows an operation of a continuously 
variable transmission. 

0.042 FIG. 32 is a block diagram according to the present 
invention. 

0.043 FIG.33 is an operation explaining diagram accord 
ing to the present invention. 

0044 FIG. 34 shows a further embodiment of the present 
invention. 

004.5 FIG.35 shows a further embodiment of the present 
invention. 

0.046 FIG. 36 is an operation explaining diagram accord 
ing to the present invention. 

0047 FIG. 37 shows an injection valve driving circuit. 

0048) 

0049 FIG. 39 shows a further embodiment of the present 
invention. 

FIG. 38 shows a driving current waveform. 
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BEST MODE FOR CARRYING OUT THE 
INVENTION 

0050 Embodiments of the present invention will be 
described hereinunder with reference to the drawings. 
0051 FIG. 1 illustrates a system configuration according 
to the present invention. The System comprises an engine 81, 
a drive assisting motor generator 81, a differential motor 
generator 83, a power distributing mechanism 82, a battery 
87, and inverters 84,85. As the engine 81 it is desirable to 
use a cylinder-direct fuel injection type engine which can 
control the output of the engine by the air/fuel ratio. In the 
cylinder-direct fuel injection type engine, fuel is injected 
directly into a cylinder and the mixture distribution can be 
controlled, So it is possible to perform an ultra-lean burn 
operation. Driving wheels 88 are controlled by the engine 
81, the driving assisting motor generator 81, and the differ 
ential motor generator 83. The driving torque distribution is 
controlled So as to maximize the engine efficiency. The 
engine and the motors are controlled to an optimum State by 
means of a control unit (not shown). 
0052 FIG. 2 shows a configuration example of the 
power distributing mechanism 82. The distribution of output 
is performed by helical gears 82a-82h. The output of the 
engine is transmitted to the gear 82f via the gear 82a and the 
driving wheels 88 are driven by the gears 82g and 82h. The 
motor generator (“MG” hereinafter) 81 is coaxial with the 
gear 82h and the gear output is transmitted as it is to the 
driving wheels when the MG is not supplied with electricity. 
When the MG 83 operates as a motor and actuates the gear 
82c, the rotation of the gear 82g is added and the rotation of 
a driving shaft becomes high, thus permitting a high-Speed 
vehicular operation. The electric power Stored in the battery 
87 is used to drive the drive assisting MG 81 via the inverter 
81 or drive the differential MG via the inverter 85. 

0053 FIG. 3 shows a case where the vehicle speed is 
assisted in basic operations of the present invention. The 
output from the engine 80 is transmitted to the driving 
wheels 88 via the gears 82a, 82e, 82d, and 82g. In a 
high-speed level road traveling at a Small driving torque, the 
drive assisting MG 81 is allowed to act as a generator and 
the vehicle speed assisting differential MG 83 is allowed to 
act as a motor using the electric power generated by the 
generator. When the MG 83 causes the gear 82c to rotate, it 
is possible to increase the output rotation of the gear 82g. 

0054 FIG. 4 shows a case where the driving torque is 
assisted in basic operations of the present invention. The 
output from the engine 80 is transmitted to the driving 
wheels 88 via the gears 82a, 82e, 82d, and 82g. In a 
high-speed traveling at a large driving torque, part of the 
engine torque is distributed by the power distributing 
mechanism 82 and the vehicle Speed assisting differential 
MG 83 is operated to assist the driving torque. Thus, by 
distributing the engine power through the power distributing 
mechanism 82 and by controlling the vehicle Speed assisting 
MG 83 to an optimum state, it is possible to control the 
driving torque. 

