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(54) ELECTRIC BUCKLE FOR A SAFETY BELT DEVICE OF A VEHICLE

(57) The invention relates to an electric buckle (16)
comprising a frame (14) with an insertion slit (22) for in-
serting a tongue (15) of a safety belt device, and a locking
element (6), which is moveable from a locking position,
in which the tongue (15) is locked, to a releasing position,
in which the tongue (15) is released, and vice versa,
wherein the locking element (6) engages in the locking
position into a recess of the frame (14) and a recess (24)
of a locking section (23) of the tongue (15), wherein an
electric actuator (1) is provided, which initiates the move-
ment of the locking element (6) when activated. The lock-
ing element (6) is designed to be ring-shaped with a cen-
tral opening (26) through which the tongue (15) extends
with its locking section (23), wherein a connecting ele-
ment (2) is provided, which transfers the driving move-
ment of the electric actuator (1) to a rotational movement
of the locking element (6) around a rotation axis running
in parallel to the insertion direction of the tongue (15) with
moving the locking element (6) from the released position
to the locked position and vice versa.
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Description

[0001] The invention relates to an electric buckle for a
safety belt device of a vehicle comprising the features of
the preamble of claim 1.
[0002] Safety belt devices for vehicles comprise as ba-
sic components a safety belt and a retractor on which
the safety belt may be wound on with a first end.
[0003] If the safety belt device is designed as a 3-point
belt it does further comprise a bracket, which is attached
at a second end of the safety belt, a tongue which is
slidably held on the safety belt and finally a buckle, in
which the tongue is lockable. The bracket and the retrac-
tor are mounted at the vehicle structure or directly at a
seat on one side with respect to the occupant sitting on
the seat, and the buckle is mounted on the other side at
the vehicle structure or directly at the seat. The safety
belt device is fastened by retracting the safety belt from
the retractor and locking the tongue in the buckle, wherein
the locked tongue subdivides the safety belt in a diagonal
shoulder belt section crossing the shoulder of the occu-
pant from the retractor to the locked tongue and a pelvis
belt section crossing the pelvis from the locked tongue
to the bracket.
[0004] If the safety belt device is designed as a 2-point
belt it does comprise instead a tongue which is attached
at the second end of the safety belt and a buckle, in which
the tongue is lockable. If the safety belt is designed to
restrain the occupant via the pelvis the retractor is mount-
ed at one side of the seat at the vehicle structure or di-
rectly at the seat, while the buckle is mounted at the ve-
hicle structure or directly at the seat on the other side of
the seat. If the safety belt is designed to restrain the oc-
cupant via the shoulder, for example as a part of a 4-
point belt, the retractor is mounted above the shoulder
of the occupant at the vehicle structure or directly at the
seat while the buckle is mounted below the shoulder di-
rectly at the seat or at the vehicle structure. The safety
belt device is fastened in both embodiments by retracting
the safety belt from the retractor and locking the tongue
in the buckle, wherein the safety belt crosses the pelvis
or the shoulder of the occupant.
[0005] In all different embodiments a buckle is used to
lock the tongue, which comprises a mechanical locking
mechanism having a frame, a locking element, which is
moveable from a locking position in which the tongue is
locked to a releasing position in which the tongue is re-
leased with respect to the frame, and a push button,
which enables an easy manual operation of the buckle
by the occupant to release the tongue. If the occupant
presses the push button the locking element is moved to
the releasing position, while the locking element is moved
to the locking position when the occupant inserts the
tongue into the buckle automatically.
[0006] One problem of these buckles is that the locking
mechanism is based on a complex mechanical interac-
tion of the different parts of the locking mechanism and
specially to transfer the movement of the push button to

