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Safety apparatus

The invention relates to a safety apparatus in particular for motor vehi-
cles, having a safety belt and a spool movable between a blocked position

and a released position for the winding up and unwinding of the belt.

In normal operation such belt systems ensure problem-free spool rotation
in both directions in order to make wearing of the belt comfortable for the
user. Various operating principles are known on which existing belt sys-
tems are based. The present application relates to systems with a "float-
ing" spool (engl.: "floating spool"), i.e. with the spool movable between a
blocked position and a released position. In the blocked position a rotation
of the spool in the belt let-out direction is not possible, i.e. when the spool
is in a blocked position the belt system fulfils its actual safety function: A
vehicle occupant falling into the belt during an accident is held back by
the blocked reel, i.e. by the reel which is blocked in the unwinding direc-
tion. In contrast, in the released position the spool can be rotated in both

directions.

Belt retention systems which are based on the "floating spool" principle
have been known for a long time. The mounting of the floating spool can
in this connection take place in different ways and by different means. The
spool can for example be freely movable within a restricted range, for ex-
ample be guided along a predetermined track in coercive guides formed for
example as cam tracks or can be pivotally mounted. The movement of the
spool out of the released position into the blocked position takes place via

the belt itself, whereas the movement of the spool back into the released
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position takes place as a result of its own weight or with the aid of reset-

ting devices operating for example with springs.

Known safety belt systems with floating spools operate reliably and satis-
factorily from every point of view and are used in large numbers in vehicle
construction, in particular as a result of their simple layout and their ro-
bustness. The "floating spool" systems are able to satisfy without problem
the demands placed on them in accordance with which the spool must
adopt the blocked position from a specific vehicle acceleration onwards

and also from a specific belt acceleration onwards.

Safety belt systems are increasingly being provided with further functions.
Such additional functions are in particular a pretensioning function and a

load or force limiting function.

Pretensioners serve to drive the reel in the belt take-up direction within a
short period of time of for example 10 ms following the establishment of
an accident situation in order to remove the so-called belt slackness, i.e.
to tension the belt, so that the safety belt can ideally satisfy its retention
function when the vehicle occupant falls into the belt as a result of inertia

following belt tensioning.

Load limiting devices, which are in particular known in the form of torsion
bars connected to the spool, serve to permit a restricted spool rotation in
the belt let-out direction when the spool is actually blocked in order to re-
duce the peak loads which act on the vehicle occupant when falling into

the belt as a result of inertia.

As a result of the restricted belt let-out the load limiting devices also per-

mit a certain forward movement of the vehicle occupant which is why a
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combination of belt tensioning and load lifniting has a particular impor-
tance in modern safety belt systems: An ideal load limiting is first made

possible at all by the possibility of pretensioning the belt.

The provision of belt systems operating in accordance with the floating
spool principle with pretensioners and load limiting devices has hitherto
been refrained from, because it is regarded as practically impossible to
handle a floating spool in this way in a reliable manner and in a manner

which satisfies all safety requirements.

The object of the invention is to further develop a safety apparatus of the
initially named kind, i.e. a belt system based on the "floating spool" prin-
ciple, in such a way that additional functions, in particular a pretension-
ing function and/or a load limiting function, can be integrated without

impairing the ability of the apparatus to operate satisfactorily.

The solution of this object takes place in accordance with the invention by
the features of claim 1 and in particular in that the safety apparatus has a
pretensioner with which the spool can be driven in the wind-up direction,
with the pretensioner having a drive arrangement with which the spool
can be set rotating at two engagement positions spaced apart along the

spool axis.

The invention is characterized in that the spool is not driven at one end
but rather the drive arrangement cooperates with the spool at a plurality
of axially spaced positions. The danger of tilting of the floating spool which
exists with only one ended loading can be reliably avoided by the inven-

tion.
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Through the invention a belt system operating in accordance with the "flo-
ating spool" principle can be provided for the first time with a pretensioner
which is made possible by distributing the spool drive to a plurality of en-
gagement positions. Moreover, this distribution of the spool drive leads to
an advantageous distribution of the spool loading. With two4points of en-
gagement spaced apart along the spool axis the loading at each point of
engagement is reduced by 50 % in comparison to a one-ended spool drive.
Expressed simply, the axial extent of the spool is exploited by the inven-
tion not only to enable the use of a pretensioner per se but rather also to
distribute the forces which are to applied by the pretensioner along the
spool axis and in this manner to avoid high local mechanical loadings. A
further advantage of the force distribution lies in the fact that the individ-
ual components can be dimensioned to be less robust. In particular, the
use of favourably priced material, such as for example plastics, is hereby

enabled in areas in which this was previously considered inconceivable.