0055 FIG. 5 shows a relation between vehicle speed and 
driving torque. In the case where a larger driving torque than 
the engine torque is required at the same engine output, the 
torque assisting MG is allowed to act as a motor and the 
engine torque and the motor torque are combined together to 
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increase the driving torque. On the other hand, in the case 
where a high vehicle Speed is needed, the torque assisting 
MG is allowed to operate as a generator, while the vehicle 
Speed assisting differential MG is allowed to act as a motor, 
to assist the vehicle Speed. By So doing, even at one engine 
operating point it is possible to change the driving torque 
and the vehicle Speed at the Same output. 
0056 Although the above description refers to differen 
tial gears as the power distributing mechanism, there may be 
used another mechanism Such as a planetary gearing. 
0057 FIG. 6 shows a configuration example of an 
engine. Air is introduced into an engine 13 via an air flow 
Sensor 7, a throttle valve 10, an intake pipe 11, and an intake 
valve 16. The quantity of air, which is detected by the air 
flow Sensor 7, can be controlled by changing the degree of 
opening of the throttle valve 10 and that of the intake valve 
16. An internal pressure of each intake pipe and that of each 
cylinder are detected by an internal intake pipe pressure 
Sensor 31 and an internal cylinder pressure Sensor 42, 
respectively. AS to the intake valve, for example, a movable 
portion 22 moves under the action of an electromagnetic 
force by applying a voltage to Solenoids 18 and 19 from a 
drive circuit 30, So that the intake valve 16 connected thereto 
performs an opening or closing motion. The drive circuit 
may be incorporated in an engine control unit 12. Also as to 
an exhaust valve 17, the same operation as above is per 
formed. Fuel is fed from an injector 1 which injects fuel 
directly into a cylinder and which is driven by a drive circuit 
32. The throttle valve is opened and closed by means of a 
motor 9 and the degree of opening thereof is detected by a 
throttle Sensor 8. An accelerator opening, a, is detected by an 
accelerator opening Sensor (not shown) and intake and 
exhaust valves are controlled in accordance with at least an 
accelerator opening Sensor Signal. A controller 12 controls 
the throttle valve and the intake and exhaust valves in 
accordance with the Sensor Signal. 
0.058 According to such a configuration, since fuel is 
injected directly into each cylinder, the air-fuel mixture 
present in the cylinder can be controlled directly and it is 
possible to effect a vehicular operation at a high air/fuel 
ratio, that is, in a lean burn condition. 
0059 Consequently, the vehicular operation can be done 
with the throttle valve open, whereby it is possible to 
diminish the pumping loSS. Further, as noted above, the 
quantity of intake air in each cylinder can be controlled by 
controlling the opening/closing timing and period of intake 
and exhaust valves, So the quantity of air can be adjusted 
without relying on the throttle valve, which is more effective 
in diminishing the pumping loSS. 
0060 FIG. 7 shows engine torque and fuel consumption 
characteristics. In a region of a large engine Shaft torque, 
fuel consumption is Small and fuel economy is good. This is 
because with an increase of the engine shaft torque the 
degree of opening of the throttle valve becomes larger and 
the pumping loSS decreases. It is because the air/fuel ratio in 
this engine is Set rich that the best point of fuel economy lies 
at a lower opening than the full opening of the throttle valve. 
The engine efficiency can be enhanced by operating the 
engine So as to be in a medium and high load region. On the 
other hand, when the engine torque is Small, the pumping 
loSS increases, So there is performed operation using a motor. 
In the conventional hybrid System, therefore, the proportion 
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of motor operation is large and it is necessary to make a 
charge/discharge control for the motor and increase the 
battery capacity. Moreover, Since the motor operation is 
continued up to a high torque, there arises the necessity of 
using a large motor. Because of an increase in weight of the 
vehicle body due to an increase in weight of the motor and 
battery, the fuel economy becomes worse even if it is 
improved by a highly efficient vehicular operation, and the 
improvement of fuel economy becomes less effective as a 
whole. 

0061 FIG. 8 shows an engine operating method in the 
present invention. If the air/fuel ratio is set large like 20 or 
40 relative to a stoichiometric ratio (14.7), the torque in a 
full open operation becomes Small. At this time, the degree 
of opening of the throttle Valve becomes large and the 
pumping loSS can be decreased, So the fuel economy can be 
improved even in an operational region where the engine 
torque is low. Consequently, the proportion of motor opera 
tion becomes Smaller, thus permitting the use of a Small 
sized motor and a Small-capacity battery, with consequent 
reduction in weight. For example, when a further engine 
output is needed in a vehicular operation at an air/fuel ratio 
of 40, a change is made to a Smaller air/fuel ratio and the 
torque is increased thereby. When the air/fuel ratio is set 
Smaller than 20, there is performed a Stoichiometric opera 
tion (14.7), and if an additional engine output is needed, the 
engine Speed is increased. 

