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GEARSHIFT PRESSURE CONTROLLER
USING TORQUE RATIO OF ONCOMING/
OFFGOING ELEMENTS AND INPUT
TORQUE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to improvements to a gear
shift controller for an automatic transmission, such as
improved control of hydraulic fluid when the gear shift is
executed.

2. Description of the Related Art

One way clutches have been used in automatic transmis-
sions in order to avoid the complexity during a gear ratio
change of disengaging one friction element and simulta-
neously engaging another friction element. Depending on
whether the gear ratio change is an upshift or downshift, the
one way clutch either releases or overruns during the period
when the oncoming friction element is pressurized and
engaged to complete the new driving connection among the
components of the gear sets that produce the new gear ratio.
If the one way clutch can be eliminated from an automatic
transmission, its cost, weight, and size can also be elimi-
nated.

A Japanese Patent Application First Publication No.
Heisei 4-188572, published on Jun. 23, 1992, exemplifies a
previously proposed gearshift controller for an automatic
transmission in which the gear shift (clutch to clutch gear
shift) can be actuated by a combination of an oncoming
friction element and an offgoing friction element instead of
a one way clutch.

In this Japanese Patent Application, the amount of
hydraulic fluid pressure provided to these friction elements
is provided on the basis of the speed of the input shaft of the
automatic transmission. However, in the previously pro-
posed gearshift controller for an automatic transmission,
since the amount of hydraulic fluid pressure provided to
these friction elements is provided on the basis of the input
shaft speed, the hydraulic fluid pressure to the oncoming
element and the offgoing element may be provided too early
or too late due to a variation in input torque. When the
change from the oncoming to the offgoing element occurs
relatively late, the engine speed rises too high. When the
change from the oncoming to the offgoing element occurs
relatively early, engine speed reduction or torque reduction
(commonly known as interlock) occurs.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to
provide a gearshift controller for an automatic transmission
which prevents an undesirable increase in engine speed and
the occurrence of interlock and which also reduces the cost
and the weight.

In view of the above, a gearshift controller for automatic
transmission is disclosed, comprising: a) an input shaft
torque estimating portion for estimating input shaft torque;
b) a torque dividing ratio setting portion for setting a torque
dividing ratio for each friction member of each gear range;
¢) a desired torque calculating portion for calculating a
desired torque of each friction member on the basis of said
input shaft torque and said torque dividing ratio; d) a desired
hydraulic fluid calculating portion for calculating said
desired hydraulic fluid of each friction member on the basis
of said desired torque of said each friction member; and e)
a hydraulic fluid controlling portion for providing said
desired hydraulic fluid to each friction member.
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This design not only prevents undesirable increases in
engine speed and the occurrence of interlock, but also
reduces the weight and lowers the cost of the automatic
transmission since a one way clutch does not have to be used
in the gearshift controller.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of gearshift controller for an
automatic transmission according to the present invention.

FIG. 2 is a system diagram of gearshift controller for an
automatic transmission according to the present invention.

FIG. 3 is a detailed system diagram of gearshift controller
for an automatic transmission according to the present
invention.

FIG. 4 is a gear shift diagram of gearshift controller for an
automatic transmission showing combinations of the
oncoming friction element and offgoing friction element.

FIG. § is a time chart of the hydraulic fluid control when
the clutch to clutch shift is executed.

FIG. 6 is a control block diagram of the hydraulic fluid
control according to the present invention.

FIG. 7 is a sample line diagram of the torque dividing
ratio.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

A more detailed description of the present invention is
given below. FIG. 2 shows a system configuration of an
automatic transmission according to the present invention.
An output torque of an engine 1 is transmitted to drive
wheels through the automatic transmission 2.

The automatic transmission 2 has hydraulically actuated
friction clutches and brakes (friction elements), which are
controlled by a solenoid valve unit 3. The solenoid valve unit
3 actuates in response to control signals from a control unit
4 having a micro computer. To be more specific, the auto-
matic transmission 2 receives the output torque of the engine
through a torque converter T/C. The automatic transmission
has front planet gear sets 83 and rear planet gear sets 84, as
shown in FIG. 3. The automatic transmission 2 also has
oncoming friction elements and offgoing friction elements,
which include a reverse clutch J/C, a high clutch H/C, a band
brake B/B, a low & reverse brake L&R/B, and a forward
clutch FWD/C. Furthermore, FIG. 3 shows an input shaft 81,
an output shaft 82, an engine speed Ne, a turbine speed Nt,
and an output shaft speed No.

