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(54) CLUTCH FOR A SEAT BELT TENSIONER AND METHOD FOR TRANSFERRING THE CLUTCH 
FROM AN ENGAGED POSITION INTO A DECOUPLED POSITION

(57) A clutch (10) for a seat-belt tensioner in a vehicle
has a driving element (14) adapted for being rotated in
a driving direction (D) and in a releasing direction (R) and
a driven element (18) connectable with a seat-belt spool,
the driving element (14) and the driven element (18) hav-
ing a common rotation axis (A), a pawl (22) being pivotally
held at a pivot pin arranged on the driving element (14)
and forming a pivot axis (24). The pawl (22) has at least
one tooth (28) for meshing with a toothing (30) of the
driven element (18) and further has a rigid, radially in-
wardly directed contact protrusion (82) at a radial inner
face of the pawl (22) for interacting with the driven ele-
ment (18), the contact protrusion (82) being arranged
between the at least one tooth (28) and the pivot axis
(24). When transferring the clutch (10) from the engaged
position into the decoupled position, a pyrotechnic drive
(11) coupled with the driven element (18) is activated, an
impulse acting in a radially outwards direction is intro-
duced into the pawl (22) by the driven element (18), in
particular by a linear displacement of the driven element
(18), the at least one tooth (28) of the pawl (22) looses
contact with the driven element (18), a radially outwardly
directed impulse is introduced to the contact protrusion
(82) by the driven element (18), and the pawl (22) is piv-
oted radially outwards into the decoupled position as the
driven element (18) is rotated in driving direction by the
pyrotechnic drive (11).
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Description

[0001] The invention relates to a clutch for a seatbelt
tensioner of a seatbelt system in a vehicle and to a meth-
od for transferring the clutch from an engaged position
into a decoupled position.
[0002] Reversible seatbelt tensioners are used to in-
crease the safety of the vehicle occupants and their driv-
ing comfort. A reversible drive, usually an electric motor,
is coupled with a seatbelt spool axis to rotate the seatbelt
spool of a seatbelt retractor and to take in loose seatbelt
webbing, for instance in situations in which a control unit
decides that this could be potentially beneficial. Then, a
clutch is closed that couples the reversible drive with the
seatbelt spool, and the seatbelt spool is rotated by the
reversible drive to draw in seatbelt webbing. In the regular
operating mode of the seatbelt system the clutch is open
so that the seatbelt spool of the seatbelt retractor can
draw in and give out the seatbelt webbing without being
hindered by the reversible drive. An example for a clutch
for a seatbelt tensioner is shown in DE 10 2011 119 343
A1.
[0003] Additionally to the reversible drive, the seatbelt
tensioner usually is provided with a single-use pyrotech-
nic drive that will only be activated in case of an actual
crash situation. The seatbelt spool is rotated by the py-
rotechnic drive with a far higher rotational velocity than
by the reversible drive. So as not to interfere with the
pyrotechnic drive and also to prevent an interference with
a subsequent load limiting function of the seatbelt system
that reduces the force acting on the occupant after the
pyrotechnic drive has finished its operation, the clutch
should be decoupled from the seatbelt spool when the
pyrotechnic drive is activated. The decoupling from the
seatbelt spool should occur in a determined and control-
led manner and should transfer the clutch reliably into a
decoupled position in which no unintentional reengage-
ment can occur.
[0004] The seatbelt spool, the clutch and also the re-
versible drive and the pyrotechnic drive usually are
mounted on a frame of the seatbelt retractor.
[0005] Commonly, the pyrotechnic drive is mounted on
the side of the seatbelt spool which is opposite the side
at which the clutch is mounted. On activation of the py-
rotechnic drive, a sudden impulse is generated, for in-
stance caused by use of a so-called snake, a flexible,
deformable body that is accelerated by a pyrotechnic
charge. When the pyrotechnic charge is ignited, the
snake is abruptly displaced by the developing gas pres-
sure and interacts with a drive pinion connected to the
seatbelt spool axis to rotate the seat belt spool. Due to
the abrupt movement of the snake’s mass and its impact
on the drive pinion, an impulse is generated that acts
perpendicularly to the seatbelt spool axis at one end of
the seatbelt spool. This impulse is high enough that a
slight elastic deformation of the seatbelt frame occurs,
and the seatbelt spool axis is slightly displaced. After its
first displacement, the seatbelt spool will rebound and

