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(57) ABSTRACT

A device (4) for actuating a component mounted to rotate on
a shaft (3), preferably a gearwheel (3A to 3D) made as a
loose wheel of a transmission device (1). The component
can be shifted by an engaging device (4A, 4B) that includes
at least one electric actuator (5, 17) to an engaged condition
in which the component 1s connected 1n a rotationally fixed

manner to the shaft (3), and such that the component can be
acted upon with the actuation force needed for its engage-
ment or disengagement from inside the shait (3) outwardly.

The electric actuator (5, 17) 1s at least partially arranged
inside the shatt (3).

28 Claims, 2 Drawing Sheets




US RE46,242 E

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
2003/0200829 Al  10/2003 Vukovich et al.
2010/0071497 Al1* 3/2010 Reisch et al. .............. 74/473.12

FOREIGN PATENT DOCUMENTS

DE 19921064 A1  11/2000
DE 10206584 Al 9/2003
DE 10302502 Al 9/2004
EP 0391604 A2 10/1990
EP 1357317 A2 10/2003
WO 2005/036007 Al 4/2005
WO 2007/099034 Al 9/2007

* cited by examiner



US RE46,242 LK

Sheet 1 of 2

Dec. 20, 2016

U.S. Patent

¢e

e L - L1 g0l
- S Vil — - ¢
a8l /o T AR S =
- ==={ 0% i | €8 /v
TN iog—r 1
e e = - o o § SR 15 A VSR SPEp e —
m_.__,w ) J
:I.wrkmd\ ............................... MI..
/
4




US RE46,242 LK

Sheet 2 of 2

Dec. 20, 2016

U.S. Patent

TR L[
r
r
_.]-...1:._- M_.IH aﬁ“m Mvv \_- r ._..W\ )
2'g - ; / e
' z. % A S ; ", N ¢
“ o RByL ¥y v % ¥BETTTT
,./. P2 > F ’ T o R oy P
N £ 11 ._.\. ’) : ﬂ.ﬂ..wu A% Y I N Y A
L A S R datat? ; sAA%e % 0y b
mw.. samen v, A 4 ;o i ! . _.ﬂ_ porn y ,w\.‘...ﬁ.. e
Led ‘B | % S ) 11@(.“\ : AR < % : : £ o mﬁ 4 T
F : “ N * J-.l.r-..._.-.i.”....}wﬂ-ﬁl.l-..u..u.l_ .____. Illjtwiilﬂ ."_ 2 .."_"_q.i.ru ._.__ A .._n_.___ -\_._.__.__..._ ._h_._.
ﬁ. m s m m ..__ﬂ .W-F.. .I)M £ n._ xS ’ % : 4 \ 4 t._{!._.!w : ¢ 7 ' :
,.,.. v h ' o .. h.w....uu Ml.it,m [ - 4 -...I.:h_.m M .“.. ._W .T._._. z
’ “ i . 4 L L) .mﬁ .-_..“._l_l_ k o - 1 . .___— . .l.l-r\\
\ A 1 s Ay PR
. . 4 Y " "
i~ _.. .‘m.. H.— I m- | “_ ulm..rl.-____-i.u.flnllll-..u.-.-.l

A Sl
oY
b kS
h"‘lt‘*-"-
- -
- "l'“ *‘.;
1 - ﬂq:.h
L
-

£

e
LED

'y
ﬁ?"--'
X :I.LE::: -

¥

e, I
a

o,

byt

» .
~
Y “l\tr'-u-u-‘-.mn.t ™ e l-h'-'lq_'q‘-"--‘}\‘.-q wanan
]

“
:I""I"'I"\"‘I"’I"‘E‘l:-'l""l“l"l e e T E TS L -
k1
S T - Ko,
Lﬂh H\{ ¥

. ’
97 S e ¢ :
o o ’ , e
m ’ y : ._._r._ll.lb.u."nm } e e | ..“M .n “ t

) - . i 4 ) -

Fa e B T i - .
e S v ' M d “ ¢ . ey

4 w et YR reesooos i 57 7 RS 1 :
i 7 “__. “ -\\ H o B .._.. -L_ k. )