Further preferred embodiments of the invention are also set forth in the

dependent claims, in the description and in the drawings.

The spool and the drive arrangement are preferably symmetrically con-
structed with respect to the axial direction, i.e. the points of engagement
are spaced by the same distance from a plane of symmetry extending per-
pendicular to the spool axis. Furthermore, provision is preferably made for
the points of engagement to be arranged at the axial end regions of the

spool.

In addition, the drive arrangement in accordance with the arrangement is
preferably designed such that a spool is held in the released position by

the engaged drive arrangement. In this way the spool drive itself ensures
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that the spool can not move back into the blocked position during belt

tensioning.

Furthermore, provision is made in accordance with the invention that the
spool is movable from the blocked position into the released position by
means of the drive arrangement entering into engagement. In this way it is
again the spool drive itself which ensures that the spool is located in the
released position during the belt tensioning and that the spool is auto-
matically moved before the start of the pretensioning procedure from the
blocked position into the released position, should the spool be located in
the blocked position at the instant of initiation of the pretensioning proce-

dure.

Specific examples for the practical realization of the invention will be dis-
cussed in more detail later in connection with the drawings. The specific
embodiments are in particular characterized in that they realize various
basic principles or contain basic aspects which can be combined with one

another in diverse ways.

Thus, the movement of the drive arrangement into engagement with the
spool can be selected independently of the specific design of the drive ar-
rangement. For example, an engagement movement taking place in the
radial or tangential direction can be realized using both racks which coop-
erate directly with a drive pinion of the spool and also in combination with

cable drums of a cable arrangement.

Preferred basic principles and basic concepts are set forth in the depend-
ent claims which can be realized individually or in combination in a spe-

cific safety apparatus in accordance with the invention.
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Thus, as an alternative to a radial or tangential engagement movement, as
mentioned above, the drive arrangement can also enter into engagement

with the spool by a movement taking place in the axial direction.

In one variant of the invention the drive arrangement can have two sepa-
rate drive sources which can each be brought via its own drive arrange-
ment into engagement with one of the engagement positions of the spool.
A synchronous spool drive can be achieved via the two axially spaced a-
part engagement positions by simultaneous control of the two drive sour-

Ces.

In an alternative, particularly preferred variant of the invention a common
drive source is provided for two drive trains which can each be brought
into engagement with one of the engagement positions of the spool. An ar-
rangement of this kind can automatically ensure a symmetrical or syn-

chronized driving of the spool via the two engagement positions.

In accordance with a further preferred design of the invention a drive ar-
rangement can have at least one drivable rack the movement of which can
be converted into a rotation of the spool. A rack drive of this kind can be
used as a direct spool drive, for example in that a drive pinion sitting on
the spool axle or forming the spool axle directly cooperates with the rack
and is set into rotation by the movement of the rack. Alternatively, the dri-
vable rack can be used as the drive for a cable arrangement which serves

to set the spool or a drive pinion of the spool into rotation.

When the drive arrangement has a drivable cable arrangement then provi-
sion is preferably made for at least one cable drum, which can be brought

directly into engagement with the spool or indirectly via a gear arrange-
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ment, to be rotatable in the cable let-out direction by means of the cable

arrangement.

In this connection the cable drum can be controlled to enter into engage-
ment with the spool by means of the cable arrangement by pivotal move-
ment about an axis extending parallel to and off-set from the spool axis. In
an alternative embodiment provision is made that the cable drum can be
brought into engagement with the spool by means of the cable arrange-
ment by an axial movement along the spool axis. In this arrangement the
cable drum and the spool can be arranged concentric to one another. In
particular provision can be made for an initial rotary movement of the ca-
ble drum to be converted via a screw connection into the axial movement

of the cable drum.

The cable arrangement can include two cable drums which can be

brought into engagement with the spool, which stand in connection with a
common drive drum via the cable and which are rotatable in the cable let-
out direction by means of the drive drum which is set rotating in the cable

take-up direction.

In a preferred embodiment of the invention the drive arrangement in-
cludes at least one gas generator disposed in a piston and cylinder system

as a drive source.