eventually settle back in its regular place, and the seat
belt spool will be rotated by the pyrotechnic drive. How-
ever, the initial impulse imparted by the snake causes
the seatbelt spool also to move relative to the clutch (also
referred to as "seatbelt spool impulse" in this application),
in particular relative to the pawl of the clutch that interacts
with the seatbelt spool in the engaged position.
[0006] In case of the pyrotechnic drive of the seat belt
tensioner being activated, the seat belt spool should be
rotated exclusively by the pyrotechnic drive, and the re-
versible drive should reliably stay decoupled.
[0007] It is an object of the present invention to provide
a clutch that will be reliably decoupled on activation of
the pyrotechnic drive.
[0008] This object is achieved by a clutch for a seat-
belt tensioner in a vehicle, comprising the features of
claim 1. The clutch for a seat belt tensioner in a vehicle
comprises a driving element adapted for being rotated in
a driving direction and in a releasing direction and a driv-
en element connectable with a seat belt spool, the driving
element and the driven element having a common rota-
tion axis. A pawl is pivotally held at a pivot pin arranged
on the driving element and forming a pivot axis. The pawl
comprises at least one tooth for meshing with a toothing
of the driven element. The pawl further comprises a rigid,
radially inwardly directed contact protrusion at a radial
inner face of the pawl for interacting with the driven ele-
ment. The contact protrusion is arranged between the at
least one tooth of the pawl and the pivot axis. The pawl
is adapted to assume a disengaged position in which the
pawl is not in engagement with the driven element and
from which it can be pivoted radially inwards by turning
the driving element in driving direction, an engaged po-
sition in which the pawl engages the driven element and
couples the driving element with the driven element and
decoupled position in which the pawl is not in engage-
ment with the driven element and cannot be engaged
with the driven element by turning the driving element in
driving direction. The driven element interacts with the
pawl at the at least one tooth and/or at the contact pro-
trusion when the pawl moves from the engaged position
into the decoupled position.
[0009] The driving element usually is connected to a
reversible drive, normally an electric motor that can rotate
the driving element in driving direction and in the reversed
releasing direction. The driven element is usually fixedly
coupled to a pyrotechnic drive so that the driven element
is set into rotation when the pyrotechnic drive is activated.
[0010] As the pyrotechnic drive is fixedly mounted on
the seatbelt retractor, the direction of the impulse deliv-
ered by the snake is defined. However, the pawl is mount-
ed on the driving element and the driving element turns
around the rotation axis of the clutch so that the pawl can
be situated at any angular position with regard to the
direction of the impulse caused by the activation of the
pyrotechnic drive.
[0011] Depending on the motion of the spool and on
the angular position of the pawl at the instant the pyro-
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technic drive is activated, the driven element interacts
with one or several of the teeth of the pawl and/or with
the contact protrusion on the pawl. In either case, suffi-
cient kinetic energy is transmitted from the driven ele-
ment to the pawl for the pawl to be completely deflected
outwards into the decoupled position.
[0012] When the seat belt spool impulse, i.e. the un-
defined linear motion of the seat belt spool caused by
the activation of the pyrotechnic drive, is acting in a di-
rection where the contact of the pawl with the driven el-
ement in the engaged position of the pawl is not affected,
the pawl will stay engaged with the toothing of the driven
element until the pyrotechnic drive starts to rotate the
driven element. Then, an impulse will be transferred from
the driven element to one or several teeth and/or to the
contact protrusion of the pawl, and the kinetic energy
transferred thereby will pivot the pawl outwards into its
decoupled position.
[0013] However, when the seat belt spool impulse acts
on the pawl in a way that a force is imparted to the pawl
that deflects the pawl radially outwards, the contact pro-
trusion will still be near enough to the driven element that
one of the teeth of the driven element will hit the contact
protrusion when the pyrotechnic drive starts rotating the
driven element. In this case, the kinetic energy to pivot
the pawl into its decoupled position is provided essen-
tially by the contact between the driven element and the
contact protrusion. An interaction of the driven element
with a tooth of the pawl is not necessary.
[0014] As the contact protrusion is situated between
the pivot axis and the tooth on the pawl, i.e. in the vicinity
of the pivot axis, its motion radially outwards is slower
than that of the tooth when the pawl is pivoted radially
outwards. Therefore, it is ensured that one of the teeth
of the driven element will contact the contact protrusion
and will impart a sufficiently high kinetic energy to pivot
the pawl outwards completely into its decoupled position.
[0015] When the pawl is in its disengaged (or neutral)
position, the clutch is in its open, disengaged state. The
driving element is not coupled with the driven element.
Is the pawl in its engaged position, engaged with the driv-
en element, the clutch is in its closed, engaged state. In
the following, the terms "disengaged position" and "en-
gaged position" will not only be used to describe pawl
positions, but also to denote the open and closed state
of the clutch, respectively.
[0016] When the pawl is in its decoupled position, a
normal reengagement of the clutch is prevented. This
implies that a rotation of the driving element in driving
direction will not lead to the pawl being pivoted radially
inwards and will not bring the pawl into the engaged po-
sition. The only operating position from which the pawl
can be pivoted inwards and the clutch can be closed is
the disengaged position.
[0017] However, in case of an unintentional decoupling
when only the reversible drive is operated, is should be
possible to reengage the clutch. To allow a controlled
reengagement process, the clutch is preferably designed