0062 FIG. 9 shows a target air/fuel ratio and the addition 
of EGR (exhaust gas recirculation) relative to engine torque 
and engine Speed. When the engine torque and engine speed 
are low, namely, in a low load condition, there is performed 
an ultra-lean burn operation at an air/fuel ratio of 40 or more 
to decrease the consumption of fuel. AS the load increases, 
a shift is made to an operation at an air/fuel ratio of 20 to 40 
plus EGR, then to an operation at the Stoichiometric air/fuel 
ratio (14.7) plus EGR, and with a further increase of load, a 
shift is made to an operation with EGR not added. The 
addition of EGR permits a decrease of NOX. With the 
throttle valve full open, EGR is stopped and a large quantity 
of air is introduced into each cylinder to increase the engine 
output, thereby allowing a larger quantity of fuel to burn. 
0063 FIG. 10 shows an example of controlling an air 
flow pattern in the engine. In an ultra-lean burn operation at 
an air/fuel ratio of 40 or more, namely, in a low load 
condition involving low engine torque and engine Speed, it 
is necessary that the air-fuel mixture be concentrated (strati 
fied) in the vicinity of a Spark plug. A reverse tumble flow 
is formed within the engine and fuel is conveyed toward the 
Spark plug by a current of air. In a vehicular operation at an 
increased load and at an air/fuel ratio of 20 to 40 plus EGR, 
if the air-fuel mixture is concentrated too much around the 
Spark plug, there occurs a deficiency of oxygen and Smoke 
is apt to occur. To avoid this inconvenience, the flow in the 
cylinder is Swirled to prevent Such a concentration of the 
mixture in the cylinder. The Swirl is retained easily even 
when the piston approaches top dead center in compression, 
So is effective in promoting the mixing of air and fuel. In 
case of addition of EGR, the Swirl is also effective in 
improving the mixing of EGR with the mixture and stabi 
lizing the combustion. The Swirl is formed also in the 
operation at a stoichiometric air/fuel ratio (14.7) plus EGR. 
AS the load further increases, it is necessary to introduce a 
large quantity of air in order to increase the output in an 
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operational condition with EGR not added, and the flow 
depends on the shape of each intake pipe, without providing 
resistance in the intake valve and pipe. For the improvement 
of output it is important to promote the mixing of air and fuel 
in each cylinder and increase the rate of air utilization. By 
forward tumble, the fuel present in the piston cavity is also 
raked out to promote the air-fuel mixing. 

0.064 FIG. 11 shows another example of a target air/fuel 
ratio and the addition of EGR relative to engine torque and 
engine Speed. In a low load condition involving low engine 
torque and low engine Speed there is performed an ultra-lean 
burn operation at an air/fuel ratio of 80 to 40 to decrease the 
consumption of fuel. AS the load increases, a shift is made 
to an operation at an air/fuel ratio of 20 to 40 plus EGR, then 
to an operation at the Stoichiometric air/fuel ratio (14.7) plus 
EGR, and with a further increase of load, a shift is made to 
an operation with EGR not added. By the addition of EGR 
it is possible to decrease NOX. With the throttle valve full 
open, EGR is Stopped and a large quantity of air is intro 
duced into each cylinder to increase the engine output, 
thereby allowing a larger quantity of fuel to burn. 

0065 FIG. 12 shows an example of controlling combus 
tion. In a low load condition wherein the engine torque and 
engine Speed are low, the mixture is ignited not by flare 
propagated from a Spark plug but by the compression heat of 
piston. In this case, Since the mixture is ignited at various 
positions, the propagation distance becomes short and it is 
possible to effect combustion using a very lean mixture Such 
as an air/fuel ratio of 80. In an operational region of a 
Smaller air/fuel ratio there is performed a Stratified combus 
tion in which the mixture is concentrated around the Spark 
plug. Where the air/fuel ratio is made still smaller, combus 
tion is conducted using a homogeneous mixture of air and 
fuel mixed homogeneously in each cylinder. 

0.066 FIG. 13 shows an engine controlling method in an 
accelerating operation. Where a required engine output is 
Satisfied, it is possible to choose point A or point B for 
example. For the improvement of fuel economy there is 
performed operation at point A at which the pumping loSS is 
Small. When acceleration is to be done in this operation, it 
is necessary to assist torque by means of a motor because 
there is no torque margin up to the maximum engine torque. 
In this case there arises the problem that the motor becomes 
large. If operation is performed at point B, Since the throttle 
Valve opening is Small, the pumping loSS increases and fuel 
economy becomes worse. In this case there is a margin up 
to the maximum torque, So a Sufficient accelerative feeling 
is obtained even without motor assistance (or even if the 
motor assistance is Small). That is, for attaining both a 
Satisfactory fuel economy and a Satisfactory feeling of 
acceleration, it is necessary to make the motor large. 

