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. l
Propulsion arrangement for vehicles

" Technical field:.

The present invention related to a propulsion arrangément
for vehicles and comprises an initial machine 'in the form of a
motor arranged to be driven by combustion of a propeilant and a
second machine arranged to be driven by means of electricity
from a battery or to function as a generaﬁor. The object is
preferably a propulsion. arrangement for load trucks for handling
goods both in the open air and inside buildings.

Backgroufid: . . .
The propulsion of vehicles by an internal combustion engine

has certain advantages. The main one appears to be that the
operating time between - - refuelling operations . can be long
and that the actual fuel filling cperation can take place rapidly,
which taken together provide long coperating times; 41if so re-
quiréd practically the entire day can be utilised for operation.
Another important advantage is that the welght per horse-power
for the motor and requisite fuel volume is low. Disadvantages
which are linked with internal combustion engines are mainly

that they give off harmful and airty gases and.have a relatively

‘"high sound level. In spite of these disadvantages, internal

combustion engine operation for vehicles is accepted outdoors,
whilst there is an ever increasing tendency to prochibit and '
depart from itsuse indoors. An alternative propulsion system

in which the said disadvantages are practically eliminated is
propulsion by means of one or more electric motors, which for
vehicle operation must be battery-driven. This method is often
emploved for load carrying vehicles, e.g. trucks, which are
employed indoors or in any case for the most part indoors. How=-
evexr the disadvantage does arise that with reasonable battery
size energy extraction between charges must be restricted whilat
at the same time a major part of the day has to be reserved for
battery charging. Furthermore the costs for maintenance and
replacement of the batteries if operations are conducted solely
with these is relatively high. As such a high weight - and this
is incurredbecause of the batteries - is not a direct disadvantage
for load-carrying trucks such as fork-1lift trucks, because in any
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event a counterwelght is essential, but even so energy extrac-
tion during a working day between re—-charging periods
often has to be restricted below the desirable lével.

The said disadvantages of electric motor-driven vehicles
are generally not particulérly accentuated if these are operated '

solely indoors, because the rolling registance and differences |
in level are relatively slight, whilst at the same time the
distance traversed during a working day is relatively short.
Furthermore if operations are conducted solely indoors there is
hardly any other alternative. In the case of vehicles for com-
bined outdcocor and indoor operation however the conditions become
more difficult. As already mentioned there is a tendency no
lenger to accep£ internal combustion engine operation for indcor
use, whilst at the same time the démand for energy and power are
high as a result of outdoor.operation. During cutdoor runs it is

~often necessary to traverse longer distances on uneven surfaces

and with load-carrying trucks the weight of the goods tends to
be greater with outdoor operation than when operations are con-
ducted solely inside buildings.

To solve the problem of being able to utilise the envircn-
mentally preferable method of electrical operation in doors,

‘whilst at the same time having adequate energy and power avail-

able, the use has been proposed of hybrid machines for propul-
sion of vehicles. With thesé there is both an internal combus-
tion engine and at least one electric.motor, -the said motors

beiﬁg capable of being used alternatively. .The present .invention
relates to such a hybrid system and more pérticularly.concerns

a system in which the internal combustion engihe is employed

both fer propulsion during certain cperating periods. and simul-
taneously for charging up the batteries which are provided for .
operation of the electric motor, which in turn areonly employed .
for propulsion of the vehicle during limited periods, mainly ¥
during periods when the internal combustion engine is shut down.
During outdoor operation the internal combustion engine is thus
employed, whereby the batteries are charged at the same time,

whilst during indoor operation solely the electric motor is used.
When the power output is particularly high, possibly both .machines
can be employed. ‘
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On the other hand the inééntion does not relate to systems
of the type "diesel-electric operation”", i.e. constant propul-
sion with elec-tric motors.which are supplied. with electricity
from a genefagor driven by - an internal cambustion engine and, in
periods when this is shut down, from batteries.

Technical probiem:
However, the fact has emerged that such hybrid systéﬁs are

inflexible when changing over - between the methods of drive,
so that the vehicle has to be stopped when switching over and
the purpose of the. present invention is to provide a hybrid
system of the above-mentioned type in which the .changeover bet-
ween operation with the electric motor to operation with the
. internal combustion engine and vice versa can take place in a
very flexible manner and whilst the vehicle is in motion.

Another cbjective is to provide an arrangement for switching
over between the two modes of operation which is simple and en-
sures reliable operation.

.The solution:
The solution in accordance with the invention involves the

second machine, . as motor, opgrating within a lower speed

. range, the first machine operating as motor within a higher speed
range located above the lower speed range, the first machine
being arranged to drive the second machine, and whereby a speed
sensing arrangement is provided to switch over the second machine
from'mo;or operation to generator operation when, as a result of
the operation of the first machine, the speed rises to the higher
speed range, and to switch in the second machine as motor

within the lower speed range.

Brief description of drawings:
The appended diagrams illustrate an embodiment of the inven-

tion. Fig. 1 gives a schematic view of the driving machinery
for a load-carrying truck and fig. 2 illustrates an electrical
circuit diagram for the propulsion arrangement in accordance
with the invention. ”
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Best mode of carrying.out the?invention: T
In accordance with fig. 1 the propulsion arrangement for a

vehicle, preferably a locad-carrying truck,. ccmprises an internal

combustion engine 1 with a flywheel casing 2, from which a drive

. shaft 3 proceeds on which a belt pulley- 4 is fastened. A star- -

ting motor 5, which can be drivea by the current from a battery |
6, is provided to start the engine. A starting relay 7 is- A
arranged in the battery lead for actuation of the starting motor
5, and this relaj can be actuated £from a starting comtroller 8,
e.g. a press-button. furthermore there is a stop button 9, by
means of which the motor can be stopped by influencing its in-
jection pump or ignition arrangement 10, in the.case of diesel
engines or Otto engines.

Furthermore the propulsien arrangement comprises én'electric
motor ll with a drive shaft 12 which has shaft journals at both
ends of the motor. One shaft journal is connected to an hydrau-~
lic pump 13 which by means of pipes 14 is connected to -
hydraulic motors 15, which are arranged to propel the propulsion
wheels- 16 of tlie truck. Furthermore, for regulating the flow
from -the hydraulié motoxr 13, there are actuation pipes 17 which
extend up to an actuating valve 18 designed as a pedélf A free
wheel 19 via wﬁich a belt pulley 20 which is connected by belts
21 with the belt pulley 4 can drive the shaft 12,.is arranged
at the other end of the shaft 12.

The shaft 12 which must always rotate during operation of
the hydraulic pump 13 and thus during propulsion of..the vehicle
by means of the hydraulic motors 15 has a defined direction of
rotation. The free wheel 19 is thereby so arranged that it is
engaged when the internal combustion engine 1, which also has a
certain drive direction on its output shaft 3, drives the belt
pulley 20 in the same direction as the defined direction of
rotation of the shaft 12. - This signifies also that
the free whéel free-wheels in the opposite relative direction of
rotation, which means that for its part the shaft 12 cannot
drive the belt pulley 20 and hence certainly not the internal
combus tion enginé 1 during independent operation in. the defined
direction of rotation. In other words:  if the internal cambus-
tion engine is in operation, but not the electric m?po 3§¥2

I‘y T W.IPO
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internal combustion engine dgive the shaft 12 and thus the
hydraulic pump 13, whilst on the other hand if the internal cocm-
bustion engine 1 is not in operation, whilst the electric motur
11 is in operation, .then the electric motor will.run freely
without entraining the internal. combustion eogine.

A battery 22 which can be connected by means of a relay.23
to the electric motor is proviaed for operation of the electric
motor ll. The functioning of this relay will be explained later.

In what has been stated above the electrical machine provided
has been designated as the electric motor 1ll. As such it is also:
envisaged to operate as a motor. However it is arranged to be
able to function alternatively as generator, and it is then so
connected to the battery 22 that the latter can be charged
during operation of the generator. To draw attention to this
point, in future the motor~generator will be designated as "the
electrical machine 11". - Such a changeover can be performed rela-

tively simply, generally By certain windings of the electrical

machine being magnetised by supplying a field current, whilst at
the same ‘time other windings are connected up for electricity
output. The relay 23 is provided for this chamgeover. -When the
relay 23 is engaged for motor operation, electricity is thus

- taken from the battery 22 so that the machine 1ll.is driven,

whilst during‘generator operation current is fed to the battery
22 to charge this up.

‘Characteristic of the invention is the fact that this
changeover  between motor and generator operation is controlled
by a speed-sensing arrangement. This can consist of a special

' speed~sensing arrangement, e.g. on the shaft 12, and this has

been designated as 24 in the circuit diagram in fig. 2. Alterna-
tively, speed indication can be undertaken by recording the
currents which flow through the windings of the electrical
machine 1l1. Simultaneously with the fact that the relay is
arranged to be controlled during its changeover' “of machine 11
between motor and. generator operation as a function of speed,
the actual machine is arranged to operate within a certain speed
range as motor, and at another speed range which lies above this
speed range as generator. Speed control of the relayﬁgs SNV

i, RO~
’
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so arranged that .the changeover to generator takes place-when the

‘rotational speed-of the shaft 12 of machine 11 passes from the

lower speed range up to the higher speed range, whilst changeover
to motor 6peration takes place when the speed drops ‘from the
higher speed range to the lower speed range.. .Furthermore motor :
operation 'is obtained during starting up and the supply of current
to the machine from the battery 22, i.e. when starting 'from .zero~
and paasing to the “lower. speéd range. Furthermore one of the
characteristics of the invention is that the internal combustion
engine 1 is arranged to.drive the system within the higher speed
range at the envisaged normal’ load range. In the embodiment
illustrated thus the transmission ratio ,via ‘the belt pulleys 4

‘and 20,is so adapted to the speed of the internal combustion

engine 1 that during operation of the internal combustion engine
the shaft 12 is driven at a rotational speed located within the
higher speed range.

In £fig. 2 the arrangement is illustrated in the form of an
electrical circuit diagram where the components described pre-
viously are reproduced with the same notation numberé.: Further-
more, as mentioned, a speed sensing arrangemeﬁt 24 is specified,
which is shown in fig. 2 as belqg connected to ithe shaft 12.
This can consist of some known arrangement of the centrifugal,

.eddy-current type or the like, which is .capable of imparting a

control signal in a conductor 25 to the changeover relay.23. 1In
turn the relay 23 cannot have solely. a changeover function, but
must also fnnction as charging relay, 80 as to provide suitable
charging of the battery 22. It is not necessary to- describe in
greater detail the starting arrangement for the internal combus-
tion engine 1. The method is already known of arranging a small

electric motor for starting up internal combustion engines. 1In

the embediment shown the starting motor S is connected to a

special battery 6 and a special generator is then provided for
charging up this battery. Thus the internal combustion engine 1 "
is guite simply a standard engine with associated starting

-
by

"equipment of the standard type. As such it is possible, within

the framework of the invention, to combine the two electrical

installations illustrated in fig. 2, e.é. by connecting the star-
ting motor 5 to the battery 22. It is-also possible to allow the
motor 1l to function as starting motor, ..although .then
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wheel 19 must be replaced by some controlled shaft coupling.
During the development of the invention however the method illus-
trated was found to be the most suitable.

As shown by the foregoing the drive thus takes place from the’
shaft 12 either by means of the electrical machine or the in-
ternal combustion engine. The drive power output is transmitted
to the hydraulic pump 13 for which flow control arrangements are
provided. This can for example be of the type which has a
swivelling plate by means of which the stroke length of the pis-
tons can be controlled, whereby the outgoing flow can be varied
infinitely even with constant gpeea of the input shaft. The

-pressure medium from the hydraulic pump is transmitted via pipes

14 to the two motors 15 and thus when the shaft rotates thewheels X
are driven. Preferably the system is also provided with
changeover valves so that reverse moticn is possible. Such in-
finitely variable hydraulic systems form state of the art and do
not need to be described in detail here. Flow regulaticn takes
place by means of the said foot pedal via a remote actuation
control arrangement which as shown in the diagram can be of the
hydraulic type. The control range for pump 13 should be such
that it should be possible to achieve the desired spééd'fange
during propulsion of the truck, Eegardless of whether the drive

.machinery, i.e.- the shaft iZ, operates within the previously

mentioned lower speed range during electrical operation, or the
higher speed range during internal combustion engine operétion.
In other words it must be possible, by fégulating the pump
within the control range §rov}ded for it,. to compensate for
differences in the speed‘of'rotaticn of shaft 12 within both
these speed ranges in such a manner that the speed of rotation

of the wheels l6 can be maintained constant.

If we assume that the truck 1s to be started indoofs, the
battery 22 is connected to the electrical machine 11, which
thereby rotates the shaft 12 and drives the pump 13. By means’
of control valve 18 the speed of wheels 16 can be controlled, so
that it is possible to regulate the speed of the truck between
zero up ﬁo thehighest envisaged speed. During rotation of shaft
12 the free wheel 19 is disengaged, so that the belt pulley 20
remains stationary and the internal combustion engineﬁl 1sBM§#012

a
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affected. During electric motor operation the speed control
arrangement ensuréq that an adequate coupling is obtained so that
current is supplied from the battery 22 to the machine 11 which
functions as a motor. ‘As shown by the forégoing.this takes plﬁce
at the lower speed range and, as long as this is complied with, :
the relay 23 ensures the said motor -coupling.

I£, for example, when driving out:of +the building internal
combustion, engine operation is requifed the enaineis started in
the conventional manner with its starting motor 5 by ‘actuation
of the sgarter'ccntrol 8. As a result the engine 1 -is started up
and reaches its speed and the belt pulley ‘4 drives belt pulley
.20. Since'the’belt pulley 20 is driven at a higher speed than
the speed maintained by shaft 12 during electric motar cpera-
tion, the free-wheel 19 is engaged and the shaft 12 increases
ité speeds to the higher speed range. As a result relay 23 is
actuated by the said speed-sensing arrangemént. This results in
the machine 1l being switched over to generator operation.
During this its field windings are energised and it starts to
generate current which, via the relay 23 which functions as
charging relay, is transmitted to the battery 22 to éharge this
up. At the same time the pump 13 also starts to be driven at
higher speed and the wheels 16 also try to be driven at higher

‘speed from the hydraulic motors 15. As soon as the driver

senses this he can compensate for the increasing speed of shaft
12 by releasing préssure slightly on. the pedal to the control
valve 18. This reduces the flow of pump 13, so that the desired
speed of rotation of wheels 16 is obtained. Very often however
the situatien is that a higher'séeed'is required when driving'
outdoors and naturally actuation of the pedal takes place in
accordance with the driver's required running speed. As indica-
ted however there is a possibility of speed compensation and A
for maintaining a uniform speed. -

If the internal combustion engine 1 is overloaded, either
because the drive resistance onwheels.]6 becomes -excessive or be-
cause any ancillary equipment present in the form of lgad-
handling arrangements such as lifting forks or cranes is heavily
loaded, the speed of the enginewill drop. If this occurs to such
an extent that the speed of rotation of shaft 12 passes GMNG@Ighe

B R N S T TR W

b WIFO | .4,
* \\l/!’rl'n wa -'A\"é’



10

15

20

25

30

WO 82/01170 9 PCT/SE81/00280

;pecified higher speed range, then £irst of all gqneratér'opera—
tion of machine 11 will be disconnected, which signifies a
lower loading. If the speed drops down to the lower speed Yange
the relay 23 will change over machine 11 to motor operation and
thus-provideé operation from both thg internal combustion engiﬁe
1 and the electricalmachine 11. As indicated, the two speed

" ranges can be located one after the other with an intermediate
range in which the machine 1l is completely disengaged. The two
ranges can also occur directly one after the other so that the
relay is switched over between generator and motor opefation
without any neutral position. Preference should be given to the

latter.

If the vehicle is to be driven into a building once more the
ehgine 1 is stopped using tﬁe stop control arrangement 9. As a’
‘'result the speed drops to the lower speed range and the relay 23
now engages the machine 11 for motor operation with current being
-takenr from the battery 22. 2As soon as the shaft 12 starts to
rotate more rapidly than the belt pulley 20, the free-wheel 19
is disengaged and the shaft 12 can rotate freely without being
affected by the enginel. The drive of pump 13 thus occurs by
.electric motor operation. The reduction in the flow from the
pump which takes place during the transition to the lower speed
rénge can thus-be compensated, as described above, by means of
the control valve 18 which is provided with a pedal, 1f so re-
quired.

Industrial applicability: ,

Within the framework of the invention, as defined in the
following patent claims,the_arrangement can be }aried beyond
what has been stated in the previous description. Thus the engine
1 dces not need to be an internal combustion engine of the type
mos t widely employed now, i.e. a piéton'engine of the diesel or
Otto type. It is also feasible for it to be a Stirling
éngine, combustion turbine or a stéam engine. The essential
thing is that theone drive source has characteristics which are not
appropriate for driving in enclosed premises, whilst on the other
hand it can easily be provided with the necessary drive means.
These circumstances prevail with all types of enginesand machines
which are driven by combustion of a fuel in some manner am\ypther.

S FbE BrUBS
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The connection illustrated, via a through shaft to “the elec-

trical machine, is not essential to the invention. For example
a connectieon is feasible where the two machines are ccnnected

"in parallel with the power transm:.ss:.on. . The latter also does not &

need - to be of the hydrauli.c type, but some form of con-
trol of the transmission ratio should be provided to compensate ¥
for operation within the two speed ranges. It.is also possible
to provide the arrangement with an element which auntomatically

changes over the transmission ratia on c¢hanging £from one drive

speed to another.

BAD ORIGINAL ©

RS IFE S A




10

15

20

25

30

35

W0 82/01170 11 PCT/SE81/00280

-

Patent claims:
1. Propulsion arrangement for vehicles and comprising a first

machine (1) arranged as propulsion motor and thereby driven by
combustion of ‘a propellant and a second machine (11) arranged
partly as alternative prcpulsion motor, thereby .driven by‘means
of electricity from a battery (22)and partly as generator,.thereby
driven by means of the first machine(])during generation of elec-
tricity to chérge up the battery (22) whereby the propulsion
arrangement is designed to alternatively function in a first
operating state with the first machine as drive source for opera-
“ting the vehicle and, if this be required, for generation of
electricity for- charging up the battery by operation of the secand
machine acting as generator,.and a second,operatlonal state in which
the second machine functions as drive source for the vehicle
‘-with . supply of electricity from the battery, characterised

in that the second machine (11) is so arranged that ia the
second cperational state as motor it operates within a lower
speed range,-thatthelfirst machine (1) is so arranged that in the’
first operational state .it functions as motor within a higher
speed range which is located above the lower speed range, that
the first machine is arranged to-drive the second machine ‘during
its operation as propulsion motor and that a speed-sensing,
arrangement (23)is provided to change over the second machine

" from motor operation to generator operation when, as a result of

PR 4

the work of the first machine, the speed rises to the higher
speed range, and to eﬁgage the second machine as motor when the
speed is located within the lower speed range, so that of the

two cperational states the first can be achieved by bringing the
first machine (1) into operation, whereby the higher speed range

is normally reached and the second machine (11) functions as genera-
tor; or by shutting down the first machine whereby the second
operaticnal state involving the lower speed range 1is. adopted and

the second machine operates as motor.
2. ' Propulsion arrangement as in claim 1 characterised in that

the first machine (1) is arraﬁged so that atheavy loading it can
operate inthe lower speed range whereby when the lower speed is
adopted under load the second machine (11) is caused by the speed-
sensing'arraqgement(23)to change - from generator operation to
motor operation, by this means supporting the work of the first

machine.
BAD ORIGINAL
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3. Propulsion arrangement as in claims 1 or 2, characterised
in that the first machine (1) and the second machine (11) are .
coupled in drive connecticn with the same output drive shaft (12)

‘whereby the first machine is coupled to the drive shaft by means-

of a free-wheel coupiing(19)in such a way that when the first &
machine is in operation this can drive the output shaft via the )
free-wheel coupling, whilst when it is not in operation the out- ¥
put shaft can rotate in the drive direction free-wheeling from
the drive conne'cticm with the first machine.