such that the pawl can be transferred from the decoupled
position back into the neutral position, where the clutch
is still open, but can be closed again. To this effect, the
driving element may be rotated in releasing direction.
[0018] To engage the pawl from the disengaged posi-
tion, the driving element is rotated in driving direction,
moving the pawl into its engaged position in engagement
with the driven element.
[0019] In a preferred embodiment, the clutch compris-
es a clutch disk ring having an outer essentially circular
circumference and a clutch disk arm extending inwards
into an opening enclosed by the clutch disk ring, the
clutch disk arm interacting with the pawl to guide the pawl
into and out of the engaged position. The clutch disk arm
usually extends approximately radially inwards into the
opening enclosed by the clutch disk ring and lies essen-
tially in the same plane as the clutch disk ring.
[0020] The clutch disk arm advantageously is arranged
near the middle of the extension of the pawl in circum-
ferential direction. In this region, it is easily possible to
design guiding geometries for interaction between the
clutch disk arm and the pawl for guiding the pawl between
its different positions. The guiding geometries on the pawl
are preferably realized on two side faces limiting a recess
in the surface of pawl in radial direction.
[0021] In the decoupled position, the pawl can be ar-
rested by a latching connection between the clutch disk
arm and the pawl.
[0022] In one preferred example, the clutch disk arm
is hook-shaped, having a flexible section extending es-
sentially radially outwards and ending in a free end.
[0023] Preferably, the latching connection is closed by
the free end of the clutch disk arm snapping below a
tangential protrusion on the side face of the recess in the
pawl facing in driving direction.
[0024] The kinetic energy transferred to the pawl on
activation of the pyrotechnic drive is preferably high
enough to move the pawl further radially outwards than
in its disengaged position and to deform the clutch disk
arm far enough to close the latching connection.
[0025] In contrast thereto, during normal disengage-
ment, the kinetic energy of the pawl is not high enough
to close the latching connection.
[0026] Further, the clutch may comprise a retainer ring
surrounding the outer circumference of the clutch disk
ring and being coupled by friction with the clutch disk
ring, the retainer ring being configured for limited rotation
relative to a retaining structure arranged on a clutch hous-
ing. In specific situations, in particular during engage-
ment and disengagement of the clutch, the retainer ring
provides a limited angular rotation between the driving
element and the clutch disk ring which is held back due
to the friction coupling with the retainer ring. This limited
angular relative rotation of the driving element and the
clutch disk ring causes the interaction of the clutch disk
arm and the pawl to guide the pawl between its different
positions.
[0027] The contact protrusion preferably is arranged
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between the clutch disk arm and the pivot axis, while the
at least one tooth is arranged between the clutch disk
arm and the free end of the pawl. Providing the contact
protrusion in this location ensures that the contact pro-
trusion is still in reach for the teeth of the driven element,
even when the seat belt spool impulse acts to deflect the
pawl radially outwards.
[0028] In the engaged position, when the driven ele-
ment is rotated by the driving element, the contact pro-
trusion preferably does not transmit any angular momen-
tum to the driven element. The driven element then is
only rotated by the interaction with the teeth of the pawl
that transfer the rotational energy of the reversible drive
to the driven element. Therefore, the contact protrusion
may have a rounded shape, as it is not necessary for a
tooth of the driven element to hook behind the contact
protrusion.
[0029] The contact protrusion may be arranged so that
the driven gear always contacts the contact protrusion
when the pawl moves from the engaged position into the
decoupled position. With this design, the teeth of the pawl
preferably serve only for a load transfer from the revers-
ible drive to the driven element and are not used for the
impulse transfer from the driven element to the pawl dur-
ing decoupling. Independent of an angular position of the
pawl on activation of the pyrotechnic drive, the impulse
to pivot the pawl radially outwards into its decoupled po-
sition is always taken up by the contact protrusion in this
design.
[0030] The contact protrusion preferably has a flank
that in the engaged position of the pawl has essentially
the same inclination as the teeth flanks of the driven el-
ement pointing in driving direction. The inclination of the
flanks may differ for example about +/- 15°.
[0031] The flank of the contact protrusion may be in-
clined with regard to an imaginary line between the pawl
pivot axis and a pawl stop for about 35° against the radial
direction in a mathematical negative sense.
[0032] The flank preferably is arranged so that a force
vector acting on the contact protrusion points between
the pawl pivot axis and the radial direction so that a con-
tact with a tooth of the driven element will always be able
to pivot the pawl radially outwards.
[0033] The above mentioned object of the invention is
also achieved with a method for transferring a clutch for
a seat belt tensioner in a vehicle from the engaged po-
sition into the decoupled position, the clutch having the
features described above, and the method having the
following steps:

- A pyrotechnic drive coupled with the driven element
is activated,

- an impulse acting in a radially outwards direction is
introduced into the pawl by the driven element,

- the at least one tooth of the pawl looses contact with
the driven element,

- a radially outwardly directed impulse is introduced
to the contact protrusion by the driven element, and

- the pawl is pivoted radially outwards into the decou-
pled position as the driven element is rotated in driv-
ing direction by the pyrotechnic drive.