0067 FIG. 14 shows a control example in the present 
invention. By operation at an air/fuel ratio of 40 the degree 
of opening of the throttle valve can be made large even at 
point B, So that the pumping loSS can be decreased and fuel 
economy can be improved. In this case it is possible to get 
an accelerative feeling because there is a margin up to the 
maximum engine torque. Although point B is a little inferior 
in point of fuel economy as compared with point A, but is 
Selected in an operational region in which importance is 
attached to driving performance. The vehicle drivers inten 
tion can be judged using data on the degree of opening of the 
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accelerator pedal. For example, when the degree of opening 
of the accelerator pedal changes very frequently, it is judged 
that the driver thinks much of driving performance, while 
when the degree of opening of the accelerator pedal changes 
little and the vehicle is in normal operation, it is judged that 
the driver thinks much of fuel economy. 

0068 FIG. 15 shows another operation example in the 
present invention. Air/fuel ratios of 40, 20 and 15 are varied 
not linearly but Stepwise. This is advantageous in that the 
air/fuel ratio can be controlled more easily. Besides, in the 
air/fuel ratio range from 20 to 15 it is possible to avoid an 
air/fuel ratio at which NOx is produced. Thus, this method 
is effective as a measure against the exhaust gas. However, 
if the air/fuel ratio is changed Stepwise, the engine torque 
also changes and there arises a problem in point of driving 
performance, So the degree of opening of the throttle valve 
is controlled by means of a motor for example to eliminate 
the difference in torque. 

0069. In the present invention, since the driving shaft is 
provided with a motor, when the driving torque is to be 
controlled to match the degree of opening of the accelerator 
pedal, as shown in FIG. 16, first the torque is controlled 
precisely by the motor, and the air/fuel ratio of the engine is 
Switched over from 40 to 20 when the torque has reached a 
certain level or higher. At this time there occurs a difference 
in torque, So the occurrence of Such a difference in driving 
torque can be prevented by adjusting the motor torque. In 
this case, Since the responsivity to the target torque differs 
between the engine and the motor, the torque response in a 
transient time is controlled using dynamic engine and motor 
models. 

0070 FIG. 17 is a block diagram according to the present 
invention. A target driving torque is calculated on the basis 
of Signals relating to the degree of opening of the accelerator 
pedal, vehicle Speed, battery capacity, brakes, and air con 
ditioner. The target driving torque is distributed into an 
engine torque and a motor torque by a distributive driving 
torque calculating means and a control is made for the 
throttle valve opening, air/fuel ratio, vehicle Speed assisting 
MG, and torque assisting MG. In Such a configuration, in 
addition to what has been described above, the engine is 
Stopped during idling, while during deceleration, energy is 
recovered positively by the torque assisting MG and is 
Stored in the battery. In a lean burn operation, the degree of 
opening of the throttle Valve is large and the engine brake is 
apt to become less effective, therefore, the brakes are applied 
by the torque assisting MG to prevent the vehicle driver 
from feeling any incongruity. When the battery is in opera 
tion 100% and it is impossible to recover energy from the 
torque assisting MG, the throttle or intake Valves in the 
engine are closed, allowing engine brake to operate. 

0071 FIG. 18 shows a further embodiment of the present 
invention. The current operating condition is judged on the 
basis of Such data as the degree of opening of the accelerator 
pedal and the vehicle Speed and it is judged whether the 
vehicle driver thinks much of fuel economy or driving 
performance, then on the basis of result of the judgment 
there is made an engine torque control. If importance is 
attached to fuel economy, there is performed an operation 
Superior in fuel economy with little marginal torque. On the 
other hand, if importance is attached to the driving perfor 
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mance, there is performed an operation with a marginal 
torque although the fuel economy becomes worse to a slight 
eXtent. 

0072 FIG. 19 shows a further embodiment of the present 
invention. A transmission (stepped or Stepless) is disposed 
on an output Side of a driving motor. On the basis of the 
result of calculation made by a target driving torque calcu 
lating means there is determined an appropriate distribution 
of engine torque and motor torque and a change gear ratio 
is calculated. 