the locking element and to initiate the movement to the
locking position when inserting the tongue. As the tongue
needs to be kept locked also under extreme conditions,
and the tongue needs to be releasable afterwards to un-
fasten the safety belt, this mechanical locking mecha-
nism affords a very precise interacting of all parts of the
locking mechanism. Furthermore, the buckle is subjected
in an accident to extreme accelerations in all different
directions and preferably to lateral accelerations in dif-
ferent directions especially if a reversible or irreversible
pretensioner is activated to tension the safety belt. These
accelerations are especially high in a design in which the
pretensioner is arranged at the buckle itself and when
the safety belt is tensioned via the tongue by pulling the
buckle and the locked tongue.
[0007] Starting from this background it is the object of
the invention to provide a buckle which is easier and more
comfortable to handle and which enables an improved
reliable locking of the tongue.
[0008] According to the invention it is suggested an
electric buckle comprising the features of claim 1. Further
preferred embodiments may be obtained from the sub-
claims, the figures and the related description.
[0009] According to the basic idea of the invention it is
suggested that the locking element is designed to be ring-
shaped with a central opening through which the tongue
extends with its locking section, wherein a connecting
element is provided, which transfers the driving move-
ment of the electric actuator to a rotational movement of
the locking element around a rotation axis running in par-
allel to the insertion direction of the tongue with moving
the locking element from the releasing position to the
locking position and vice versa.
[0010] The suggested solution enables an easy lock-
ing and releasing of the tongue with an electric drive
which can be triggered preferably via a manually actuat-
able push button for example at the buckle itself, at an
instrument panel or in a door trim. Alternatively, the elec-
tric drive of the buckle may also be triggered automati-
cally by a signal of a sensor device detecting different
driving situations, the presence of an occupant or also
different emergency situations. The locking and releas-
ing movement of the locking element is realized by the
suggested design by a rotational movement of the locking
element, so that the locking mechanism may not be re-
leased under high lateral accelerations in an accident
and especially during the tensioning of the safety belt.
Furthermore, the rotational movement of the locking el-
ement may be actuated very easily by an electric drive
realized by an electric motor having a rotational driven
shaft or by an electric actuator with a longitudinal driven
element and a gear mechanism to transmit the longitu-
dinal movement of the longitudinal driven element to the
rotational movement of the locking element. The locking
element is designed to be ring-shaped with a central
opening through which the tongue extends with its lock-
ing section, so that the locking element and the locking
section of the tongue are overlapping each other, wherein
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the locking element with the central opening and the in-
serted locking section provide a more equal and prefer-
ably a symmetric mass distribution of the locking element
and the locking section with respect to the rotational axis
of the locking element and with respect to the insertion
direction of the locking section of the tongue. Therefore,
the probability of unintended opening of the locking
mechanism due to inertia forces caused by extreme ac-
celeration may be reduced. Furthermore, the suggested
design of the locking element and the locking movement
enable a very compact design of the buckle by the ring-
shaped locking element and the inserted tongue in the
locked state. This compact design can be reduced to a
minimum of parts if the electric actuator is designed as
an electric motor with a rotatable driven shaft and a direct
connection of the shaft with the connecting element.
[0011] Furthermore, it is suggested that the central
opening of the locking element comprises at least one
locking wall with which the locking element engages into
the recess of the locking section of the tongue in the
locked position. The locking wall enables a positive con-
nection of the locking element and the locking section of
the tongue to retain the tongue when pulling forces are
acting in the safety belt.
[0012] Furthermore, it is suggested that the central
opening of the locking element comprises at least one
arc-shaped guiding section, and that a frame fixed bolt
is provided, which engages the guiding section. The
frame fixed bolt engaging into the arc-shaped guiding
section enables a guidance of the locking element during
the movement from the locked to the released position
and vice versa.
[0013] Furthermore, it is suggested that the locking el-
ement comprises at least one opening and the connect-
ing element comprises at least one extending arm,
wherein the connecting element engages with the arm
into the opening. The locking element and the connecting
element are connected via the arm of the connecting el-
ement engaging into the opening of the locking element
to transmit the driving movement of the electric drive via
the connecting element to the locking element.
[0014] Furthermore, it is suggested that the recess in
the frame is designed as an opening in a side wall of the
frame, and the locking element is provided with at least
one outwardly extending protrusion, with which the lock-
ing element engages into the recess of the frame. The
protrusion engaging into the opening enables a positive
connection of the locking element to the frame and there-
fore, a vehicle fixed connection of the locking element in
the locked position. Because of the design as an opening
the locking element is fixed in at least two directions de-
fined by the side walls of the opening.
[0015] Furthermore, it is suggested that the locking el-
ement is designed as a flat disc which is arranged per-
pendicular to the insertion direction of the tongue. The
locking element is rotated from the locking position to the
releasing direction around an axis running parallel to the
insertion direction of the locking section of the tongue.