4. Propulsion arrangement as in claims 1,.2 or 3 characterised
in that the first machine (1)and the second machine (11)are arran-
ged to drive the propulsion mechanism of the vehicle via an )
hydraulic power transmission (13,15) which is infinitely adjust-
able over at least a part of its speed range

5. Arrangement as in claim 4, characterised in that the hydrau-
lic power transmission (13,15) is infinitely adjustable within a
range such that the envisaged difference in speed between driving
by means of the first machine (1)with its higher speed and driving
by means of the second machine (11)with its lower speed can be
compensated for by varying the transmission ratio in the hydrau-
lic power transmission .in such a way that the speed of propul-
sion of the vehicle can be maintained unchanged within the
envisaged normal range of drive speed when changing over between

the two machines as propulsion source.
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Partial Translation of JPP'328

Title of the Invention: Vehicle with Front and Rear Wheels

Driving Mechanism
Inventor: Katsuhiko Irie, Shohji Nakae
Applicént: Tohyoh Koéyo-Kabﬁshiki Kaisha
Filing date; January 29, 1979
Filing Number: 54-10388
Publication Date: Augqust 2, 1980

Publication No.: ¢55-110328.
+ Scope of claim for Patent

1. A vehicle with front and rear wheels driving
mechanism which runs by driving either one of front wheels or
rear wheels driven by a main driving unit, and provides an
auxiliary driving unit for driving another one of said front

wheels or said rear wheels,

characterized by controlling said auxiliary
driving unit in accordance with a difference in rotating

speed between sald front wheels and said rear wheels.
, . ¢

2. A vehicle with front and rear wheels driving
mechanism according to claim 1, characterized by that said

auxiliary driving.unit is an electrical motor.
*+ Brief description of the drawings

. Figure 1 is a diagram of a vehicle according to the

present invention, and

Figure 2 is a circuit diagram of the controller for

controlling-thé éuxiliary driving unit.
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Application No. Applicant(s)

10/382,577 SEVERINSKY ET AL.
Office Action Summary Examiner AUt

David Dunn 3616 ]

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address -~

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1] Responsive to communication(s) filed on 07 March 2003.
2a)[T] This action is FINAL. 2b)[X] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X] Claim(s) 1-142 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5)[] Claim(s) ____is/are allowed.
6)DJ Claim(s) 1-142 is/are rejected.
7)[J Claim(s) _____is/are objected to.
8)[J Claim(s) ____ are subject to restriction and/or election requirement.

Application Papers

9)[[] The specification is objected to by the Examiner.
10)[_] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[_] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)(JANIl b)[(J Some * ¢)[] None of:
1.[J cCertified copies of the priority documents have been received.
2.[] certified copies of the priority documents have been received in Application No.
3.[J Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) D Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)

2) [J Notice of Draftsperson's Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _____

3) X Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) L] Notice of Informal Patent Application (PTO-152)
Paper No(s)/Mail Date 5/28/04 and /7/03. 6)[Jother: ___. BMW1012

U.S. Patent and Trademark Office
PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 20041130
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Application/Control Number: 10/3 82,577 Page 2
Art Unit: 3616

DETAILED ACTION

Information Disclosure Statement
1. The information disclosure statements filed 3/07/03 and 5/28/04 are acknowledged. See

enclosed IDS forms.

NOTE: there are two claims numbered 71; claims have been renumbered starting

with the second 71 becoming number 72, etc.

Claim Rejections - 35 USC § 112

2. The following is a quotation of the second paragraph of 35 U.S.C. 112;

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the
subject matter which the applicant regards as his invention,

3. Claims 1-142 are rejected under 35 U.S.C. 112, second paragraph, as being indefinite for
failing to particularly point out and distinctly claim the subject matter which applicant regards as
the invention.

Applicant’s claims are unduly multiplied. See MPEP 2173.05(n).

On November 18, 2004, Michael de Angeli selected by telephone to have claims 82-123
(prior claims 81-122, see note above) examined.

Claim 82 is indefinite as the final paragraph is unclear. The phrase “to propel the vehicle
or” before “to propel the vehicle and/or to drive either...” appears to be repetitive and
unnecessary as the second phrase already has an and/or clause, such that “to propel the vehicle”

could be used alone in the case of the “or”.
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Claim 84 is indefinite as it unclear what “RL” means in the claim. The examiper
recommends reciting --road load-- before this abbreviation the first time it is used in a claim
string.

Claim 96 recites the limitation "the battery bank". There is insufficient antecedent basis
for this limitation in the claim.

Regarding claims 103 and 122, the phrase "e.g." renders the claim indefinite because it is
unclear whether the limitation(s) following the phrase are part of th{e claimed invention. See

MPEP § 2173.05(d).

Claim Rejections - 35 USC § 102
4, The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on
sale in this country, more than one year prior to the date of application for patent in the United States.

S. Claims 82, 88-90, 95, 96, 99, 100, 102, and 103 are rejected under 35 U.S.C. 102(b) as
being anticipated by Frank (6,054,844).

Frank discloses a hybrid vehicle comprising an internal combustion engine (10); a first
electric motor (50); a second electric motor/generator (24), a battery (26); a controller (30);
wherein the controller starts and operates the engine when the torque produced by the engine to
propel the vehicle (column 5, lines 24-26) or drive either one or both of the electric motors to
charge the battery (column 4, lines 61-66) is at least equal to a setpoint above which the engine

torque is efficiently produced (the vehicle inherently has a point where the engine operates, a
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“setpoint above which said engine torque is efficiently produced” is a broad phrase as neither the
“setpoint” or “efficiently” is defined by the claim to provide any sort of limits). Regarding claim
88, the vehicle has the operating modes as recited (see column 9, line 55- column 10, line 13).
Regarding claim 94, the controller inherently accepts operator input to control the engine to
maintain a vehicle speed. Regarding claim 95, regenerative charging of the battery is performed
when braking is initiated (see column 8, lines 5-20). Regarding claim 99, the vehicle includes a
variable-ration transmission (18).
6. Claims 82, 88-90, 96, 104, 108, 109, and 117 are rejected under 35 U.S.C. 102(b) as
being anticipated by Mayrhofer et al. (“A hybrid drive based on a structure variable
arrangement”; cited in IDS).

Mayrhofer et al. discloses a hybrid vehicle comprising an IC engine two electric motors
and a battery (see Figure 2) which operates by the electric drive in a first mode (see Table 1);
employs the engine (in another mode), an employs the engine and motor in a further mode; and
employs the engine to propel the vehicle and charge the battery (see mode 6; Table 1); see also

page 191, final paragraph.

Claim Rejections - 35 USC § 103
7. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action;

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.
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8. Claims 101 and 123 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Frank alone.

Frank is discussed above and does not show the engine operating at the stoichiometric
ratio of combusion or the ratio of battery voltage to current being at least 2.5: 1.

The examiner takes Office Notice that the operation of a combustion engine at the
stoichiometric ratio is old and well known and it would have been obvious to one of ordinary
skill in the art at the time the invention was made to operate the engine at the stoichiometric ratio
in order to provide an efficient use of the engine.

Additionally, while Frank does not disclose the ratio of the battery voltage to current, it
would have been obvious to one of ordinary skill in the art at the time the invention was made to
operate the battery at least at this ratio as such a selection would have been within the skill level
of one of ordinary skill in the art. Further, applicant does not give any specific reason why this
ratio solves any stated problem or is for any particular purpose.

9. Claims 101 and 120 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Mayrhofer et al. alone.

Mayrhofer et al. is discussed above and does not show the engine operating at the
stoichiometric ratio of combusion or the ratio of battery voltage to current being at least 2.5: 1.

The examiner takes Office Notice that the operation of a combustion engine at the
stoichiometric ratio is old and well known and it would have been obvious to one of ordinary
skill in the art at the time the invention was made to operate the engine at the stoichiometric ratio

in order to provide an efficient use of the engine.
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" Allowable Subject Matter
10.  Claims 83-87, 91-94, 97-99, 105-107, 110-116, 118, 119, 121, and 122 would be
allowable if rewritten to overcome the rejection(s) under 35 U.S.C. 112, 2nd paragraph, set forth
in this Office action and to include all of the limitations of the base claim and any intervening

claims.

Conclusion
11.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to David Dunn whose telephone number is 703-305-0049. The
examiner can normally be reached on Mon-Thur, alt. Fridays, 9:00-5:30.

If attenipts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Paul Dickson can be reached on 703-308-2089. The fax phone number for the
organization where this application or proceeding is assigned is 703-872-9306.

Info;mation regarding the status of an application may be obtained from the Patent
- Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC

unn

Primary Examiner
Art Unit 3616
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AMENDMENT
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Alexandria VA 22313-1450

Transmitted herewith is an amendment in the above -
identified application.
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In re the Patent Application of
Severinsky et al |
Serial No.: 10/382,577

Filed: March 7, 2003

For: Hybrid Vehicles

Hon. Commissioner for Patents

P.O. Box 1450
Alexandria VA 22313-1450

AMENDMENT

Sir:

*s s+ se

THE UNITED STATES PATENT AND TRADEMARK OFFICE

Examiner: David Dunn
Group Art Unit: 3616

Att.Dkt.:PAICE201.DIV

In response to the Office Action mailed December 3,

2004, and setting a shortened statutory period for response

to expire on March 3, 2005, kindly amend the above-

identified Application as follows:
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Amend the claims (claims 71 - 141 having been renumbered by
the Examiner as claims 82 - 142, respectively) to appear as

follows:
Claims 16 - 81 (canceled).

--82. (Amended) A hybrid vehicle, comprising:

an internal combustion engine controllably coupled to
road wheels of said vehicle;

a first electric motor connected to said engine and
operable to start the engine responsive to a control
signal;

a second electric motor connected to road wheels of
said vehicle, and operable as a motor, to apply torque to
said wheels to propel said vehicle, and as a generator, for
accepting torque from at least said wheels for generating
current;

a battery, for providing current to said motors and
accepting charging current from at least said second motor;
and

a controller for controlling the flow of electrical
and mechanical power between said engine, first and second
motors, and wheels,

wherein said controller starts and operates said
engine when torque produced by said engine te—prepel—the
wvehiele—or—to propel the vehicle and/or to drive either one
or both said electric motor(s) to charge said battery is at
least equal to a setpoint (SP) above which said engine

torque is efficiently produced, and wherein the torque

produced by said engine when operated at said setpoint (SP)
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is substantially less than the maximum torque output (MTO)

of said engine.--

--83. (Amended) The vehicle of claim 8%+ 82, wherein
said controller monitors patterns of vehicle operation over

time and varies said setpoint SP accordingly.--

--84.  (Amended) The vehicle of claim €% 82, wherein

said controller monitors the road load (RL) on the vehicle

RE over time, and controls transition between propulsion of
said vehicle by said motor(s) to propulsion by said engine
responsive to RL reaching $P, such that said transition

occurs only when RL > SP for at least a predetermined time,

or when RL > SP2, wherein SP2 > SP.--

--85. (Amended) The vehicle of claim 83 84, wherein
said controller further controls transition from propulsion
of said vehicle by said engine to propulsion by said
motor (s) such that said transition occurs only when RL < SP

for at least a predetermined time.--

--86. (Amended) The vehicle of claim 8+ 82, wherein
said setpoint SP may be varied by said controller as a

function of engine speed.--

--87. (Amended) The vehicle of claim 8%+ 82, wherein
said setpoint SP is at least approximately 30% of the
maximum torque output of the engine when normally-aspirated

(MTO) .—-
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--88. (Amended) The vehicle of claim 8+ 82, wherein
said vehicle is operated in a plurality of operating modes
responsive to the value for the road load (RL) and said
setpoint SP, both expressed as percentages of the maximum
torque output of the engine when normally-aspirated (MTO),
and said operating modes include:

a low-load mode I, wherein said vehicle is propelled
by torque provided by said second electric motor in
response to energy supplied from said battery bark, while
RL < SP,

a highway cruising mode IV, wherein said vehicle is
propelled by torque provided by said internal combustion
engine, while SP < RL < MTO, and

an acceleration mode V, wherein said vehicle is
propelled by torque provided by said internal combustion
engine and by torque provided by either or both electric
motor (s) in response to energy supplied from said battery

banrk, while RL > MTO.--

--89, (Amended) The vehicle of claim 8+ 88, wherein
the combination of said engine and said first motor is
disengaged from said wheels during operation in mode I and

engaged during operation in modes IV and V.--

-~90. (Amended) The vehicle of claim 8% 88, wherein
said operating modes further include a low-speed battery
charging mode II, entered while RL < SP and the state of
charge of the battery bank is below a predetermined level,
and during which said vehicle is propelled by torque
provided by said second electric motor in response to
energy supplied from said battery bank, and wherein said
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battery bark is simultaneously charged by supply of
electrical energy from said first electric motor, being
driven by torque in excess of SP by said internal
combustion engine, the combination of said engine and said
first motor being disengaged from said wheels during

operation in mode II.=--

--91. (Amended) The vehicle of claim 8% 88, wherein
the controller may control transition of the operating mode
from operation in mode I directly to operation in mode V
where a rapid increase in the torque to be applied to the
wheels of the vehicle as desired by the operator is

detected. --

--92. (Amended) The vehicle of claim 8% 88, further
comprising a turbocharger operatively and controllably
coupled to said internal combustion engine for being
operated and thereby increasing the maximum torque output
of said internal combustion engine to more than MTO when
desired, and wherein said controller controls selection of
the operational mode of said vehicle between a low-load
mode I, a cruising mode IV, an acceleration mode V, and a

sustained high-power turbocharged mode VI, in response to

monitoring the instantaneous torque requirements (RL) of

the vehicle over time.--

--93. (Amended) The vehicle of claim 8%+ 92, wherein
said controller controls said vehicle to operate in said
modes as follows:

in said low load mode I while RL < SP, in said highway
cruising mode IV while SP < RL < MTO, in said acceleration
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mode V while RL > MTO for less than a predetermined time T,

and in said sustained high-power turbocharged mode VI while

RL > MTO for more than a predetermined time T.--

--94, (Amended) The vehicle of claim 92 93, wherein
said time T is controlled responsive to the state of charge

of the battery bank.--

--95, (Amended) The vehicle of claim 8% 82, wherein
the controller may accept operator input of a desired
cruising speed, and thereafter controls the instantaneous
torque output by said internal combustion engine and by
either or both motor(s) in accordance with variation in RL

so as to maintain vehicle speed substantially constant.--

--96. (Amended) The vehicle of claim 8% 82, wherein
regenerative charging of the battery banrk is performed when
the instantaneous torque output by the internal combustion
engine > RL, when RL is negative, or when braking is

initiated by the operator.--

--97,. (Amended) The vehicle of claim 8% 82, wherein
the total torque available at the road wheels from said
internal combustion engine is no greater than the total
torque available from said first and second electric motors

combined.--

--98., (Amended) The vehicle of claim 8+ 82, wherein
the engine and first electric motor are controllably

coupled to a first set of road wheels of said vehicle and
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said second electric motor is coupled to a second set of

road wheels of said vehicle.

--99. (Amended) The vehicle of claim 8% 82, further
comprising a variable-ratio transmission disposed between
said engine and said motors and the wheels of said

vehicle.--

--100. (Amended) The hybrid vehicle of claim 8%+ 82,
wherein said engine is rotated before starting such that

its cylinders are heated by compression of air therein.--

--101. (Amended) The hybrid vehicle of claim 8% 82,
wherein the rate of change of torque produced by said
engine is limited, such that combustion of fuel within said
engine can be controlled to occur substantially at the
stoichiometric ratio, and wherein if said engine is
incapable of supplying the instantaneous torque required,
the additional torque required is supplied by either or

both of said motor(s).--

--102. (Amended) The hybrid vehicle of claim 8%+ 82,
wherein said engine is controllably coupled to road wheels

of said vehicle by a clutch.--

--103. (Amended) The vehicle of claim 8% 82, wherein
said engine can be operated at torque output levels less
than SP under abnormal and transient conditions, e~g-——3in
erder—to—attow said conditions comprising starting and
stopping of the engine er+te previde and provision of
torque to satisfy drivability or safety considerations.--
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--104. (Amended) A method of control of a hybrid
vehicle, said vehicle comprising an internal combustion
engine capable of efficiently producing torque at loads
between a lower level SP and a maximum torque output MTO, a
battery bank, and one or more electric motors being capable
of providing output torque responsive to supplied current,
and of generating electrical current responsive to applied
torque, said engine being controllably connected to wheels
of said vehicle for applying propulsive torque thereto and
to said at least one motor for applying torque thereto,
said method comprising the steps of:

determining the instantaneous torque RL required to
propel said vehicle responsive to an operator command;

monitoring the state of charge of said battery bank;

employing said at least one electric motor to propel
said vehicle when the torque RL required to do so is less
than said lower level SP;

employing said engine to propel said vehicle when the
torque RL required to do so is between said lower level SP
and MTO;

employing both said at least one electric motor and
said engine to propel said vehicle when the torque RL
required to do so is more than MTO; and

employing said engine to propel said vehicle when the
torque RL required to do so is less than said lower level
SP and using the torque between RL and SP to drive said at
least one electric motor to charge said battery when the
state of charge of said battery bamk indicates the

desirability of doing so; and
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wherein the torque produced by said engine when

operated at said setpoint (SP) is substantially less than

the maximum torque output (MTO) of said engine.--

--105. (Amended) The method of claim 363 104,
comprising the further step of employing said controller to
monitor patterns of vehicle operation over time and vary

said setpoint SP accordingly.--

--106. (Amended) The method of claim 363 104,
comprising the further step of employing said controller to
monitor RL over time, and to control transition between
propulsion of said vehicle by said motor(s) to propulsion
by said engine such that said transition occurs only when
RL > SP for at least a predetermined time, or when RL >

SP2, wherein SP2 is a larger percentage of MTO than SP.--

--107.  (Amended) The method of claim 163 104,
comprising the further step of employing said controller to
monitor RL over time, and to control transition between
propulsion of said vehicle by said engine to propulsion by
said motor(s) such that said transition occurs only when RL

< SP for at least a predetermined time.--

--108. (Amended) The method of claim 363 104,
comprising the further step of operating said controller to
accept operator input of a desired cruising speed, said
controller thereafter controlling the instantaneous engine
torque output and operation of said motor(s) to supply

additional torque as needed in accordance with variation in
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10

RL to maintain the speed of said vehicle substantially

constant.--

--109. (Amended) The method of claim +63 104,
wherein said vehicle is operated in a plurality of
operating modes responsive to the values for the road load
RL and said setpoint SP, said operating modes including:

a low-load mode I, wherein said vehicle is propelled
by torque provided by said second electric motor in
response to energy supplied from said battery bark, while
RL < SP,

a highway cruising mode IV, wherein said vehicle is
propelled by torque provided by said internal combustion
engine, while SP < RL < MTO, and

an acceleration mode V, wherein said vehicle is
propelled by torque provided by said internal combustion
engine and by torque provided by either or both electric
motor (s) in response to energy supplied from said battery

bank, while RL > MTO.--

--110. (Amended) The method of claim 488 109, wherein
said setpoint SP is at least approximately 30% of MTO.--

--111. (Amended) The method of claim 368 109,
comprising the further step of decoupling said engine from
said wheels during operation in mode I and coupling said

engine to said wheels during operation in modes IV and V.--

--112. (Amended) The method of claim 468 109,
wherein said controller further controls said vehicle to
operate in a low-load battery charging mode II, entered
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while RL < SP and the state of charge of the battery bank
is below a predetermined level, during which said vehicle
is propelled by torque provided by said second motor in
response to energy supplied from said battery bark, and
wherein said battery bark is simultaneously charged by
supply of electrical energy from said first motor being
operated as a generator and being driven by torque at least
equal to SP provided by said internal combustion engine,
said engine being decoupled from said wheels during

operation in mode II.--

--113. (Amended) The method of claim +68 109,
comprising the further step of operating said controller to
monitor RL over time, and to control the operating mode to
change from operation in mode I directly to operation in
mode V where a rapid increase in the torque to be applied

to the wheels as desired by the operator is detected.--

--114. (Amended) The method of claim 368 109, wherein
said hybrid vehicle further comprises a turbocharger being
operatively and controllably coupled to said internal
combustion engine for being operated and thereby increasing
the maximum torque output of said internal combustion
engine to more than MTO when desired, and wherein according
to said method, said controller controls selection of the
operational mode of said vehicle between a low-load mode I,
a cruising mode IV, an acceleration mode V, and a

sustained high-power turbocharged mode VI, in response to

monitoring the instantaneous torque requirements (RL) of

the vehicle over time.--
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--115. (Amended) The method of claim ++3 114, wherein
said controller controls said vehicle to operate in said
modes as follows:

in said low load mode I while RL < 8P, wherein SP is a
setpoint expressed as a predetermined percentage of MTO, in
said highway cruising mode IV while SP < RL < MTO, in said
acceleration mode V while RL > MTO for less than a
predetermined time T, and in said sustained high-power

turbocharged mode VI while RL > MTO for more than a

predetermined time T.--

--116. (Amended) The method of claim 434 115, wherein
said time T is controlled responsive to the state of charge

of the battery bank.--

--117. (Amended) The method of claim 363 104,
comprising the further step of performing regenerative
charging of the battery bamk when the engine's
instantaneous torque output > RL, when RL is negative, or

when braking is initiated by the operator.--

--118. (Amended) The method of claim 163 104,
wherein said hybrid vehicle further comprises a variable-
ratio transmission disposed between said engine and said
motors and the wheels of said vehicle, said transmission
being operable responsive to a control signal from said

controller.--

--119. (Amended) The method of claim #6863 104, wherein
a clutch connects a first output shaft of or driven by said
engine and/or first motor with a second output shaft of or
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driven by said second motor connected to said wheels, and
wherein the speeds of said engine and/or first motor and of
said second motor are controlled such that when said clutch
is engaged the speeds of the first and second output shafts
are substantially equal, whereby said shafts may be

connected by a non-slipping clutch.-

--120. (Amended) The method of claim 463 104, wherein
the rate of change of torque output by said engine is
limited, such that combustion of fuel within said engine
can be controlled to occur substantially at the
stoichiometric ratio, and wherein if said engine is
incapable of supplying the instantaneous torque required,
the additional torque required is supplied by either or

both of said motor(s).--

--121. (Amended) The method of claim 363 104, wherein
said engine is rotated before starting such that its

cylinders are heated by compression of air therein.--

--122. (Amended) The method of claim 463 104, wherein
said engine can be operated at torque output levels less
than SP under abnormal and transient conditions, e=g++ said
conditions comprising im—erder—te—atlew—starting and

stopping of the engine er—+te—previde and provision of
torque to satisfy drivability or safety considerations.--

Claims 123 - 142 (Canceled).
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REMARKS

Claims 82 - 122 (renumbered from claims 81 - 121 by
the Examiner, prior to issue of the Office Action) have
been further amended hereby, to correct dependency errors
resulting from the claim renumbering, and to further and
unobviously define the invention:claimed with respect to
the prior art, as discussed further below. Claims 16 - 81
and 123 - 142 have been canceled, of course without
prejudice to their presentation in further application(s),
in response to the Examiner's "undue multiplicity"
rejection. The claims have also been amended in response

to the Examiner's Sect. 112 objections.

