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1
AUTOMATED SYNCHRONIZATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is filed under 35 U.S.C. §120 and §365(c)
as a continuation of International Patent Application No.
PCT/DE2010/000475 filed Apr. 26, 2010, which application
claims priority from German Patent Application No. DE 10
2009 021 343.0 filed May 14, 2009, which applications are
incorporated herein by reference in their entireties.

FIELD OF THE INVENTION

The present invention relates generally to a method of
controlling a synchronizing device during a shifting opera-
tion in an auto shift gearbox in a motor vehicle.

BACKGROUND OF THE INVENTION

Automated transmission systems such as auto shift gear-
boxes (ASG) and parallel shift gearboxes (PSG) that com-
prise a single or multiple shafi transmission are known in the
field of motor vehicle technology. To change the transmission
ratio, i.e., to shift gears in such a transmission, an idler gear of
the current gear speed, i.e., the actual gear, is separated from
the transmission input shaft and an idler gear of the desired
gear, i.e., the target gear, is connected to the transmission
input shaft in a form-fitting manner. However, due to the
transmission ratio difference, there is a rotational speed dif-
ference between the transmission input shaft of the idler gear
and the idler gear to be shifted to; a fact which precludes a
form-fitting connection without gear noises such as creaking.
For reasons of comfort, synchronization devices such as lock-
ing synchronizations are used to synchronize the rotational
speed difference between the idler gear and the idler gear
shaft.

The operation of the synchronization device may, for
instance, be subdivided into five phases of the synchroniza-
tion process.

In a first phase, an approximate synchronization is
achieved wherein a movement of a switching sleeve that is
connected to the idler shaft so as to be fixed against rotation
but displaceable in the axial direction presses a synchro ring
against the friction cone of an idler gear clutch body via thrust
pieces. Due to the existing rotational speed difference
between the clutch body and the switching sleeve the synchro
ring is screwed into the stop.

Inthe second phase, the actual synchronization takes place.
In the process, the switching spline of the switching sleeve is
pressed against the roof chamfers of the synchro ring via its
roof chamfers at a synchronization force. In this manner the
resultant moment of friction accelerates or decelerates the
idler gear. As long as there is a rotational speed difterence, the
moment of friction will always be greater than the moment of
spline so that the synchronization device locks.

In a third phase, the synchro ring is rotated backwards to
unlock the synchronization device.

In a fourth phase, the clutch body is rotated and thus causes
the idler gear to rotate in a way to allow the switching sleeve
to mesh.

Finally, in a fifth phase a form-fitting connection between
the splines is created by completely meshing the switching
spline with the clutch body.

In order to achieve optimum synchronization, a particu-
larly soft initial approximate synchronization at a limited
synchronizing force and at a suitable speed is required to
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avoid too sharp an increase of the moment of friction and to
prevent the synchro ring from hitting hard against the stop.
Otherwise, especially at low rotational speed differences, the
synchronization may result in switching noises that may
influence the power take-off.

In addition, the synchronizing force needs to be chosen to
be sufficiently high to ensure suitably short synchronization
periods depending on the rotational speed difference to be
synchronized. Especially in auto shift gearboxes, a prolonged
synchronization period has a negative effect on the switching
convenience because of the extended interruption of the trac-
tive force. Moreover, an increased energy input may damage
the synchronization device.

Moreover, a sufficiently high synchronizing force is nec-
essary to ensure a quick locking and meshing process. If this
process takes too long, a new rotational speed difference may
occur and may again cause meshing noise.

In order to meet these requirements in auto gearbox sys-
tems, the individual phases of the synchronizing process, in
particular the locking and unlocking of the synchronizing
device, need to be clearly distinguished. In general, due to the
costs involved, gearbox systems operated by electric motors
have dispensed with sensors to determine the initial gear
speed and the shift finger force. Thus it is impossible to
determine by sensors either the beginning of the synchroni-
zation, i.e., the locking, or the end of the synchronization, i.e.,
the unlocking, based on the input gear speed in correlation
with the target input gear speed in the gear to be shifted to
resulting from the vehicle speed and the total gear ratio or
based on the switching force progression.