0073. As shown in FIG. 20, the driving torque is con 
trolled in terms of a change gear ratio and the torque 
between shift gears is controlled by the foregoing torque 
assisting MG and vehicle speed assisting differential MG. In 
this way it is possible to control the driving torque even with 
a Small MG capacity and it is possible to widen the driving 
torque control range, thus permitting operation without 
using a torque converter of a low transfer efficiency or a fluid 
coupling. Consequently, the driving torque control can be 
done by both Stepped gears and MGS. 
0074 FIG.22 shows a further embodiment of the present 
invention. A lean NOx catalyst 35a is used for the purifi 
cation of NOx in a lean burn operation. In a lean burn 
operation there is an excess of oxygen in the exhaust pipe, 
that is, the interior atmosphere of the exhaust pipe is an 
oxidizing atmosphere, So that NOX cannot be reduced by the 
ordinary type of a ternary catalyst. With a lean catalyst, NOx 
is adsorbed on the catalyst and can be reduced even in an 
oxidizing atmosphere by unburnt hydrocarbons present in 
the exhaust gas in a rich operation. The engine used in this 
embodiment is a cylinder-direct fuel injection type engine 
and is equipped with variable intake and exhaust valves. 
This engine is effective also for a lean burn operation 
involving injection through intake ports. 
0075 FIG. 23 shows how the percentage purification of 
a lean NOx catalyst changes with the lapse of time. It is Seen 
that the percentage purification of NOX decreases with the 
lapse of time. This is because the amount of NOx adsorbed 
on the catalyst increases as the lean operation continues and 
there occurs a release of NOx incapable of being adsorbed 
on the catalyst. If a rich operation is performed at an air/fuel 
ratio of say 13, the adsorbed NOx is reduced by unburnt 
hydrocarbon and the percentage purification is improved 
again. 

0.076. As shown in FIG. 24, with the lapse of a longer 
time, SOX adheres to the surface of the catalyst if the fuel 
used contains much Sulfur, resulting in a lowering of the 
percentage purification. But even in this case it is possible to 
improve the percentage purification by performing a rich 
operation. In this case it is necessary that the rich operation 
be continued for a longer time than in the release of adsorbed 
NOX. 

0077. In both cases referred to above it is necessary to 
conduct a rich operation, resulting in that both engine 
efficiency and fuel economy become worse. 
0078. In view of this point, as shown in FIG. 25, the 
amount of NOx adsorbed is estimated on the basis of data 
relating to air/fuel ratio, intake air quantity, engine Speed, 
and fuel injection timing, and the degree of deterioration of 
SOX is estimated on the basis of the length of operation time 
for example. Alternatively, an NOX Sensor is disposed at an 
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outlet of the NOx catalyst or an NOx sensor and an oxygen 
sensor are disposed at inlet and outlet of the NOx catalyst to 
detect the degree of adsorption on the NOx catalyst or the 
degree of deterioration of SOX, followed by the execution of 
a regenerative operation while making control for engine 
torque and motor torque. 
0079 Referring now to FIG. 26, which is a flow chart, 
the amount of NOx adsorbed and the degree of deterioration 
of SOX are estimated and it is judged whether a control for 
regeneration is to be made or not. Where a control for 
regeneration is needed, the engine torque is Set Small So that 
the amount of fuel consumed in the engine is decreased in 
a range in which the regenerative control can be done. AS the 
engine torque decreases, the torque of the driving shaft 
decreases and the driving performance becomes worse. 
Therefore, the torque of the driving motor is increased So as 
to eliminate a difference in torque, if any. Thereafter, a rich 
operation is performed and the regenerative control is 
executed. Since the rich operation is thus carried out in a 
State of a Small engine torque, that is, in a State of a Small 
amount of fuel consumed, there is little deterioration in fuel 
economy as the whole of the vehicle. When the regenerative 
control is over, the engine torque is increased again, the 
torque of the driving motor is adjusted So that there is no 
difference in torque, and in this State there is performed a 
lean operation. 
0080 FIG. 27 shows in what proportions the driving 
torque is taken partial charge of by engine and motor. In 
normal operation the engine is mainly used for the operation, 
while in the regenerative control the engine torque is dimin 
ished and the motor torque is adjusted So that there is no 
difference in torque. 
0081. As a result, a deterioration range of fuel economy 
attributable to a rich operation of the engine becomes 
narrower and it is possible to effect the regeneration of 
catalyst without deterioration in fuel economy, as compared 
with the case where the regenerative control is made in the 
normal operation, as shown in FIG. 28. 
0082 Since it is necessary to perform a rich operation for 
a relatively long period of time in comparison with the case 
where adsorbed NOx is to be reduced, there occurs a marked 
deterioration of fuel economy. For this reason, only during 
SOX regeneration there may be performed Such a control as 
in the present invention. 
0.083 FIG. 29 shows a still further embodiment of the 
present invention. The vehicle according to this embodiment 
is provided with an engine 80 which permits the air/fuel ratio 
to be changeable, a continuously variable transmission 100 
capable of changing the change gear ratio in a StepleSS 
manner, and a torque assisting motor generator 81. The 
engine can diminish the pumping loSS by a lean burn 
operation. Cylinder-direct fuel injection is desirable because 
the air/fuel ration in a lean burn operation can be made large. 
But there may be adopted an intake port injection. For motor 
operation during engine Stop there is used a clutch 150 to 
disconnect the motor generator 81 and the engine 80 from 
each other. 