A gear shift can be caused by selectivity engaging and
disengaging the reverse clutch R/C, the high clutch H/C, the
band brake B/B, the low & reverse brake L&R/B, and the
forward clutch FWD/C, as shown in FIG. 4. For example,
when an up gear shift is executed from range 3 to range 4,
disengagement of the forward clutch FWD/C occurs simul-
taneously with engagement of the band brake B/B. In other
words, the automatic transmission 2 associated with the
present invention does not use a one way clutch, and a gear
shift (clutch to clutch gear shift) can be caused by a
combination of the oncoming friction element and offgoing
friction element, which are controlled by hydraulic fluid, as
shown in FIG. §.

When engaging and disengaging friction elements, fric-
tion elements are first given an invalid stroke by a pre charge
that bleeds the hydraulic fluid, the hydraulic fluid pressure is
then maintained at a return pressure (critical pressure),
which is capable of engaging and disengaging friction
elements, and the hydraulic fluid pressure is controlled in
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such a manner as to engage and disengage friction elements
according to a predetermined timing. Note that the return
pressure corresponds to the strength of a return spring (an
elastic member) which presses the friction elements in a
disengagement direction.

A torque dividing ratio between the oncoming friction
element and the offgoing friction element on the clutch to
clutch gear shift is determined by the hydraulic fluid control,
as shown in FIG. 6. An input shaft torque estimating portion
A (an input shaft torque estimating means) determines an
input shaft torque (a turbine torque) on the basis of a torque
ratio of a torque converter and an engine output torque,
which is determined on the basis of air flow rate and engine
speed.

A torque dividing ratio setting portion B (a torque divid-
ing ratio setting means) stores the torque dividing ratio for
each kind of gear shift. This torque dividing ratio is based on
the gear range. The torque dividing ratio is the ratio between
the torque of the offgoing friction element and the torque of
the oncoming friction element. During gear shifting, the
torque dividing ratio changes proportionally from the torque
dividing ratio of the gear before shifting to the torque
dividing ratio of the gear after shifting, as shown in FIG. 7.

A desired torque calculating portion C (a desired torque
calculating means) calculates the desired torque from each
friction element during the gear shift on the basis of the input
shaft torque, which is estimated by the input shaft torque
estimating portion A, and the torque dividing ratio, which is
set by the torque dividing ratio setting portion B, based on
the following expression:

desired torque=the torque dividing ratioxthe input shaft torquexa
gain

A desired hydraulic fluid pressure calculating portion C (a
desired hydraulic fluid pressure calculating means) calcu-
lates the desired hydraulic fluid pressure for getting the
desired torque from each friction element based on the
following expression:

desired hydraulic fluid pressure=1/A{(Ti/(NuD)+F}

where:

Ais an area of a clutch piston (cm?);

T is the input shaft torque (kg-m);

u is a coefficient of friction between a driven plate and a

drive plate;

D is an effective diameter of the clutch facing material

[(outer diameter-inner diameter)/2+inner diameter];

N is a number of sets of driven and drive plates;

iis the torque dividing ratio; and

F is force provided by the return spring of the clutch

When the desired hydraulic fluid pressure is calculated, a
table, which contains a correlation between control signals
to a solenoid valve and hydraulic fluid pressures, is refer-
enced to determine the appropriate control signal.

After the control signal is determined, the control signal
is output to the solenoid valve, which is controlled to
provide the desired hydraulic fluid pressure.

When the input shaft torque varies, the present invention
can provide the desired hydraulic fluid pressure to friction
elements, and appropriately control the hydraulic fluid pres-
sure provided to the oncoming friction element and offgoing
friction element. As a result, the present invention can
prevent undesirable increases in the engine speed and the
occurrence of interlock.
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The entire contents of Japanese Patent Application No.
TOKUGANHEI 9-217501, filed Aug. 12,1997 is incorpo-
rated herein by reference.

The foregoing description of a preferred embodiment of
the invention has been presented for purposes of illustration
and description. It is not intended to be exhaustive or to limit
the invention to the precise form disclosed, and modifica-
tions and variations are possible in light of the above
teachings or may be acquired from practice of the invention.
The embodiment was chosen and described in order to
explain the principles of the invention and its practical
application to enable one skilled in the art to utilize the
invention in various embodiments and with various modi-
fications as are suited to the particular use contemplated. It
is intended that the scope of the invention be defined by the
claims appended hereto, and their equivalents.