Because of the design of the locking element as a flat
disc and the arrangement of the locking element perpen-
dicular to the insertion direction the locking element is
rotated in a plane, which is oriented perpendicular to the
insertion direction, without performing a movement in the
insertion direction of the locking section of the tongue.
Therefore, the necessary installation space for the lock-
ing element may be reduced to a minimum.
[0016] Furthermore, it is suggested that the electric ac-
tuator is realized by an electric motor with a rotationally
driven shaft, and the connecting element comprises a
tube-shaped projection in which the shaft is rotationally
fixed connected. The connecting element is therefore di-
rectly connected with the shaft of the electric motor, so
that the connection and transmission of the rotary move-
ment from the electric drive to the connecting element is
realized with a minimum of parts and a minimum of costs.
[0017] Furthermore, it is suggested that the locking el-
ement is rotated in a rotational angle of 20 to 70, prefer-
ably 30 to 60 and most preferably 45 degrees from the
locked to the released position and vice versa.
[0018] In the following the invention shall be illustrated
on the basis of preferred embodiments with reference to
the accompanying drawings, wherein:

Fig. 1 shows the electric buckle with a tongue and with
the single parts before the assembling; and

Fig. 2 shows the electric buckle with and without the
tongue in one position with and without a cover
and a frame; and

Fig. 3 a connecting element with a locking element
and an electric actuator in different perspec-
tives; and

Fig. 4 the locking element with two bolts and a bolt in
single view;

Fig. 5 the electric buckle without the cover in perspec-
tive view and in view to a cross section from the
bottom with the locking element in the locking
and in the releasing position.

[0019] In Fig. 1 it is shown an electric buckle 16 ac-
cording to the invention of a not shown safety belt device
with a tongue 15 and a bracket 17 for mounting the buckle
16 at a not shown vehicle structure or at a not shown
seat structure. The electric buckle 16 comprises an elec-
tric actuator 1, a locking mechanism 4 with a frame 14,
a housing 18 and a bottom housing 20.
[0020] The electric actuator 1 may be realized by a
linear drive, a piezo stack or the like, or by an electric
motor with a rotational driven shaft 31. The electric ac-
tuator 1 is driving a locking mechanism 4 like described
afterwards when actuated based on a rotational move-
ment of a locking element 6. As far as an electric actuator
1 with a lateral movement is provided the lateral move-
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ment is transferred preferably by an additional gear
mechanism to the rotational movement.
[0021] The locking mechanism 4 comprises a frame
14 and the ring-shaped locking element 6, wherein the
frame 14 is designed as a load bearing rigid part con-
nected via a rivet 19 with a bracket 17, which is mounted
with its free end at the vehicle structure or at the seat
structure. Therefore, the frame 14 is fixed at the vehicle
structure or at the seat structure via the bracket 17 in a
vehicle fixed and load bearing manner. The frame 14
itself may be designed as a metal stamped or pressed
part or as a reinforced composite material. The frame 14
is realized with at least two opposing side frame walls 7
and 8, wherein each of the frame walls 7 and 8 is provided
with an opening 9 and 10. In the present embodiment
the frame 14 is realized with four side frame walls 7 and
8 and a front surface 32 which are connected to a closed
cavity with a rectangular cross-section.
[0022] Furthermore, the electric buckle 16 comprises
a cover 18 and a bottom cover 20 covering the frame 14,
the locking mechanism 4 and the electric actuator 1 to
the outside. Furthermore, the electric buckle 16 may
comprise a reversible or irreversible pretensioner, a
buckle presenter and/or a cable to attach the electric
buckle 16 at the vehicle structure.
[0023] The frame 14 comprises several parts, wherein
the frame 14 comprises two pairs of frame walls 7 and
8, which are arranged in parallel and in a distance to each
other, and an upper front surface 32 with an insertion slit
22. The housing 18 covering the frame 14 is provided
also with an insertion slit 5, which is aligned to the inser-
tion slit 22 of the frame 14, when the buckle 16 is assem-
bled. Both insertion slits 5 and 22 are dimensioned ac-
cording to the dimensions of a locking section 23 of the
tongue 15 and especially regarding to the dimensions of
the locking section 23 in the cross section plus an addi-
tional clearance to enable an easy insertion of the tongue
15 with the locking section 23 into the buckle 16.
[0024] The frame walls 7 and 8 are provided with open-
ings 9 and 10, wherein the openings 9 and 10 are ar-
ranged at predefined positions, so that the locking ele-
ment 6 explained hereafter may engage in the locking
position shown in Fig. 5 in both openings 9 and 10. The
upper front surface 32 is provided with two circular open-
ings 35 arranged adjacent to the slit 22 like shown in Fig.
5.
[0025] If the tongue 15 is inserted into the insertion slits
5 and 22 and the locking section 23 is locked like de-
scribed hereafter the pulling forces acting on the safety
belt and thereby on the tongue 15 are retained by the
locking element 6, which is retained by the frame walls
7 and 8, which can be seen as vehicle fixed by the at-
tachment of the buckle 16 at the vehicle structure or at
the seat by the attachment via the bracket 17.
[0026] The electric actuator 1 may be activated in con-
dition to a signal of a sensor detecting a release proce-
dure of the safety belt, and/or in condition to a signal
generated by the operation of a button by the occupant