0084 FIG. 30 shows the configuration of the continu 
ously variable transmission 100 and that of the motor 
generator 81. A motor may be rendered integral with a 
driving Shaft to assist the motor, whereby the motor arrange 
ment can be made compact. 
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0085 FIG. 31 shows a relation between the vehicle 
Speed and a driving shaft torque. In case of the continuously 
variable transmission 100, the driving shaft torque can be 
varied continuously because it is possible to change the 
change gear ratio continuously. Consequently, it is not 
necessary to perform Such a torque doubling operation using 
a torque converter as in a stepped transmission, So that the 
deterioration of transfer efficiency in the torque converter 
can be avoided. Besides, the driving torque can be controlled 
continuously relative to the engine torque. 
0.086 FIG. 32 is a block diagram according to the present 
invention. A change gear ratio and a distributive driving 
torque are calculated relative to a target driving torque and 
there are calculated an engine torque and a motor torque. In 
accordance with the engine torque and engine Speed there 
are calculated Such air/fuel ratio and throttle valve opening 
as will afford a high efficiency. When the engine torque is 
low, the clutch is released and the torque assisting motor is 
controlled. The change gear ratio of the continuously vari 
able transmission is controlled in accordance with a target 
change gear ratio. 
0087. A highly efficient air/fuel ratio is selected for the 
engine on the basis of engine torque and engine Speed as in 
FIGS. 8 and 15. In case of intake port injection, a limit is 
encountered at an air/fuel ratio of 25 or So in a lean 
operation. 
0088 FIG. 33 shows a further example of an operating 
method according to the present invention. Since the pump 
ing loss can be diminished by performing operation of the 
engine while changing the intake valve operation timing and 
by changing the quantity of intake air instead of changing 
the air/fuel ratio, there may be conducted an intake valve 
control. Further, there may be adopted EGR (exhaust gas 
recirculation) for diminishing the pumping loss. 
0089 FIG. 34 shows a still further embodiment of the 
present invention. In this embodiment, a motor generator 
300 is disposed between a cylinder-direct fuel injection type 
engine 80 and a transmission 100. The transmission is 
connected to driving wheels 88. The motor generator 300, as 
a motor, has a driving force assisting function at the time of 
Start-up and acceleration of the engine and also has an 
engine torque variation absorbing function. Also, as a gen 
erator, the motor generator 300 can generate electric power 
through energy recovery in a decelerative operation or 
through engine operation and can Supply the required elec 
tric power. The motor generator 300 is connected to a battery 
303 via an inverter 84. The battery 303 is a 42V battery for 
example. To the battery 303 is connected a DC-DC con 
verter 303 for stepping down, which is connected also to a 
battery 309. The battery 309 is a 14V battery for example. 
To the battery 309 are connected other auxiliary electric 
devices 304 to 306. A DC-DC converter 308 for stepping up 
may be connected to the batteries 303 to operate a drive 
circuit 30 for electromagnetic intake and exhaust valves. 
0090. For example, a drive circuit 301 for fuel injection 
valves 302 is connected to the batteries 303 to actuate the 
fuel injection Valves. Usually, in a cylinder-direct fuel injec 
tion type engine, a valve opening/closing time responsivity 
of 1 mS or less is required, assuming that the fuel preSSure 
is 100 atm., So it is necessary to Supply a Voltage of 40V or 
more. Therefore, in the case where only a 14V battery is 
provided, it is necessary that a DC-DC converter be used for 
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actuating the fuel injection Valves, thus leading to an 
increase of cost. The use of the 42V battery eliminates the 
need of using a DC-DC converter in the fuel injection valve 
driving circuit, whereby the circuit configuration is simpli 
fied and it becomes possible for the circuit to be formed on 
the same board as that of the engine control unit. Besides, as 
compared with the voltage level of 14V, the higher voltage 
permits a decrease of the electric current used even in case 
of operating other electric actuators. Thus, the use of the 
42V battery is effective also in reducing the actuator size. 
0091 By such a combination of idling stop with a cyl 
inder-direct fuel injection type engine as in the present 
invention there can be attained a decrease of fuel consump 
tion during idling, which is attained by idling Stop, and also 
during vehicular traveling, which is attained by a lean burn 
operation through cylinder-direct fuel injection. In case of 
port injection, if idling Stop is repeated, fuel adheres to the 
intake pipes during cranking at the time of Start-up of the 
engine and the discharge of exhaust gas is apt to be dete 
riorated, but the cylinder-direct fuel injection is advanta 
geous in that it prevents Such an adhesion of fuel to the 
intake pipes and improve the discharge of exhaust gas. 
0092 FIG. 35 shows a still further embodiment of the 
present invention. In this embodiment, an alternator 84 
which generates a Voltage of Say 42V is provided in an 
engine. A starter 321 is provided Separately. According to 
Such a configuration, the Supply of 42V is feasible without 
greatly changing the conventional engine layout. 
0093 FIG. 36 shows a configuration example of a motor 
generator 300. A rotor 403 is connected between an engine 
80 and a transmission 100, with a permanent magnet 401 
being attached to the rotor. To the coil of a stator 402 are 
connected an inverter 84 and a battery 303. By controlling 
the inverter there is obtained an operation as a motor or as 
a generator. 