More specifically, with respect to the Sect. 112
objections, "battery bank", where used, has been amended to
"battery", for consistency. It was also noted that mode
VI, in which a turbocharger is employed for sustained
operation of the engine above MTO (its normally-aspirated
maximum torque output) had been referred to inconsistently
as a "turbocharged" and a "sustained high-power" mode; for
consistency, both terms are now employed to characterize

mode VI. See claims 92 and 93, and 114 and 115.

Thus claims 82 and 104 are the only remaining
independent claims. These have both been amended to recite
that the engine is run when it is loaded (either by the
vehicle's propulsion requirement, the battery charging
load, or both) in excess of a setpoint SP, which is now
defined to be "substantially less than the maximum torque

output (MTO) of said engine". It is respectfully submitted
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that this recitation clearly and patentably distinguishes

over the references relied upon.

It is of course admitted that the language "...
substantially less than the maximum torque output of said
engine"” is not mathematically precise. It is respectfully
submitted that some imprecision is permissible here in view
of the fact that such minimum values are stated in the
specification (see for example, page 68, line 29 of the
application) to be typically at least 30% of MTO (though
this figure is repeatedly stated to be exemplary only; see
page 72, lines 6 - 10) and normally not in excess of 50% of
MTO (see page 72, line 9). Note also that "MTO" as used
herein refers to the engine's maximum torque output (in
normally-aspirated mode, when a turbocharger is also
provided) at or near its rated top RPM. It is also within
the scope of the invention to employ the engine efficiently
by loading it at a lower RPM; the specification at page 88,
lines 6 - 10 gives the example of sizing the generator to
load the engine to 70% of its maximum output at 1200 - 1500
RPM. Given these examples it is respectfully submitted
that this language is adequately definite to define the
invention and to satisfy 35 USC Sect. 112.

It is respectfully submitted that this language is
also sufficient to distinguish over Frank patent 6,054,844,
which the Examiner relied upon in rejecting claims 82, 88 -
90, 95, 96, 99, 100, 102 and 103 under 35 USC Sect. 102,
and claims 101 and 123 under Sect. 103. Frank clearly
intends operation of the engine thereof near MTO at all
times. More specifically, Frank states at col. 12, lines 20
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- 24 that it is an object of his invention to "always
operate [the engine] at wide open throttle or along the
best efficiency (ideal speed/torque) operating line..."
Frank thus teaches specifically away from operating the
engine when loaded to above a setpoint which is

substantially less than MTO, as claimed.

It is acknowledged that Frank goes on to say that the
engine could be operated "in accordance with any other
desired operating characteristics" (lines 25 - 26). This
is literally broad enough to include applicants' operation
above a setpoint, of course. However, Frank's broad

statement again fails to teach the invention as claimed.

Furthermore, Frank does not teach operating the engine
when it is loaded to a given degree, as claimed, but solely
in response to the operator's pressing of one or other of
the accelerator and brake pedals. See Fig. 8, and the
discussion thereof at cols. 8 - 11. The Examiner appears
to agree on this point, since claims 87 and 110, specifying
that the setpoint SP is 30% of MTO, were indicated to
contain allowable subject matter. That indication is
gratefully acknowledged. However, especially in view of the
statements made throughout the specification that this
figure is somewhat arbitrary, it is respectfully submitted
that to thus limit the independent claims would be unduly
limiting of the applicants' invention, and that claims 82

and 104 as amended above correctly define the invention.

The Mayrhoefer et al paper was relied upon by the
Examiner in rejecting claims 82, 88 - 90, 96, 104, 108,

109, and 117 under 35 USC 102, and claims 101 and 120 under
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Sect. 103. The amendments made above to independent
claims 82 and 104 distinguish over Mayrhoefer in the same
manner in which they distinguish over Frank, as above.
Specifically, Mayrhoefer shows a hybrid vehicle that is
intended to be operated as an electric car in low-emission
(urban and environmentally sensitive) areas, so that the IC
engine is to be started, presumably responsive to a signal
from the operator, when the vehicle leaves such an area.
The engine's operation "is intended to be steady-state"”
(page 189) and a planetary gearbox is provided to operate
as a continuously-variable transmission (page 191). Thus
Mayrhoefer clearly fails to disclose or suggest a vehicle
in which the engine is operated when loaded by the
combination of propulsive and battery-charging loads, to at
least a setpoint SP which is substantially less than MTO,

as claimed.

A Second Supplemental Information Disclosure Statement
is being filed herewith, making of record a number of new
references that have come to applicants' attention as a
result of prosecution of corresponding foreign applications
and further searching, and the Examiner is respectfully
requested to consider these new references and to indicate

in the file of the application that he has done so.
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It is thus respectfully submitted that the claims as

amended distinguish over the references cited, and a Notice

of Allowance is therefore earnestly solicited.

Dated: 2/17/0{

Respectfully submitted,

Michael dé Angeli
Reg. No. 27,869

60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

Severinsky et al : Examiner: David Dunn
Serial No.: 10/382,577 : Group Art Unit: 3616
Filed: March 7, 2003 : Att.Dkt.:PAICE201.DIV

For: Hybrid Vehicles

Hon. Commissioner for Patents
P.0O. Box 1450
Alexandria VA 22313-1450

SECOND SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Listed on attached PT0-1449 forms are a number of
documents that have come to applicants' attention since the
filing of the Supplemental Information Disclosure Statement
filed in this application on May 28, 2004. Applicants'
thus making these documents of record should not be deemed
a concession that they are necessarily available as prior
art as defined by 35 USC Sect. 102. The Examiner is
respectfully requested to consider these newly-cited
documents and to indicate that he has done so in the file

of this application.

The relevance of the newly-cited documents to the

present invention is summarized as follows:

Japanese Patent Application Publication 7-54983
(Nakagawa et al) (provided with noncertified translation)
shows controlling the shifting of an automatic
transmission. The usual method is described as controlling

the ratio based on detected engine load and vehicle speed,
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following a predetermined shift pattern. Prior art shows
detecting increase in loading, e.g., "uphill running", if
the speed drops below shift boundary line while the
throttle opening is over a predetermined value. This is
stated to be workable only under limited circumstances.
This invention calculates a "running load coefficient
KFUKA" which is then smoothed and used to correct the

predtermined shift pattern.

From paragraph 10, "[T]he running load coefficient
KFUKA is calculated according to an equation KFUKA=2-(b/a)
when the detected vehicle speed 'b' is lower than the
standard loaded-vehicle speed 'a', and according to an
equation KFUFA=a/c when the detected vehicle speed 'c' is
higher than the standard value 'a' ". This is
mathematically inconsistent, since both "b" and "c" are the
"detected vehicle speed". Further, it is clear that KFUKA

is a running load coefficient, that is, a correction factor

somehow responsive to variation in running load, not the

running load itself.

Japanese Patent Application Publication 4-244568
(Onishi et al) (provided with noncertified translation) -
Shifting of an automatic transmission is controlled
responsive té a predictive program that calculates the
torque to be available after shifting. Running load is
employed in this calculation. It is stated to be

determined as follows:

""(0022) The running load estimating means 101 now
multiplies the torque converter output torque Tt by the
gear ratio "r" to calculate the torque Tm generated at the
wheels, and calculates the running load T; based on the
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relational formula T, = Tm - M + rw - o from the vehicle
mass M, the effective wheel radius rw and the acceleration

o. The flow of this calculation shown in FIG. 6.

"(0023) In FIG. 6,
Step 601: Reading of the respective data of vehicle speed
Vsp and engine rotational speed N, gear ratio "r" an

acceleration a is performed.
Step 602: the turbine rotational speed Nt is calculated by
the following formula:

Nt = Vgp/120nn/rw - r x 1000
Step 603: Torque converter or rotational ratio "e" 1is
calculated and pump torque coefficient 1 and torque ratio
"t" are searched.
e = Nt/N, 1 = f1(e), t = f2(e)
Step 604: Pump torque Tp and turbine torque Tt are
calculated.
Tp = 1 - (N/1000)%. Tt = t - Tp
Step 605: Calculation of torque Tm. Tm = Tp - r
Step 606: Calculation of running load Ty. Ty = Tm - M - r
a”.

This makes no sense. In particular, it is clear that
the idea 1s to correct the torque at the wheels Tm by the

factor M + r - a to reach the running load, but calculating

M - r - o does not yield a torque in units of kg-m, but a
value in kg - m?/sec?®.

In any event it is clear that neither reference refers
remotely to hybrid vehicles, much less controlling

operating modes thereof responsive to road load.

US Patent 6,067,801 (Harada) 1is based on Japanese
application 9-329430. The disclosure 1is directed to
reducing driveline shock occasioned upon shutting off the
engine in a hybrid by 1loading it using one of the two
motor/génerators. Road load per se is not discussed; mode
switching is discussed only inferentially, e.g., "..at the
time when the engine is not required, for example, during a
reduction of the speed or a downslope run, the hybrid

vehicle stops operation of the engine 150 and runs only
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with the motor MG2" (col. 9, lines 40 - 43). Harada states
nothing of relevance to operating the engine when loaded to
above a setpoint SP.

However, this reference is generally relevant in that
it acknowledges that the engine can be loaded by the
battery charging load as well as the loading required for
vehicle propulsion (col. 1, lines 15 - 17), that the engine
can be shut off when not needed (as noted, col. 9, lines 40
- 43) and that it should be operated at an efficient
operating point (same). The vehicle's power requirements,
including power for acceleration, for charging, and for
auxiliaries, is calculated, and a decision made whether the
engine is required. Engine activation is based on vehicle
speed, or the necessity of battery charging (col. 10, line
41 - col. 11, line 18). The engine is run at low power
levels (col. 12, line 49), and idling is permitted (col.
11, line 65). The engine can be motored to warm it up
prior to starting (col. 12, line 17). It is noted that for
a given output power requirement it is more efficient to
run the engine at 1lower RPM and higher torque than at
higher RPM and lower torque output (col. 13, lines 34 -
45). The minimum RPM of the engine in the loaded state is
maintained greater than in the non-loaded state, in order
to allow gentle variation in torque applied to the motor
MGl during mode changes, avoiding rough operation (col. 16,
lines 17 -~ 38), not so as only to operate the engine when
loaded to the point of efficient operation. Most of the
topologies shown involve the usual planetary gearset for
combining the torque from the engine and two motors, but an
embodiment is shown in Fig. 12 which avoids the planetary
gearbox and first motor in favor of a "clutch motor MG3"

which includes first and second rotors that function as an
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electromagnetic coupling (col. 18, lines 43 - 56). A
series hybrid version, in which the engine never transmits

torque directly to the wheels, is shown in Fig. 13.

Japanese Patent Application Publication 11-122712
(Morita et al) (provided with partial noncertified
translation) shows a hybrid with a traction motor and
engine propelling the vehicle; a second motor drives the
ancillaries and starts the engine (there is no suggestion
that this second motor is used to charge the battery), so
the topology is effectively a single-motor hybrid with a
separate starter. The invention is essentially to
disengage a clutch connecting the engine and wheels upon
braking, so that the engine can be shut off; when braking
ends, the starter is used to motor the engine, and when
the accelerator is then applied fuel is supplied and the
engine started. Mode shifting is thus performed strictly
in accordance with the operation of the accelerator and

brake pedals.

Japanese Patent Application Publication 11-113956
(Hisamura) (provided with partial noncertified translation)
shows a control device for a continuously variable
transmission. The slope of the road being driven on is
determined by a calculation employing the actual torque
being supplied and the vehicle speed and acceleration. The
"flatland" required torque is calculated and compared to
the actual torque, to determine the slope of the road, and

the transmission ratio adjusted accordingly.

Japanese Unexamined Patent Publication 11-82260

(Tsuzuki et al) (supplied without translation) - Topology
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includes engine, first clutch, motor/generator, second
clutch, and automatic transmission, and wheels, in that
order. In order to reduce shock upon engine starting, the
second clutch is opened and left open until the engine and
motor/generator are synchronized. This would be completely
useless, since power flow to the wheels would be
interrupted, seriously impacting drivability. Moreover,
this would occur under acceleration, just when it would be

most annoying and possibly even unsafe.

Japanese Unexamined Patent Publication 11-82261
(Tsuzuki et al) (supplied without translation) is closely
related to the above Tsuzuki patent application. According
to notes provided by our searcher, this simply adds the
idea of providing a starter on the engine. This would

suffer the same drivability problem.

According to our German searcher, German applications
198 38 853, 102 60 435, and 198 14 402, (all supplied
without translations) describe methods for starting the

engines of single motor hybrids.

Fiala US patent 4,411,171 shows a single-motor hybrid
wherein the engine is connected through a first clutch to
one side of a flywheel; a second clutch on the other side
of the flywheel allows the flywheel to be locked to the
output shaft, for direct drive, or to serve as the sun gear
of a planetary gearbox. The planet carrier is connected to
the output shaft, and the ring gear to a single
motor/generator. The flywheel can also be locked, which
provides an electric-car mode. The vehicle must be stopped

to allow starting of the engine (col. 3, line 55), so
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clearly the vehicle must be operated in distinct low speed
(electric car) and high-speed hybrid modes. The engine
is to be used to start the vehicle from a standing stop by
using some of the engine's torque to drive the
motor/generator, i.e., the motor/generator acts as a brake
(col. 5, lines 1 - 7), with the planetary gearbox thus
decoupling the engine from the output shaft.

Maeda U.S. patent 3,620,323 shows a hybrid vehicle in
which the engine is intended to be operated at full
throttle at all times; see the abstract, col. 1, lines 37

- 38, col. 5, lines 13 - 15,

Tabata et al U. S. Patent 6,317,665 is directed to
control of a lock-up clutch in a hybrid vehicle so as to
smooth transitions between operation in motor-drive and
engine-drive modes. Tabata et al patent 6,183,389 is also
directed to control of operation of lock-up clutches.
Finally, Tabata patent 5,887,670 is also directed to

smoothing transitions.

Hagiwara patent 5,565,711 is the US equivalent to a
Japanese patent document cited against a Japanese
application claiming priority from the same basic
application as the present application. The Hagiwara
patent relates to specifics of the connection of the
individual batteries in a battery bank. No claims are
pending in this application which are drawn to this aspect

of the invention.
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Again, the Examiner is respectfully requested to
consider these documents, and to indicate that he has done

so in the file of the application.

Respectfully bmitte
Dated: 2/1’7 25 /CM

Michael de Angeli
Reg. No. 27,869

60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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(21)Application number : 05—-205945 (71)Applicant : TOYOTA MOTOR CORP

(22)Date of filing : 20.08.1993 (12)Inventor : NAKAGAWA NORIHISA
MATSUOKA HIROKI

(54) DRIVING FORCE CONTROL DEVICE FOR CAR

(57)Abstract:
PURPOSE: To provide a driving force control device for
car which can present good operating characteristics

irrespective of running load in the whole running ranges . 10 ; 610 ‘

of the car.

CONSTITUTION: When the reference running load alddd ::‘;:’ e )
curve for the steady running condition of a car is set by ——-—7\-—-/

a reference load curve setting means 80, a running load 36 hl r Par
calculating means 82 calculates one by one the size of | oy 14 TA B

the running load factor KFUKASM by reference to the vt SHHEED

set curve, wherein the factor KFUKASM is expressed =12 |

on the basis of the degree of throttle opening TA and st T —22
the car speed SPD. A driving force control means 84 SrD S| EFOH
controls the gearing position of an automatic Bl — Imﬁ#ﬁ
transmission 68 on the basis of the factor KFUKASM ETAMR i o

calculated from time to time and adjusts the driving R
force of the car. Accordingly the driving force is

adjusted on the basis of the size of the actual running

load over the whole running ranges of the car, so that

good operating characteristics can be obtained in the

whole running ranges of the car irrespective of varying running load due to the gradient of the

road surface, etc.
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(54) Title of the Invention: DRIVING FORCE CONTROL APPARATUS FOR VEHICLE

(57) Abstract

(Purpose) To provide a driving force control apparatus for a vehicle which can obtain good
drivability irrespective of the running load over the entire vehicle running range.

(Solution) When the reference running load curve for the steady running condition of a vehicle is
set by a reference load curve setting means 80, a running load calculating means 82 successively
calculates the running load factor KFUKASM referring to the set curve, wherein the factor
KFUKASM has expressed on the basis of the throttle opening angle TA in the vehicle speed
SPD. A driving force control means 84 controls the gear positions of an automatic transmission
68 based on the successively calculated factor KFUKASM and adjusts the driving force of the
vehicle. Accordingly, the driving force is adjusted on the basis of the size of the actual running
load over the entire running range of the car, so that good drivability can be obtained over the
entire running range of the vehicle irrespective of varying running loads due to the road surface
gradient and like factors.
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(CLAIMS)
(Claim 1) A vehicle drive force control apparatus for controlling the drive force of a vehicle

wherein the output of an engine is transmitted to a drive wheel, said drive force control apparatus
comprising:

a standard running load curve setting means for setting the standard running load curve,
which has expressed by the load of the engine in the engine speed when the vehicle is running in
a normal state;

a running load calculating means, which successively calculates the running load expressed
on the basis of the engine load and vehicle speed using said standard running load curve as a
standard;

and a drive force controlling means, which adjusts the drive force of said vehicle based on
the running load successively calculated by said running load calculating means.

(Claim 2) A vehicle drive force control apparatus according to claim 1, wherein said running
load calculating means further comprises a standard running load vehicle speed determining
means, which determines the standard running load vehicle speed on the basis of the engine load
amount from said standard running load curve, and a running load coefficient calculating means,
which successively calculates a running load coefficient corresponding to the running load on the
basis of the vehicle speed and said standard running load vehicle speed, and said running load
calculating means outputs said running load coefficient as the running load.

(Claim 3) A vehicle drive force control apparatus according to claim 1 or 2, wherein said
vehicle is provided with an automatic transmission, whereby the transmission ratio is changed
automatically, and a shifting control means, which controls the shifting ratio of said automatic
transmission based on the engine load and vehicle speed, from a shift boundary line in which the
shift ratio has been predetermined by said automatic transmission, and said drive force
controlling means corrects said shift boundary line based on said running load.

(Claim 4) A vehicle drive force control apparatus according to claim 3, further comprising a
upshift inhibiting means, which inhibits shifting up by said automatic transmission when said
running load exceeds a first threshold value.

(Claim 5) A vehicle drive force control apparatus according to claim 4, further comprising a
upshift inhibition releasing means, which releases the inhibition of shifting up by said automatic

transmission when said running load is less than a second threshold value.
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(Claim 6) A vehicle drive force control apparatus according to claim 5, wherein said upshift
inhibition releasing means determines whether shifting up to the highest gear should be
performed when reversal from deceleration to acceleration has occurred a specified number of
times while shifting up by said automatic transmission is inhibited, and if determining that
shifting up to the highest gear should be performed, releases the inhibition upon shifting up and
performs shifting up to set highest gear.