or by rescue people in case of an accident or in condition
to any other external signal. The button to operate the
buckle 16 may be placed at the buckle 16 directly or at
any other part of the interior vehicle structure like for ex-
ample at an instrument panel, at a door trim, at a seat
cover or the like.
[0027] The locking mechanism 4 of the buckle 16 com-
prises the ring-shaped locking element 6, two bolts 21
and a connecting element 2 connecting the locking ele-
ment 6 with the electric actuator 1.
[0028] The connecting element 2 itself comprises at
the bottom side a tube-shaped projection 25 which ex-
tends downwardly from a base plate 33. Furthermore,
the connecting element 2 comprises two arms 3 extend-
ing from the end sides of the base plate 33 upwardly to
a U-shaped geometry of the connecting element 2 like
also shown in the figures 2 and 3. Furthermore, a sensor
11 is attached at the base plate 33 which is directed with
the sensor surface in the direction of the upwardly ex-
tending arms 3 and in the direction of the front surface
of the locking section 23 of the tongue 15 when the tongue
is locked. The tube-shaped projection 25 comprises a
central bore 30, with a not round or polygon cross-section
in which the shaft 31 of the electric actuator 1 engages.
The projection 25 provides a rotationally fixed connection
of the connecting element 2 with the shaft 31 of the elec-
tric actuator 1.
[0029] The ring-shaped locking element 6 comprises
a central opening 26 and two smaller openings 27 ar-
ranged at opposite sides of the central opening 26 like
shown in figure 1 and 4. The central opening 26 compris-
es further two opposing parallel arranged locking walls
28 and two opposing arc-shaped end-sections 29 con-
necting the locking walls 28 at their ends. The bolts 21
each comprise a central cylindrical section 38, a head 37
with a bigger diameter and at their free ends a cylindrical
section 36 with a smaller diameter.
[0030] The bolts 21 are fixed with their end sections
36 in the circular openings 35 of the front surface 32 of
the frame 14. Furthermore, the bolts 21 are engaging the
arc-shaped sections 29 of the central opening 26 of the
locking element 6 with their central sections 38 and are
exceeding further with their heads 37 the side rim of the
arc-shaped sections 29 at the side facing towards the
base plate 33.
[0031] The extending arms 3 are provided at their free
ends with pins 40 which are sectioned by steps 39 to
smaller outer dimensions from the arms 3. The arms 3
engage with the pins 40 into the openings 27 of the lock-
ing element 6 and provide thereby a positive connection
of the connecting element 2 with the locking element 6.
The locking element 6 is fixed by the pins 40 and the
steps 39 in a predefined position in a plane which is ar-
ranged perpendicular to the insertion direction of the lock-
ing section 23.
[0032] The locking section 23 of the tongue 15 is pro-
vided with two recesses 24 in the side rims in form of cut-
out sections, which are arranged in a distance to the free
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end of the locking section 23 which corresponds to the
distance or is smaller than the distance between the front
surface of the sensor 11 and the steps 39 of the arms 3,
so that the recesses 24 are arranged opposite to the pins
40 and in the plane in which the locking element 6 is
arranged when the tongue 15 is inserted with its locking
section 23 into the buckle 16, like shown in the bottom
right figure of figure 2.
[0033] In the left figure of the figure 5 it is shown the
buckle 16 with the frame 14 without a tongue 15. Each
of the opposing frame walls 7 and 8 are provided with an
opening 9 and 10, which are designed as slits, which are
arranged with their longer sides perpendicular to the in-
sertion direction of the locking section 23 of the tongue
15 shown in figure 2. Furthermore, the slits are arranged
in the plane in which the locking element 6 is arranged.
[0034] In the middle figures of figure 5 it is shown the
buckle 16 in a cross section from the bottom with the
locking element 6 in the releasing position without the
bolts 21 and with the bolts 21. The locking element 6 got
an outer shape which is adapted to the inner shape of
the frame 14, with two opposing protrusions 34 and 31
extending radially to the outside. The outer dimensions
of the locking element 6 are smaller than the inner di-
mensions of the frame 14, so that the locking mechanism
4 with the locking element 6 and the connecting element
2 may be inserted into the frame 14 in the assembly proc-
ess.
[0035] When the electric actuator 1 is activated to lock
an inserted tongue 15 the locking element 6 is rotated in
an angle of 45 degrees in the direction of the arrow shown
in the right figure of figure 5 to the locking position. The
locking element 6 may be also rotated instead in an angle
between 20 to 70, preferably 30 to 60 degrees, as far as
the tongue 15 may be inserted and released in the re-
leasing position of the locking element 6 and is locked in
the locking position of the locking element 6. During this
movement the locking element 6 gets into engagement
with the opposing protrusions 34 and 41 into the opposing
openings 9 and 10 in the side frame walls 7 and 8 of the
frame 14. At the same time the locking element 6 gets
into engagement with the locking walls 28 into the re-
cesses 24 of the locking section 23 of the tongue 15.
Therefore, the locking element 6 provides of force-fitting
connection to the tongue 15 and to the frame 14 in the
locking position, so that the tongue 15 is locked also in
a vehicle fixed manner via the locking element 6, the
frame 14 and the bracket 17. To release the tongue 15
the locking element 6 is rotated backwards wherein pro-
trusions 34 and 41 get out of the openings 9 and 10 and
the locking walls 28 get out of the recesses 24 of the
tongue 15 in the releasing position.