Any arrangement will be understood as a piston and cylinder system in
the sense of the invention which, through initiation of the drive source, in
particular by triggering of the gas generator, involves a relative movement
between a pipe system forming the cylinder in which the drive source is
arranged and a piston guided at the pipe system. In this connection the

piston can be disposed inside or outside of the cylinder. In particular, the
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piston can be inserted into a cylinder section or can be pushed onto a cyl-

inder section.

The piston which can be driven by means of the gas generator can be for-
med as a rack. As an alternative, or in addition, the piston, which can be
driven by means of the gas generator, can be connected to a cable ar-
rangement and can in particular serve as a drive source to set a cable

drum around which a cable is wound rotating via the cable.

In a particularly preferred embodiment of the invention the drive ar-
rangement includes a piston and cylinder system, in particular a symmet-
rically designed piston and cylinder system which includes two pistons
respectively arranged at one cylinder section and a common gas generator

which stands in connection with the two cylinder sections.

The pretensioner is preferably formed in such a way that it stands out of
engagement with the spool in a normal operating state. Furthermore, pro-
vision is preferably made for the pretensioner to be moved out of engage-

ment with the spool after pretensioning has taken place.

In this way it is ensured that the pretensioner is only in engagement with
the spool when necessary and the function of the safety apparatus is oth-

erwise not impaired by the pretensioner.

In addition to the pretensioner the belt system in accordance with the in-
vention can also have a load limiting device which permits a restricted ro-
tation of the spool in the blocked position. In particular provision is made
for the load limiting device and the pretensioner to cooperate with the

spool independently of one another.
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The invention will be described in the following by way of example and

with reference to the drawing in which are shown:

Figs. la - 1c various views of a first embodiment of a safety appara-

tus in accordance with the invention,

Figs. 2a - 2¢ various views of a second embodiment of a safety appa-

ratus in accordance with the invention,

Figs. 3a - 3c various views of a third embodiment of a safety appara-

tus in accordance with the invention,

Figs. 4a and 4b  various views of a fourth embodiment of a safety appa-

ratus in accordance with the invention,

Figs. 5a - 5¢ various views of a fifth embodiment of a safety appara-

tus in accordance with the invention, and

Figs. 6a - 6d various views of a sixth embodiment of a safety appara-

tus in accordance with the invention.

The safety apparatus in accordance with the invention shown in Figs. la -
1c without the housing cover includes a substantially U-shaped frame 51
on which a spool 13 for a non-illustrated safety belt is floatingly mounted,
the safety belt being wound onto a spool reel 14. The spool 13 includes a
through-going drive pinion 23 which forms the spool axis and with which
a blocking gear 53 is rotationally fixedly connected in each axial end re-

gion.
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The blocking gear 53 is provided with external saw-tooth like teeth which
block in the belt let-out direction and which cooperate with corresponding
mating teeth 52 of the frame 51 when the spool 13 is located in a blocking
position. The mating teeth 52 bound an aperture which differs from a cir-
cular shape only in an upper peripheral region, the aperture being formed

in the relevant U-limb of the frame 51 for the blocking gear 53.

The pretensioner for the spool 13, which is floatingly mounted in this
manner at the frame 51 in its apertures, includes two separate drive
trains of the same design which each include a gas generator 17 arranged
in a cylinder 41, a piston 20 which is simply indicated in broken lines
within the cylinder 41 and also a gear arrangement 28, 29 which is moun-
ted on a pivotal lever 55 which is pivotable about an axis extending paral-

lel to the spool axis.

The gear wheel 29 is a component of a cable drum 27 onto which a cable
35 is rolled, the cable being partly shown in broken lines and being se-

cured at one end to the piston 20 within the cylinder 41.

After triggering of the gas generator 17 the piston 20 moves downwardly in
the cylinder 41. Through this, the lever 55 is first moved downwardly via
the cable 35 and the gear wheel 28 is thereby brought into engagement
with the drive pinion 23 of the spool 13. The rotation of the cable drum 29
brought about by the further movement of the piston 20 is converted via
the gear wheel 28 into a rotation of the drive pinion 23 and thus into a

rotation of the spool 13 in the belt take-up direction: The belt is tensioned.