(Claim 7) A vehicle drive force control apparatus according to claim 5 or 6, further
comprising a second threshold value setting means, which sets said second threshold value used
by said upshift inhibition releasing means that a value lower by a specified value than the newest
value of either the running load when inhibition of shifting up was started or the running load
when reversal from deceleration to acceleration was detected a specified number of times during
upshift inhibition.

(Claim 8) A vehicle drive force control apparatus according to claim 3, wherein said drive force
controlling means causes said automatic transmission to shift preferentially to a gear stage at
which an engine break operates when the running load calculated by said running load
calculating means is less than a specified value, the engine load is at or below a specified

threshold value, and the acceleration is at or above a specified threshold value.

(DETAILED DESCRIPTION OF THE INVENTION)

(0001)
1. Industrial Field of Application

The present invention relates in general to an apparatus for controlling a drive force to drive a
motor vehicle, and more particularly, to techniques for improving the running stability and
drivability of the vehicle, irrespective of a variation in the running load of the vehicle, over the
entire ranges of the engine load and the vehicle speed.

(0002)

(Prior Art)

For controlling a drive force to drive a motor vehicle, there is known a drive force control
apparatus adapted to change the vehicle drive force by adjusting the opening angle of a throttle
valve of a vehicle engine or by controlling the speed ratio of an automatic transmission of the

vehicle. For example, a motor vehicle equipped with an automatic transmission which is
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automatically shifted to change the speed ratio is provided with a shift control apparatus adapted
to change the speed ratio of the transmission on the basis of the actually detected engine load and
vehicle speed and according to a predetermined shift pattern. The upshift and downshift
boundary lines used by such transmission shift control apparatus are generally formulated to
achieve not only high running stability and drivability of the vehicle but also high fuel economy
of the vehicle, when the vehicle is running on a generally level or flat road surface, since the
vehicle usually runs on such flat road surface. Accordingly, the drive force tends to be
insufficient for the intended drivability of the vehicle when the vehicle runs uphill.

(0003) In the light of the above-indicated insufficiency of the drive force during uphill
running of the vehicle, a transmission shift control apparatus is proposed as disclosed in JP-A-
62-180153, wherein an uphill running of the vehicle is detected if the vehicle speed is lowered
across the selected upshift boundary line while the throttle opening angle is larger than a
predetermined value. When the uphill running is detected, an upshift action of the automatic
transmission is inhibited, and the transmission is held in the currently established gear position,
whereby running stability and drivability during uphill running of the vehicle are improved.

(0004)

(Problems the Invention is to Solve) However, the known transmission shift control
apparatus indicated above is adapted to detect the uphill running of the vehicle under a limited
running condition of the vehicle, namely, only if the vehicle speed is lowered across the selected
downshift boundary line and if the throttle opening angle is larger than the predetermined lower
limit. This arrangement does not provide an improvement in the control of the vehicle drive force
depending upon a variation in the load acting on the vehicle, and does not permit satisfactory
running stability and drivability of the vehicle over the entire ranges of the vehicle.

(0005) The present invention was created in light of the circumstances described above and
has the object of providing a vehicle drive force control apparatus that assures satisfactory
running stability and drivability of the vehicle over the entire ranges of the engine load and the
vehicle speed, irrespective of a variation in the running load.

(0006)

(Means Used to Solve the Problems)

This object may be accomplished according to the principle of the present invention, which

provides an apparatus for controlling a drive force for driving a motor vehicle having an engine
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and a drive wheel driven by the drive force based on an output of the engine, the apparatus
comprising: (a) reference load curve setting means for setting a standard running load curve
represented by a load acting on the engine and a running speed of the vehicle when the vehicle is
running in a stable mode; (b) running load calculating means for sequentially calculating a
running load as represented by the load acting on the engine and the running speed of the
vehicle, on the basis of the standard running load curve; and (c) drive force control means for
controlling the drive force of the vehicle on the basis of the running load acting on the vehicle
sequentially calculated by the running load calculating means.
(0007)

(Operation and Effects of the Invention)

In the vehicle drive force control apparatus of the present invention constructed as described
above, the standard running-load curve represented by the engine load and the vehicle running
speed during running of the vehicle in the stable mode is determined by the standard load curve
setting means, and the vehicle running load as represented by the engine load and the vehicle
speed is calculated sequentially on the basis of the aforesaid standard running-load curve. The
drive force for driving the vehicle is adjusted by the drive force control means on the basis of the
running load of the vehicle sequentially calculated by the running load calculating means. Thus,
the vehicle drive force is suitably regulated depending upon the running load of the vehicle over
the entire driving range of the vehicle, so as to assure satisfactory drivability of the vehicle
irrespective of variations in the running load acting on the vehicle due to factors such as the road
gradient.

(0008) In one preferred form of the present invention, the running load calculating means
comprises means for determining a standard loaded-vehicle speed on the basis of the engine load
according to the standard running load curve, and means for sequentially calculating a running
load coefficient KFUKA as the running load of the vehicle, on the basis of the standard loaded-
vehicle speed and the detected running speed of the vehicle, and the running load is represented
by this running load coefficient KFUKA. In order to represent the standard running load and the
running load, the standard running load opening is used using the throttle opening angle which
represents the engine load, and the running the coefficient calculated from the actual throttle
opening angle in the standard running load opening. In this case, however, the throttle opening

angle usually changes at a higher rate than the vehicle speed, and the detected running load
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opening is greatly influenced by the acceleration and deceleration operations and becomes
unstable. By means of the arrangement described above, if the running load coefficient is
calculated based on the vehicle speed and the standard running vehicle load speed, it has the
advantage of eliminating the above-described influenced of the acceleration and deceleration
operations.

(0009) The above-indicated means for calculating the running load coefficient may be
adapted to select one of two different equations for calculating the running load coefficient
KFUKA, depending upon whether the detected actual vehicle speed is lower or higher than the
determined standard loaded-vehicle speed.

(0010) For instance, the running load coefficient KFUKA is calculated according to an
equation KFUKA=2-(b/a) when the detected vehicle speed "b" is lower than the standard loaded-
vehicle speed "a", and according to an equation KFUFA=a/c when the detected vehicle speed "c"
is higher than the standard value "a".

(0011) Preferably, the running load coefficient calculating means includes smoothing means
for smoothing the running load coefficient KFUKA calculated successively, to obtain a
smoothed running load coefficient KFUKASM, which is used as the running load acting on the
vehicle.

(0012) The smoothing means is preferably designed to change the smoothing amount to be
applied to the non-smoothed running load coefficient KFUKA, depending upon the running
condition of the vehicle.

(0013) Further, it is desirable that the running load coefficient calculating means be
constituted so as not to substantially change the smoothed running load coefficient KFUKASM
during vehicle starting period.

(0014) 1t is also for the running load coefficient calculating means to be constituted so that
the smoothed running load coefficient KFUKASM is substantially unchanged during the
specified interval CHANTEN from the point in time at which the running load coefficient
KFUKA before the smoothing process is 1 or above to the point at which it becomes less than 1.

(0015) It is further desirable that the vehicle be equipped with an automatic transmission
which changes the speed ratio of the transmission automatically, and a transmission control unit,
which controls the speed ratio of this automatic transmission, on the basis of the engine load and

the vehicle running speed and according to a predetermined shift boundary line. In this case, the
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drive force control means includes correcting means for correcting the shift boundary line on the
basis of the calculated vehicle running load. This form of the invention using the adjusting means
assures high fuel economy and high power performance.

(0016) These correcting means correct the shift boundary line based on the above-described
smoothed running load coefficient KFUKASM.

(0017) The correcting means includes means for determining a shift-speed compensating
coefficient on the basis of the smoothed running load coefficient KFUKASM, and corrects the
shift boundary line on the basis of the determined shift-speed compensating coefficient. The shift
boundary line is substantially corrected in accordance with the compensation coefficient
determined by the compensation coefficient determining means.

(0018) It is also desirable to provide upshift inhibiting means, which prevents upshifting of
the automatic transmissibn when the sequentially calculated running load exceeds a first
threshold value. This has the advantage of solving the phenomenon of frequent shifting, whereby
the drive force is restricted by releasing pressure on the accelerator pedal, since the drive force is
higher due to downshifting, but in this case of shifting occurs, and the driving force is
insufficient, so the accelerator pedal is again depressed, and downshifting occurs.

(0019) The aforementioned upshift inhibiting means alvso, for example, prevents upshifting of
the automatic transmission when the smoothed running load coefficient KFUKASM exceeds the
aforementioned first threshold value.

(0020) The aforementioned upshift inhibiting means also prevents upshifting after the throttle
opening is increased by depressing the accelerator pedal and downshifting has occurred from the
highest gear to a gear one level lower.

(0021) The transmission controller preferably further comprises a upshift inhibition releasing
means for releasing the inhibition of the upshift action of the transmission by the upshift
inhibiting means when the sequentially calculated running load falls below a second threshold
value smaller than the first threshold value. Since there is a suitable amount of difference
between the first and second threshold values, it is possible to prevent undesirable alternate
inhibition of the upshift action and cancellation of the inhibition due to hysteresis between the
first and second threshold values.

(0022) The upshift inhibition releasing means is desirably adapted to determine whether a

upshift action of the transmission to the highest-speed position should be effected or not, each
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time a change of the running condition of the vehicle from a decelerating state to an accelerating
state has been repeated a predetermined number of times while the upshift action to the highest-
speed position is inhibited by the upshift inhibiting means. If the releasing means determines that
the upshift action to the highest-speed position should be effected, the releasing means cancels
the inhibition of and allows the upshift action to the highest-speed position. The upshift action to
the highest-speed position of the transmission means a shifting of the transmission so as to
reduce the vehicle drive force. In this sense, the cancellation of the inhibition of the upshift
action must be determined depending on the vehicle drive force required when the vehicle is
accelerating. Since the determination as to whether the transmission should be shifted to the
highest-speed position is effected when the vehicle is in an accelerating state, the transmission is
allowed to be shifted up to the highest-speed position depending upon the vehicle drive force
required during acceleration of the vehicle.

(0023) The upshift inhibition releasing means may comprise threshold value determining
means for determining the second threshold value such that the second threshold value is smaller
by a predetermined value than a value of the running load which is determined at one of the
following two moments, whichever is later: the moment when the inhibition of the upshift action
is started by the upshift inhibiting means; and the moment when the change of the vehicle
running condition from the decelerating state to the accelerating state has been repeated the
predetermined number of times. This arrangement advantageously shortens a delay in releasing
the inhibition of the upshift action of the transmission. The running load value may be the
smoothed running load coefficient KFUKASM discussed above.

(0024) The drive force control means may be adapted to shift down the automatic
transmission to a position for applying an engine brake to the vehicle, if the running load acting
on the vehicle, calculated by the aforesaid running load calculating means, and the load acting on
the engine are smaller than respective predetermined reference values, and if an acceleration
value of the vehicle is larger than a predetermined reference value. This arrangement is effective
to improve engine brake force.

(0025) In the above arrangement, the drive control means may comprise automatic downshift
means for shifting down the automatic transmission to the engine braking position if the
smoothed running load coefficient KFUKASM indicated above as the vehicle running load is

smaller than a first reference value, if an opening angle of a throttle valve of the engine as the
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engine load is smaller than a reference value, and if the acceleration value of the vehicle is larger
than the reference value.

(0026) In the above case, the drive force control means preferably further comprises means
for disabling the automatic downshift means if the successively measured smoothed running load
coefficient KFUKASM exceeds a second reference value larger than the first reference value.

(0027)

(Working Examples) A working example of the present invention is next explained in detail
referring to the drawings.

(0028) Referring first to FIG. 1, air is introduced into each combustion chamber 12 of a
gasoline engine 10 through an air cleaner 14, an air flow meter 16, an intake pipe 18, a throttle
valve 20, a by-pass passage 22, a surge tank 24, an intake manifold 26 and an intake valve 28. A
fuel is injected by a fuel injector valve 30, into a stream of air flowing through the intake
manifold 26 to which the fuel injector valve 30 is attached. Thus, each combustion chamber 12 is
supplied with an air-fuel mixture for operating the engine 10. In this embodiment the air flow
meter 16 is a movable vane type meter, which functions to sense an actual intake air quantity
Qm. This air flow meter 16 generates an intake air quantity signal SQm indicative of the actual
intake air quantity Qm which flows through the intake pipe 18. The signal SQm is applied to an
engine electronic control unit 32 and a transmission electronic control unit 34, The throttle valve
20 is mechanically linked with an accelerator pedal of the vehicle, as well known in the art, so
that the angle of opening TA of the throttle valve 20 changes with the amount of operation of the
accelerator pedal, whereby the intake air quantity Qm of the engine 10 can be continuously
changed by the accelerator pedal through the throttle valve 20. The throttle valve 20 is provided
with a throttle sensor 36 which has an idling position switch. The idling position switch detects
the idling position of the throttle valve 20. A signal indicative of this idling position and a
throttle opening signal STA indicative of the opening angle TA of the throttle valve 20 are
applied to the engine electronic control unit 32 and the transmission electronic control unit 34.
The throttle valve 20 is disposed in parallel relationship with the by-pass passage 22, which is
provided with an idling control valve 38. The opening of the idling control valve 38 is controlled
by the engine electronic control unit 32, to regulate the amount of the air which by-passes the
throttle valve 20, so that the idling speed of the engine 10 can be adjusted by the idling control

valve 38. The fuel injector valve 30 is also controlled by the engine electronic control unit 32, so
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that the fuel injection timing and the amount of the fuel injected by the injector valve 30 are
suitably controlled. An air temperature sensor 40 is disposed upstream of the air flow meter 16,
for sensing the temperature of the air which is admitted into the intake pipe 18. An output signal
of the temperature sensor 40 representative of the air temperature is also applied to the engine
electronic control unit 32.

(0029) The engine 10 has the intake valve 28, an exhaust valve 42, a piston 44 and a spark
plug 46. The spark plug 46 is.activated to provide an ignition spark in the combustion chamber
12, by application of a high voltage supplied thereto throﬁgh a distributor 50 from an ignitor 48
under the control of the engine electronic control unit 32. As a result, the air-fuel mixture in the
combustion chamber 12 is ignited by the ignition spark to effect a combustion and expansion
stroke of the piston, whereby the piston 44 is reciprocated to rotate the crankshaft. The intake
and exhaust valves 28, 42 are opened and closed by rotation of the camshaft, in synchronization
with the crankshaft. A mechanism connecting the crankshaft and the camshaft is linked with a
valve timing changing device 52, which is controlled by the engine electronic control unit 32, so
that the relative rotating phase of the crankshaft and camshaft is changed to adjust the timings at
which the intake and exhaust valves 28, 42 are opened and closed. An exhaust gas produced as a
result of combustion of the air-fuel mixture in the combustion chamber 12 is discharged into the
atmosphere, through the exhaust valve 42, an exhaust manifold 54, an exhaust pipe 56 and a
catalytic converter 58. A water temperature sensor 60 is provided for sensing the temperature of
a coolant which cools the engine 10. The temperature sensor 60 generates a signal indicative of
the engine coolant temperature, which is supplied to the engine electronic control unit 32. The
exhaust manifold 54 is provided with an oxygen sensor 62 for detecting an oxygen concentration
of the exhaust gas flowing therethrough. An output signal of the sensor 62 indicative of the
oxygen concentration is also supplied to the engine electronic control unit 32. The distributor 50
is provided with a speed sensor which generates a pulse signal in synchronization with the
rotation of the crankshaft of the engine 10. This pulse signal SNE represents a speed NE of the
engine 10 and is supplied to the engine electronic control unit 32 and the transmission electronic

control unit 34.

(0030) Each of the engine electronic control unit 32 and the transmission electronic control’

N

unit 34 has a central processing unit (CPU), a random-access memory (RAM), a read-only

memory (ROM), an input/output interface circuit, an analog/digital (A/D) converter, as provided
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in an electronic controller using a computer. The CPU operates to perform data processing
operations according to various control programs stored in the ROM, while utilizing a temporary
data storage function of the RAM. The engine electronic control unit 32 is adapted to signals
indicative of ON and OFF states of an air conditioner from an air conditioner switch 64, as well
as the signals described above. The transmission electronic control unit 34 receives a signal
generated by shift lever sensor 66 representing one of operating positions of the shift lever
adjacent to the driver’s seat, which consist of: PARKING position P; NEUTRAL position N:
DRIVE position D; FIRST position 1; SECOND position 2; and REVERSE position R. The
transmission electronic control unit 34 also receives a gear position signal SG from a gear
position sensor 70 and a vehicle speed signal SSPD from a vehicle speed sensor 72. The gear
position sensor 70 and the vehicle speed sensor 72 are provided on the automatic transmission
68, which has one rear drive position, and four forward drive positions, that is, 1st-gear position,
2nd-gear position, 3rd-gear position and 4th-gear position, for changing the speed NE of the
engine 10. Necessary information between the two electronic control units 32 and 34 may be
assisted via a communication interface, and the intake air quantity signal SQm, throttle opening
signal STA and engine speed signal SNE may be supplied to either of the engine and
transmission control units 32, 34. The engine electronic control unit 32 and/or the transmission
electronic control unit 34 may be adapted to receive other signals representative of other
operating parameters or running conditions of the vehicle, such as on-off states of a brake pedal,
steering angle of a steering wheel, gradient of a road surface on which the vehicle runs, and
temperature of the exhaust gas, for controlling the engine and/or the transmission.

(0031) The engine electronic control unit 32 operates to control the fuel injector valve 30,
ignitor 48, idling control valve 38 and valve timing changing device 52, depending upon the
intake air quantity Qm, throttle opening angle TA, engine speed NE, engine 10 coolant
temperature, intake air temperature, oxygen concentration in the exhaust passage 56, on-off
states of the air conditioner, etc., according to various predetermined arithmetic equations and
stored data maps, so as to regulate the amount and timing of the fuel injection by the fuel injector
valve 30, timing of ignition by the spark plug 46, idling speed of the engine 10, and opening and
closing timings of the intake and exhaust valves 28, 42, so that the engine 10 is controlled to

provide a suitable output, with a minimum of fuel consumption and a reduced amount of harmful

exhaust emissions.
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(0032) The transmission electronic control unit 34 operates to place the automatic
transmission 68 in a suitably selected one of the operating positions, according to predetermined
shift patterns, depending upon the intake air quantity Qm, throttle opening TA, engine speed
signal NE, vehicle speed SPD, gear position of the automatic transmission 68 and shift lever
position. Referring to the flow charts, there will be described a basic shift control operation when
the vehicle is running with the shift lever placed in the DRIVE position D.

(0033) The flow chart of FIG. 2 shows a routine for detecting a load currently acting on the
vehicle. This routine is repeatedly executed with a predetermined cycle time, for example, 32 ms.
The routine is initiated with steps SD1, SD2 and SD3 to read the throttle opening angle TA, the
vehicle speed SPD and the actual gear position G of the transmission 68. Then, the control flow
goes to step SD4 which corresponds to means for setting a standard running load curve.
Described more specifically, step SD4 is implemented to select a relation between the throttle
opening angle TA and the standard running load curve SPDj, i.e., the standard load curve
relationship which corresponds to the currently selected position G, as shown in FIG. 3. This
standard load curve is the relation between the throttle opening angle TA and the standard
running load si)eed SPD; when the vehicle is running at a relatively constant speed on a flat road
surface.