: I o ¥

7 S § %

Ml WE. e LR TR L P )
£ _—
A ‘"“*‘-m,._.,.,r.,.i.;.u"‘t"“h g:; )
b LN
e
T‘I"‘l
b Ak’
iﬂ.
g

-
; ¥ T
R u. | frmd e,
ki J.“_ ! vﬁ u1 g ke A et lvm _.u..__
2 ¢ m ; w 4 w.-.nn!........_...r_....... -4 ..un .
: ; ¥if 43 / oo
¢ 7 g $ Y
'z ; m.}. ‘ ) .W..
- Fd
“ -y W- .p ' “1
;1.. .
4 w ;



US RE46,242 E

1

DEVICE FOR ACTUATING A GEARWHELEL,
WHICH IS DESIGNED AS A LOOSE WHEEL,
OF A TRANSMISSION DEVICE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This application 1s a National Stage completion of PCT/
EP20077/060456 filed Oct. 2, 20077, which claims priority

from German patent application serial no. 10 2006 049
2'74.9 filed Oct. 19, 2006.

FIELD OF INVENTION

The mvention concerns a device for actuating a gearwheel
designed as a loose wheel of a transmission device.

BACKGROUND OF THE INVENTION

In step-down ftransmissions known from practice, to
engage or disengage gearwheels designed as loose wheels,
as a rule shift elements such as synchronizers, claw or

frictional elements are actuated by means of shift forks or
shift rockers which, 1n relation to the shaft carrying the loose

wheel or a plurality of loose wheels, act upon the shiit
clements from the outside. In such a case a minimum
distance between two loose wheels arranged next to one
another, which can be actuated by a common shiit element,
1s determined among other things by the width of a shait
sleeve and 1n addition by the shift path that the shift sleeve
has to cover in order to engage the two loose wheels.

Disadvantageously, step-down transmissions 1 which
shift elements are actuated from outside take up a lot of
space 1n the radial direction, such space being of only
limited availability especially 1n automobiles.

To reduce the radial space taken up by a transmission, a
change has been made toward actuating shift elements of
transmission devices such as double-clutch transmissions,
automated variable-speed transmissions or planetary trans-

missions, from the iside of a shaft carrying loose wheels
extend outward, so that from DE 102 06 584 Al, DE 43 25

964 Al and DE 103 02 502 Al various systems are known
for actuating shift elements extending outward from a shatt
by means of a hydraulic, pneumatic, mechanical and/or
clectromechanical control system.

In mechanical or electromechanical actuating systems
known from the prior art for a shift element provided for
engaging or disengaging a gearwheel designed as a loose
wheel, 1t 1s provided for example that the shift element 1s
actuated by a rod passing through the shaft. On the circum-
terential side of the shait or the gearset comprising the loose
wheel a suitable shift system for producing an H-shift
pattern or for electrical actuation 1s required, but this
increases the manufacturing costs and the weight of a
transmission device to an undesired extent. Furthermore, the
shift system arranged 1n the circumierential area of a shaft
takes up a lot of structural space in the radial direction and
also causes friction losses.

SUMMARY OF THE

INVENTION

Accordingly, the purpose of the present mvention is to
provide a device for actuating a component mounted to
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2

rotate on a shaft, preferably a gearwheel designed to be a
loose wheel of a transmission device, which can be produced
simply and inexpensively, takes up little structural space and
has low component weight, and whose use enables a trans-
mission to be operated with good efliciency.

In the device according to the imnvention for actuating a
component mounted to rotate on a shaft, preferably a gear-
wheel of a transmission device, made as a loose wheel, this
component being able to be manipulated, by at least one
engaging device that comprises an electric actuator, to an
engaged condition in which the first gearwheel 1s connected
in rotationally fixed manner to the shaft, such that the first
gearwheel can be acted upon with the actuation force
required for its engagement or disengagement from inside
the shaft outward, the at least one electric actuator 1s
arranged at least partially inside the first shaft.

