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(57) Abrege(suite)/Abstract(continued):
can move a manual shift lever from an engaged position to a transmission neutral position without using a clutch. The method is

also useful for shifting a lever to move gearing components from a neutral position to a next desired gear. A dithering function Is
used to cyclically oscillate a current torque value about a target torque value that Is associated with the desired transmission
condition. An amplitude and period of the dithering function are determined based upon an overall gear ratio of the transmission.
The dithering function begins at a point dependent on a torque value associated with the currently engaged gear. The dithering

function continues until a known transmission condition I1s confirmed.
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ABSTRACT OF THE DISCLOSURE

A dithering torque control method that is useful for a semi-automated vehicle

transmission facilitates accomplishing a desired condition in the transmission. The

method 1s useful during an initial break torque function to relieve drive train torque

SO that a driver can move a manual shift lever from an engaged position to a

transmission neutral position without using a clutch. The method is also useful for

shifting a lever to move gearing components from a neutral position to a next

desired gear. A dithering function is used to'cyc]icajly oscillate a current torque

value about a target torque value that is associated with the desired transmission

condition. An amplitude and period of the dithering function are determined based

upon an overall gear ratio of the transmission. The dithering function begins at a

point dependent on a torque value associated with the currently engaged gear. The

dithering function continues until a known transmission condition is confirmed.
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TORQUE DITHERING METHOD
FOR CONTROLLING A VEHICLE TRANSMISSION

b BACKGROUND OF THE INVENTION

This invention generally relates to a method of controlling a change in a
torque value of a semi-automated vehicle transmission system that oscillates a torque
value about a target torque value.

10 Vehicle transmissions are well known and include automatic, manual and
semi-automatic types. Each of the ‘transmission types have advantages that make
them suitable for various applications. Heavy duty vehicles typically include a
manual or, more recently, a semi-automatic transmission. Semi-automatic
transmissions of various types have been proposed. The basic principal is to assist
15 a driver in performing a manually selected gear ratio change using a system that is

at least partially automated. While such transmissions are becoming more readily

In conventional manual transmissions, to effect a gear change, the driver of
20  the vehicle would manually operate a clutch and a gear shift lever. The clutch was
used to disengage the output shaft of the engine from the input shaft of the
transmission so that the driver would be able to move the transmission out of a
current gear into a neutral position. To then re-engage a new gear, the driver would
have to operate the clutch, move the lever and approximate a desired engine speed
25 that would correspond to an appropriate torque for engaging the new gear.

Traditionally, this has been a relatively difficult maneuver requiring a great degree

of skill and experience.
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One challenge facing a designer of a semi-automatic transmission system is
to simplify the task of shifting gears and doing so in an efficient and effective

manner. This invention provides an effective method for establishing conditions that

simplity etfecting a gear change in an efficient manner.

SUMMARY OF THE INVENTION

In general terms, this invention is a method of controlling a torque value in
a vehicle transmission that allows a driver to manually move a shift lever to change
gears. The basic goal 1s to achieve a zero torque condition that allows the driver
to move the shift lever to disengage a currently engaged gear without requiring the
driver to manually operate the clutch. The same method is useful for achieving
torque conditions that allow a smooth transition and engagement of a chosen gear
at the end of a shift.

The method of this invention has several basic steps. First, a target torque
value 1s determined. The current torque value, which can be considered an initial
torque value at the beginning of a shift, indicates a current transmission condition
including the currently engaged gear. An electronic controller changes the torque
value so that the torque value approaches the target torque value. The torque value
preferably is controlled by controlling the fuel supply rate to the engine. When the
current torque value reaches a preselected value relative to the target torque value,
the current torque value is then cyclically oscillated about the target torque value as
a function of time. The function of time preferably is sinusoidal in shape. Thé

sinusoidal function preferably has an amplitude and period that are determined based
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upon an overall gear ratio of the transmission. The torque value is oscillated about
the target torque value until a neutral condition exists in the transmission or a
preselected time period has elapsed.

When the initial torque value associated with a currently engaged gear is
relatively high compared to the target torque value, the change from the initial
torque value to the target torque value is accomplished using an exponential decay
function. The decay function preferably 1s accomplished by filtering the electronic
signals utilized by an electronic controller to control the torque value of the
transmission. The filter used for the filtering is chosen based upon an overall gear
ratio of the transmission.