Thus it has become known in the field of vehicle technol-
ogy to determine these phases based on the change of the
condition of movement of the gearshift actuation in the shift-
ing direction. For this purpose, the shifting sleeve is moved
towards synchronization at a predetermined speed as a func-
tion of the target synchronizing force and a limited approxi-
mate synchronization force. A functional correlation can be
given under the condition that the kinetic energy stored in the
movement in the actuator by the inert mass relating to the shift
finger is completely transmitted as potential energy to the
stiffnesses reduced to the shift finger with the spring rate. If
the shifting sleeve is retarded by a certain amount, a locking
can be detected and the synchronizing force can be applied
statically. In an analogous manner, the unlocking can be
detected by an acceleration of the shifting sleeve by a certain
amount.

The published German Patent Application No 102005 054
623 Al discloses a synchronizing process at a constant syn-
chronizing force that is selected as a function of the gas pedal,
gear and rotational speed difference at the beginning of the
shifting process. In situations of low loads, this synchronizing
force is selected to be very small to keep the noise created at
starting the synchronization unit at a comfortable level. At
higher loads, the synchronizing force is selected to prevent
the synchronizing process in the current situation from
appearing as an uncomfortable jolt and at the same time to
keep the synchronizing period as short as possible.

The start up of the synchronization unit occurs in a speed-
controlled way at a shifting actuator speed that is selected to
cause the applied constant synchronizing force to occur upon
impacting on the synchronization unit. While the rotational
speeds are synchronized, the shifting actuator is operated in a
power-controlled way via the current. The resultant synchro-
nizing force, however, is reduced by the friction of the system.
Thus the actual synchronizing force may be very low, causing
the synchronizing period to be very long.
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If the synchronizing force is too high, undesirable noise at
the beginning of the synchronizing process is the result. If the
synchronizing force is too small, the synchronizing process
takes a very long time.

To make sure that synchronizing takes place at all, an
expected synchronization duration is calculated from the
nominal synchronizing force, the rotational speed difference
to be synchronized, and from gear-dependent parameters.
Once this time has elapsed, the synchronizing force is
increased. However, this is an emergency strategy which
causes the synchronizing force to increase relatively late and
potentially too much.

BRIEF SUMMARY OF THE INVENTION

An object of the invention is to find a way of modifying the
synchronizing force process in way to ensure that very low
synchronizing forces are possible at the beginning of the
synchronizing process, the synchronizing process is com-
pleted in a reliable way and within an acceptable period of
time, and the synchronizing force does not reach uncomfort-
ably high levels.

Atthe same time, the emergency strategy including a prog-
nosis of the synchronization duration and an increase of the
synchronizing force if this period is exceeded is to be main-
tained.

The method of the invention is a way to make the synchro-
nizing process in auto shift gearboxes more robust and to
shorten it while at the same time taking a comfortable noise
level into consideration.

In accordance with the invention, the method provides
controlling a synchronizing device in a shifting process in
auto shift gearboxes in a motor vehicle. A synchronization
duration is determined and, if the target synchronizing force
at the moment of impact on the synchronization unit is lower
than a predetermined threshold F, ,, , the target synchronizing
force is increased from the moment of impact on the synchro-
nization unit on at a defined gradient g until the predetermined
threshold F,,, is reached.

Inthe context, the target synchronizing force at the moment
of' impact on the synchronization unit equals an applied syn-
chronizing force.

The predetermined threshold is provided to be above the
maximum expected friction but below a level that would lead
to losses of comfort due to the synchronizing jolt.

The target synchronizing force is kept constant if, at the
moment of impact on the synchronization unit, the target
synchronizing force is higher than a predetermined threshold.

In this context, the moment of impact on the synchroniza-
tion unit is the moment of impact against each other of two
friction surfaces to be synchronized.

Inaccordance with a preferred embodiment, the moment of
impact on the synchronizationunit is the moment of impact of
the friction surface of the synchro ring onto the friction sur-
face of the shift gear.

A provision is made to initiate emergency measures if the
synchronization is not completed after the synchronization
duration, beginning at the moment of impact on the synchro-
nization unit, has elapsed.

The emergency measures include a further increase of the
target synchronizing force.
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The synchronizing time is calculated as

Arec An (Fitin = Fspne?
= Clane *
8 (Fotin— Freiw) 2+ 8- (Fatin — Frew)

if the applied synchronizing force F,  is smaller than the
defined threshold F,,,, with An the rotational speed differ-
ence to be synchronized, Fg,, . the applied synchronizing
force, Fg,,, the friction force, ¢, a gear-dependent coeffi-
cient and g a time gradient.