In this way, structural space available in conventional
transmission devices inside shafts that carry loose gear-
wheels, which shaits are often made centrally hollow 1n
order to save weight, 1s 1n a simple manner utilized by
arranging in this area at least one electric actuator provided
for the actuation of a gearwheel made as a loose wheel, so
that the structural space required for the transmission device
1s reduced 1n the radial and/or the axial direction 1n a simple
manner.

The use of the electric actuator and the arrangement of the
actuator on the inside of the shaft carrying the loose wheel
to be actuated makes 1t possible 1n a simple manner to do
without any external shifting means known from the prior
art, and thus to save structural space in the circumierential
area ol the shaft. Furthermore, thanks to the structurally
more simple design of the engaging device compared with
conventional transmission devices, the overall weight of the
transmission device 1s also reduced. In addition, compared
with shift systems known from the prior art frictional losses
during the actuation of a loose wheel are reduced, due to the
smaller diameter range within which an actuation or a
transmission of the loose wheel actuating force required for
engagement or disengagement of the wheel takes place.

In an advantageous further development of the device
according to the invention, the electric actuator 1s connected
in a rotationally fixed manner to a housing of the transmis-
sion device, whereby energy exchange and data transfer
between the electric actuator and components of a transmis-
sion device or of another system comprising the device
according to the invention, which are fixed on the housing
and which co-operate with the actuator, such as a wedge
brake system, can be eflected in a simple manner.

Alternatively, 1n a further advantageous embodiment of
the device according to the invention 1t 1s provided that the
clectric actuator 1s connected 1n a rotationally fixed manner
to the shaft carrying the rotating component, and therefore
rotates at the speed of the shaft during operation. This oflers
the advantage that the electric actuator can be inserted into
the shaft before the shaft 1s fitted into a housing, forming a
pre-assembled module with the shait which, during final
assembly of a transmission device or other system, can be
fitted into a housing 1n a single assembly step. In addition,
with this design the correct operation of the device can be
tested using appropriate testing means outside the housing of
the transmission device or other system.

Another advantageous embodiment of the device for
actuating a component mounted to rotate on a shait, pret-
erably a gearwheel made as a loose wheel, 1s characterized
by a drive converter device of the engagement device
arranged between the actuator and the component, by means
of which a rotary drive of the actuator can be converted into
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a translational drive movement 1nside the shait in a manner
advantageous 1n terms of structural space.

In a further development of the above embodiment of the
device according to the invention, the drive converter device
1s made as a spindle-nut arrangement with or without
self-locking, by which the rotary drive of the actuator can be
converted by simply designed means and 1n an mexpensive
manner into a translational drive movement for producing
the actuation force needed to engage or disengage the
component.

To keep the drive power of the electric motor and hence
its space requirement as small as possible, an advantageous
embodiment of the device according to the invention 1is
made with a transmission, preferably a planetary transmis-
sion 22 (FIG. 1), between the actuator and the drive con-
verter device, by means of which the drive power of the
electric actuator can be transformed to a value necessary for
actuating the component.

In a further advantageous embodiment of the device
according to the mvention, the electric actuator 1s made as
an electric motor by means of which, preferably, an existing
shift status of the component can be maintained, so that there
1s no need for additional structural elements to maintain the
shift status of the component.

Alternatively, 1n a further advantageous design of the
device according to the invention 1t 1s provided that an
clectrically controlled brake is associated with the actuator
to maintain the shift status of the component, this brake
preventing any change of the component’s shift status when
it 1s not energized.