(0034) The control flow then goes to steps SD5 through SD20 which correspond to running
load calculating means for determining a running load acting on the vehicle as represented by the
engine load and the vehicle speed. That is, steps SD5-SD20 are implemented to calculate a
running load coefficient KFUKA, and a smoothed running load coefficient KFUKASM which is
obtained by smoothing the calculated running load coefficient KFUKA. SD5, which corresponds
to the standard running load speed determining means, is implemented to calculate the standard
loaded-vehicle speed SPDs corresponding to the actually detected throttle opening angle TA,
according to the relationship which was selected in step SD4 shown in FIG. 3. If the detected
throttle opening angle TA is equal to a value indicated at S in FIG. 3, for example, a vehicle
speed "a" corresponding to a point "A" on the TA-SPDs curve is determined as the standard
loaded-vehicle speed. In step SD6, it is determined whether the value of the standard loaded-
vehicle speed SPDs calculated in step SDS5 is higher than the actual vehicle speed SPD which is
influenced by the load actually acting on the vehicle.
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(0035) If a negative decision is obtained in step SD6, for instance, if the actual vehicle
running state is as indicated at a point "C" in FIG. 3, the standard loaded-vehicle speed "a" is
lower than the actual vehicle speed "c" (a<c), whereby step SD7 is implemented to calculate the
running load coefficient KFUKA according to a predetermined equation, KFUKA=a/c. Step SD7
is followed by step SD8 to set a XCOAST flag to "1". If an affirmative decision is obtained in
step SD6, on the other hand, for example, if the vehicle is running in a state indicated at a point
"B" in FIG. 3, the standard loaded-vehicle speed "a" is higher than the actual vehicle speed "b"
(a>b), whereby step SD9 is implemented to calculate the running load coefficient KFUKA
according to a predetermined equation, KFUKA=2-(b/a). Step SD9 is followed by step SD10 to
reset the XCOAST flag to "0". When the XCOAST flag is set at "0", it means that the not-yet-
smoothed coefficient KFUKA has been calculated or determined while the vehicle is running in
a high-load state. When the flag is set at "1", it means that the non-smoothed coefficient KFUKA
has been determined while the vehicle is running in a low-load state. It will be understood from
the graph of FIG. 4 that the running load coefficient KFUKA is equal or close to "1" whén the
vehicle is running in a stable state on a flat road surface, and that the coefficient KFUKA is
smaller and higher than "1" when the vehicle is running in the low-load and high-load states,
respectively. The vehicle is considered to be running in the low-load state when the vehicle is
running downhill, and in the high-load state when the vehicle is running uphill.

(0036) If the running load coefficient KFUKA during running of the vehicle in the high-load
state was calculated according to an equation KFUKA=a/c, the calculated coefficient KFUKA
would cause an undesirably large influence on the subsequent smoothing process of the
coefficient KFUKA, which would become saturated, and the equation KFUKA=2-(b/a) is used to
calculate the coefficient KFUKA when the vehicle is running in the high-load state. Thus, the
rate of change of the coefficient KFUKA with the vehicle speed SPD during the vehicle running
in the high-load state is almost the same as that in the low-load state, so that the effect of the
smoothing process since would become similar irrespective of the effect of the running load..

(0037) Next, step SD11 is performed to determine whether the value of the XCOAST flag
has been changed from "1" to "0" or vice versa, namely, whether the running state of the vehicle
has been changed from the low-load running state to the high-load running state or vice versa. If
an affirmative decision is obtained in step SD11, step SD12 is implemented to set the content of

the REVERSE timer CHAN to "0" and the time measurement is started thereby. If a negative
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decision is obtained in step SD11, than the running load coefficient KFUKA in step SD13 is
stored in a specified memory location in the RAM.

(0038) Then, steps SD14, SD15 and SD16 are sequentially implemented to read the
coefficient KFUKA, content CHANTEN of the REVERSE timer and a content CHASSIN of a
START timer. The REVERSE timer and the START timer are controlled by a routine of FIG. 5
to detect starting and acceleration/deceleration of the vehicle. This routine of FIG. 5 is executed
with a cycle time (e.g., 128 ms) longer than the cycle time of the vehicle load detecting routine
of FIG. 2. _

(0039) The routine of FIG. 5 to is initiated with step SH1 to read the vehicle speed SPD. Step
SH1 is followed by step SH2 to read the content CHASSIN of the START timer. The control
flow then goes to step SH3 and SH4 to check if the vehicle speed SPD is lower than a
predetermined upper limit of 40 km/h and equal to or higher than a predetermined lower limit of
10 km/h. If a negative decision is obtained in step SH3, the START timer CHASSIN is reset to a
predetermined initial value in step SHS. If a negative decision is obtained in step SH4, the
START timer is started in step SH6. If an affirmative decision is obtained in step SH4, step SH7
is implemented to decrement the content CHASSIN of the START timer. Thus, the START
timer CHASSIN is controlled to measure a time lapse after the vehicle has been started. When
the vehicle speed exceeds the upper limit of 40 km/h, the START timer is reset to the initial
value.

(0040) Next, step SH8 is implemented to store the content CHASSIN of the START timer.
Step SH9 is then implemented to read the content CHANTEN of the REVERSE timer. Step SH9
is followed by step SH10 to decrement the content CHANTEN, and step SH11 to store the
content CHANTEN. The START timer and the REVERSE timer are decrement timers whose
contents CHASSIN, CHANTEN are decremented from the predetermined initial values, and the
count is considered completed when the count value reaches 0. In the initial states, the contents
START timer CHASSIN and REVERSE time CHANTEN are set at values corresponding to
specified durations. For instance, the START timer and the REVERSE timers are initially set to
respective initial values of 6.0 sec and 1.2 sec. These initial values correspond to time durations
during which the smoothing of the running load coefficient KFUKA is inhibited, as described

later.
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(0041) The control flow then goes to step SH12 to read the previous vehicle speed SPDO0 read
in the last control cycle. Step SH13 is then implemented to compare the current vehicle speed
SPD with the previous vehicle speed SPDO read in step SH13. If the current vehicle speed SPD
is higher than the previous vehicle speed SPDO, step SH14 is implemented to set the contents of
the flag XKASOKU to "1". If the latter is determined to be higher, then step SH1S is
implemented to reset the XKASOKU flag to "0". Next, in step SH16, the contents are stored. If
the two values are the same, step SH16 is implemented. It will be understood that the content "1"
of the XKASOKU flag indicates the accelerating state of the vehicle, while the content "0" of the
same indicates the decelerating state.

(0042) Then, the control flow goes to step SH17 to determine whether the idling position
switch is in the off state or not. If a negative decision is obtained in step SH17, step SH22 is
implemented to reset the idle off delay content CIDLOF. If an affirmative decision is obtained in
step SH17, step SH18 is implemented to read the current throttle opening angle TA. Step SH19
is then implemented to calculate a third gear downshift release delay time KOFF, on the basis of
the throttle opening angle TA, and according to a predetermined relationship as indicated in FIG.
6 by way of example. Then, steps SH20 and SH21 are implemented to read the idle off delay
content CIDLOF, and increment the content CIDLOF. These steps are followed by step SH23 in
which the idle off delay content CIDLOF is stored. The idle off delay content CIDLOF is
provided to measure a time lapse after the accelerator pedal has been depressed. The third gear
downshift release delay time KOFF is used as a threshold for determining the release of
automatic downshift action to the 3rd-gear position as described below.

(0043) Referring back to the flow chart of FIG. 2, in step SD17 it is determined whether the
content CHANTEN of the REVERSE timer is "0" or not. If an affirmative decision is obtained,
step SD18 is implemented to determine whether the content CHASSIN of the START timer is
"0" or not. If a negative decision is obtained in step SD17 or SD18, steps SD19 and SD20 so that
the smoothing operation to obtain the smoothed running load coefficient KFUKASM is inhibited
during respective predetermined time lengths corresponding to the initial contents of the
REVERSE and START timers are skipped, and step SD21 is immediately performed. If an
affirmative decision is obtained in both steps SH17 and SH18, the control flow goes to step
SH19 to determine an amount of smoothing, according to a data table as illustrated in FIG. 7.

Described more specifically, the smoothing amount is selected within a range between 1/2 and
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1/128, depending upon a specific combination of the values of flags XCOAST, XTOHAN, YIDL
and XKASOKU. The XCOAST flag indicates a change of the non-smoothed running load
coefficient KFUKA, while the XTOHAN flag indicates a change of the smoothed running load
coefficient KFUKASM. The YIDL signal indicates an operating state of the idling position
switch of the throttle sensor, which detects that the throttle valve is completely closed. The
XKASOKU flag indicates the accelerating and decelerating condition of the vehicle. In the table
of FIG. 7, the "*" mark indicates that the appropriate state or value of the flags do not influence
the smoothing amount. That is, the smoothing amount is determined by the parameters other than
those indicated by the "*" mark.

(0044) Then, the control flow goes to step SD20 in which a smoothing process is performed
by multiplying the smoothing amount selected in step SD19 by the running load coefficient
KFUKA calculated in step SD7 or SDS, i.e., the smoothed running load coefficient KFUKASM

is calculated according to the following equation:
KFUKASM=KFUKASMO0+n.(KFUKA-KFUKASMO0)

where, KFUKASMO0: KFUKASM calculated in step SD20 in the last cycle of execution of the
routine, and n: smoothing amount determined in step SD19. Step SD20 is followed by step SD21
in which the calculated smoothed running load coefficient KFUKASM is stored in a specified
location in the RAM. The smoothed coefficient KFUKASM thus obtained is sufficiently
smoothed as compared with the non-smoothed coefficient value KFUKA, as shown in FIG. 8.
(0045) It is noted that the smoothed running load coefficient KFUKASM as indicated in FIG.
8 includes the effect of temporarily halting the smoothing as a result of step SD18. That is, since
the running load coefficient KFUKA has a tendency to deviate toward the higher load side due to
the increased effects of acceleration during starting of the vehicle, i.e., that is, until a
predetermined time corresponding to the content CHASSIN of the START timer has passed after
the vehicle start, during this period steps SD19 and SD20 are skipped and changing of the
smoothed running load coefficient KFUKASM is stopped, and this deviation toward the a higher

load is prevented.
(0046) It is noted that the smoothed running load coefficient KFUKASM as indicated in FIG.

8 includes the effect of temporarily halting the smodthing as a result of step SD17. Specifically,
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although the XKASOKU flag is used as one of the parameters for determining the smoothing
amount, if that value alone is used, a deviation will occur in the running load coefficient
KFUKASM, so, during the specified delay interval after the value of the more responsive
XCOAST flag is reversed, i.e., during the specified interval CHANTEN after reversal of the un
smoothed running load coefficient KFUKA, by skipping steps SD19 and SD20, and halting
updating in the running load coefficient KFUKASM, and stopping changes therein, the foregoing
can be prevented. By this means, as indicated in Figure 9, the smoothed running load coefficient
KFUKASM is appropriately smoothed with respect to drops in the running load coefficient
KFUKA. This is because, if a delay period during which updating of the running load coefficient
KFUKASM is halted is not provided, as shown in FIG. 10, the smoothed value KFUKASM
would be excessively lowered together with the non-smoothed value KFUKA.

(0047) The smoothed running load coefficient KFUKASM as calculated in step SD20 varies
with the load acting on the vehicle, as indicated in FIG. 11, that is, varies with a change of the
road surface gradient. It will be understood that the vehicle load changes with the road surface
gradient. The KFUKASM-gradient curves shown in FIG. 11, which are generally upwardly
convex, cause the value KFUKASM to change with a higher response to the road surface
gradient when the vehicle is running on a flat road surface, than when the vehicle is running
uphill or downhill. In other words, the response of the calculated smoothed running load
coefficient KFUKASM increases as the road surface gradient (vehicle load) decreases.

(0048) In the following step SD22, it is determined whether the smoothed running load
coefficient KFUKASM is equal to or larger than 1.00. If a negative decision is obtained in step
SD22, step SD23 is implemented to reset the XTOHAN flag to “0”. If an affirmative decision is
obtained in step SD22, namely, if the value KFUKASM has increased to 1.00 or higher, step
SD24 is implemented to set the XTOHAN flag to “1”. These steps are followed by step SD25, in
which a shift-speed compensating coefficient Ks for adjusting a shift speed of the vehicle is
calculated on the basis of the smoothed running load coefficient KFUKASM and according to a
predetermined relationship as represented as indicated in FIG. 12. This relationship shown in
FIG. 12 is set so that the compensating coefficient Ks is downwardly convex with respect to the
smoothed running load coefficient KFUKASM, in order to maintain a sense of linearity with

respect to the running load. The shift-speed compensating coefficient Ks is multiplied by the
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shift speed determined from a shift pattern so as to adjust the shift speed with respect to the
running load of the vehicle.

(0049) Next, there will be described a downshift flag control routine for controlling a
X2NDD flag and a X3RDD flag for regulating automatic downshift actions of the transmission
from the 4th-gear position to the 2nd-gear position and the 3rd-gear position, restrictively, so as
to apply an effective engine brake to the vehicle while the vehicle is running downbhill, using
FIG. 13. This downshift flag control routine is executed with the same cycle time as a main shift-
control routine.

(0050) The downshift flag control routine is initiated with step SA1 (FIG. 13) to determine
whether the smoothed running load coefficient KFUKASM is smaller than a predetermined
lower limit of 0.95. This special value is the value for determining whether the vehicle is running
downbhill. If a negative decision is obtained in step SA1, steps SAS and SA6 are implemented to
clear the X3RDD and X2NDD flags, and one cycle of execution of the present routine is
terminated. If an affirmative decision is obtained in step SA1, the control flow goes to step SA2
to determine whether the non-smoothed running load coefficient KFUKA is smaller than a
predetermined upper limit of 1.05.

(0051) If a negative decision is obtained in step SA2, step SAS5 and subsequent steps
described above are implemented to release automatic downshift control. If an affirmative
decision is obtained in step SA2, the control flow goes to step SA3 to determine whether the
idling switch is in the OFF state or not as a condition for starting automatic downshift. If an
affirmative decision is obtained in step SA3, it means that the accelerator pedal is depressed. In
this case, this step is followed by step SA4 to determine whether the content CIDLOF of the idle
off delay timer, i.e., the last time since the idle switch was switched off, is shorter than the time
lapse threshold KOFF calculated in step SH19 described above. If an affirmative decision (YES)
is obtained in step SA4, step SA6 is implemented to reset the X2NDD flag. If a negative decision
(NO) is obtained in step SA4, both steps SAS5S and SA6 are implemented to reset both of the
X3RDD and X2NDD flags.

(0052) If a negative decision is obtained in step SA3, it means that the accelerator pedal is
not depressed. In this instance, the control flow goes to step SA7 to determine whether the
X3RDD flag is set at "0" or not. Initially, an affirmative decision is obtained in step SA7, and

step SA8 is implemented to calculate a reference 4 =2 down acceleration value 04,p on the basis
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of the vehicle speed SPD and according to a predetermined relationship between SPD and o-2p
as indicated in FIG. 14. The reference acceleration value oy.;p is used to determine whether the
X2NDD flag should be set to "1" or not. Step SA8 is followed by step SA9 to determine whether
an actual acceleration o of the vehicle is higher than the 4 <2 down reference value o.zp. If an
affirmative decision is obtained in step SA9, the control flow goes to step SA16 to set the
X2NDD flag to "1", and step SA12 to set the X3RDD flag to "1", and one cycle of execution of
the routine is terminated.

(0053) If a negative decision is obtained in step SA9, step SA10 is implemented to calculate
a 4 =8 down reference acceleration value o4.3p on the basis of the vehicle speed SPD and
according to a predetermined relationship between SPD and o4.3p as indicated in FIG. 14. The
reference acceleration value 4 -8 down ou.3p is used to determine whether the X3RDD flag
should be set to "1" or not. Step SA10 is followed by step SA11 to determine whether the actual
acceleration a of the vehicle is higher than the calculated reference value 4->3 down o4.3p. If an
affirmative decision is obtained in step SA1l, the control flow goes to step SA12 to set the
X3RDD flag to "1", and one cycle of execution of the routine is terminated. If a negative
decision is obtained in step SA11, one cycle of the routine is immediately terminated.

(0054) If the X3RDD flag is set to "1" as described above, a negative decision is obtained in
step SA7 in the next cycle of execution of the routine, and the control flow goes to step SA13 to
determine whether the X2NDD flag is set at "0" or not. If an affirmative decision (YES) is
obtained in step SA13, step SAl14 is implemented to calculate a 3 -2 down reference
acceleration value as3.2p on the basis of the vehicle speed SPD and according to a predetermined
relationship between SPD and a;3.;p as indicated in FIG. 14. This reference acceleration value o;.
ap is used to determine whether the X2NDD flag should be set to "1" or not. Step SA14 is
followed by step SA15 to determine whether the actual acceleration o of the vehicle is higher
than the calculated 3 =2 down reference value as.op. If an affirmative decision is obtained in step
SA135, the control flow goes to steps SA16 and SA12 to set the X2NDD flag and the X3RDD
flag to "1". If a negative decision is obtained in step SA1S5, one cycle of the routine is

immediately terminated.

(0055) If a negative decision is obtained in step SA13, step SA17 is implemented to calculate

a 2-3 up reference acceleration value o.3y on the basis of the vehicle speed SPD and according
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to a predetermined relationship between SPD and o,.3y as indicated in FIG. 15. This 2-3 up
reference acceleration value a3y is used to determine whether the X2NDD flag should be reset
to "0" or not. Step SA17 is followed by step SA18 to determine whether the actual acceleration o

of the vehicle is lower than the calculated 2-3 up reference value oy.3y. If an affirmative decision
is obtained in step SA18, the control flow goes to steps SA19 to reset the X2NDD flag to "0". If
a negative decision is obtained in step SA18, one cycle of the routine is immediately terminated.

(0056) It will be understood that this automatic down control routine of is formulated so that
the transmission 68 is automatically shifted down from the 4th-gear position to the 2nd-gear or
3rd-gear position, or from the 3rd-gear position to the 2nd-gear position, depending upon the
detected acceleration o of the vehicle, so as to apply a suitable engine brake to the vehicle when
the vehicle is running downhill without the accelerator pedal being depressed, and with the
smoothed running load coefficient KFUKASM being 0.95 or smaller. Further, the present
routine is adapted to inhibit the automatic downshift action of the transmission to the 2nd-gear
position when the accelerator pedal is depressed or when the acceleration o becomes lower than
the 2-3 up reference acceleration value a;.3y. The routine is also adapted to release the downshift
control of the transmission to the 3rd-gear position when the non-smoothed running load
coefficient KFUKA has increased to 1.05 or larger, or when the time lapse CIDLOF after the
depression of the accelerator pedal has reached the threshold KOFF determined by the KOFF-
TA relationship of FIG. 6.

(0057) Referring next to the flow charts of FIGS. 16, there will be described a routine for
inhibiting an upshift action of the transmission to the 4th-gear position. This routine uses a
X3RDH flag for provisionally releasing the prevention of the upshift action to the 4th-gear
position, and a X3HOLD flag for inhibiting the upshift action to the 4th-gear position. These
X3RDH and X3HOLD flags are set to "1" when the load acting on the vehicle is relatively large,
for example, when the vehicle is running uphill. When the vehicle load is lowered below a given
limit, the X3HOLD flag is reset to "0", whereby the inhibition of the upshift action to the 4th-
gear position is cancelled.

(0058) The routine is initiated with step SE1 in FIG. 16 to determine whether a X43DWN
flag is set at "1". This X43DWN flag is set to "1" when the transmission has been shifted down.
If a negative decision is obtained in step SEI1, the control flow goes to step SE6 to clear the

X3RDH to "0", and step SE7 to reset a C3RDH counter, and one cycle of execution of the
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routine is terminated. If an affirmative decision is obtained in step SEI, the control flow goes to
step SE2 to determine whether the X3RDH flag is set at "1". Initially, this X3RDH flag is set at
"0", and step SE3 is implemented to determine whether the smoothed running load coefficient
KFUKASM is equal to or larger than a threshold value of 1.20, or not. This threshold value is
determined in order to check if the downshift action of the transmission to the 3rd-gear position
with the accelerator pedal being depressed occurred during uphill running of the vehicle or not.

(0059) If a negative decision is obtained in step SE3, it means that the load acting on the
vehicle is not so large. In this case, steps SE4 and SES5 are implemented to reset the X3HOLD
flag and the X43DWN flag to "0". Step SES is followed by steps SE6 and SE7 to reset the
X3RDH flag and the C3RDH counter.

(0060) If an affirmative decision is obtained in step SE3, it means a situation in which the
vehicle driver is likely to further depress the accelerator pedal due to shortage of the vehicle
drive force if the transmission is shifted back up to the 4th-gear position. In this case, steps SE8
and SE9 are implemented to set the X3RDH flag and the X3HOLD flag to "1". Then, the control
flow goes to step SE10 to calculate a reference value K3HOLD used to determine whether the
inhibition of the upshift action to the 4th-gear position should be cancelled or not. The reference
value K3HOLD is obtained by subtracting a predetermined value B from the smoothed running
load coefficient KFUKASM when the X3RDH and X3HOLD flags were set.

(0061) With the X3RDH and X3HOLD flags being set to "1" as described above, an
affirmative decision is obtained in step SE2 in the next cycle of execution of the routine, and step
SE11 is implemented to determine whether the smoothed running load coefficient KFUKASM is
equal to or larger than the reference value K3HOLD. If the determination in step SE11 is
affirmative, it means that the vehicle load is still relatively large. In this case, the control flow
goes to step SE12 to read the content of the acceleration-deceleration cycle counter C3RDH, and
steps SE13 through SE18 to increment the acceleration-deceleration cycle counter C3RDH
depending upon the accelerating or décelerating condition of the vehicle.