The two gas generators 17 are triggered simultaneously so that, as a re-
sult of the like construction of the drive trains, the spool 13 is brought in-

to engagement at its two axial ends with the respective gear wheels 28 in
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synchronized manner. At the same time, as a result of the drive pinion 23
being loaded by the pivotal levers 55 from above, it is ensured that the
spool 13 is moved downwardly via the drive pinion 23 which carries the
blocking gears 53 and is thus moved out of engagement with the mating
teeth 52 of the frame 51, should the spool 13 be located in its blocked po-

sition when the gas generator 17 are triggered.

The pivotal levers 55 are connected to a resetting device 56 which ensures
that after belt tensioning has taken place the gear wheels 28 again move
out of engagement with the drive pinion 23. The drive arrangement of the
pretensioner in accordance with the invention thus releases the spool 13
again, which can thus enter without disturbance into the blocked position
when, after belt tensioning has taken place, a tensile force is exerted on
the belt and transferred to the spool 13, whereby the spool 13 is lifted and
moved so that its blocking gears 53 enter into blocking engagement with
the mating teeth 52 of the frame 51.

The belt in the region of the spool 13 and also the movement of the spool
13 which can be achieved by means of the pretensioner from the blocked
position into the released position extend with at least a substantial com-
ponent parallel to one another so that two oppositely directed torques can
be exerted on the spool 13 via the belt on the one hand and via the pre-
tensioner on the other hand, in order to ensure that the spool 13 is in the
released position during the belt tensioning and can if necessary be moved
into the released position and that the spool 13 can be moved by means of

the belt into the blocked position.

Expressed simply, the pretensioner in accordance with the invention is
designed and arranged such that it and the belt act to a certain degree

opposite to one another and can move the spool 13 in opposite directions,
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the spool 13 being capable of being moved in translation as a result of its

floating mounting.

The Figs. 1b and 1c show the spool 13 and a load limiting device 45 asso-
ciated with the spool 13. The blocking gears 53 (Fig. 1c) provided with the
blocking teeth are not directly connected to the through-going drive pinion
23 of the spool 13 but rather in each case via a spool gear 57 rotationally

fixedly coupled to the drive pinion 23.

The connection between the blocking gear 53 and the spool reel 57 takes
place via a non-illustrated strip of material which forms a component of
the load limiting device 45 and which is wound onto the blocking gear 53
and fixedly c;onnected at one end to the spool 57. In this arrangement the
material strip is guided through a labyrinth 59 formed at the blocking gear
53 which can fundamentally be of any desired design.

When a tension force is acting in the belt with the blocking gear 53 stand-
ing in blocking engagement with the frame 51, with the tension force at-
tempting to rotate the spool reel 14 and thus the spool wheels 57 in the
belt let-out direction, the material strip is drawn through the labyrinth 59,
whereby not only friction forces oppose a rotary movement of the spool
wheels 57 and thus of the spool body 14, but rather a progressive defor-
mation work also has to be provided at the material strip. By correspond-
ing design of the load limiting device 55, in particular of the material strip
and of the labyrinth 59, the load limiting effect can be set as desired. A

plurality of material strips can also be used simultaneously.

The above explanations apply - unless something different is mentioned -
at least in the same sense also for the further embodiments of the inven-

tion which will be described in the following. A load limiting device based
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on the above explained principle is also provided in the safety apparatus

described with reference to Figs. 4a and 4b and also to Figs. 5a - 5c.

In the second embodiment of a safety apparatus of the invention in accor-
dance with Figs. 2a - 2¢ no cable arrangement is provided. In contrast pis-
tons 19 formed as racks each cooperate directly with a'drive pinion 23 of
the spool 13. Since, in this embodiment, a different load limiting device 45
is used; namely, a load limiting device incorporating a torsion bar 61, the

spool construction also differs from that of the first embodiment.

In addition to the torsion bar 61 the spool 13 has a spool reel 14, not il-
lustrated in Fig. 2c which carries the belt winding and which is rotation-
ally fixedly connected to the torsion bar 61 via a coupling gear wheel 65.
The blocking gears 53 which cooperate with the frame 51 in accordance
with the first embodiment are rotationally fixedly connected via pinions 54
to the torsion bar 61 which forms the spool axis. When the spool 13 is
blocked by means of the blocking gears 53 the spool reel 14 can be rotated
to a restricted degree in the belt let-out direction as a consequence of the
twisting of the torsion bar 61 via the spool reel 14 and the coupling gear
wheel 65.