[0034] As already described above, when the pyro-
technic drive is activated while the pawl is in an angular
position where the seatbelt spool impulse transfers a ra-
dially outwardly acting force to the pawl, and, therefore,
the pawl teeth looses contact with the driven element,
the driven element will contact the contact protrusion of
the pawl and transfer a high enough kinetic energy to the
pawl to pivot the pawl radially outwards completely into
its decoupled position.
[0035] In certain situations, depending on the angular
position of the pawl when the pyrotechnic drive is acti-
vated, a pulse may be transferred to the pawl first by the
interaction of the driven element with the tooth of the pawl
and subsequently also by the interaction of the driven
element with the contact protrusion, when the pawl
moves from the engaged position into the decoupled po-
sition. In this case, the pawl is impacted twice by the
driven element, and the transfer of kinetic energy to the
pawl is maximized.
[0036] In the method according to the invention it is
also possible that in certain situation impulse is trans-
ferred to the pawl exclusively by the interaction of the
driven element with the contact protrusion when the pawl
moves from the engaged position into the decoupled po-
sition. In these situations, the teeth of the pawl are not
used to transfer the pawl from the engaged position into
the decoupled position.
[0037] Generally, the term "radially outwards" in this
application is not only used in the true mathematical
sense, but also to indicate a general motion of a compo-
nent away from the rotation axis of the clutch.
[0038] A preferred embodiment of the invention is de-
scribed in detail in the following with reference to the at-
tached drawings, in which:

- Figure 1 shows a schematic plan view of a clutch for
a seat belt tensioner according to the invention, in
an engaged position;

- Figure 2 shows an enlarged detail of Figure 1;

- Figure 3 shows the clutch of Figure 1 in the engaged
position, where the driven element and the pawl are
in an optimal position for decoupling;

- Figure 4 shows an enlarged detail of Figure 3;

- Figure 5 shows the clutch of Figure 1 in a situation
where the driven element is linearly displaced with
regard to the pawl;

- Figure 6 shows an enlarged detail of Figure 5; and

- Figure 7 shows the clutch of Figure 1 in the decou-
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pled position.

[0039] The figures show a clutch 10 for a seatbelt ten-
sioner in a vehicle. Only the clutch is displayed in the
figures. However, as is generally known in the art, the
seatbelt tensioner is connected to a seatbelt retractor
having a frame in which a seatbelt spool is rotatably ar-
ranged that can take up and give out seatbelt webbing.
Usually, the clutch 10 is arranged at one side of the seat-
belt spool, while a pyrotechnic drive 11 (schematically in
Fig. 1) of the seatbelt tensioner, comprising a mass ac-
celerated by a pyrotechnic charge on activation that in-
teracts with a drive pinion connected to the seatbelt spool,
is positioned at the opposite side of the seatbelt spool.
The accelerated mass is for instance a so-called snake
which is a cylindrical body of a deformable plastic material
that is brought into contact with the drive pinion to set the
seatbelt spool into a fast rotation.
[0040] The clutch 10 is connected to a reversible drive
12 (only schematically in Fig. 1) of the seatbelt tensioner,
usually an electric motor, to turn the seatbelt spool in a
driving direction D to take up seatbelt webbing under cer-
tain conditions. The reversible drive 12 can be operated
repeatedly while the pyrotechnic drive 11 is a single-use
device.
[0041] The clutch 10 has a disk-shaped driving ele-
ment 14 that can be connected with the reversible drive
12 by a driving gear 16 that is part of the driving element
14.
[0042] Further, the clutch 10 has a driven element 18
arranged coaxially with the driving element 14 and con-
nected with regard to rotation to the seatbelt spool and,
thereby, to the pyrotechnic drive 11 (schematically indi-
cated in Fig. 1). The seatbelt spool and the driven element
18 always rotate in the same direction and with the same
velocity.
[0043] The driving element 14 and the driven element
18 have a common rotation axis A, the driven element
18 extending through a center opening 20 of the driving
element 14. Generally, when a radial direction r and a
circumferential direction U are discussed in this applica-
tion, these directions always relate to the common rota-
tion axis A.
[0044] The reversible drive 12 can rotate the driving
element 14 in the driving direction D and in the opposite
releasing direction R to transfer the clutch 10 into different
operating positions. The driving direction D is indicated
counterclockwise in the figures while the releasing direc-
tion R is indicated clockwise in the figures.
[0045] The clutch 10 serves to couple the reversible
drive 12 to the seatbelt spool so that the driving element
14 can turn the seatbelt spool in the driving direction D
to wind up seatbelt webbing to tighten the seatbelt around
a vehicle occupant. This kind of seatbelt tensioning, also
called pretensioning, takes place for instance when an
electronic control unit detects an imminent dangerous
situation in which the seatbelt should be tensioned as a
measure of precaution. If the critical situation passes, the