When the mnitial torque value at the currently engaged gear is relatively low
compared to the target torque value, the change in current torque value is
accomplished in the following general manner. The current torque value is
commanded to nstantaneously change to a dither torque value on an opposite side
of the target torque value from the imtial current torque value. In other words, if
the mitial current torque value 1s greater than the target torque value, then the
torque value 1s changed to a torque value equal to the target torque value minus a
determined dither torque value. The dither torque value is determined as a function
of an overall gear ratio of the transmission. If the initial current torque value is less
than the target torque value, then the current torque value is changed to a value

equal to the target torque value plus the determined dither torque value. Then the

preferably sinusoidal oscillation 1s performed. ]
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The vanous features and advantages of this invention will become apparent
to those skilled in the art from the following detailed description of the preferred

embodiment. The drawings that accompany the detailed description can be

described as follows.

S
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 1s a schematic illustration of a vehicle transmission system.
Figure 2 1s a graphic illustration of an implementation of a method of this
invention.
10 Figure 3 1s a graphic illustration of another implementation of a method of

this invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Figure 1 schematically and diagrammatically illustrates a vehicle transmission

15 system 20. An engine 22 provides a motive force to propel a vehicle by driving a
transmission 24. The engine 22 includes an output shaft 26 that causes rotation of

a transmission input shaft 28 through a master clutch 30. A manual shift lever 32
allows a driver to manipulate gears within a gearing arrangement 34 to alter a gear

ratio between the transmission input shaft 28 and a transmission output shaft 36.

20 The transmission output shaft 36 drives the wheels of the vehicle in a conventional

manner. The shift lever 32 can be moved in a pattern as illustrated at 38 to achieve

various operating gear ratios within the transmission 24.

...........
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An electronic con\troller 40 provides semi-automatic control of the
transmission s;ystem 20. The controller 40 i1s schematically illustrated. The
controller 40 can be realized, as will be appreciated by those skilled in the art, by
one or more microcomputers, custom designed microcontrollers, software, dedicated
circuitry or a combination of one or more of these. “The controller 40 controls the
engine 22 primarily by controlling the amount of fuel supplied to the engine 22
through a fuel control schematically illustrated at 42. By controlling the amount of
fuel supplied to the engine 22, the rotational speed of the engine output shaft 26 is
controlled. Automatically controlling the fuel supply to the engine 22 provides
automatic torque control. A plurality of sensors schematically illustrated at 44

provide information to the control 40 regarding gear placement and ratios within the

transmission 24.

The transmission system 20 preferably 1s controlled in a manner similar to

that disclosed in United States Patent No. 5,582, 558.

The transmission system 20 preferably 1s used to allow a driver to

accomplish a desired gear change without requiring the driver to operate the clutch
30. Thas is generally accomplished by controlling the rotational speed of the engine

output shaft 26, using the controller 40, to achieve a zero torque condition within
the transmission 24. The zero torque condition allows the driver to manipulate the

shift lever 32 to disengage a currently engaged gear. The method of this invention
1S useful for effectively and efficiently achieving the necessary zero torque condition

within the transmission 24.
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Figure 2 illustrates one implementation of the method of this invention.
Figure 2 includes a plot 50 of a torque value versus time. When the vehicle 1s in
a currently engaged gear, there is an initial current torque value 52 at the beginning
of a desired shift. The controller 40 has intormation, in the form of a look-up table
for example, that indicates the conditions necessary to achieve a zero torque
condition, given the currently engaged gear. The controller 40 causes the current
torque value to descend as illustrated at 54 until 1t reaches a point 56 where the
current torque value is equal to a target torque value 58. The target torque value
is that torque value that corresponds to having a zero torque condition that allows
the driver to disengage the currently engaged gear. The descent from the initial

torque value 52 to the point 56 preferably is an exponential decay function over

time.

A slow decay rate is useful in most heavy duty vehicle transmissions under
many driving conditions. A slow decay rate or gradual change in the torque value
provides better performance than an instantaneous or ramped change to a desired
torque value. The gradual change of this invention prevents the system from
excessively overshooting the target torque value, which reduces transient dynamic
activity and provides a smoother and more rapid transition.

Achieving the exponential decay preferably 1s accomplished by the controller
40. Electrical signals are utilized by the controller 40 for controlling the rotational
speed of the engine output shaft 26, which results in controlling the torque value of

the transmission 24. The torque value preferably i1s changed by filtering the

electronic signals that dictate the current torque value. The filter has a value that

-6-
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is determined based upon an overall gear ratio of the transmission. In general,
lower gears, which have a high numenical ratio, will be associated with a filter value
resulting in a longer decay time or a slower rate of change. Similarly, higher gears
will have a filter value resulting in a faster decay rate. The specific filter value
used will depend on the system parameters that contrnibute to determining the overall
gear ratio of the transmission.