The racks 19 (Figs. 2a and 2b) which serve as pistons and have a rectan-
gular cross-section are each arranged in a cylinder section 43 with a cor-
respondingly shaped internal cross-section. The two cylinder sections 43
are components of a closed essentially U-shaped cylinder system 41 in
which moreover a gas generator 17 serving as a common drive source is
arranged. The piston and cylinder system is arranged outside of a non-

illustrated housing.
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After triggering of the gas generator 17 the two racks 19 are loaded in the
same manner and move downwardly as a result of the symmetrical con-
struction of the drive arrangement. In this way the racks 19 enter into en-
gagement with drive pinions 23 which are rotationally fixedly coupled to
the spool reel 14 via toothed connecting rings 63. If necessary the spool 13
is hereby first moved downwardly as a whole and thus out of engagement
with the mating teeth 52 of the frame 51, i.e. is moved out of the blocked
position into the released position before the spool reel 14 is turned in the
belt take-up direction. In this the torsion bar 61 is moved via the coupling
gear wheel 65 by the spool reel 14 because the blocking gears 53 which
are rotationally fixed connected to the torsion bar 61 are out of engage-

ment with the mating teeth 52 of the frame 51.

A non-illustrated resetting device ensures that the racks 19 move out of
engagement with the drive pinions 23 of the spool 13 again after belt ten-
sioning has taken place, so that the pretensioner does not impair the re-
maining functionality of the safety apparatus. Corresponding resetting de-
vices which serve the same purpose are also provided in the other em-

bodiments.

The load limiting devices which are provided in the third and sixth em-
bodiments described below are formed in accordance with the second em-

bodiment.

The Figs. 3a - 3c show a third embodiment of the invention which is char-
acterized not only by its technical functionality but rather also by its par-

ticularly appealing external design.

The pretensioner is again based on a symmetrical piston and cylinder sys-

tem with a common gas generator 17 as a drive source, with the cylinder
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sections 43 having a circular cross-section for the pistons 19 which are

again formed as racks.

Here an inverse arrangement is also realized to the extent that the pistons
19 are themselves of sleeve-like design and are pushed at the side onto

the cylinder sections 43. The toothed arrangements which cooperate with
the drive pinions 23 are in each case formed in the manner of a comb-like

projection on one side of the piston 19.

A special feature in comparison to the second embodiment lies in the cur-
ved shape of the cylinder sections 23 and of the racks 19. Not only can a
particularly compact construction be realized in this way with at the same
time ideal functionality but rather the curvature of the piston and cylinder
arrangement also leads to a positive design effect which can be empha-
sized further by a corresponding design of the frame 51 and of the side
covers 67 (Fig. 3a). Furthermore, a security against rotation is automati-

cally provided by the curved shape of the racks 19.

In the fourth embodiment in accordance with Figs. 4a and 4b the piston
and cylinder system is located outside of the frame 51. Moreover, the cyl-
inder sections are made straight in accordance with the second embodi-

ment. Furthermore, inwardly disposed pistons 19 are provided.

In distinction to the second embodiment the pistons 19 formed as racks
and the cylinder sections 43 have a circular cross-section, with the racks
19 being formed by a plurality of spaced apart circular disks. Through this
construction of the piston and cylinder arrangement the sealed nature of

the drive system can be ensured in a particularly simple manner.
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The fifth embodiment of the invention in accordance with Figs. 5a - 5c is
characterized by a drive principle which makes use of a cable arrange-
ment. Here, other than in the first embodiment, only a single drive source
in the form of a gas generator 17 is provided, which drives a single piston

21 (Figs. 5b and 5¢) arranged in a cylinder 41 and formed as a rack in ac-

cordance with the fourth embodiment.

The rack 21 cooperates with a pinion 38, which is rotationally fixedly con-
nected to a drive drum 37 on which two cables 35 can be simultaneously
rolled up. The cables 35 are each rolled onto a cable drum 27 which is
provided with a gear wheel 29 in accordance with the first embodiment
and is mounted on a pivotal lever 55 which is pivotable about an axis ex-

tending parallel to and offset from the spool axis.

After triggering of the gas generator 17 and at the start of the common rol-
ling up movement of the drive drum 37 the two pivotal levers 55 are first
pivoted downwardly in synchronized manner via the two cables 35 and
hereby move the two gear wheels 29 into engagement with the drive pinion
23 of the spool 13. At the same time the spool 13 is, if necessary, moved
as a whole via the drive pinion 23 by means of the gear wheels 29 of the

pivot levers 35 out of the blocked position into the released position.