0094 FIG. 37 shows an example of an injection valve 
driving circuit. An injection valve coil 410 controls the 
voltage from the battery 303 through switches (e.g. MOS 
FET) 409 and 408. As shown in FIG.38, by controlling the 
driving current in accordance with an injection drive signal 
(opening/closing Signal), the injection valve opening time 
can be shortened-and the holding current during valve 
opening can be decreased. 
0.095 FIG. 39 shows a still further embodiment of the 
present invention. In this embodiment there are used two 
alternators 320 and 323 of different generated voltages, 
whereby voltages of say 14V and 42V can be generated and 
it is possible to omit the use of a DC-DC converter for 
Stepping down for example. 

INDUSTRIAL APPLICABILITY 

0096. According to the present invention it is possible to 
provide a hybrid vehicle of an engine-electric motor con 
figuration which makes a highly efficient operation possible 
without increasing the motor capacity and battery capacity 
and it is also possible to ensure a Satisfactory driving 
performance in a highly efficient operation. 
0097. These can be realized by performing a lean burn 
operation to enlarge the region of a highly efficient operation 
and by increasing the proportion of engine operation and 
decreasing the proportion of motor operation using a battery 
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in a low torque condition. The lean burn operation is 
advantageous in that the pumping loSS can be diminished 
because the throttle Valve is opened. In this case, for 
diminishing the pumping loSS in a low torque engine opera 
tion, there may be adopted a method wherein the intake 
Valve timing is controlled to adjust the quantity of intake air. 
0098. A vehicular operation at a required engine output 
can be realized by Selecting a region of a high engine Speed 
to ensure a marginal torque. For example, whether the 
vehicle driver thinks much of fuel economy or driving 
performance is judged on the basis of a change in the degree 
of opening of the accelerator pedal, and when importance is 
attached to the driving performance, there is Selected an 
engine operation region having a large marginal torque. In 
the region of a high engine Speed the fuel economy is 
Slightly deteriorated relative to the point of the highest 
efficiency, but it becomes possible to improve the driving 
performance. 

1. A hybrid car comprising: 
an engine; 
a power distributing mechanism for distributing the power 

of Said engine; 
a torque assisting motor generator disposed on an output 

shaft of Said power distributing mechanism; 
a driving shaft connected to Said torque assisting motor 

generator, 

a differential motor generator connected to an input shaft 
of Said power distributing mechanism; 

a battery connected electrically to both Said torque assist 
ing motor generator and Said differential motor genera 
tor through an inverter; 

an engine controlling unit which makes the air/fuel ratio 
of Said engine variable. 

2. A hybrid car according to claim 1, wherein Said engine 
is a cylinder-direct fuel injection type engine. 

3. A hybrid car according to claim 1, wherein the engine 
is operated at an air/fuel ratio leaner than a Stoichiometric 
air/fuel ratio, and the air/fuel ratio can be varied linearly. 