Depending on the design of the component to be actuated
by the actuator, the actuator can be controlled and/or regu-
lated as a function of an existing shiit status of the compo-
nent and/or of a currently necessary drive power. For
example, 1I dnving the actuator actuates a shift claw that
engages a loose wheel of a transmission device, then the
actuator’s operation 1s controlled and/or regulated depend-
ing on the current position of the shift claw. If a frictional
disk-type shiit element of a transmission 1s controlled by the
actuator, then the drnive power of the actuator 1s adjusted
under control and/or regulation since the torque that can be
transmitted by a disk-type shift element depends on the
actuating force applied to 1ts frictional elements.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages and advantageous further developments
of the invention emerge from the claims and the example
embodiments described 1n principle with reference to the
drawing. For the sake of clarity, in the description of the
various example embodiments components having the same
structure and function are indexed in the same way. The
drawings show:

FIG. 1: A schematic partial longitudinal section view of a
first example embodiment of a device according to the
invention, arranged 1n a step-down transmission; and

FI1G. 2: Representation corresponding to that of FIG. 1, of
a second example embodiment of the device according to
the mvention, used for engaging and disengaging loose
wheels of a step-down transmission.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

FIG. 1 shows part of a transmission device 1 made as a
step-down transmission, seen 1n a longitudinal section view,
which comprises a main transmaission shaft 2 and arranged
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4

parallel to 1t, a countershait 3. On the main transmission
shaft 2 are arranged a plurality of gearwheels 2A to 2D made
as fixed wheels, which mesh with a plurality of gearwheels
3 A to 3D mounted to rotate on the countershaft and made as
loose wheels. The loose wheels 3A and 3B can be engaged
by means of a first engaging device 4A of a device 4 for
actuating the gearwheels 3A to 3D, whereas the loose wheels
3C and 3D can be engaged and thus connected 1n a rota-
tionally fixed manner to the countershait 3 by means of a
second engaging device 4B of the device 4.

The engaging devices 4A and 4B of the device 4 have
basically the same structure, so 1n the description of FIG. 1

below, essentially only the engaging device 4A will be
described.

The engaging device 4A 1s made with an electric actuator
5 1n this case consisting of an electric motor and, associated
with the electric actuator 5, a control and power electronic
unit 6, both of which are connected 1n a rotationally fixed
manner to a housing component 7 of the housing of the
transmission device 1. A motor output shaft (not shown) of
the electric actuator 3 1s connected 1n a rotationally fixed
manner to a spindle 8A of a spindle-nut arrangement 8, so
that when the actuator drives the spindle 8A 1t rotates and a
nut 8B engaged with the spindle, which 1s prevented from
rotating by anti-rotation means (also not shown), 1s moved
in the axial direction of the countershaft 3 away from the
clectric actuator 5 or toward it.

In this case the nut 8B 1s actively connected to two pins
9A and 9B that pass through the countershait 3 in such
manner that the pins 9A and 9B are pushed by the nut 8B in
the axial direction of the countershatt 3 along slots 10A, 10B
of the countershait 3. During operation of the countershatt
3 the pins 9A and 9B rotate at the speed of the countershatt
3 about the rotation axis of the countershaft 3, whereas the
nut 8B cannot rotate. This means that 1n the area between the
pins 9A and 9B and the nut 8B for actuating the loose wheels
3A and 3B, speed decoupling means are provided.

To be able to couple the loose wheel 3 A or the loose wheel
3B 1n a rotationally fixed manner to the countershait 3 and
so change 1t from a disengaged to an engaged condition, the
pins 9A and 9B are connected at their end remote from the
nut 8B to a sleeve element 11 that surrounds the countershaft
3 and which 1s connected 1n a rotationally fixed manner to
the countershaft 3 by a form-locking connection but which
can move along the countershait 3 1n the axial direction of
the countershaft 3. Furthermore, 1in the area of 1ts circum-
ferential surface facing away from the countershait 3 the
sleeve element 11 1s has a toothed profile 11A which,
depending on its axial position, engages with a toothed
profile 12 connected fixed to the loose wheel 3A, or with a
toothed profile 13 connected fixed to the loose wheel 3B, or
1s 1n a neutral, intermediate position between the two toothed
profiles 12 and 13 and engages with neither of them, so that
neither the loose wheel 3A nor the loose wheel 3B 1s
connected 1n a rotationally fixed manner to the countershaft
3. The spindle-nut arrangement 8 and the spindle-nut
arrangement 14 1n each case constitute a drive conversion
device by means of which rotary drive of an electric actuator
can be converted to translational drive movement for engag-
ing or disengaging the loose wheels 3A to 3D.