(0062) Described in detail, the content of the acceleration-deceleration cycle counter C3RDH
changes sequentially from "0" to "3" each time the counter is incremented. If the counter is
incremented when its content is "3", the content changes back to "0". If the content is "0" or "2",
it means the deceleration of the vehicle. If the content is "1" or "3", it means the acceleration of

the vehicle. If the content of the acceleration-deceleration cycle counter is determined to be “1”
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in step SE14, step SE15 is implemented to determine whether the vehicle is now decelerating or
not. If an affirmative decision is obtained in step SE15, namely, if the vehicle is now
decelerating, the control flow goes to step SE18 to increment the acceleration-deceleration cycle
counter C3RDH by 1 so that the content indicates the decelerating state of the vehicle. If the
content of the acceleration-deceleration cycle counter C3RDH is found to be "0" or "2" in step
SE13 or SE16, step SE17 is implemented to determine whether the vehicle is now accelerating or
not. If an affirmative decision is obtained in step SE17, the control flow goes to step SE18 to
increment the acceleration-deceleration cycle counter C3RDH so that the content indicates the
accelerating state of the vehicle.

(0063) Step SEI18 is followed by step SE19 to determine whether the content of the
acceleration-deceleration cycle counter C3RDH has increased to "3" or not. This step SE19 is
also implemented if a negative decision is obtained in step SE16 or SE17. Initially, a negative
deciston is obtained in step SE19, and one cycle of execution of the routine is terminated. When
the acceleration-deceleration cycle counter C3RDH is incremented to "3", the determination in
step SE19 is affirmative, so it is followed by step SE6 to reset the X3RDH flag and step SE7 to
reset the acceleration-deceleration cycle counter C3RDH to "0". It will be understood that in
steps SE13 through SE19, when changes are detected twice in the vehicle running condition
from the decelerating state to the accelerating state while upshift action is inhibited, the flag
X3RDH is reset in step SE6 to provisionally cancel the inhibition of the upshift action. This
causes the negative decision to be obtained in step SE3 in the next cycle of execution of the
routine.

(0064) If the vehicle load is reduced to the extent that the negative decision is obtained in
step SE11, steps SE4, SES, SE6 and SE7 are implemented to reset the X3HOLD, X43DWN and
X3RDH flags and the acceleration-deceleration cycle counter C3RDH.

(0065) It will be understood that in the 4th-gear inhibition control routine of FIG. 16, in step
SEl, if power-on downshift determined to have occurred, and in step SE3 it is determined that
the smoothed running load coefficient KFUKASM is at or above a specified value of about 1.2,
upshift to fourth gear is prohibited in order to prevent frequent shifting actions. In step SE11,
when it is determined that the smoothed running load coefticient KFUKA SM has fallen below
the release threshold value K3HOLD by a specified value B lower then the running load

coefficient KFUKASM when the upshift inhibition of decision was made, and in step SE19, after
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return to acceleration from deceleration has been determined to times, if it is determined in step
SE3 that the smoothed running load coefficient KFUKASM has fallen below a specified value of
about 1.2, upshift is released. A time chart showing operating examples of each flag in fourth
gear inhibition control described above is shown in FIG. 17.

(0066) FIG. 18 1s a flow chart showing the one station control routine which is the main
routine of this working example, and corresponds to the dry fourth control means for controlling
the dry fourth of the vehicle by changing the gear level of the automatic transmission 68 based
on the above mentioned driving load KFUKASM. The present main routine is initiated with step
SS1 to read the currently selected position G of the transmission 68, for example, based on
speed-change output from a transmission a transmission electronic control unit 34. Step SS1 is
followed by step SS2 to determine whether the currently selected position G is the highest
position (4th-gear position) or not. If an affirmative decision is obtained in step SS2, it means
that the transmission 68 will not be shifted up. In this case, step SS15 and the subsequent steps
are implemented. If a negative decision is obtained in step SS2, step SS3 and the subsequent
steps are implemented to control an upshift action of the transmission.

(0067) The operation to control the upshift action of the transmission will be first explained.
Step SS3 is initially implemented to determine whether the currently selected position G of the
transmission 68 is the 3rd-gear position or not. If a negative decision is obtained in step SS3, it
means that the currently selected position G is the 2nd-gear or 1st-gear position. In this instance,
step SS7 is implemented to select the shifting boundary line when shifting up from the present
speed position from among three types of previously stored upshift boundary lines, as shown in
FIG. 19, for shifting up from the Ist-gear position to the 2nd-gear position, from the 2nd-gear
position to the 3rd-gear position, and from the 3rd-gear position to the 4th-gear position,
respectively. Each of these upshift boundary lines represents a relationship between the throttle
opening angle TA and the upshift speed SPD of the vehicle. When the currently selected position
G of the transmission 68 is the 2nd-gear position, the upshift boundary line as indicated in (b) is
selected in step SS7, and the basic upshift speed SPDu of the vehicle is calculated on the basis of
the currently detected throttle opening angle TA and according to the selected upshift boundary
line.

(0068) Conversely, if an affirmative decision is obtained in step SS3, step SS4 is

implemented to determine whether the X2NDD flag is set at "0" or not. If a negative decision is
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obtained in step SS4, that is, if it is decided to shift down to the second speed position, the
control flow goes to step SS23 in the downshift routine. If an affirmative decision (YES) is
obtained in step SS4, that is, if it is decided not to automatically shift down to the second speed
position, step SS5 is implemented to determine whether the X3RDH flag is set at "0" or not. The
X3RDH flag set at "0" means the provisional cancellation of the inhibition of the upshift action
to the 4th-gear position as described above.

(0069) If a negative decision is obtained in step SSS, that is, if the provisional cancellation of
the inhibition of the upshift action to the 4th-gear position is not effected, the control flow goes
to step SS17 and the subsequent steps to control the downshift action. If an affirmative decision
1s obtained in step SS5, that is, if the inhibition of the upshift action to the 4th-gear position has
been cancelled, step SS6 is implemented to determine whether the X3HOLD flag is set at "1" or
not. This X3HOLD flag set at "1" means the holding of the transmission in the 3rd-gear position,
namely, the inhibition of the upshift action to the 4th-gear position.

(0070) If a negative decision is obtained in step SS6, that is, if the upshift action to the 4th-
gear position is not inhibited, step SS7 is implemented to calculate the upshift speed SPDu of the
vehicle as described above. If an affirmative decision is obtained in step SS6, that is, if the
upshift action to the 4th-gear position is inhibited, step SS8 is implemented to calculate the
upshift speed SPDu of the vehicle on the basis of the throttle opening angle TA and according to
a 3-4 upshift boundary line as shown in FIG. 20, which boundary line is exclusively used when
the upshift action to the 4th-gear position is inhibited.

(0071) Next, step SS9 is performed to adjust the calculated upshift vehicle speed SPDu by
multiplying the value SPDu by the shift-speed compensating coefficient Ks, i.e., SPDu <SPDu
x Ks. Specifically, correction is performed by multiplication by the shift-speed compensating
coefficient Ks calculated in step SD25.

(0072) Next, in SS10, it is determined whether the actual vehicle speed SPD is higher than
the adjusted upshift vehicle speed SPDu obtained in step SS9, that is, whether the transmission
should be shifted up. If a negative decision is obtained in step SS10, the control flow goes to step
SS17. If an affirmative decision is obtained in step SS10, the control flow goes to step SSI11 to
determine whether the transmission is shifted up to the 4th-gear position or not. If an affirmative
decision is obtained in step SS11, steps SS12 and SS13 are implemented to reset the X3HOLD
flag and the X43DWN flag to "0". This step is followed by step SS14 in which the transmission
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68 is shifted up to the 4th-gear position. If a negative decision is obtained in step SS11, step
SS11 is directly followed by step SS14.

(0073) If an affirmative decision is obtained in step SS2, that is, if the transmission 68 is now
placed in the 4th-gear position, step SS15 is implemented to determine whether the X3RDD flag
is set at "0" or not. If a negative decision is obtained in step SS15, the transmission is
automatically shifted down to the 3rd-gear position, step SS15 is followed directly by step SS23
in which the transmission is shifted down to the 3rd-gear position. If an affirmative decision is
obtained in step SS15, the control flow goes to step SS16 to determine whether the X3RDH flag
is set at "0" or not, provisionally releasing the inhibition on shifting to the 4th-gear position. If an
affirmative decision is obtained in step SS16, it means that the inhibition of the upshift action to
the 4th-gear position is provisionally released, whether X3RDH flag is set at "0" or not. In this
case, the control flow goes to step SS23 to shift down the transmission 68 to the 3rd-gear
position, even if the X3RDD flag is set at "0".

(0074) Step SS17 is next implemented to determine whether the currently selected position G
read in step SS1 is the Ist-gear position or not. If an affirmative decision is obtained in step
SS17, one cycle of execution of the present routine is terminated since the transmission cannot
be shifted down, and the processes of step S1 and subsequent steps are repeated. If a negative
decision is obtained in step SS17, step SS18 is implemented to select the downshift boundary at
which the transmission is shifted down from its current speed, from three types of down-shift
boundary lines, which already have vehicle speed SPD and throttle opening TA shown in FIG.
21 stored as shift boundary parameters, i.e., the downshift boundary lines used for shifting down
the transmission 68 from the 2nd-gear position to the lst-gear position, from the 3rd-gear
position to the 2nd-gear position, and from the 4th-gear position to the 3rd-gear position,
respectively. When the currently selected position is the 3rd-gear position, for example, the
downshift boundary line from the 3rd-gear position to the 2nd-gear position as indicated in FIG.
21(b) is selected. '

(0075) In step SS18 the downshift vehicle speed SPDd is obtained from the boundary line
selected above and the current throttle opening TA, followed by step SS9, in which, downshift
vehicle speed SPDd is adjusted by performing the equation SPDd €<SPDd x Ks. In other words,
adjustment is performed by multiplying the shift-speed compensating coefficient Ks calculated
in step SD25.
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(0076) Then, the control flow goes to step SS20, where this adjusted downshift vehicle speed
SPDd and the current vehicle speed SPD are compared to determine whether the transmission is
to be shifted down. Described more specifically, the transmission 68 should be shifted down if
the currently detected vehicle speed SPD is equal to or lower than the adjusted downshift vehicle
speed SPDd. If so, after step SS21 and step SS22 are implemented to determine whether the
transmission 68 has been shifted down from the 4th to the 3rd-gear position, step SS23 is
implemented to provide transmission output shifted down by one speed to the transmission 68. If
SPDA<SPD, one cycle of execution of the present routine is terminated, and step SS1 and
subsequent steps are repeated. If it is determined wall and down to 3" speed has occurred as a
result of power-on in step SS21, the content of the power-on 4 -3 downshift flag X43DWN in
step SS22 issetto "1".

(0077) Where the shift-speed compensating coefficient Ks is larger than 1.0, the adjusted
upshift and downshift vehicle speeds SPDu and SPDd are increased, whereby the transmission is
more likely to be shifted down and the drive force increased. Where the compensating
coefficient Ks is smaller than 1.0, on the other hand, the adjusted upshift and downshift vehicle
speeds SPDu, SPDd are lowered, whereby the transmission is more likely to be shifted up.

(0078) Referring to the block diagram of FIG. 22, there is illustrated a major portion of the
transmission electronic control unit 34. As shown in the diagram, in this embodiment, by means
of a reference load curve setting means 80, the standard running load curve, which is represented
by the throttle opening angle TA and vehicle speed SPD when the vehicle is running under
normal conditions, is set. By means of the running load calculating means 82, which corresponds
to steps SD5 and SD 20 described above, the running load coefficient KFUKASM, which is
represented on the basis of the throttle opening angle TA and vehicle speed SPD, is successively
calculated based on the aforesaid standard running load curve. Next, by means of the drive force
control means 84, which corresponds to steps SS1 through SS 23 in FIG. 18, the gear means of
the automatic transmission 68, i.e., shifting, is controlled based on the running load coefficient
KFUKASM successively calculated above, and the drive force of the vehicle is adjusted.

(0079) Thus, the drive force of the vehicle is adjusted based on the actual running load, so
good drivability can be obtained in all running regions of the vehicle irrespective of changes in

the running load due to the road gradient or other factors.
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(0080) In the present embodiment, the running load calculating means 82 is adapted to
implement step SD5 for determining the standard running load-vehicle speed "a" on the basis of
the throttle opening angle TA and according to the TA-SPDs relationship as indicated in FIG. 3,
and step SD7 or SD9 for calculating a running load coefficient KFUKA (=a/c, or 2-b/a) on the
basis of the actually detected vehicle speed "c" or "b" and the determined standard loaded-
vehicle speed. The calculated running load coefficient KFUKA represents the running load of the
vehicle used to control the vehicle drive force. The standard loaded-vehicle speed and the
detected vehicle speed may be replaced by a standard loaded-vehicle throttle opening angle and
the detected throttle opening angle. In this case, the running load coefficient KFUKA is
calculated on the basis of the standard loaded-vehicle throttle opening angle and the detected
throttle opening angle. However, the throttle opening angle usually changes at a higher rate than
the vehicle speed, and the determined standard loaded-vehicle throttle opening angle is greatly
influenced by a change in the operating position of the accelerator pedal and becomes unstable.
In this respect, it is desirable to use the standard loaded-vehicle speed "a" and the detected
vehicle speed "b" or "c" in calculating the running load coetficient KFUKA. This arrangement
removes influence of the accelerating and decelerating operations described above. It will be
understood that step SD5 corresponds to the means for determining the standard loaded-vehicle
speed, while steps SD7 and SD9 correspond to load coefficient calculating means for calculating
the running load coefficient.

(0081) The illustrated embodiment is also characterized by step SD6, wherein step SD9 is
selected to calculate the running load coefficient KFUKA according to the equation KFUKA=2-
(b/a), when the detected actual vehicle speed "b" is lower than the standard loaded-vehicle speed
"a", and step SD7 is selected to calculate the coefficient KFUKA according to the equation
KFUKA=a/c when the detected actual vehicle speed "c" is higher than the standard loaded-
vehicle speed "a". The a specified throttle opening angle, the running load coefficient KFUKA
approaches the value "1", and changes in a linear relation with changes in the vehicle speed SPD,
offering the advantage that a degree of smoothing by the smoothing can be made roughly
uniform Step SD6 corresponds to means for selecting the equations for calculating the running

load coefficient KFUKA, which means is included in the above-indicated means for calculating

the running load coefficient KFUKA.
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(0082) Further, the illustrated embodiment is adapted such that the running load coefficient
KFUKA calculated successively is subjected to a smoothing operation in step SD20, to obtain
the smoothed running load coefficient KFUKASM which is used as the actual vehicle running
load, having the advantage that shifting control is stabilized by comparison using the non-
smoothed running load coefficient KFUKA which changes in relation to subtle operation of the
accelerator pedal. Step SD20 corresponds to means for smoothing the running load coefficient as
calculated successively, which means is also included in the load coefficient calculating means.

(0083) In the illustrated embodiment, step SD20 for smoothing the non-smoothed vehicle
load KFUKA is preceded by step SD19 in which the smoothing amount is changed depending
upon the running conditions of the vehicle, as shown in FIG. 7, such as those represented by the
running load, state of acceleration or deceleration, on the throttle valve being in idle position, in
which offers the advantage of a better smoothing effect. Step SD19 functions together with step
SD20 to provide the smoothing means.

(0084) Further, the illustrated embodiment is adapted to implement step SD17 to skip steps
SD19 and SD20 to thereby inhibit the smoothing operation and substantially maintain the last
obtained value of the smoothed running load coefficient KFUKASM, for a predetermined period
CHANTEN after the non-smoothed running load coefficient KFUKA is changed from a value
equal to or larger than 1.0 to a value smaller than 1.0, or vice versa. Since the state of this
XKASOKU flag used in determining the amount of smoothing is determined by the speed of the
vehicle, a change in the updated value KFUKASM would be delayed with respect to a change in
the actual running conditions of the vehicle. To avoid this drawback, in step SD17 the coefficient
KFUKASM is not updated or the last value of this coefticient is maintained for the above-
indicated period of time. Step SDI17 corresponds to means for temporarily inhibiting the
operation of the smoothing means, which is also included in the load calculating means.

(0085) The illustrated embodiment is further adapted to implement step SD18 to skip steps
SD19 and SD20 to thereby inhibit the smoothing operation and substantially maintain the last
obtained value of the smoothed running load coefficient KFUKASM, for a predetermined period
CHASSIN after the vehicle has started. In this respect, it is noted that the smoothed vehicle load
value KFUKASM is greatly influenced by acceleration during a period following the starting of
the vehicle and reduced toward the high-load side. To avoid this drawback, in step SD 18 the

coefficient KFUKASM is not updated for the above-indicated period of time after the starting of
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the vehicle, so deviation to the high load side is eliminated. Step SD18 also corresponds to
means for temporarily inhibiting the operation of the smoothing means, which is also included in
the load calculating means.

(0086) In this embodiment, the drive force control means 84 is adapted to implement step
SS9 to adjust the nominal shift boundary lines on the basis of the determined running load of the
vehicle, more specifically, on the basis of the calculated smoothed running load coefficient
KFUKASM, so that the transmission is shifted up and down depending upon a change in the
load acting on the vehicle, so as to assure not only high fuel economy of the vehicle but also high
drivability ot the vehicle over the entire ranges of the engine load and the vehicle speed. Steps
SS9 corresponds to means for adjusting the nominal shift boundary lines.

(0087) Moreover, in this embodiment, step SD25 is implemented to calculate the shift-speed
compensating coefficient Ks on the basis of the smoothed running load coefficient KFUKASM
and according to the predetermined relationship as indicated in FIG. 12. This compensating
coefficient Ks is used to adjust the shifting boundary lines described above. The characteristics
are adjusted with respect to the running load (road gradient) of the smoothed running load
coefficient KFUKASM, a linear feel is sufficiently provided and drivability is improved..

(0088) In the illustrated embodiment, steps SE7, SE§ and SE9 are provided to inhibit a
upshift action of the automatic transmission when the smoothed running load coefficient
KFUKASM exceeds the first threshold value of 1.20. This arrangement is effective to avoid
possible frequent alternate downshift and upshift actions of the transmission which would occur
due to insufticient driving force upon shifting or a when downshift occurs when the accelerator
pedal is depressed due in a high-load state. Thus, steps SE7 through SE9 correspond to upshitt
inhibiting means for inhibiting an upshift action of the transmission when the smoothed
coefficient KFUKASM exceeds 1.20.

(0089) The illustrated embodiment is adapted such that steps SE7, SE8 and SE9 indicated
above are implemented when an affirmative decision is obtained in step SEI, namely,
immediately after the transmission has been shifted down from the highest-speed, i.e., 4th-gear
position to the lower-speed position, i.e., 3rd-gear position, as a result of depression of the
accelerator pedal and a consequent increase in the throttle opening angle.

(0090) In this embodiment, moreover, it is also noted that steps SE11, SE4 and SE5 are

provided to cancel the inhibition of the upshift action of the transmission 86 when the smoothed
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running load coefficient KFUKASM is reduced below the second threshold value K3HOLD
which is smaller than the first threshold value. More specifically described, in step SE3 the
second threshold value K3HOLD is smaller by the predetermined value 3 than the smoothed
coefficient KFUKASM when it exceeds the first threshold value. Since there is a suitable amount
of difference between the first threshold value and second threshold value K3HOLD, it is
possible to prevent undesirable alternate inhibition of the upshift action and cancellation of the
inhibition due to hysteresis which would be caused if the same threshold value was used for
inhibiting the upshift action and releasing the prevention. Steps SE11, SE4 and SES5 correspond
to releasing means for releasing the prevention of the upshift action.