What is claimed:

1. A gearshift controller for an automatic transmission that
transmits torque from an input shaft through friction mem-
bers that can be engaged or disengaged to cause a gear shift
between different gear ranges, comprising:

a) an input shaft torque estimating portion for estimating
input shaft torque;

b) a torque dividing ratio setting portion for setting a
torque dividing ratio of torques of friction members for
gear shifts between the gear ranges;

¢) a desired torque calculating portion for calculating a
desired torque for each friction member involved in a
gear shift based on the input shaft torque and said
torque dividing ratio set for the gear shift;

d) a desired hydraulic fluid calculating portion for calcu-
lating a desired hydraulic fluid pressure for each fric-
tion member involved in the gear shift based on said
desired torque for the friction member; and

¢) a hydraulic fluid controlling portion for providing the
desired hydraulic fluid pressure to each friction mem-
ber involved in the gear shift.

2. A gearshift controller as defined in claim 1, wherein
each friction member includes a solenoid valve.

3. A gearshift controller as defined in claim 2, wherein
said desired hydraulic fluid calculating portion has a table
containing a correlation between control signals to the
solenoid valves and hydraulic fluid pressures.

4. A gearshift controller as defined in claim 1, wherein
said friction members include oncoming friction members
and offgoing friction members.

5. A gearshift controller as defined in claim 4, wherein
engagement of an oncoming friction member occurs simul-
taneously with disengagement of an offgoing friction mem-
ber during a gear shift.

6. A gearshift controller as defined in claim 1, wherein
said input shaft torque estimating portion estimates said
input shaft torque based on an air flow rate, an engine speed,
and a torque ratio of a torque converter.

7. A gearshift controller as defined in claim 1, wherein
said desired torque calculating portion calculates said
desired torque based on the following expression:

desired torque=said torque dividing ratioxsaid input shaft torquexa
gain.

8. A gearshift controller as defined in claim 1 wherein said
desired hydraulic fluid pressure calculating portion calcu-
lates said desired hydraulic fluid pressure based on the
following expression:

desired hydraulic fluid pressure=1/A{(Ti/(NuD)+F}
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where:

Ais an area of a clutch piston;

T is said input shaft torque;

u is a coefficient of friction between a driven plate and a
drive plate;

D is an effective diameter of a clutch facing material;

N is a number of sets of driven and drive plates;

1 is said torque dividing ratio; and

F is force provided by a return spring of a clutch.

9. A gearshift controller for an automatic transmission that
transmits torque from an input shaft through friction mem-
bers that can be engaged or disengaged to cause a gear shift
between different gear ranges, comprising:

a) an input shaft torque estimating means for estimating

input shaft torque;

b) torque dividing ratio setting means for setting a torque
dividing ratio of torques of friction members for gear
shifts between the gear ranges;

¢) desired torque calculating means for calculating a
desired torque for each friction member involved in a
gear shift based on said input shaft torque and the
torque dividing ratio set for the gear shift;

d) desired hydraulic fluid calculating means for calculat-
ing a desired hydraulic fluid pressure for each friction
member involved in the gear shift based on said desired
torque for the friction member; and

¢) hydraulic fluid controlling means for providing the
desired hydraulic fluid pressure to each friction mem-
ber involved in the gear shift.

10. A gearshift controller as defined in claim 9, wherein

each friction member includes a solenoid valve.

11. A gearshift controller as defined in claim 10, wherein
said desired hydraulic fluid calculating means has a table
containing a correlation between control signals to the
solenoid valves and hydraulic fluid pressures.
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12. A gearshift controller as defined in claim 9, wherein
said friction members include oncoming friction members
and offgoing friction members.

13. A gearshift controller as defined in claim 12, wherein
engagement of an oncoming friction member occurs simul-
taneously with disengagement of an offgoing friction mem-
ber during a gear shift.

14. A gearshift controller as defined in claim 9, wherein
said input shaft torque estimating means estimates said input
shaft torque based on an air flow rate, an engine speed, and
a torque ratio of a torque converter.

15. A gearshift controller as defined in claim 9, wherein
said desired torque calculating means calculates said desired
torque based on the following expression:

desired torque=said torque dividing ratioxsaid input shaft torquexa
gain.

16. A gearshift controller as defined in claim 9, wherein
said desired hydraulic fluid pressure calculating means cal-
culates said desired hydraulic fluid pressure based on the
following expression:

desired hydraulic fluid pressure=1/A{(Ti/(NuD)+F}

where:

A'is an area of a clutch piston;
T is said input shaft torque;

u is a coefficient of friction between a driven plate and a
drive plate;

D is an effective diameter of a clutch facing material;
N is a number of sets of driven and drive plates;

1 1s said torque dividing ratio; and

F is force provided by a return spring of a clutch.
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