Lower gears usually have relatively lower resonant frequencies and slower
decay rates are preferred to prevent excessive target torque overshoot. The resonant
frequency generally is higher for higher gears so a faster decay rate is preferred.
The chosen filter value will depend on the tradeoff between having a fast rate of
change for a fast shift time and a slow rate of change to avoid the transient
dynamics associated with excessive target torque overshoot.

Once the current torque value reaches the point 56, where 1t crosses the
estimated zero torque line 58, a cyclical oscillating function 60 is implemented that
varies the current torque value about the target torque value 58. The oscillating
function 60 is most preferably a sine wave function over time. The sine wave
function preferably has an amplitude 62 and a period that are dependent on the
overall gear ratio of the transmission. In general, the amplitude and period are
larger for lower gears. The amplitude and period preferably are set to avoid the

resonant frequency of the vehicle powertrain to avoid excessive dynamics.

While the current torque value 1s oscillating about the target torque value,

the drive train torque is relieved, so that the driver can manipulate the gearing

arrangement 34 within the transmission 24 utilizing the shift lever 32. Oscillating

7-
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or dithering the torque value about the target torque value 1s useful for an initial
break torque function that relieves drive train torque so that the driver can move the
shift lever from a currently engaged gear to a neutral position while braking or
under throttle load. The dithering 1s also useful during a lever shift from neutral
to the next desired gear so that the lever is moved and the gearing components 34
are fully seated before full torque is restored to the drive train.

Accordingly, the oscillating or dithering of the current torque value is only
needed for a certain amount of time. When the method of this invention is utilized
for the two scenanos just described, the dithering function continues until a neutral
condition of the transmission 24 is confirmed or a predetermined time period to
achieve a break torque function has elapsed. When either of these conditions are
met, the controller 40 transitions the function of the system 20 to other requests.

Dithering is utilized to compensate for possible inaccuracies in determining
the target "zero torque” value. By oscillating about an estimated target, this
Invention assures that the necessary zero torque condition will be achieved.

The example of Figure 2 1s useful when a current torque value associated
with a currently engaged gear is considered to be a high torque value. When it is
necessary to approach a target torque value from a relatively low currently engaged
torque value, a slight modification of the method of this invention is preferred.

Figure 3 illustrates a plot 70 of a torque value versus time. In this example,
the initial torque value 52’ is relatively low compared to the initial torque value 52
of Figure 2. Since the tnitial torque value 52’ in Figure 3 is relatively close to thé

target torque value 58, the controller 40 commands the current torque value to

-8-
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change to a value opposite the target torque line 58 from the initial value 52°. In
other words, the current torque value 1s changed from the initial value 52’ to the

value 1llustrated at 64. The transition from the point 52° to the point 64 includes

crossing over the target torque value line 58 at the point 56’.

The torque value at the point 64 preferably is equal to the difference between
the target value and a dither torque value. The dither torque value is preferably
equal to the amplitude of the sinusoidal wave 60. The dither torque value is
determined based upon an overall gear ratio of the transmission 24. The current
torque value 1s then dithered or oscillated cyclically about the target torque value 58
for a period of time as described above.

As can be seen, this invention includes a method for achieving a zero torque
condition in a transmission that allows a driver to more readily and easily effect a
gear change. The exponential decay from an initial value to a target value and the
use of a cyclically oscillating dithering function over time render a gear change
more readily achieved while reducing the possibility for causing undesirable wear
on the components of the transmission 24.

The foregoing description 1s exemplary rather than limiting in nature.
Variations and modifications to the disclosed embodiment may become apparent to
those skilled 1n the art that do not necessarily depart from the purview and spirit of
this invention. Accordingly, the legal scope of protection given to this invention can

only be determined by studying the following claims.
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CLAIMS

We claim:

1. A method of controlling a torque value in a vehicle transmission, comprising

the steps of:
(A) determining a target torque value;

(B) determining an imtial current torque value that i1s indicative of a

current transmission condition;

(C) changing the current torque value so that the current torque value

approaches the target torque value;

(D) determining when the current torque value reaches a preselected value

relative to the target torque value; and

(E)  cyclically oscillating the current torque value about the target torque

value as a function of time having a determined amplitude and period until a known

transmission condition exists.

2. The method of claim 1, wherein step (C) is performed by the substep of
determining a magnitude of the initial current torque value to thereby determine

whether the initial torque value is a high torque value or a low torque value.