clutch 10 will be disengaged again so that the seatbelt
spool again can turn unhindered in both directions.
[0046] When the clutch 10 is closed, the reversible
drive 12 is connected to the seatbelt spool (Fig. 1). When
the clutch 10 is opened in the neutral position, the re-
versible drive 12 is disengaged from the seatbelt spool
(not shown).
[0047] The pyrotechnic drive 11 is arranged on the op-
posite side of the seatbelt spool from the clutch 10. It is
only activated in case of an actual crash and will rotate
the seatbelt spool in driving direction D to take up seatbelt
webbing. This rotation caused by the pyrotechnic drive
11 is much faster than the rotation caused by the revers-
ible drive 12.
[0048] The rotational motion of the driving element 14
is transmitted to the driven element 18 by a pawl 22 that
is pivotally held on the driving element 14 at a pivot pin
that may be formed integrally with the driving element
14. The pivot pin defines a pivot axis 24 for the pawl 22.
The pivot axis 24 extends in parallel with the rotation axis
A (and thus perpendicular to a plane defined by the driv-
ing element 14).
[0049] The pawl 22 has a generally curved shape that
approximately follows the curvature of the driven element
18. The pawl 22 lies in a plane parallel to that of the
driving element 14 and pivots essentially radially inwards
towards the rotation axis A. In the region of its free end
26, the pawl 22 has several teeth 28 (in this example
three teeth 28) that can come into engagement with teeth
30 of a toothing along the outer circumference of the driv-
en element 18.
[0050] The pawl 22 can be pivoted around the pivot
pin into several positions: a disengaged (or neutral) po-
sition in which the pawl 22 is not in engagement with the
driven element 18 (not shown), an engaged position (e.
g. Fig. 1), where the pawl 22 is in engagement with the
driven element 18, and a decoupled position (see Fig.
7), where the pawl 22 is located radially further outwards
than in the disengaged position and is locked against a
regular (re)-engagement.
[0051] Engagement and disengagement of the pawl
22 by rotation of the reversible drive 12 in driving direction
D and releasing direction R are the regular operations of
the clutch. The pawl 22 will reach the decoupled position
only when the pyrotechnic drive 11 is activated or due to
an unintentional decoupling.
[0052] The pawl 22 is moved between the disengaged
position and the engaged position by interaction with a
clutch disk ring 32. The clutch disk ring 32 encloses an
opening 34, is centered around the common rotation axis
A and is arranged in a plane above the driving element
14 so that it surrounds the pawl 22.
[0053] The clutch disk ring 32 comprises a clutch disk
arm 36 extending radially inwards from an inner circum-
ference of the clutch disk ring 32.
[0054] The clutch disk arm 36 shown here is hook-
shaped (see also Fig. 2). The hook is formed by a rigid
section 38 connected with the clutch disk ring 32 and
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extending inwards into the opening 34 enclosed by the
clutch disk ring 32 and a flexible, free section 40 con-
nected to the end of the rigid section 38 and extending
outwards towards the clutch disk ring 32. The hook sec-
tions 38, 40 are connected by a U-shaped connecting
portion. In an unstressed state the hook sections 38, 40
are essentially parallel to each other. The flexible section
40 ends in a free end 42 positioned on the far side of the
first clutch disk arm 36 from the pivot axis 24.
[0055] The clutch disk arm 36 is arranged in an axial
recess 44 in the body of the pawl 22 that is delimited by
a left-hand side face and a right-hand side face, both side
faces facing essentially in circumferential direction U. In
the recess 44 the thickness of the pawl 22 is reduced in
axial direction A with regard to the rest of the pawl 22.
The recess 44 and the clutch disk arm 36 are located
approximately in the middle of the pawl 22 regarding the
extension of pawl 22 in circumferential direction U.
[0056] On the left and right-hand side faces of the
clutch disk arm 36 and of the recess 44, interacting guid-
ing geometries are provided that serve to guide the pawl
22 radially inwards into engagement with the driven ele-
ment 18 during the engagement process and radially out-
wards again out of engagement with the driven element
18 back into the disengaged position when the driving
element 14 is rotated in releasing direction R.
[0057] The clutch disk ring 32 is discontinuous in cir-
cumferential direction U. The gap between its two cir-
cumferential ends 52, 54 is bridged by an expansion
spring 56 that presses the circumferential ends 52, 54
apart in circumferential direction U.
[0058] Also, the clutch disk ring 32 is coupled by a re-
turn spring 57 with the driving element 14 that allows only
a certain relative angular displacement between the driv-
ing element 14 and the clutch disk ring 32. The return
spring 57 extends parallel to the surface of the driving
element 14.
[0059] The clutch disk ring 32 is surrounded by a re-
tainer ring 58 to which the clutch disk ring 32 is coupled
by friction at its inner circumference with the outer cir-
cumference of the clutch disk ring 32. The friction is at
least partly provided by the expansion spring 56 pressing
the circumferential ends 52, 54 of the clutch disk ring 32
apart. The clutch disk ring 32 and the retainer ring 58 are
coupled by friction only. The retainer ring 58 has a plu-
rality of radially extending spokes 60 that are arranged
at regular distances along the outer periphery of the re-
tainer ring 58. A retaining structure 62, here in form of
several retaining pins distributed along the circumfer-
ence of the retainer ring 58, limits the rotation of the re-
tainer ring 58 to the distance between two adjacent
spokes 60, for instance between 10° and 30°.
[0060] Instead of the retaining structure 62 described
above, any different kind of retaining structure could be
provided that allows a limited rotation of the retainer ring
58 in both directions D, R.
[0061] The driving element 14 can rotate relative to the
clutch disk ring 32 when the clutch disk ring 32 is retained