Through further rolling up of the cables 35 onto the common drive drum
37 the cable drums 27 are turned further in the cable let-out direction
whereby the spool 13 is turned via the drive pinions 23 in the belt take-up

direction and the belt is thus tensioned.

In the Figs. 5a - 5c a possibility for guiding the cables 35 is shown purely

by way of example in order to illustrate the principle underlying this fifth
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embodiment. The cable guidance can basically be effected in any desired

manmner.

The above described embodiments are characterized amongst other things
in that the engagement movement of the drive arrangement into engage-
ment with the spool 13 takes place in the radial or tangential direction
with respect to the spool axis. In contrast, in the sixth embodiment of the
invention in accordance with Figs. 6a - 6d, the engagement movement ta-

kes place in the axial direction.

For this purpose a respective carrier 69 (Fig. 6¢) and a cable drum 25 (Fig.
6d) are provided at both sides of the spool reel 14, concentric to the tor-
sion rod 61 forming the spool axis. The cable drums 25 each sit on a
spigot which projects in the axial direction from a base plate of the carrier
69, with the spigot being provided with an external thread 31 which coop-
erates with a corresponding counter thread 33 on the inner side of the ca-
ble drum 25.

The carriers 69, which are pivotally mounted on the frame 51 (Fig. 6a),
simultaneously serve as a holder for the spool 13, whereby the spool 13
can be pivoted as a whole relative to the frame 51 between the blocked po-

sition and the released position.

In accordance with the fifth embodiment, after the triggering of the non-
illustrated gas generator, the two cable drums 25 are set rotating via the
piston formed as a rack 21, which cooperates with a common drive drum
37 provided with a pinion 38 and also via the cables 35 guided over deflec-
tion rollers 71. The spool can, if required, be pivoted prior to this out of

the blocked position in the released position by means of the cable 31.
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As a result of the screw connection formed by the two cooperating thread
sections 31, 33 the initial rotation of the cable drums 25 is in each case
converted into an axial movement of the cable drums 25 and indeed in the
direction towards the confronting outer end faces of the spool reel 14. The
two cable drums 25 are thus moved towards one another in synchronized

manner.

The end of this axial movement is in each case achieved as soon as the
cable drum 25 and the spool reel 14 enter into engagement at the end
face. At the end of the axial engagement movement the spool reel 14 is
moved with the cable drums 25, which continue to be rotated via the
common drive drum 37, via engagement wedges 73 which are uniformly
distributed in the peripheral direction at the inner side of the cable drums
25 and corresponding counter wedges on the outer end faces of the spool
reel 14, whereby the spool 13 is turned in the belt take-up direction and

the belt slackness is removed.

In order to permit a movement of the spool between the blocked position
and the released position in normal operation the cables of the cable ar-
rangement are provided with a certain sag in the fifth and sixth embodi-
ments which does not, however, impair the functionality of the preten-

sioner.
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41
43
45
51
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54
56
55
S7
59
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Reference numeral list

safety belt
spool
spool reel

drive source, gas generator

rack or piston for direct spool driving

piston

rack or piston for cable arrangement

drive pinion

cable drum for axial engagement

PCT/EP2005/003953

cable drum for radial or tangential engagement

gear wheel

gear wheel of the cable drum
thread

counter thread

cable

common drive drum

pinion of the common drive drum
cylinder

cylinder section

load limiting device

frame

meshing teeth

blocking gear

pinion for blocking gear
resetting device

pivotal lever

spool wheel

labyrinth
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61
63
65
67
69
71
73

20

torsion bar

toothed connecting ring
toothed coupling wheel
cover

cover for cable drum
deflection roller

engagement wedge

PCT/EP2005/003953
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Claims

Safety apparatus, in particular for motor vehicles, having

- a safety belt (11),

- a spool (13) movable between a blocked position and a released
position for the winding up and unwinding of the belt (11), and

- a pretensioner which is drivably connected to the spool (13) in the
winding up direction,

wherein the pretensioner has a drive arrangement by which the spool

(13) can be set rotating at two engagement positions spaced apart a-

long the spool axis.

Safety apparatus in accordance with claim 1,

characterized in that

the points of engagement are arranged at the axial end regions of the
spool (13).

Safety apparatus in accordance with claim 1 or claim 2,
characterized in that
the spool (13) is held in the released position by means of the en-

gaged drive arrangement.