The synchronizing time is calculated as

Ar An
e e
G (Fsyne = Frei)

if the applied synchronizing force Fg,,,. is higher than the
predetermined threshold F,, , with An the rotational speed
difference to be synchronized, F,,,. the applied synchroniz-
ing force, and c;,,,, a gear-dependent coefficient.

The invention also refers to a computer program product
with a computer program including software means for
implementing the method indicated above when the com-
puter program is executed on a computer. Such a computer
may be part of the control device.

The invention also proposes a device with a control appa-
ratus for controlling a synchronizing device in a shifting
process in an auto shift gearbox in a motor vehicle. The
control apparatus is provided to determine a synchronizing
time, and if the target synchronizing force at the moment of
impact on the synchronization unit is lower than a predeter-
mined threshold F, ,,, starting at the moment of impact on the
synchronization unit, the target synchronizing force is
increased in accordance with a predetermined gradient g until
the predetermined threshold F, ,, is attained.

In accordance with the methods described above, very low
initial synchronizing forces are possible for the synchroniz-
ing process to advantageously minimize noise during the
start-up of the synchronization.

A dynamic linear increase of the synchronizing force
advantageously results in a reliable synchronizing process of
acceptably short duration.

The dynamic increase is limited to a value that does not
cause a loss of comfort such as a jolt even in case of low-load
shifts.

Since friction is taken into consideration and due to the
linear increase, a more precise prognosis of the synchroniza-
tion duration is possible, thus ensuring that the emergency
strategy works reliably.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages and advantageous embodiments of the
invention will become apparent from the FIGURE listed
below and its description.

FIG. 1 illustrates the synchronization process.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 illustrates the progression of the synchronizing
force F for two initial synchronizing forces F,,., and Fg,, .,
of different height and an expected progression of the rota-
tional speed difference A,,; and A, for the two cases.

The synchronizing process is started at a speed that corre-
sponds to the applied synchronizing force. The synchronizing
force is defined at the drive tuning stage and is thus a prede-
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termined value. Starting from the moment when the impact
on the synchronization unit is detected and force-controlled
synchronization takes place, the target synchronizing force—
beginning at the applied synchronizing force—is increased in
accordance with a predetermined gradient until it reaches a
value that is clearly above the maximum expected friction
force but is not expected to incur any loss of comfort due to a
synchronizing jolt. This value is likewise determined at the
drive tuning stage or may be known in advance.

Signals of the electric motor that drives the shift finger are
available to the method. These signals include voltage signals
and relative position signals. Upon impact on the synchroni-
zation unit, i.e., when two friction surfaces intended for syn-
chronization, for example the friction surface of the synchro
ring and the friction surface of the shift gear, get into contact,
the resultis a considerable resistance increase. The start of the
synchronization is the phase in which the shift actuator is
moved in a speed-controlled way to generate a predetermined
applied force when the friction surfaces meet and the resis-
tance occurs. This phase starts when the actuator is in a
position in which this resistance is not yet expected.

As this method does no longer involve a constant synchro-
nizing force, the prognosis model for the synchronization
duration needs to be broadened to suitably encompass this
fact to ensure that the emergency strategy works expediently.
In addition, it is useful to take the typical friction into con-
sideration, which has not been included in the model so far.

The conventional model for prognosticating the synchro-
nization duration assumes that the synchronization duration
At[s] is proportional to the rotational speed difference
An[rpm] to be synchronized and the inverse of the applied
synchronizing force F,, [n], with a gear-dependent coeffi-
cient

CGang[H:_;—.mN:I:

An

Al = Ciang - 7
Syme

If one considers the friction force Fy_,,[N] and a linear
increase of the synchronizing force up to the value F,,, [N]
with the time gradient

a complete analytical solution is possible. However, such a
solution includes a root function, which has relatively high
computing requirements in a control apparatus. If one
assumes that the linear increase of the synchronizing force
during the synchronizing process has reached the value F, ,,
and the synchronizing force Fg,,,. exceeds the friction force
Fx.:», the calculation becomes much simpler. If the applied
synchronizing force Fg,,_is already higher than F, ,, and one
considers the friction force Fy,,,, the equation, in a manner
analogous to the equation above, is
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Ar An
e e
G (Fsyne = Frei)

If the applied synchronizing force F
the result is

syne 18 less than F

Aree An (Fuin — FSync)2
= Clane *
8 (Fotin— Freiw) 2+ 8- (Fatin — Frew)

In the case of very small rotational speed differences and
very small synchronizing forces, the assumption that the syn-
chronizing force will have reached the force F, ,,, at the end of
the synchronization is not true. In this case, the synchroniza-
tion duration calculated according to the equation given
above will be slightly too long. However, this deviation is not
critical for the purpose of the emergency strategy.