by friction on the retainer ring 58. At a certain threshold
of the rotational force, however, the frictional forces will
be overcome, and the clutch disk ring 32 will rotate to-
gether with the driving element 14.
[0062] To transfer the clutch 10 into its closed state (i.
e. its engaged position), the pawl 22 has to be brought
into engagement with the driven element 18.
[0063] For this purpose, the reversible drive 12 is ac-
tivated and the driving element 14 starts to rotate in driv-
ing direction D. In the disengaged position of the pawl
22, the spokes 60 of the retainer ring 58 are distanced
in driving direction D from the nearest stopping pin.
[0064] As the clutch disk ring 32 is coupled by the return
spring 57 with the driving element 14, initially the clutch
disk ring 32 is entrained by the rotating driving element
14. Due to the frictional force between the clutch disk ring
32 and the retainer ring 58, the retainer ring 58 is also
entrained by the clutch disk ring 32 until the spokes 60
come into contact with the stopping pins of the retaining
structure 62. Then, the retainer ring 58 stops rotating
and, due to the frictional force between the retainer ring
58 and the clutch disk ring 32, the clutch disk ring 32 is
also stopped from rotating.
[0065] This results in the driving element 14 rotating
relative to the clutch disk arm 36, and the right-hand face
of the recess 44 in the pawl 22 is pushed against the
right-hand side (in the figures) of the flexible section 40
of the clutch disk arm 36. Thereby, the pawl 22 is pivoted
radially inwards into engagement with the driven element
18. The teeth 28 of the pawl 22 mesh with the teeth 30
of the driven element 18 so that the driven element 18 is
entrained in driving direction D by the pawl 22.
[0066] The inward movement of the pawl 22 continues
until the free pawl end 26 comes into contact with a pawl
stop 64 fixedly arranged on the driving element 14. The
pawl stop 64 now also transfers load to the pawl 22 and,
therefore, to the driven element 18. The center of the
pawl stop 64 lies here on a straight line with the rotation
axis A and the pawl pivot axis 24.
[0067] The relative motion between the driving ele-
ment 14 and the clutch disk ring 32 continues until a clutch
disk stop 68 on the driving element 14 comes into contact
with the first circumferential end 52 of the clutch disk ring
32, which is formed here as a projection extending in-
wards towards the rotation axis A. From this moment on,
the driving element 14 pushes the clutch disk ring 32 in
driving direction D, and the clutch disk ring 32 rotates
together with the driving element 14 and slides inside the
retainer ring 58.
[0068] When the pyrotechnic drive 11 is not activated,
the clutch 10 will be disengaged again and transferred
back into the neutral position by rotating the reversible
drive 12 in the releasing direction R.
[0069] To disengage the clutch 10, the pawl 22 rotates
together with the driving element 14 relative to the clutch
disk ring 32 which is again held by friction on the retainer
ring 58. The left-hand face of the recess 44 (in the figures)
comes into contact with the left-hand side of the rigid
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section 40 of the clutch disk arm 36.
[0070] The contact between the pawl 22 and the clutch
disk arm 36 occurs between a protrusion 70 on the left-
hand face of the recess 44 and a protrusion 72 of the left-
hand side of the rigid section 40 of the first clutch disk
arm 36. Each of the protrusions 70, 72 has a face that is
inclined against the circumferential direction U, so that a
force component radial outwards ensues.
[0071] Entrained by the clutch disk ring 32, the retainer
ring 58 rotates until its spokes 60 come into contact with
the retaining structure 62. The frictional force between
the retainer ring 58 and the clutch disk ring 32 arrests
the clutch disk ring 32 and, therefore, also the clutch disk
arm 36 with regard to the rotating driving element 14.
The protrusion 70 on the pawl 22 starts sliding radially
outwards along the protrusion 72 on the rigid section 40
of the first clutch disk arm 36. Thereby, the pawl 22 is
pivoted radially outwards and loses its engagement with
the driven element 18.
[0072] As the pawl 22 does not receive an exceedingly
high kinetic energy, the motion of the pawl 22 is stopped
by a spring element 74 in the disengaged position that
act as a pawl end stop and that keeps the pawl 22 from
swiveling farther outwards than the disengaged position
due to vehicle motions or during the normal disengage-
ment of the clutch 10. The spring element 74 is attached
to the face of the driving element 14 and extends essen-
tially parallel to the face of the driving element 14. The
spring element 74 is flexible and can be deflected radially
outwardly by the free end 26 of the pawl 22, whereby a
pretensioning force is generated acting radially inwards
on the free end 26.
[0073] In the disengaged position, the protrusion 72 on
the first clutch disk arm 36 lies directly radially below the
protrusion 72 on the pawl 22. This results in the pawl 22
being locked against involuntary movement radially in-
wards and therefore into the engaged position. These
kinds of movements may occur during a crash situation
when the reversible drive 12 is inactive and the clutch 10
is not supposed to be engaged. However, due to the in-
teraction of the protrusions 70, 72 the clutch 10 is secured
against unintentional engagement.
[0074] To reengage the clutch 10, the reversible drive
12 again turns the driving element 14 in driving direction
D and the pawl 22 will be once again pivoted inwards
into engagement with the driven element 18 as described
above.
[0075] However, should the pyrotechnic drive 11 be
activated while the pawl 22 is in its engaged position, the
clutch 10 will be decoupled so as not to impede the py-
rotechnic drive 11 and a subsequent load limiting function
of the seatbelt system.
[0076] The pyrotechnic drive 11 rotates the driven el-
ement 18 coupled to the seat belt spool. The resulting
rotational velocity in driving direction D in this case is far
higher than when the driven element 18 is rotated by the
reversible drive 12.
[0077] As a result, the teeth 30 of the driven element