3. The method of claim 2, wherein the initial current torque value 1s a high

torque value and step (C) 1s performed by gradually changing the current torque

value using an exponential decay function over time so that the current torque value

approaches the target torque value.

-10-

AT Al £ o s, S . A 4l Ve 8



CA 02249503 1998-10-02

docket # 60,130-120

4. The method of claim 3, wherein step (C) is performed by the further substep
of filtering a signal indicative of the current torque value and choosing a filter to

perform the filtering as a function of an overall gear ratio in the transmission.

5 5. The method of claim 3, wherein step (D) is performed by determining when

the current torque value matches the target torque value from step (A).

6. The method of claim 5, wherein step (E) is performed by the substeps of
determining the amplitude and period as a function of an overall gear ratio of the

10 transmission.

7. The method of claim §, wherein the amplitude is equal to a determined dither

torque value.

15 8. The method of claim 2, wherein step (C) is performed by filtering a signal

that 1s indicative of the current torque value signal.

9. The method of claim 8, wherein step (C) includes the substeps of choosing

a filter to perform the filtering as a function of an overall gear ratio of the

20 transmission and filtering the signal such that the current torque value gradually

approaches the target torque value.

-11-
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10.  The method of claim 2, wherein the initial current torque value is a low
torque value and step (C) 1s performed by changing the current torque value from
the 1nitial torque value to a start dithering torque value that is equal to (a determined
dither torque value + the target torque value) when the initial torque value is less
d than the target torque value and equal to (the target torque value - a determined

dither torque value) when the initial torque value is greater than the target torque

value.

1. The method of claim 1, wherein step (A) is performed by determining a

10 torque value that corresponds to a zero torque condition between an engine and the

transmission.

12. The method of claim 1, wherein the known transmission condition is one of

a condition where the transmission is in neutral or a condition where a time period

15 associated with a break torque function has elapsed.
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13. A method of controlling a torque value in a vehicle transmission. comprising

the steps of:
(A)  determining a target torque value:
(B)  changing the current torque value using a preselected function over
5 time so that the current torque value gradually approaches the target torque value;
(C)  determining whether the current torque value corresponds to the target

torque value; and

(D)  cyclically oscillating the current torque value about the target torque
value as a function of time hé.ving a determined amplitude and period after making

10 the determination of step (C) until a selected transmission condition EXIStS.

14.  The method of claim 13, wherein step (B) is performed by using a function

corresponding to an exponential decay rate over time from an initial current torque

value to the target torque value.

15

15.  The method of claim 14, wherein step (B) is performed by filtering a signal
that 1s indicative of a current torque value using a filter having a filter value that is

chosen as a function of an overall gear ratio of the transmission.

20 16.  The method of claim 13, wherein step (B) is performed by filtering a signal

that is indicative of a current torque value using a filter having a filter value that is

chosen as a function of an overall gear ratio of the transmission.

-13-
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[7. The method of claim 13, wherein the target torque value corresponds to a
zero torque condition between the transmission and an associated engine that is
adapted to drive the transmission and wherein the determined condition of step (D)
1s one of a condition wherein the transmission is in neutral or a condition wherein

a time period to perform a break torque function has elapsed.

-14-
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[8. A method of controlling a torque value in a vehicle transmission, comprising

the steps of:

(A) determining a target torque value;

(B)  defining a first condition wherein a current torque value is greater

than the target torque value;

(C)  defining a second condition wherein a current torque value is less than

the target torque value;

(D)  determining whether the first or second condition €X1StS;
(E)  when the first condition exists, changing the current torque value to
a start dithering torque value that is equal to (a determined dither torque value +

the target torque value);

(F)  when the second condition exists, changing the current torque value
to a start dithering torque value that is equal to (the target torque value - a

determined dither torque value); and

(G)  cyclically oscillating the current torque value about the target torque
value as a function over time beginning with the start dithering torque value, the

function having a determined amplitude and period until a determined transmission

condition exists.

-15-
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19. The method of claim [8, wherein the target torque value corresponds to a

zero torque condition between the transmission and an associated engine that is
adapted to drive the transmission and wherein the determined condition of step (F)
1s one of a condition wherein the transmission is in neutral or a condition wherein

5  atime period to perform a break torque function has elapsed.

20.  The method of claim 18, wherein step (F) is performed by the substeps of

determining an amplitude and period of the function over time using an overall gear

ratio of the transmission.

10

-16-
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