4. A hybrid car according to claim 1, wherein the engine 
is operated at an air/fuel ratio leaner than a Stoichiometric 
air/fuel ratio, the air/fuel ratio is varied Stepwise, and Said 
torque assisting motor generator is operated as a motor So 
that there is no difference in driving torque at the time of 
changing the air/fuel ratio. 

5. A hybrid car according to claim 1, wherein the intention 
of a driver of the vehicle is judged on the basis of at least 
data including the degree of opening of an accelerator pedal, 
and an operating point of the engine is controlled to ensure 
a marginal torque for acceleration. 

6. A hybrid car according to claim 1, wherein for decel 
eration in an operational condition of a large throttle valve 
opening, Said torque assisting motor generator is operated as 
a generator, thereby effecting the recovery of energy and the 
application of an engine brake. 

7. A hybrid car according to claim 1, wherein a transmis 
Sion is disposed between a torque distributor and the driving 
shaft. 

8. A hybrid car according to claim 1, wherein when the 
engine torque is Smaller than a predetermined value, Said 
torque assisting motor generator is operated as a motor, 
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allowing the vehicular operation to be performed with the 
motor, while when a larger engine output is required, the 
vehicular operation is performed with the engine, and the 
air/fuel ratio in the engine is varied from a value corre 
sponding to a lean air/fuel ratio to Smaller values according 
to engine torques. 

9. A hybrid car comprising: 
an engine; 
a power distributing mechanism for distributing the power 

of Said engine; 
a torque assisting motor generator disposed on an output 

shaft of Said power distributing mechanism; 
a driving shaft connected to Said torque assisting motor 

generator, 

a differential motor generator connected to an input shaft 
of Said power distributing mechanism; 

a battery connected to both Said torque assisting motor 
generator and Said differential motor generator through 
an inverter; and 

an engine controlling unit which makes the valve timing 
of intake and exhaust valves in the engine variable. 

10. A hybrid car comprising: 
an engine; 
a battery connected to a torque assisting motor generator 

through an inverter; 
a lean NOx catalyst for reducing NOx in the exhaust gas 

from the engine in a lean burn operation; and 
a control unit which causes the air/fuel ratio and a torque 

distribution between the engine and the torque assisting 
motor generator to be varied. 

11. A hybrid car according to claim 10, wherein Said lean 
NOx catalyst causes NOx component to be adsorbed thereon 
in a lean burn operation and causes it to be reduced in a rich 
burn operation. 

12. A hybrid car according to claim 11, wherein the 
catalyst when deteriorated by being poisoned with SOX 
contained in fuel is regenerated by the rich burn operation. 

13. A hybrid car according to claim 11, further including: 
an NOx adsorption estimating means, 
an SOX deterioration estimating means, and 
a regeneration control determining means, 

wherein the air/fuel ratio in regeneration control is Set 
richer than a Stoichiometric air/fuel ratio and at the 
Same time the engine torque is decreased and the motor 
torque is controlled So that there is no difference in a 
driving shaft torque. 

14. A hybrid car comprising: 
an engine; 

a transmission connected to driving wheels; 
a motor generator disposed between said engine and Said 

transmission; 

an inverter connected to Said motor generator; 
a battery A connected to Said inverter; 
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a DC-DC converter for stepping down the voltage of said 
battery A; 

a battery B connected to said DC-DC converter; and 
an injector Supplied with a driving Voltage from Said 

battery A. 
15. A hybrid car according to claim 14, wherein Said 

motor generator functions to start the engine, assist a driving 
torque in acceleration, and recover energy in deceleration. 

16. A hybrid car according to claim 14, wherein an 
injector driving circuit is incorporated in an engine control 
unit. 

17. A hybrid car according to claim 14, wherein Said 
motor generator is cooled with water, Said water being used 
in common to an engine cooling water. 

18. A hybrid car according to claim 17, wherein a water 
cooling passage for the motor generator is formed upstream 
of an engine cooling Water passage. 
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19. A hybrid car comprising: 

an engine; 

a transmission connected to driving wheels; 
an alternator A and an alternator B which are different in 

generated Voltage; 

a battery A and a battery B which are connected to Said 
alternator A and alternator B, respectively; and 

an injector Supplied with a driving Voltage from Said 
battery A; 

wherein the Voltage of Said battery A is higher than the 
voltage of said battery B. 