(0091) In this embodiment, steps SE12 through SE19 are provided to determine whether a
change of the running condition of the vehicle from a decelerating state to an accelerating state
has been repeated a predetermined number of times while the upshift action to the 4th-gear
position is being inhibited by the upshift inhibiting means. Cancellation of the upshift inhibition
is cancellation from the high drive force sided to the load drive force side and must be
determined by the required force during acceleration. Provisionally, cancellation is performed
when is determined that reversal from deceleration to acceleration has occurred by change in the
vehicle speed, which is has a delayed responsiveness. In each time or reversal to acceleration
occurs, it is determined in step SE3 whether or not the high drive force should be maintained.
Thus, the transmission is allowed to be shifted up depending upon the vehicle drive force
required during acceleration of the vehicle. Steps SE12-SE19 function as the means for releasing
the prevention of the upshift action. |

(0092) The second threshold value K3HOLD used in this embodiment to cancel the
inhibition of the upshift action is determined in step SE10 such that the second threshold value
K3HOLD is equal to KFUKASM - . The value KFUKASM used to determine the value
K3HOLD is the value determined at one of the following two moments, whichever is later: the
moment when the inhibition of the upshift action is started, and the moment when the change of
the vehicle from.the decelerating state to the accelerating state has been repeated the
predetermined number of times. In the Shift Example 1 shown in the upper part of FIG. 23, the
inhibition is cancelled when the smoothed running load coefficient KFUKASM is lowered below
a predetermined threshold value ot about 1.15, the prevention of shifting up to the 4th speed

position due to factors such as delay in the smoothing process of the load coefficient KFUKASM
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was a problem, but according to this embodiment, as shown in the lower part of FIG. 23, there is
a damage that this delay in cancellation of the shift up inhibition can be shortened. Step SE10
corresponds to means for determining the second threshold value for releasing the prevention of
the upshift action to the 4th-gear position.

(0093) In the illustrated embodiment, steps SA1 through SA4 and steps SA7 through SA16
are provided to shift down the transmission from the 4th-gear position to the 3rd-gear or 2nd-
gear position, or from the 3rd-gear position to the 2nd-gear position, under a given condition of
the vehicle while the vehicle is coasting, that is, when the following conditions are satisfied: the
smoothed running load coefficient KFUKASM is smaller than the reference value of 0.95, the
throttle opening angle TA is smaller than a reference value zero corresponding to the idling
position of the throttle valve, and the detected acceleration value o of the vehicle is larger than
the appropriate reference value o.op, 04.3p Or 03.2p. This arrangement is effective to apply an
engine brake to the vehicle during downhill running of the vehicle. Steps SA1-SA4 and SA7-
SA16 correspond to downshift means for shifting down the transmission, which means is a part
of the drive force control means.

(0094) In this embodiment, moreover, the reference values ay.op, O4.3p Or Q3ap are
determined in steps SA8, SA10 and SA14, on the basis of the vehicle speed SPD during coasting
of the vehicle, providing an appropriate engine braking effect. Steps SA8, SA10 and SA14 are
included in the downshift means, functioning as means for determining reference values.

(0095) In this embodiment, step SA2 is provided so that when the non-smoothed running
load coefficient KFUKA has increased to the second reverence value of 1.05 or larger, the
automatic downshift control is released. This offers the advantage of allowing the automatic
downshift to be cancelled immediately in response to depression of the accelerator pedal. Step
SA2 functions as the downshift release means.

(0096) An embodiment has been explained above in detail referring to the drawings, but
other embodiments of the present invention are possible.

(0097) For example, the throttle opening angle TA is used as a quantity expressing the engine
load in the variable making up the shifting boundary in the embodiment described above, but
another value such as the amount of depression of the accelerator pedal or the fuel injection

amount may be used in its stead.
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(0098) In addition, in the embodiment described above compensation is performed based on
the running load by multiplying the shifting vehicle speeds SPDu and SPDd by the shift-speed
compensating coetficient Ks, but compensation may also be effected by adding a shift-speed
compensating coefficient Ks, or by adding compensation based on 3rd, 4th, ... compensation
values considering other driving conditions such as the air intake amount and target air intake
amount.

(0099) Also, in the steps SD17 through SD20 of the running load detection routine shown in
FIG. 2, updating of the smoothed running load coetficient KFUKASM was halted by temporarily
halting the smoothing process for specified interval after reversal of the running load coefticient
KFUKA and during the vehicle starting time, but the smoothing process that uses an extremely
large smoothing amount may also be used.

(0100) Further, in step SD18 in FIG. 2 above, the start status determination timer content
CHASSIN, which measures the period until a preset value that has been preset is decremented to
zero, is used to prevent the updating of the smoothed running load coefficient KFUKASM, but
instead, the smoothing process can be halted while a specified period of about 6 seconds has not
elapsed while the content of the flag XHASSIN, which is cleared to "0" at a speed of around 10
km/h and is set to "1" at a vehicle speed of about 40 kin/h, is "zero", and the vehicle speed SPD
is a specified value of about 10 km/h or above.

(0101) Moreover, in steps SE13 through SE19 shown in FIG. 16 described above, a decision
to provisionally cancel the upshift inhibition to the 4th speed position is made based on the
judgment that reversal from deceleration to acceleration has occurred twice, but a standard of
three times or more may also be used.

(0102) In addition, in step SA3 in FIG. 13 described above, is determined whether the idle
switch is in OFF status, but determination may be made as to whether or not the throttle opening
angle TAis a specif“led value or below.

(0103) Also, in step SE3 in FIG. 16, to reference value of 1.2 is used, in step SA1 and in step
SA2 in FIG. 13, reference values of 0.95 and 1.05 are used, respectively, but these values need
not necessarily be used.

(0104) Also, in the embodiment described above, based on the running load coefficient
KFUKASM, the boundary lines for shifting the gears in the automatic transmission 68, or
specifically, the shifting-point vehicle speeds SPDu and SPDd are controlled so that shifting
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down can be performed more easily as the running load coefficient KFUKASM increases.
However, with vehicles, for example, of a type in which the throttle 20 is driven by a straw
actuator, the drive force control means 84 may be modified to adjust the throttle opening angle
such that the adjusted angle increases with an increase in the running load coefficient
KFUKASM.

(0105) The separate control units 32, 34 for controlling the engine 10 and the transmission 68
in the first and second embodiments may be replaced by a single electronic control device
designed to control the engine 10 and the transmission 68.

(0106) While the drive force control apparatus according to the illustrated embodiments is
used for controlling the automatic transmission 68 having four forward drive positions, the
present invention is applicable to a continuously variable transmission whose speed ratio is
continuously variable, such as a belt-and-pulley type in which a pair of variable-diameter pulleys
whose effective diameters are variable are connected by a power transmission belt.

(017) 1t is further to be understood that the present invention may be embodied with various
other changes, modifications and improvements, which may occur to those skilled in the art,
without departing from the spirit and scope of the invention defined in the following claims.
(BRIEF DESCRIPTION OF THE DRAWINGS)

F1G. 1 is a schematic view showing an engine assembly and an automatic transmission of a
motor vehicle, and a control system for controlling the engine and transmission, which control
system incorporates a vehicle drive force control apparatus according to a first embodiment of
the present invention;

FIG. 2 is a flow chart illustrating a running load detection routine executed by a transmission
electronic control unit to detect a running load coefficient in FIG. 1;

FIG. 3 is a graph indicating an example of a standard load curve selected in step SD4 to
calculate the running load coefticient KFUKA in FIG. 2;

FIG. 4 is a graph indicating a change of the running load coefficient KFUKA calculated in a
routine of FIG. 2, according to predetermined equations during vehicle running in low-load and
high-load states;

FIG. 5 is a flow chart illustrating a start and acceleration/deceleration status determining

routine executed by the electronic transmission control unit shown in FIG. 1;
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FIG. 6 is a graph indicating a relationship used in step SH19 of the routine of FIG. 5 to
calculate a delay time KOFF by which the cancellation of inhibition of transmission upshift to
the 3rd-gear position is delayed,;

FIG. 7 is a view indicating a relationship used in step SD19 of the routine of FIG. 2 to
determine the amount of smoothing based on the running load coefficient KFUKA;

FIG. 8 is a view comparing depicting a waveform of the smoothed running load coetticient
KFUKASM obtained in step SD20 of the routine of FIG. 2, in comparison with a waveform of

the non-smoothed value KFUKA;
FIG. 9 is a view for explaining an effect obtained by inhibiting the smoothing in step SD20

of the running load coefficient KFUKA for a predetermined delay time following a change of the
value KFUKA across the level of 1 in FIG. 2;

FIG. 10 is a graph corresponding to the top graph of FIG. 9, in the case where the smoothing
of the running load coefficient KFUKA for the delay time is not inhibited;

FIG. 11 is a graph for explaining a change in the smoothed running load coefficient
KFUKASM of FIG. 2 in relation to the gradient of the road surface on which the vehicle runs;

FIG. 12 is a graph indicating a relationship used in step SD25 of the routine of FIG. 2 to
calculate a shift-speed compensating coefficient Ks on the basis of the smoothed running load
coefficient KFUKASM;

FIG. 13 is a flow chart illustrating an automatic downshift control routine executed by the
transmission control unit to control downshift flags for regulating automatic downshift actions of
the transmission so as to provide an adequate engine-braking eftect;

FIG. 14 is a graph indicating relationships used in steps SA8, SA10 and SA 14 of the routine
of FIGS. 13A and 13B to calculate reference acceleration values o4.2p, 0l4-3p and o3.2p;

FIG. 15 is a graph indicating relationships used in step SA17 of the routine of FIG. 13 to
calculate a reference acceleration ay;

FIG. 16 is a flow chart illustrating a routine executed by the transmission electronic control
unit in FIG. 1 to inhibit an upshift action of the transmission to the 4th-gear position, for
avoiding frequent shifting actions of the transmission;

FIG. 17 is a time chart illustrating varying states of flags and a counter used in the routine of

FIGS. 16A and 16B;
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FIG. 18 is a flow chart illustrating a main shift control routine executed by the transmission
electronic control unit to control shifting actions of the transmission;

FIGS. 19(a), 19(b) and 19(c) are graphs indicating upshift boundary lines for shitting up the
transmission used in the transmission control in FIG. 18 (a) from the 1st-gear position to the 2nd-
gear position, (b) from the 2nd-gear position to the 3rd-gear position, and (c) from the 3rd-gear
position to the 4th-gear position, respectively;

FIG. 20 is a graph indicating shift boundary lines including a upshift boundary line used in
step SS8 of the routine of FIG. 18 to calculate a upshift vehicle speed after the inhibition of this
upshift action to the 4"-speed position is released;

FIGS. 21(a), 21(b) and 21(c) are graphs indicating downshift boundary lines for shifting
down the transmission used in the transmission control in FIG. 18 (a) from the 2nd-gear position
to the 1st-gear position, (b) from the 3rd-gear position to the 2nd-gear position, and (c) from the
4th-gear position to the 3rd-gear position, respectively;

FIG. 22 is a block diagram illustrating major functional components of the vehicle drive
force control apparatus according to the transmission electronic control unit of FIG. 1;

FIG. 23 is a timing chart for explaining an operation according to the routine of FIG. 16 to
cancel the inhibition of the transmission upshift to the 4th-gear position.

(EXPLANATION OF THE REFERENCE NUMERALS)
68: automatic transmission

80: reference load curve setting means

82: running load calculating means

84: drive force control means
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FIG. 1

52: variable valve timing mechanism
64: air-conditioners which

66: shift lever sensor

68: automatic transmission

FIG.2
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FIG.3
Throttle opening angle TA  High-load zone Normal flat road running

Low-load zone
Standard running load vehicle speed SPDs

FIG. 4
Running load coefficient KFUKA

Vehicle speed SPD
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FIG. 5
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FIG. 6

Third gear automatic shift down release delay time KOFF

Throttle opening TA (%)

FIG.7
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(0=1less than 1.0, 1 = 1.0 or greater)
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FIG. 11

[top] Flat
[left] Smoothed load coefticient KFUKASM
[bottom] Road surface gradient (deg.)

F1G. 12

Shift speed compensating coefficient Ks
Smoothed running load coefficient KFUKASM
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FIG. 13
Automatic downshift control routine

START
SAl KFUKASM <£0.95?
SA2 KFUKA < 1.05?
SA3 Idle sw. OFF?
SA4 CIDLOF < KOFF?
SA5 Clearing "X3RDD" flag
SA6 Clearing "X3NDD" flag
SA7 X3RDD =0?
SA8 4 -2 down
Calculating reference acceleration ay.2p
SA9 o> agap?
SA10 4 -8 down
Calculating reference acceleration oy_3p
SAIl o> a4.3p?
SA12 Setting X3RDD flag
SA13 X3NDD =07?
SAl14 3 -2 down
Calculating reterence acceleration ot3.2p
SA1S o> a3.ap?
SA16 Setting X2NDD flag
SA17 2-3 up
Calculating reference acceleration .3y
SAI18 a < ap.3y?
SA19 Setting X2NDD flag
END
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FIG. 14

Reference acceleration op
0 - large
Vehicle speed SPD (km/h)

FIG. 15
Reference acceleration oy

Small 20 - large
Vehicle speed
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FIG. 16

START
SEl  X43DWN=1?
SE2 X3RDH +1?
SE3  KFUKASM 2> 1.20?7
SE4  Clearing X3HOLD flag
SE5  Setting X43DWN flag
SE6  Clearing X3RDH flag
SE7 Clearing C3RDH counter
SE8  Setting X3RDH flag
SE9  Setting X3HOLD flag
SE10 Calculating release threshold value K3HOLD €KFUSASM -
SEiIl KFUKASM 2 K3HOLD?
SE12 Reading C3RDH
SE13 C3RDH=0?
SE14 C3RDH=17?
SE15 Deceleration?
SE16 C3RDH=2?
SE17 Acceleration
SEI8 Increment C3RDH counter
SE19 C3RDH =3

END
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FIG. 17

Shift action

X3RDH
XEHOLD
XKASOKU
C3RDH

Initial
states

Provisional
release
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Inhibition
continued

Provisional Cancelled
cancellation
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FIG. 18

Shift control routine

START

SS1
SS2
SS3
SS4
SS5
SS6
SS7
SS8
SS9
SS10
SSI1
SS12
SS13
SS14
SSI5
SS16
SS17
SSI8
SS19
$S20
SS21
S22
$S23

Reading gear position

4lh?

3|‘d?

X2NDD =07

X3RDH =07?

X3HOLD =1?

Calculating basic upshift speed

Calculating upshift vehicle speed for canceling inhibition of upshift to 4"

Compensation of upshift shifting speed
Upshift

Up to 4th

Clear X3HOLD flag

Clear X43DWN flag

Upshift execution process

X3RDD =0?

X3RDH =0?

1°2

Calculation of basic downshift speed from map
Correction of downshift shifting point
Shift down

Power-on 3" down?

Set X43DWN flag

Downshift execution process

RETURN

FIG. 19

(a)

(b)

1 st ) nd 2nd -3 rd

TA

TA

SPD SPD

FIG. 20

[left] throttle opening TA (%)
[in graph] 4"_3" downshift boundary line
294" ypshift boundary line used only while 3" hold in progress

34" boundary upshift boundary line

[bottom] ->vehicle speed SPD (km/h)
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SPD
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FIG. 21

(a) (b)
2nd S st 31‘(] 92“"
TA TA

SPD SPD
FIG. 22
10: engine

36: throttle sensor

72: vehicle speed sensor

80: standard load curve setting means
68: automatic transmission

84: drive force controlling means

82: running load calculating means
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(c)
4lh _93|'d

TA

SPD
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FIG. 23

Shift L/U
4lh
3 rd

Running load coefficient
KFUKASM

Vehicle speed SPD

Throttle opening angle (TA)
Shift L/U

4‘ h
3 rd

Running load coefficient
KFUKASM

Vebhicle speed SPD

(start)
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release delay

(release) (1)

(uphill)

condition (2)

(flat)

(release)
condition (3)
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(54) Title of the Invention: SHIFT CONTROLLER FOR AUTOMATIC TRANSMISSION

(57) Abstract

(Purpose) To provide a shift controller for an automatic transmission which obtains automatic
transmission shift control that accurately reflects driving conditions and significantly improves
fuel consumption.

(Solution) Controller is provided with a post-shifting torque predictive calculation means, which
performs predictive calculation of the torque after the transmission ratio has been changed, and
the transmission ratio is controlled based on the predictive calculation results obtained by this

post-shifting torque predictive calculation means.
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(CLAIMS)

(Claim 1) An automatic transmission shift controller wherein the transmission ratio is
determined in stages according to a control a control signal, said automatic transmission shift
controller characterized as comprising a post-shifting torque predictive calculation means, which
performs predictive calculation of the torque after the transmission ratio has been changed, and
being constituted so that said control signal is calculated based on said predictive calculation
results obtained by said post-shifting torque predictive calculation means.

(Clairh 2) An automatic transmission shift controller according to the invention of claim 1,
further characterized as being constituted to comprise a torque change simulation means, which
calculates change in torque accompanying a change in the transmission ratio, and so that said
post-shifting torque predictive calculation means calculates said control signal based on the
simulation results obtained by said torque change simulation means.

(Claim 3) An automatic transmission shift controller according to the invention of claim 2,
further characterized as comprising a running load estimating means for estimating the running
load of the vehicle and a required torque estimating means for estimating the torque required by
the driver, and as being constituted so that said control signal is calculated on the basis of the
estimation results by said running load estimating means, the estimation results by said required
for estimating means, and the predictive calculation results by said post-shifting torque
predictive calculation means.

(Claim 4) An automatic transmission shift controller according to the invention of claim 3,
further characterized in that said running load estimating means is constituted so as to estimate
the running load of the vehicle on the basis of the detection results of output torque by said
automatic transmission in the detection results for acceleration manifested by the vehicle.

(Claim 5) An automatic transmission shift controller according to the invention of claim 4,
further characterized as being constituted so that said detection results for acceleration
manifested by the vehicle are provided by an acceleration sensor independently attached to the
vehicle.

(Claim 6) An automatic transmission shift controller according to the invention of claim 3,
further characterized as being constituted so that said required torque estimating means estimates
the torque required by the driver by referring to a required torque map according to the throttle

valve opening of the engine and the running speed of the vehicle.
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(Claim 7) An automatic transmission shift controller according to the invention of claim 2,
further characterized as being constituted so that said torque change simulation means provides
simulation results from an operating model of the engine and vehicle having two degrees of
freedom, using the engine torque obtained by referring to the engine torque map based on the
engine RPM's and throttle valve opening, and turbine torque and pump torque of the tbrque
converter obtained from the torque converter input rotational speed and output rotational speed

of said automatic transmission by referring to a torque converter performance curve map.

(DETAILED DESCRIPTION OF THE INVENTION)

0001)

(Industrial Field of Application)

(0002)

(Industrial Field of Application) The present invention relates to an automatic transmission
shift controller for vehicles provided with torque converters, more particularly, an automatic
transmission shift controller suitable for automatic transmission in automobiles.

(0003)

(Prior Art) A conventional automatic transmission shift controller, for example, as described
in JPA Sho 61-226706, is constituted so that the vehicle speed and throttle opening are detected
as an electrical signal, and using the vehicle speed and throttle (valve) opening as variables, a
specified transmission stage (ratio) corresponding to the current vehicle speed and throttle
opening is selected based on a preset gearshift pattern. At this time multiple gearshift patterns are
set, and switching among these patterns is performed based on a pattern selection operation by
the driver. The selection of these gearshift patterns can be effective by automatic switching
according to the driving operation status of the driver without performing any special pattern
selection operation.

(0004)
(Problems the Invention Is to Solve) In the prior art described above, since the gearshift

pattern is based merely on a representative two or three driving states without taking into account
the various aspects of gearshift patterns of an automatic transmission, shifting that accurately
reflects the driving conditions is not fully realized, which leads to the problem of poor fuel

economy.
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(0005) The object of the present invention is to provide a shift controller for an automatic
transmission which obtains automatic transmission shift control that accurately reflects driving
conditions and thus significantly improves fuel consumption.

(0006)

(Means Used to Solve the Problems) In order to achieve the aforesaid object, in the present
invention a post-shifting torque predictive calculation means, which performs predictive
calculation of the torque after the transmission ratio has been changed, is provided, and the
transmission ratio is controlled based on the predictive calculation results obtained by this post-
shifting torque predictive calculation means.

(0007) Specifically, to cite one specific embodiment, the present invention is provided with a
running load estimating means, which estimates the running load, a required torque estimating
means, which detects the required torque, a shift ratio determining means, which calculates the
transmission ratio, a post-upshift torque predictive calculation means, which performs predictive
calculation of the torque after upshift (after gear change), and engine-torque converter-vehicle
body simulator (torque change simulation means) for predictive calculation of the torque after
upshifting, and an oil pressure driving means, which outputs control oil pressure for the
transmission to the shifting actuator, and thereby transmission control that accurately reflects the
driving conditions can be realized.

(0008)

(Operation) The present vehicle speed and engine rpm's (rotational speed), present gear ratio,
and gear ratio after upshifting are input from the post-upshift torque predictive calculating means
to the engine-torque converter-vehicle body simulator, and the generated torque after shifting is
sent from this engine-torque converter-vehicle body simulator to the post-upshift torque
predictive calculating means. Signals detected by the running load estimating means and
required the drive force estimating means and the post-upshift generated torque signal calculated
by the engine-torque converter-vehicle body simulator are input to the shift ratio determining
means, where a specified transmission ratio is determined.