Claims

1. Electric buckle (16) comprising

- a frame (14) with an insertion slit (22) for in-
serting a tongue (15) of a safety belt device, and
- a locking element (6), which is moveable from
a locking position, in which the tongue (15) is
locked, to a releasing position, in which the
tongue (15) is released, and vice versa, wherein
- the locking element (6) engages in the locking
position into a recess of the frame (14) and a
recess (24) of a locking section (23) of the
tongue (15), wherein
- an electric actuator (1) is provided, which initi-
ates the movement of the locking element (6)
when activated characterized in that,
- the locking element (6) is designed to be ring-
shaped with a central opening (26) through
which the tongue (15) extends with its locking
section (23), wherein
- a connecting element (2) is provided, which
transfers the driving movement of the electric
actuator (1) to a rotational movement of the lock-
ing element (6) around a rotation axis running
in parallel to the insertion direction of the tongue
(15) with moving the locking element (6) from
the released position to the locked position and
vice versa.

2. Electric buckle (16) according to claim 1, character-
ized in that

- the central opening (26) of the locking element
(6) comprises at least one locking wall (28) with
which the locking element (6) engages into the
recess (24) of the locking section (23) of the
tongue (15) in the locking position.

3. Electric buckle (16) according to claim 1 or 2, char-
acterized in that

- the central opening (26) of the locking element
(6) comprises at least one arc-shaped guiding
section (29) and a frame fixed bolt (21) is pro-
vided, which engages the guiding section (29).

4. Electric buckle (16) according to anyone of the
claims 1 to 3, characterized in that

- the locking element (26) comprises at least one
opening (27) and the connecting element (2)
comprises at least one extending arm (3),
wherein
- the connecting element (2) engages with the
arm (3) into the opening (27).

5. Electric buckle (16) according to anyone of the
claims 1 to 4, characterized in that

- the recess in the frame (14) is designed as an
opening (9,10) in a side frame wall (7,8) of the
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frame (14), and
- the locking element (6) is provided with at least
one outwardly extending protrusion (34,41), with
which the locking element (6) engages into the
recess of the frame (14) .

6. Electric buckle (16) according to anyone of the
claims 1 to 5, characterized in that

- the locking element (6) is designed as a flat
disc which is arranged perpendicular to the in-
sertion direction of the tongue (15).

7. Electric buckle (16) according to anyone of the
claims 1 to 6, characterized in that

- the electric actuator (1) is realized by an electric
motor with a rotationally driven shaft (31), and
- the connecting element (2) comprises a tube-
shaped projection (25) in which the shaft (31) is
rotationally fixed connected.

8. Electric buckle (16) according to anyone of the
claims 1 to 7, characterized in that

- the locking element (6) is rotated in a rotational
angle of 20 to 70, preferably 30 to 60 and most
preferably 45 degrees from the locked to the re-
leased position and vice versa.
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