To avoid spontaneous engagement or disengagement of
one of the loose wheels 3A to 3D, 1n this case the spindle-nut
arrangements 8 and 14 are of self-locking design so that
without being driven by the actuator the nut 8B of the
spindle-nut arrangement 8 or the nut 14B of the spindle-nut
arrangement 14 will hold their position.
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Alternatively to the above, in other embodiments (not
shown 1n the drawing) of the device for actuating a com-
ponent mounted to rotate on a shalt or a gearwheel of a
transmission device, made as a loose wheel, 1t 1s provided
that a shift status of the component can be maintained by
appropriate control of the electric actuator of the engaging
device by means of a retamning torque produced by the
actuator.

In addition or alternatively, it can also be provided that to
maintain the shift status of the component, for example a
loose wheel, an electrically controlled brake is associated
with the actuator, which prevents a change of the compo-
nent’s shift status when it 1s not energized. When the electric
actuator 1s made as an electric motor the brake 24 1is
connected to the motor output shaftt, so that rotary movement
ol a spindle of a spindle-nut arrangement 1s prevented when
the electric motor 1s not energized.

Inside the countershatit 3, besides the electric actuator 5
and 1ts associated control and power electronic unit 6 an
energy accumulator [7] 74 for the storage of electrical
energy 1s also provided, which in the present case 1s 1n the
form of a capacitor by means of which a voltage supplied to
the electric actuator 1s smoothed. In addition or alternatively,
the energy accumulator [7] 74 preferably in the form of a
capacitor can also be used for the iterim storage of elec-
trical energy needed for operating the electric actuator 5.

Moreover, the structural umt constituting a module and
containing the energy accumulator [7] 74, the control and
power electronic unit 6 and the electric actuator 5, 1s also
provided with oil ducts [20] through which, inside the
countershaft 3, hydraulic fluid for lubrication, cooling or
actuating various components of the transmission device 1 1s
passed to the components concerned.

In a further development of the step-down transmaission 1
illustrated 1n FIG. 1 the device 4 for actuating the loose
wheels 3A to 3D which comprises the engaging devices 4A
and 4B, 1s formed 1n the area between the electric actuator
5 and the spindle-nut arrangement 8 and an electric actuator
17 and the spindle-nut arrangement 14, 1n a manner not
illustrated, 1n each case with a transmission device 1n order
to be able to transform the drive power of the electric
actuator 5 by the necessary amount and to be able to drive
the spindle 8A and a spindle 14A, respectively, with the
torque required for the axial displacement of the spindle nuts
8B and 14B.

FIG. 2 shows a second example embodiment of a trans-
mission device 1, which 1s different essentially only 1n the
design of the device 4 for actuating the gearwheels 3A to 3D,
so that in the description below essentially only the differ-
ences will be described. In the embodiment of the transmis-
sion device 1 shown 1n FIG. 2 the electric actuators 5 of the
device 4 for actuating the loose wheels 3A to 3D are
connected 1 a fixed manner to the countershaft 3 and
therefore, during the operation of the transmission device 1,
they rotate at the speed of the countershait 3. Accordingly,
no longer 1s any mechanical speed decoupling needed 1n the
arca between the spindle nuts 8B and 14B and the bolts 9A,
9B and 16A, 16B.

Energy and/or control signal transmission between com-
ponents [26] provided outside the countershaft 3 and fixed
on the housing and the actuators 5 and 17 connected 1n a
rotationally fixed manner to the countershaift 3, 1s 1n this case
carried out by a rotary transmitter 15 that works on the
induction principle. By means of the inductive rotary trans-
mitter 15 both the drnive energy needed for driving the
clectric actuators 5 and 17, and also the necessary two-
directional control signals [28], i.e. nominal and actual
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values, are exchanged with no contact. Alternatively to the
inductive transmission of the energy and the control signals,
these can also be transierred by an appropnate sliding
contact system 30.