18 act on the pawl 22 and transmit a high kinetic energy
to the pawl 22. The pawl 22 is accelerated radially out-
wards into its decoupled position.
[0078] On reaching the decoupled position, the free
end 42 of the clutch disk arm 36 snaps below the tan-
gential protrusion 76 on the pawl 22 so that the pawl 22
is locked to the clutch disk ring 32 in a latching connection.
In the decoupled position, the pawl 22 is unable to engage
the driven element 18 again, even if the reversible drive
12 rotates the driving element in driving direction D.
[0079] Figure 3 shows the ideal relative position be-
tween the pawl 22 and the driven element 18 for decou-
pling the pawl 22 (see also the enlarged detail in Figure
4). One of the teeth 30 of the driven element 18 lies with
its flank 78 facing in driving direction D against the flank
80 of the middle tooth 28 of the pawl 22 facing in releasing
direction R. Both flanks 78, 80 have approximately the
same inclination, which is chosen so that an approxi-
mately tangentially directed force F1 results that acts on
the pawl 22. As it is evident from Figure 4, the pawl 22
will be deflected radially outwards into its decoupled po-
sition shown in Figure 7.
[0080] However, even in a simplified scenario, the
seatbelt spool conducts several different motions in the
initial phase of the activation of the pyrotechnic drive 11,
before the driven element 18 rotates steadily.
[0081] When the snake initially contacts the drive pin-
ion, due to the off-axis contact point and the high impulse
of the accelerated mass of the snake, the seatbelt spool
does not start to rotate immediately, but first is displaced
slightly. Also, the frame of the seatbelt retractor is slightly
elastically deformed, absorbing the impulse of the mov-
ing snake. Then, the seatbelt spool rebounds, and the
seatbelt spool axis reverses its lateral displacement di-
rection and is displaced in the opposite direction before
returning to its regular centered position. These displace-
ment motions take place shortly before the drive pinion
and the seatbelt spool (and, therefore, also the driven
element 18) start rotating with a high velocity.
[0082] Due to the general design of the clutch 10, the
pawl 22 can be in any angular position with regard to the
rotation axis A when the pyrotechnic drive 11 is activated.
In most positions, the displacement motions of the seat-
belt spool due to the impact of the snake and the rebound
of the seatbelt spool are not critical as no forces act on
the pawl 22 that might lead to an unintentional disen-
gagement of the pawl 22 from the driven element 18.
However, when the force resulting either from the first or
the second displacement motion acts approximately in
the direction towards the pivot axis 24 (ca. +/- 30° with
regard to the radial direction r, or, correspondingly, along
an imaginary line between the pivot axis 24 and the ro-
tation axis A, see e.g. Figure 2), the pawl 22 receives a
force that will swivel it radially outwards.
[0083] Such a situation is shown in Figures 5 und 6.
[0084] Due to the linear displacement of the driven el-
ement 18, the pawl teeth 28 of the pawl 22 have lost
contact with the teeth 30 of the driven element 18. When
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the driven element 18 now is rotated by the pyrotechnical
drive 11, contact between the teeth 30 of the driven ele-
ment 18 and the teeth 28 of the pawl 22 will be undefined
and less force will be transferred to the pawl 22 than in
the ideal position shown in Figures 3 and 4.
[0085] To ensure safe decoupling of the pawl 22 in
situations like these, the pawl 22 has a contact protrusion
82 that is located on a radial inner face of the pawl 22
(as are the teeth 28), but nearer to the pivot axis 24 than
the teeth 28. In this example, the contact protrusion 82
is situated between the clutch disk arm 36 and the pivot
axis 24 at the radial inner end of the left hand face of the
recess 44.
[0086] The geometry of the contact protrusion 82 is
here chosen so that, in the engaged position, it is always
in contact with one of the teeth 30 of the driven element
18, when the pyrotechnic drive 11 is activated (see e.g.
Figures 3 and 5).
[0087] During the reversible pretensioning process, in
which the driven element 18 is rotated by the reversible
drive 12, however, the contact protrusion 82 does not
impart any momentum to the driven element 18 (see Fig-
ures 1 and 2).
[0088] As the contact protrusion 82 lies much nearer
to the pivot axis 24 than the teeth 28 of the pawl 22, it
moves slower radially outwards than the teeth 28 when
the pawl 22 is deflected radially outwards by a seat belt
spool impulse. Therefore, it will always be at a radial po-
sition where it will be engaged by one of the teeth 30 of
the driven element 18 in a controlled manner when the
pyrotechnic drive 11 starts to rotate the driven element
18. This contact between the driven element 18 and the
contact protrusion 82 transfers a sufficient kinetic energy
to pivot the pawl 22 all the way into its decoupled position,
independent of the angular position of the pawl 22 when
the pyrotechnic drive 11 is activated.
[0089] Generally, when the driven element 18 interacts
with the tooth 28 (in this example the middle one of the
three teeth 28), less kinetic energy is generated com-
pared to an interaction of the driven element 18 with the
contact protrusion 82, because the distance to the pivot
axis 24 from the contact protrusion 82 is shorter that the
distance from the tooth 28.
[0090] A flank 84 of the contact protrusion 82 in this
embodiment has approximately the same inclination as
the flank 78 of the teeth 30 of the driven element 18,
approximately meaning in this example that the angle
differs about +/- 15°. Therefore, the force vector of a force
F2 acting on the contact protrusion 82 is always directed
radially outwards and always points between the pivot
axis 24 and the clutch disk arm 36 so that the pawl 22 is
pivoted radially outwards by the impact of the tooth 30
of the driven element 18 on the contact protrusion 82.
[0091] It is possible to design the pawl 22 so that the
impulse for decoupling the pawl 22 will always be re-
ceived by the contact protrusion 82 exclusively. However,
it is also possible that, depending on the situation, the
impulse for decoupling the pawl 22 will be taken up by