The disclosed method combines the opposing require-
ments of using low synchronizing forces at the start of the
synchronization and high synchronizing forces to ensure reli-
able synchronization. At the same time, there is no loss of
predictability compared to conventional methods of the prior
art using constant synchronizing forces. In addition, a prog-
nosis of the synchronization duration was improved, in par-
ticular for low synchronizing forces, because friction is fac-
tored in and the synchronizing force increases dynamically.

What is claimed is:

1. A method of controlling a synchronizing device during a
shifting operation in an auto shift gearbox in a motor vehicle,
wherein:

a synchronization duration is determined using a formula
including a friction force and, if the target synchronizing
force is below a predetermined threshold (F,, ) at the
moment of impact on the synchronization unit, the target
synchronizing force is increased from the moment of
impact on the synchronization unit in accordance with a
predetermined gradient (g) until the predetermined
threshold (F,,,) is reached;

at the moment of impact on the synchronization unit, the
target synchronizing force equals an applied synchro-
nizing force (F,,,,); and,

at the moment of impact, the applied synchronizing force
(Fyynen1) 18 greater than zero.

2. The method as set forth in claim 1, wherein the prede-
termined threshold exceeds the maximum expected friction
force but is below a value for which losses of comfort due to
a synchronizing jolt are expected.

3. The method as set forth in claim 1, wherein the target
synchronizing force is kept constant if at the moment of
impact on the synchronization unit the target synchronizing
force is higher than a predetermined threshold.

4. The method as set forth in claim 1, wherein the moment
ofimpact on the synchronization unit is the moment of impact
of'two friction surfaces to be synchronized upon each other.

5. The method as set forth in claim 1, wherein the moment
ofimpact on the synchronization unit is the moment of impact
of the friction surface of the synchro ring on the friction
surface of the shift gear.

6. The method as set forth in claim 1, wherein emergency
measures are initiated when the synchronization is not com-
pleted after the synchronization duration starting at the
moment of impact on the synchronization unit has elapsed.
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7. The method as set forth in claim 6, wherein the emer-
gency measures include a further increase of the target syn-
chronization force.

8. The method as set forth in claim 1, wherein the synchro-
nization duration is calculated in accordance with the equa-
tion

Are o An (Fitin = Fspne?
= Clane *
8 (Fain — Frew)  2+8 (Fagin — Freiv)

if the applied synchronizing force (F,,,.) is below the prede-
termined threshold (F,,,), with An the rotational speed dif-
ference to be synchronized, Fy,,, . the applied synchronizing
force, C a gear-dependent coefficient, and g a time gra-
dient.

9. The method as set forth in claim 1, wherein the synchro-
nization duration is calculated in accordance with the equa-
tion

Gang

A An
I = cq, ———
“& (Fsync — Frein)

if the applied synchronizing force is higher than the predeter-
mined threshold (F, ), with An the rotational speed differ-
ence to be synchronized, F,,,. the applied synchronizing
force, and C,,,,, a gear-dependent coefficient.

10. The method as set forth in claim 3, wherein the syn-
chronization duration is calculated in accordance with the
equation
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e e
G (Fsyne = Frei)

if the applied synchronizing force is higher than the predeter-
mined threshold (F, ), with An the rotational speed differ-
ence to be synchronized, F ,  the applied synchronizing
force, and C ,,,, a gear-dependent coefficient.

11. The method as set forth in claim 4, wherein the moment
ofimpact on the synchronization unit is the moment of impact
of the friction surface of the synchro ring on the friction
surface of the shift gear.

12. A device including a control apparatus for controlling a
synchronizing device during a shifting operation in an auto
shift gearbox in a motor vehicle, wherein:

the control apparatus is provided to determine a synchro-

nization duration using a formula including a friction
force and to ensure that, if at the moment of impact on
the synchronization unit, the target synchronizing force
is below a predetermined threshold (F, ), beginning at
the moment of impact on the synchronization unit, the
target synchronizing force is increased in accordance
with a predetermined gradient (g) until the predeter-
mined threshold (F,,) is reached;

at the moment of impact on the synchronization unit, the

target synchronizing force equals an applied synchro-
nizing force (F,,,,); and,

at the moment of impact, the applied synchronizing force

(Fyyen1) 18 greater than zero.

#* #* #* #* #*