Both of the engaging devices 4A and 4B are parts of a
module which can be inserted 1n 1ts entirety into the inside
of the countershaft 3 during assembly. For this, during
assembly a rotation of the module, preferably by [900] 90
degrees 1o 1ts axial end position 1s provided for, in order to
form a connection between the spindle nuts 8B and 14B and
the pins 9A, 9B and 16 A, 16B respectively. Then the module
1s connected 1n a rotationally fixed manner to the counter-
shaft 3 by suitable means such as a clip connection, a screw
connection, a pin connection, a bonding connection or by
wedging.

In a further advantageous design of the device according,
to the mvention the device 1s made with only one electric
actuator for applying the actuation force for the engagement
or disengagement of a component or gearwheel, this being
a so-termed dedicated selection actuator. By means of the
selection actuator a choice can be made between the various
components or gearwheels to be actuated, so that by means
of the selection actuator a selected gearwheel or component,
or the shift element associated with 1t, 1s acted upon by the
actuation energy produced by the electric actuator.

The selection actuator 1s 1n this case preferably made as
a shift magnet, which produces the connection between the
clectric actuator of the device and the component or gear-
wheel to be actuated by the device that 1s necessary for the
component or gearwheel, or the shift element associated
with 1t, to be actuated.

In general the device described above 1s also suitable for
other self-reinforcing systems such as wedge brakes or
wedge clutches, so that the system provided for actuating the
clements can simply be made as a module and fitted 1n an
appropriate position.

INDEXES

1 Transmission device

2 Main transmission shaft
2A to 2D Gearwheels

3 Countershaftt

3A to 3D Gearwheels
4 Device

4A, 4B Engaging devices

5 Electric actuator

6 Control and power electronic unit
7 Housing component

7A Energy accumulator

8 Spindle-nut arrangement
8A Spindle

8B Nut

9A, B Pins

10A, B Slot

11 Sleeve element
11A Toothed profile
12 Toothed profile
13 Toothed profile
14 Spindle-nut arrangement
14A Spindle

14B Nut

15 Rotary transmitter

16A, B Pins

17 Actuator
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The 1nvention claimed 1s:

1. A device (4) for actuating a component mounted to
rotate on a shatt (3), the device comprising:

an engaging device (4A, 4B) that 1s axially movable along,

the shaft (3) within a slot (10B) 1n the shaft (3) by at
least one electric actuator (5, 17) between at least first
and second axial positions;
the component has a profile and 1s spaced from the shaft
(3):

the engaging device (4A, 4B) comprises a profile and
extends radially through the slot (10B) 1n the shait (3)
and, 1n the first axial position, the profile of the engag-
ing device (4A, 4B) 1s located within the component,
and the profile of the engaging device (4A, 4B) engages
the profile of the component such that the component 1s
rotationally fixed to the shatt (3);

in the second axial position of the [electric actuator (5,
17)] engaging device (44, 4B), the profile of the
engaging device (4A, 4B) 1s disengaged ifrom the
profile of the component;

the at least one electric actuator (3, 17) 1s arranged at least

partially iside and coaxially with the shaft (3); and
a first end of the shaft (3) being supported by a first
bearing and a second end of the shaft (3) being
supported by a second bearing which facilitate votation
of the shaft (3);

wherein the electric actuator (5, 17) is [nonrotatably]
connected to a housing [component] (7) and the shaft
(3) is rotationally supported by the housing [compo-
nent] (7) such that the shaft (3) rotates with respect to
[the electric actuator (5, 17) and] the housing [compo-
nent] (7).

2. The device according to claim 1, wherein the engaging
device (4A, 4B) comprises a drive converter device (8, 14)
and 1s located between the actuator (5, 17) and the compo-
nent, the drive converter device (8, 14) converts rotary drive
from the actuator (5, 17) to translational drive movement.

3. The device according to claim 2, wherein the drive
converter device (8, 14) 1s a spindle-nut arrangement with or
without self-locking.