Safety apparatus in accordance with any one of the preceding claims,
characterized in that

the spool (13) is movable from the blocked position into the released
position by means of the drive arrangement entering into engage-

ment.

Safety apparatus in accordance with any one of the preceding claims,



10

15

20

25

30

WO 2005/120912

10.

PCT/EP2005/003953

22

characterized in that
an engagement movement of the drive arrangement into the spool

(13) takes place in the radial direction or in the tangential direction.

Safety apparatus in accordance with any one of the claims 1 to 4,
characterized in that
an engagement movement of the drive arrangement into the spool

(13) takes place in the axial direction.

Safety apparatus in accordance with any one of the preceding claims,
characterized in that
the pretensioner stands out of engagement with the spool (13) in a

normal operating state.

Safety apparatus in accordance with any one of the preceding claims,
characterized in that
the pretensioner can be controlled to move out of engagement with

the spool (13) after pretensioning has taken place.

Safety apparatus in accordance with any one of the preceding claims,
characterized in that

the drive arrangement has two separate drive sources (17) which can
each be brought via its own drive train into engagement with one of

the engagement positions of the spool (13).

Safety apparatus in accordance with any one of the claims 1 to 8,
characterized in that

a common drive source (17) is provided for two drive trains which can
each be brought into engagement with one of the engagement posi-

tions of the spool (13).
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Safety apparatus in accordance with any one of the preceding claims,
characterized in that

the drive arrangement has at least drivable rack (19, 21) the move-
ment of which can be converted into a rotation of the spool (13), with
the spool (13) or a drive pinion (23) sitting on the spool axle or form-
ing the spool axle being capable of being set into rotation either di-
rectly or via a cable arrangement, preferably by means of the rack
(19, 21).

Safety apparatus in accordance with any one of the preceding claims,
characterized in that

the drive arrangement has a drivable cable arrangement with which
at least one cable drum (25, 27) capable of being brought into en-
gagement with the spool (13) directly or via a gear arrangement (23,

28, 29) is rotatable in the cable let-out direction.

Safety apparatus in accordance with any one of the preceding claims,
characterized in that

the cable drum (27) can be brought into engagement with the spool
(13) by pivotal movement about an axis extending parallel to and of-

set from the spool axis.

Safety apparatus in accordance with any one of the claims 1 to 12,
characterized in that

the cable drum (25) can be brought into engagement with the spool
(13) by means of the cable arrangement by an axial movement along

the spool axis.

Safety apparatus in accordance with claim 14,
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characterized in that
the cable drum (25) and the spool (13) are arranged concentric to one

another.

Safety apparatus in accordance with claim 14 or 15,

characterized in that

an initial rotary movement of the cable drum (25) can be converted
via a screw connection (31, 33) into the axial movement of the cable

drum (25).

Safety apparatus in accordance with any one of the preceding claims,
characterized in that

the cable arrangement includes two cable drums (25, 27) which can
be brought into engagement with the spool (13), which stand in con-
nection with a common drive drum (37) via the cable (35) and which
can be set rotating in the cable let-out direction by means of the drive

drum (37) which is set rotating in the cable take-up direction.

Safety apparatus in accordance with any one of the preceding claims,
characterized in that

the drive arrangement includes at least one gas generator (17) ar-
ranged in a piston in cylinder system (19, 20, 21, 41) as a drive

source.

Safety apparatus in accordance with claim 18,
characterized in that
the piston (19, 21) which can be driven by means of the gas generator

(17) is formed as a rack.

Safety apparatus in accordance with claim 18 or 19,
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characterized in that
the piston (20), which can be driven by means of the gas generator

(17), is connected to a draw cable arrangement.

Safety apparatus in accordance with any one of the preceding claims,
characterized in that

the drive arrangement includes a piston in cylinder system (19, 21,
41) which is in particular symmetrically designed, the system includ-
ing two pistons (19) which are respectively arranged at a cylinder sec-
tion (43) and a common gas generator (17) communicating with the

two cylinder sections (43).

Safety apparatus in accordance with any one of the preceding claims,
characterized in that
a load limiting device (45) is provided which in a blocking position

permits a restricted rotation of the spool (13).

Safety apparatus in accordance with claim 22,
characterized in that
the load limiting device (45) and the pretensioner cooperate with the

spool (13) independently of one another.
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