one or more of the teeth 28 of the pawl 22.
[0092] Also, depending on the angular position of the
pawl 22 when the pyrotechnic drive is activated, the pawl
22 may get a double impact during decoupling. In this
case, first the driven element 18 contacts the tooth 28
and subsequently the driven element 18 also contacts
the contact protrusion 82. Such a double impact may
occur in certain situations because the outward motion
of the contact protrusion 82 is much slower than that of
the tooth 28. In this case, the kinetic energy imparted to
the pawl 22 is maximized.
[0093] To return the clutch 10 from the decoupled po-
sition into the disengaged position, the driving element
14 is rotated in releasing direction R.

Claims

1. A clutch (10) for a seat-belt tensioner in a vehicle,
comprising
a driving element (14) adapted for being rotated in
a driving direction (D) and in a releasing direction
(R) and
a driven element (18) connectable with a seat-belt
spool, the driving element (14) and the driven ele-
ment (18) having a common rotation axis (A),
a pawl (22) being pivotally held at a pivot pin ar-
ranged on the driving element (14) and forming a
pivot axis (24),
the pawl (22) comprising at least one tooth (28) for
meshing with a toothing (30) of the driven element
(18),
the pawl (22) further comprising a rigid, radially in-
wardly directed contact protrusion (82) at a radial
inner face of the pawl (22) for interacting with the
driven element (18), the contact protrusion (82) be-
ing arranged between the at least one tooth (28) and
the pivot axis (24),
the pawl (22) being adapted to assume a disengaged
position in which the pawl (22) is not in engagement
with the driven element (14) and from which it can
be pivoted radially inwards by turning the driving el-
ement (14) in driving direction (D), an engaged po-
sition in which the pawl (22) engages the driven el-
ement (18) and couples the driving element (14) with
the driven element (18), and a decoupled position in
which the pawl (22) is not in engagement with the
driven element (18) and cannot be engaged with the
driven element (18) by turning the driving element
(14) in driving direction (D),
the driven element (18) interacting with the pawl (22)
at the at least one tooth (28) and/or at the contact
protrusion (82) when the pawl (22) moves from the
engaged position into the decoupled position.

2. Clutch according to claim 1, characterized in that
the clutch (10) further comprises a clutch disk ring
(32) having an outer essentially circular circumfer-
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ence and a clutch disk arm (36) extending inwards
into an opening (34) enclosed by the clutch disk ring
(32), the clutch disk arm (36) interacting with the pawl
(22) to guide the pawl (22) into and out of the en-
gaged position.

3. Clutch according to claim 2, characterized in that
the contact protrusion (82) is arranged between the
clutch disk arm (36) and the pivot axis (24), while the
at least on tooth (28) is arranged between the clutch
disk arm (36) and a free end (26) of the pawl (22).

4. Clutch according to any of the preceding claims,
characterized in that in the engaged position the
contact protrusion (82) does not transmit any angular
momentum to the driven element (18).

5. Clutch according to any of the preceding claims,
characterized in that the contact protrusion (82) is
arranged so that the driven element (18) always con-
tacts the contact protrusion (82) when the pawl (22)
moves from the engaged position into the decoupled
position.

6. Clutch according to any of the preceding claims,
characterized in that the contact protrusion (82)
has a flank (84) that in the engaged position has
essentially the same inclination as the teeth flanks
(78) of the driven element (18) facing in driving di-
rection (D).

7. Method for transferring a clutch (10) according to
any of the preceding claims from the engaged posi-
tion into the decoupled position, with the following
steps:

- a pyrotechnic drive (11) coupled with the driven
element (18) is activated,
- an impulse acting in a radially outwards direc-
tion is introduced into the pawl (22) by the driven
element (18), in particular by a linear displace-
ment of the driven element (18),
- the at least one tooth (28) of the pawl (22) loos-
es contact with the driven element (18),
- a radially outwardly directed impulse is intro-
duced to the contact protrusion (82) by the driv-
en element (18), and
- the pawl (22) is pivoted radially outwards into
the decoupled position as the driven element
(18) is rotated in driving direction by the pyro-
technic drive (11).

8. Method according to claim 7, characterized in that
a pulse is transferred to the pawl (22) first by the
interaction of the driven element (18) with the tooth
(28) and subsequently by the interaction of the driven
element (18) with the contact protrusion (82) when
the pawl (22) moves from the engaged position into

the decoupled position.

9. Method according to claim 7, characterized in that
impulse is transferred to the pawl (22) exclusively by
the interaction of the driven element (18) with the
contact protrusion (82) when the pawl (22) moves
from the engaged position into the decoupled posi-
tion.
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