4. The device according to claim 2, wherein a transmis-
s10on 1s arranged 1n a direction of drive power tlow between
the actuator and the drive converter device.

5. The device according to claim 1, wherein the electric
actuator (35, 17) 1s an electric motor by which an existing
shift status of the component can be maintained.

6. The device according to claim 1, wherein the actuator
(5, 17) applies a detent torque to maintain a shiit status of the
component.

7. The device according to claim 1, wherein the actuator
(5, 17) 1s at least controlled and regulated as a function of at
least one of an existing shift status of the engaging device
(4A, 4B), associated with the component, and an actual drive
power.

8. The device according to claim 1, wherein a plurality of
actuators (5, 17) are combined 1n a module.

9. The device according to claim 1, wherein at least one
ol an electronic power unit and a control unit (6), associated
with the electric actuator (5,17), 1s arranged at least partially
inside the shatt (3).

10. The device according to claim 1, wherein at least one
of an electronic power unit and a control unit (6) 1s com-
bined with the electric actuator (5, 17) to form a common
module.

11. The device according to claim 1, wherein an electric
energy storage (7A) associated with the actuator (5) 1is
arranged at least partially inside the shait (3), the electric
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energy storage (7A) stores electric energy and supplies the
actuator (3) with the electric energy.

12. The device according to claim 1, wherein a portion of
the actuator 1s arranged 1nside the shaft and comprises an o1l
duct for the passage of hydraulic fluid.

13. The device according to claim 1, wherein the com-
ponent mounted to rotate on a shatt (3) 1s a loose gearwheel
(3A to 3D) of the transmission device (1).

14. A device (4) for actuating a component mounted to
rotate on a shait (3), the device comprising:

an engaging device (4A, 4B) that 1s axially movable along

the shaft (3) within a slot (10B) 1n the shaft (3), by at

least one electric actuator (5, 17), between at least first
and second axial positions;
the component has a profile and 1s spaced from the shaft
(3);
the engaging device (4A, 4B) comprises a profile and
extends radially through the slot (10B) 1n the shait (3)
and, 1n the first axial position, the profile of the engag-
ing device (4A, 4B) 1s located within the component,
and the profile of the engaging device (4A, 4B) engages
the profile of the component such that the component 1s
rotationally fixed to the shatt (3);
in the second axial position of the [electric actuator (5,
17)] engaging device (44, 4B), the profile of the
engaging device (4A, 4B) 1s disengaged from the
profile of the component; and
the at least one electric actuator (5, 17) 1s arranged at least
partially iside and coaxially with the shaft (3);
wherein an electrically controlled brake communicates
with the actuator to maintain a shift status of the
component by preventing a change of the shift status of
the component when the actuator 1s not energized.
15. A device (4) for engaging a gear wheel (3A, 3B, 3C,
3D) to a hollow transmission shaft (3) such that the gear
wheel and the hollow shait are nonrotatable with respect to
cach other, and the gear wheel (3A, 3B, 3C, 3D), mn a
disengaged state, being freely rotationally supported by the
hollow shait (3), the device comprising:
an electric actuator (3, 17) 1s coaxially aligned with the
hollow shaft (3) and located within an interior of the
hollow shatt (3), the electric actuator (5, 17) rotation-
ally actuates a spindle (8A) which engages a nut (8B),
the nut (8B) 1s axially slidable and rotationally fixed
with respect to the shaft [such that] ard the nut (8B) is
axially biased within the interior of the hollow shaift (3)
by rotation of the spindle (8A);
a first end of pins (9A, 9B) are [immovably fixed]

connected to the nut (8B) and radially extend through
slots (10A, 10B) 1n the hollow shaft (3);

a second opposite end of the pins is [statically] connected
to a sleeve (11), the sleeve (11) 1s rotationally fixed to
the hollow shait (3) and axially shidable thereon, the
first end of the pins (9A, 9B) are [fixed] cornnected to
the nut (8B) within the interior of the hollow shaft (3),
such that as the nut (8B) 1s axially driven within the
hollow shait by rotation of the spindle (8A); and