(0009)

(Embodiments) Next, the automatic transmission shift controller of the present invention is
explained in further detailed by means of working examples shown in the drawings. In the

following explanation, cases are cited where the present invention is applied in automatic
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transmissions for automobiles, and for this reason the product of the transmission gear ratio and
final gear ratiois used with respect to the speed change ratio or gear ratio.

(0010) FIG. 1 shows an embodiment of the present invention. In the drawing, 101 indicates
the running load estimating means, which estimates the running load. The running load T from
the output 108 thereof is input to the shift ratio determining means 103. 102 is the required
torque estimating means, which estimates the required torque. The estimated required torque Tp
from the output 109 thereof is input to the shift ratio determining means 103.

(0011) As output 111 from the shift ratio determining means 103, data such as the current
vehicle speed Vsp and engine rotational speed N, the throttle opening 6th, the running load Ty,
the present transmission ratio r;, and the post-upshift transmission ratio r, are input to the post-
upshift torque predictive calculating means 104, and as a result, data such as the current vehicle
speed Vgp and engine rotational speed N, the throttle opening Oth, the running load Ty, the
present transmission ratio r;, and the post-upshift transmission ratio r, are output from the output
112 of the post-upshift torque predictive calculating means 104 and input to the engine-torque
converter-vehicle body simulator 105.

(0012) The ehgine-torque converter-vehicle body simulator 105 calculates the post-upshift
torque Tp by simulation and inputs this torque Ty from its output 113 to the shift ratio
determining means 103 via the post-upshift torque predictive calculating means 104.

(0013) Next, the transmission ratio is determined by the shift ratio determining means 103
based on the input described above, and a shift command signal 114 is issued via the oil pressure
driving means 106 to a gearshift actuator 107, and the transmission ratio of the automatic
transmission is shifted.

(0014) As described above, in conventional automatic transmission control, only the vehicle
speed and throttle opening are used as variables, and a specified shift position is selected
corresponding to a current vehicle speed and throttle opening. Thus, using this method it has
been difficult to achieve shifting that accurately reflects changes in driving conditions,
particularly, changes in the running load. For example, by upshifting earlier when running on a
flat road surface or slight downward slope than when driving uphill, fuel consumption is
believed to be improved without any loss of drivability, but in the past, since shifting is
performed only based on the accelerator opening 1;1’ '\//ehicle speed, it has not been possible to
perform shifting in the desired manner.
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(0015) As shown in this embodiment, by estimating the running load and shifting gears in
accordance with the estimated running load, improvement in fuel consumption can be obtained
in shifting control that accurately reflects driving conditions can also be obtained.

(0016) FIG. 2 shows an engine driving system for an automobile in which an embodiment of
the present invention is applied and the control unit thereof. Signals indicating the respective
driving are output to an automatic transmission control unit 203 from an engine 201 and
transmission (automatic transmission) 202, and similarly a vehicle signal 207 and ASCD control
unit signal 208 are output to the automatic transmission control unit 203. The automatic
transmission control unit 203 thereupon determines the transmission ratio from the signals and
outputs a shift command 206 to the transmission 202.

(0017) FIG. 3 provides a detailed explanation of the various signals shown in FIG. 2. The
portion from signal 304 to signal 307 corresponds to the signal 204 from the engine, the portion
from signal 308 to signal 310 corresponds to signal 205 from the transmission, the portion from
signal 311 to signal 314 corresponds to the vehicle signal 207, signals 315 and 316 corresponds
to the ASCD control unit signal 208, and the portion from signal 317 to signal 321 corresponds
to the automatic transmission control unit signal 206. The signals are input via an input signal
processing unit 302 to the automatic transmission control unit 203, and are output via the output
signal processing unit from the automatic transmission control unit 203.

(0018) FIG. 4 shows the process flow performed by the shift ratio determining means 103 in
FIG. 1. The process performed by the shift ratio determining means 103 is explained below in
accordance with these flow charts.

Step 401: Calculate running load T.
Step 402: Calculate required torque Tp.
Step 403: Calculate post-upshift estimated torque To.
Step 404: If T > Ty, + Tp, then go to step 405.
If not, go to step 406.
Step 405: Upshift. Then return to step 401.
Step 406: After determining downshift, return to step 401.
With respect to downshifting, a conventional method whereby shifting is performed in
accordance with a gearshift pattern predetermined from the vehicle speed and throttle opening

may be used, or similar processing to upshifting may be used.
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(0019) Here, the required torque Tp can be considered as equivalent to the acceleration
required by the driver. On the other hand, Tp — Tp is the torque predicted to occur after
upshifting. In step 404, the upshift decision is made by comparing these values.

(0020) In FIG. 5, the running load estimating means 101 is explained. Fifst, an acceleration
detecting means 501 outputs the acceleration o as a signal 507 to the running load estimating
means 101. This signal 507 corresponds to the signal 314 from the acceleration sensor shown in
FIG. 3. The turbine speed Nt is the rotational speed of the turbine of the torque converter, and
may be calculated by multiplication by the gear ratio “r”” from the signal 310 of the vehicle speed
sensor 1 in FIG. 3, or from the signal 311 from the vehicle speed sensor 2. The signal from the
vehicle speed sensor 1 is a signal from a rotation sensor placed on the output shaft of the
transmission, and the signal of the vehicle speed sensor 2 is the signal from the vehicle
speedometer. The signal 506 which is the engine rotational speed N corresponds to the engine
rotational signal 307 in FIG. 3. A turbine rotational speed signal 505 and engine rotational speed
signal 506 are input to the torque converter output torque estimating means 502.

(0021) The torque converter output torque estimating means 502 determines the rotational
ratio "e" of the input shaft and output shaft of the torque converter by the formula € = Nt/N and
outputs this the torque converter characteristic table 504. The torque characteristic table 504
searches a pump torque coefficient t and torque ratio "t" from the torque rotational ratio "e", and
outputs these as signals 511 and 512 to the torque converter output torque estimating means 502.
The torque converter output torque estimating means 502, from various data of the pump torque
coefficient T and for ratio "t" torque converter pump torque, as well as the engine rotational
speed N, based on the torque converter pump for and turbine torque and the relationship between
the input shaft and output rotational speed, calculates the turbine torque Tt by the relational
formula Tp =1 - (N/1000)2. Tt = Tp - t, and sends the result to the running load estimating means
101. This turbine torque Tt has the same meaning as the torque converter output torque Tt and
also may be directly estimated using a torque sensor.

(0022) The running load estimating means 101 now multiplies the torque converter output
torque Tt by the gear ratio "r" to calculate the torque Tm generated at the wheels, and calculates
the running load Ty based on the relational formula T, = Tm — M - rw - o from the vehicle mass
M, the effective wheel radius rw and the acceleration a. The flow of this calculation shown in

FIG. 6.
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(0023) In FIG. 6,

Step 601: Reading of the respective data of vehicle speed Vsp and engine rotational speed N,
gear ratio "r" an acceleration a is performed.

Step 602: the turbine rotational speed Nt is calculated by the following formula:

Nt = Vgp/120m/rw - £ x 1000

Step 603: Torque converter or rotational ratio "e" is calculated and pump torque coefficient T and
torque ratio "t" are searched.

e =Nt/N, 1 =fi(e), t = f1(e)

Step 604: Pump torque Tp and turbine torque Tt are calculated.

Tp=1- (N/1000)%. Tt=t - Tp

Step 605: Calculation of torque Tm. Tm=Tp- r

Step 606: Calculation of running load T.. T, =Tm-M- r- a

Next, the configuration of the required torque estimating means 102 is shown in FIG. 7. As
shown in FIG. 7, the throttle opening 0th and vehicle speed Vsp are provided as input to the
required torque estimating means 102 and then the throttle opening 8th and vehicle speed Vsp are
output to the required torque table 702 from the required torque estimating means 102. This
required torque table 702 is constructed so that the required torque Tp is retrieved from the
throttle opening 0th and vehicle speed Vgp, and the retrieved required torque Tp is then sent as
output to the required torque estimating means 102. Thus, the estimated required torque Tp is
provided as output from the required torque estimating means 102.

(0024) Next, FIG. 9 shows an overview of the engine-torque converter-vehicle body
simulator (torque change simulation means) 105. As is apparent from FIG. 9, this simulator 105
includes the engine torque characteristics 901, engine torque inertial moment 902, torque
converter model 903, transmission model 904, vehicle weight 905 and running load 906. The
current vehicle speed Vsp and engine rotational speed N, the vehicle speed Vsp, the present
transmission ratio rj, the post-upshift transmission ratio r; and running load Ty are provided to
this simulator, and changes in the output torque Tm upon shifting are estimated by performing
simulation, thereby making it possible to estimate output torque after upshifting accurately.

(0025) The rotational ratio between the input shaft and output shaft of the torque converter
generally differs before and after shifting, and the torque ratio of the input torque and output

torque of the torque converter also changes accordingly. In other words, if the output torque after
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shifting is calculated solely from changes in the gear ratio and engine characteristics, significant
error will result. However, the changes in this rotational ratio "e" are various according to the
driving conditions. For this reason, it is possible to estimate the output torque upon shifting with
considerable accuracy by accurately calculating the input and output rotation of the torque
converter during shifting and the transfer of torque based on simulations. By determining
upshifting based on the coefficients of the output torque after shifting, the required torque and
the vehicle load, it is possible to perform shifting that accurately reflects the driving conditions.

(0026) FIG. 10 shows schematically shows changes in the output torque Tm when shifting.
The gear ratio "r" generally changes continuously as shown in the figure when shifting is
performed. Meanwhile, the output torque Tm changes in accordance with shifting shock as
shown in the figure and the output torque undergoes sudden change immediately after shifting.
Thus, in this simulator 105, the shifting start time is made the time at which change in the gear
ratio begins and the shifting completion time is made the time at which a specified period has
elapsed after the gear ratio has become stable. The simulation is performed during this interval.
In the following explanation, the shifting start time is made t = 0, and the shifting completion
time is made t = teqa.

(0027) FIG. 11 shows a block diagram of a simulator. In this diagram, the block 1101 is a
table for obtaining the engine torque Ty from the throttle opening 6th and the engine rotational
speed N. The block 1111 is a table for obtaining the pump torque coefficient 1, and the torque
ratio "t" of the pump torque and turbine torque from the rotational ratio "e" of the input shaft and
output shaft of the torque converter. The pump torque Tp is obtained in block 1119, and the
turbine torque Tt is obtained in block 1118. Block 1110 is a block for conversion of engine
inertial moment and variable units, multiplied by Te — Tp. block 1109 , the output of block 1110
is an integration element, and the engine rotational speed N is calculated by integration of the
output of the block 1110. Block 1102 and block 1106 or the gear ratios of the transmission and
change in accordance with the time changes provided. The output of block 1102 is the output
torque Tm, which value is issued as output after completion of a simulation. In block 1121, the
difference between the output torque Tm and the running load Ty is obtained. Block 1103 is a
block for unit conversion of the vehicie weight and effective radius of the wheels and variables.
Block 1104 is an integration element that is used to obtain the vehicle speed Vsp. Block 1105 is

the block for obtaining the output shaft rotational speed of the transmission from the vehicle
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speed. In block 1107, the ratio e = Nt/N rotational speed is obtained from the engine rotational
speed N (= torque input shaft rotational speed) and turbine rotational speed Nt.

(0028) FIG. 12 shows the relation between the torque converter rotational ratio "e" and the
pump torque coefficient 1. FIG. 13 shows the relation between the torque converter rotational
ratio "e" and torque ratio "t". FIG. 14 shows the relation among the engine rotational speed N,
the throttle opening 0th and the engine torque.

(0029) FIG. 15 shows the process flow in the simulation, which flow is explained in detail
below.

(0030) Step 1501: The present engine rotational speed N and vehicle speed Vsp are set as the
initial values N (0) and V (0) in the simulation, T is made the integration calculation step width
and » the number of steps until completion of the simulation. Specifically, N (0) =N, V (0) =
Vsp, i =0, and n = tend/N. Step 1502: Time-series changes in the transmission gear ratio are set as
r(0)=r,r(nT)=n,r({@)(i=1,2,3.. (n-1)T). Step 1503: the turbine rotational speed Nt (i) is
calculated based on the following formula:

Nt(1) =V (1)/120n/rw - r (i) x 1000
Step 1504: The rotational ratio "e" of the input shaft and output shaft of the torque converter is
calculated, the pump torque coefficient t is obtained by searching from the torque characteristic
map of FIG. 12, the torque ratio "t" of the torque converter is obtained by searching from the
torque converter characteristic map shown in FIG. 13. Specifically, e = Nt(i)/N(i), t = fi(e), t =
fa(e).

(0031)

Step 1505: The pump torque Tp and turbine torque Tt are calculated by the following equations:
Tp= t- (N(i)/1000)%, Tt = t-Tp
Step 1506: The engine torque Te is obtained from the engine torque characteristic map in FIG.
14. Accordingly, Te = f3 (0th, N(1)).
Step 1507: The coefficient of integration is calculated from the following equation:
x = (Te—Tp) x 9.8/Ie x 60/2n
Step 1508: The engine rotational speed N(i + 1) is obtained from (i + 1)T:
N@i+1)=N@G)+T-x
Step 1509: The output torque Te is obtained:
Te="Tt - r(i)
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Step 1510: The integration coefficient x is obtained:
x=(Tm-Ty) x 9.8/M/rw x 3.6
Step 1511: The vehicle speed V (i + 1) is obtained at (i + 1)T:
Vi+1)=V(@{)+T-x
Step 1512: If (i + 1)T = tenq, then in step 1513 Tm is output, and if not, in step 1514 "i" is made "i
+ 1" and the process flow is returned to step 1503.

(0032) Thus, according to this embodiment, the state of rotation of the input and output of the
torque converter when shifting is performed in the state of transfer of torque can be accurately
obtained by simulation. As a result, the output torque when shifting is performed can be
accurately predicted, and an upshift decision can be made based on the relation among this
output torque during shifting, the required torque and the running load, shifting which accurately
reflects the driving condition can be performed.

(0033)

(Effects of the Invention) By means of the present invention, it is possible to predict the
running load with sufficient accuracy, and as a result, shifting can be performed that is
sufficiently responsive to the running load, and under conditions which sufficiently reflect the
intentions of the driver, shifting which accurately respect the driving condition can be obtained,

fuel economy can be sufficiently improved, and the vehicle can be driven with enjoyment.

(BRIEF EXPLANATION OF THE DRAWINGS)

FIG. 1 is a block diagram showing an embodiment of the automatic transmission shifts
controller of the present invention.

FIG. 2 is a block diagram showing an automobile engine drive system and control unit in
which an embodiment of the present invention is applied.

FIG. 3 is an explanatory diagram showing in detail the input signal and output signal to the
automatic transmission control unit in an embodiment of the present invention.

FIG. 4 is a flow chart explaining the process flow of the shift ratio determining means in an
embodiment of the present invention.

FIG. 5 is a block diagram showing a running load estimating means in an embodiment of the
present invention.

FIG. 6 is a flow chart explaining the process flow of the running load estimating means in an
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embodiment of the present invention.

FIG. 7 is a block diagram of a required torque estimating means in an embodiment of the
present invention.

FIG. 8 is a diagram explaining the required torque table used by the required torque
estimating means in an embodiment of the present invention.

FIG. 9 is a schematic drawing showing an engine-torque converter-vehicle body simulator in
an embodiment of the present invention.

FIG. 10 is an explanatory diagram schematically showing changes in the output torque
during shifting in an embodiment of the present invention.

FIG. 11 is a block diagram of the engine-torque converter-vehicle body simulator in an
embodiment of the present invention.

FIG. 12 is a characteristic graph showing the relationship between the rotational ratio of the
torque converter and the pump torque coefficient in an embodiment of the present invention.

FIG. 13 is a characteristic graph showing the relation between the rotational ratio of the
torque converter and torque ratio in an embodiment of the present invention.

FIG. 14 is a characteristic graph showing the relationship among engine rotational speed,
throttle opening and engine torque in an embodiment of the present invention.

FIG. 15 is a flow chart explaining the process flow of the engine-torque converter-vehicle
body simulator in an embodiment of the present invention.

(Explanation of the Reference Numerals)
101: running load estimating means
102: required torque estimating means.
103: shift ratio determining means
104: post-upshift torque predictive calculating means

105: engine-torque converter-vehicle body simulator (torque change simulation means)
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FIG. 1
101: running load estimating means
102: required torque estimating means.

103: shift ratio determining means

104: post-upshift torque predictive calculating means

105: engine-torque converter-vehicle body simulator (torque change simulation means)

106: oil pressure driving means

107: shifting actuator

FIG. 2

201: engine

202: transmission

203: automatic transmission control unit
207: vehicle signal

208: ASCD C/U signal

FIG. 3

[far left, top to bottom]

engine signals

transmission output signals
vehicle signals

ASCD C/U signals

203: automatic transmission control unit
302: input signal processing unit
303: output signal processing unit
304: idle switch

305: full throttle to which

306: throttle sensor

307: engine speed signal

308: inhibitor switch

309: temperature sensor

13
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310: speed sensor 1
311: speed sensor 2
312: power shift switch
313: kickdown switch
314: acceleration sensor
315: cruise signal

316: OD release signal
317: shift solenoid A
318: shift solenoid B
319: overrun clutch solenoid
320: lockup solenoid

321: line pressure solenoid

FIG. 4

START

401: calculate running load Ty

402: calculate required torque Tp

403: calculate post-upshift estimated torque Ty
404: Tp> T + Tp?

405: upshift

406: downshift decision

FIG. 5
101: running load estimating means
501: acceleration detecting means

[under 501:] turbine rotational speed N,

502: torque converter output torque estimating means

504: torque converter characteristic table

505: engine rotational speed N

14
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FIG. 6
START
601: Reading of vehicle speed Vgp and engine rotational speed N, gear ratio "r" an acceleration o
602: Calculation of turbine rotational speed:
Nt = Vgp/120n/rw* 1 x 1000
603: e =Nt/N, t= fi(e), t = fz(e)
604: Calculation of turbine torque Tt:
Tp =1 - (N/1000)*. Tt=t - Tp
605: Calculation of torque
Tm=Tpr
606: Calculation of running load
To. To=Tm-M:r-a
END

FIG.7

102: required torque estimating means.
109: estimated required torque Tp
703: throttle opening 6th

704: vehicle speed Vgp

FIG. 8
[vertical axis] required torque Tp

[horizontal axis] throttle opening 6th

FIG. 9
901: engine characteristics

903: torque converter

FIG. 10
gear ratio r
output torque Tm
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start shift complete shift

FIG. 11

1112: throttle opening 6th
1113: engine rotational speed N
1115: post-upshift torque

FIGS. 12-14: see original -

FIG. 15

START

1501: N (0) =N, V (0) = Vgp, i = 0, and n = te;q/N.

1502: Time-series changes in the transmission gear ratio set asr (0) =r;, r (nT) =1, r (1) (1=1,
2,3.(m-1)T) '

1503: Calculation of turbine rotational speed:
Nt(i) =V (1)/120x/rw - r (1) x 1000

1504: e = Nt(1)/N(1), T = fi(e), t = f(e)

1505: Calculation of pump torque Tp and turbine torque Tt:
Tp = 1 - (N(i)/1000)%, Tt= t-Tp

1506: Engine torque Te obtained:
Te = f3 (Bth, N(i))

1507: x = (Te - Tp) x 9.8/Ie x 60/2n

1508:N(i+1)=N(@{)+T-x

1509: Te=Tt - (i)

1510: x = (Tm - Tr) x 9.8/M/rw x 3.6

151:V(i+1)=V(@{)+T-x

1512: If (i + 1)T = tepa?

1513: Tm is output.

1514:i=1+1

END
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(54) CONTROLLER FOR HYBRID CAR

(57)Abstract;

PROBLEM TO BE SOLVED: To enhance acceleration
at the time of reacceleration after deceleration.
SOLUTION: An engine 3 and a first motor 1 are
provided as prime movers for a car. When it is detected
that a brake becomes nonoperative from an operating
state, when a first clutch 4 which cuts the linkage of
the output shaft of the engine 3 to driving wheels 2
selectively is in a disconnected state, a second clutch 7
which disconnects the linkage of a second motor 5 to
the output shaft of the engine 3 selectively is
connected, and the engine 3 is driven/ rotated by a
second motor 5 preparatorily. And at the point of time
when an accelerator is operated, fuel is supplied and
the engine 3 is caused to operate autonomously. And
the first clutch 4 is connected, and the driving wheels 2
are driven/rotated by the engine 3 and the first motor
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