the sleeve (11) 1s axially slidable along the hollow shatt
(3) into a first position such that the sleeve (11), in the
first position, is at least partially arranged radially
between the gear wheel (3A, 3B, 3C, 3D) and the
hollow shaft (3) [such that in a first position,], ard a
[radially exterior] radial profile of the sleeve (11)
engages a [radially interior] radial profile of the gear

wheel (3A, 3B, 3C, 3D).
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16. A transmission device (1) for actuating a loose wheel
component mounted on a shaft (3) for votation with the shaft
with respect to a housing, the transmission device (1)
COmprising:

a pre-assembled module being insertable into the shaft
during assembly, the pre-assembled module comprising
an engaging device (44, 4B), at least one electric
actuator (35, 17), and at least one control and power
electronic unit (6) associated with the at least one
electric actuator (5, 17);

a pin of the engaging device (44, 4B) being axially
movable, by the at least one electric actuator (5, 17),
along and within a slot in the shaft between at least first
and second axial positions for shifting the loose wheel
component via actuation of the engaging device (4A4,

4B);
in the first axial position, the pin of the engaging device
(44, 4B), being located relative to the loose wheel
component so that a profile of the engaging device (44,
4B) engages with a profile of the loose wheel compo-
nent and rotationally fixes the loose wheel component
to the shaft (3);
in the second axial position, the profile of the engaging
device being disengaged from the profile of the loose
wheel component so that the loose wheel component is
rotatable velative to the shaft (3);
the shaft (3) being rotationally supported by spaced apart
first and second bearings which facilitates rotation of
the shaft (3) with rvespect to the housing (7); and
at least a portion of an energy and control signal trans-
mission device (13) being supported by the housing.
17. The device according to claim 16, wherein a portion
of the shaft (3) is located between the energy and control
signal transmission device (15) and the second bearing.
18. The device according to claim 17, wherein the energy
and control signal transmission device is an inductive votary
transmitter (15) by which both drive energy, regquived for
driving the engaging device (4), and two-divectional control
signals (28) are exchanged without contact via an inductive
transfer.
19. The device according to claim 16, wherein the engag-
ing device (44, 4B) has a drive converter device (8, 14)
which couples the at least one electric actuator (5, 17) to the
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loose wheel component by which rotary drive of the at least
one electric actuator (5, 17) is converted into translational
drive movement.

20. The device according to claim 18, wherein the drive
converter device (8, 14) is a spindle-nut arrangement with
or without self-locking.

21. The device accorvding to claim 16, wherein the at least
one electric actuator (5, 17) applies a retaining torque for
maintaining a shift status of the loose wheel component.

22. The device according to claim 16, wherein the at least
one electric actuator (5, 17) is at least controlled and
regulated as a function of at least one of an existing shift
status of the engaging device (44, 4B), associated with the
loose wheel component, and an actual drive power.

23. The device according to claim 16, wherein a plurality
of actuators (5, 17) are contained within the preassembled
module.

24. The device according to claim 16, wherein the pre-
assembled module, which comprises the engaging device
(44, 4B), the at least one electric actuator (5, 17) and the at
least one control and power electronic unit (6), is connected
in a rotational manner velative to the housing of the trans-
mission device (1) such that the pre-assembled module

rotates with vespect to the housing.

25. The device according to claim 16, wherein a drive
converter device (8, 14) and the at least one control and

power electronic unit (6) are combined with the at least one

electric actuator (5, 17) to form the pre-assembled module.

26. The device accovding to claim 16, wherein the pre-
assembled module further comprises an electric energy
accumulator (74), associated with the at least one electric
actuator (), so as to be arranged at least partially inside the
shaft (3).

27. The device according to claim 16, wherein at least one
energy and control signal is transferrved between at least one
exterior component and the energy and control signal trans-
mission device (13); and

the at least one exterior component is connected to the

housing.

28. The device according to claim 16, whervein a portion
of the at least one electric actuator, that is arranged inside
the shaft, is provided with an oil duct for passage of

hvdraulic fluid.
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