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Description

[0001] The invention relates to a belt retractor for a
vehicle safety belt, in which a safety belt reel is rotatably
mounted on a frame and which includes a load limiter
which acts on a rotational movement of the beltreel and
has a switchable energy consumption.

[0002] In such a prior art safety belt retractor known
from DE 10 2009 014 999 A1, the load limiter contains a
brake with which relative rotation between the element
to be braked and a support element produces a rise in
pressure inside a pressure chamber, which is then con-
verted into an brake actuating force. A medium which is
filled into the pressure chamber may be silicone, or more
specifically a silicone granulate, the particle diameter of
which is approximately 0.2 to 0.3 mm and by means of
which an axially mobile displacement element can be
partly sheared. The displacement element displaces the
medium provided in the pressure chamber, thus cause
the rise in pressure in the pressure chamber, which is
then converted into the brake actuation force. In this prior
art load limiter, load limitation is performed by the brake
only, and not by the medium.

[0003] DokumentWO 2011082757 discloses abeltre-
tractor according to the preamble of claim 1.

[0004] The purpose of the load limiter is to limit the
forces acting during an accident between the safety belt
and the vehicle passenger wearing the safety belt and
who is moved further forwards in the motor vehicle seat.
[0005] The object of the invention is to provide a belt
retractor in which the load limiting effect is automatically
adjusted, depending on the vehicle passenger data and
the severity of the respective accident.

[0006] This objectis achieved, according to the inven-
tion, by the features of claim 1.

[0007] The dependent claims contain advantageous
developments of the invention.

[0008] Embodiments shall now be described in detail
with reference to the Figures, in which

Figure 1: shows a belt retractor for a vehicle
safety belt, comprising a built-in load
limiter which is one embodiment;

Figure 2: shows schematically, in an exploded

view, components which are used in
the embodiment in Figure 1;

show forms of rotating members
which may be used in the embodi-
ment according to Figures 1 and 2;

Figures 3A-3D:

Figure 4. shows a cutaway view along the axis
of the belt reel in a further embodi-
ment;

Figure 5: shows a cross-sectional view along
line A-A in the embodiment shown in
Figure 4;

Figure 6: shows another embodiment;

Figure 7: shows yet another embodiment;

Figure 8: shows a cutaway view of another em-
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bodiment;

shows a cross-sectional view along
line C-C in Figure 8;

shows cutaway view of another em-
bodiment;

shows a cross-sectional view along
line A-A in Figure 10;

shows cutaway view of another em-
bodiment;

shows a cross-sectional view along
line F-F in Figure 12;

shows a cross-sectional view along
line G-G in Figure 12; and

shows a cutaway view of yet another
embodiment;

shows in cutaway view a further em-
bodiment of the invention, in which a
displacer body linearly moveable in
the load limiter chamber and a pro-
gressive transmission gear are used;
shows a side view of the embodiment
shown in Fig. 16;

shows cutaway view of a further em-
bodiment having a progressive trans-
mission gear;

shows a further embodiment having
a progressive transmission gear, Fig-
ure 21 shows a further embodiment;
shows a cutaway view of a belt retrac-
tor comprising a built in load limiter
according to the invention.

Figure 9:

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14.
Figure 15:

Figure 16:

Figure 17:

Figure 18:

Figure 19:

Figure 20:

[0009] Inthe embodiments shown, the belt retractor in
each case has a frame 7, on which safety belt reel 1 for
a motor vehicle is rotatably mounted. The belt retractor
also contains a load limiter 2, which acts on a rotational
movement of belt reel 1 in an accident and consumes
energy thereby.

[0010] Loadlimiter 2 has aclosed load limiter chamber
8,inwhich agranulate 3 is enclosed. Granulate 3 consists
of a dry, granular solid. The granules of granulate may
have a specific hardness equivalent to a Mohs hardness
of at least 4 (absolute abrasive hardness: 5). For exam-
ple, the granules of granulate consistof mineral granules,
such as quartz (SiO,) sand. However, the granules of
granulate may also consist of plastic, glass or metallic
material. The diameter of the substantially rounded gran-
ules of granulate ranges between 0.1 and 0.4 mm. The
granules of granulate may also consist of different ma-
terials and/or have different hardnesses.

[0011] Load limiter 2 also has a rotating member 4,
which is disposed in load limiter chamber 8 and is rotat-
ablerelativetogranulate 3. Rotating member 4 isinrotary
drive communication with beltreel 1. To that end, rotating
member 4 is connected non-rotatingly to belt reel 1, as
shown in the embodiment in Figures 4 - 7, or is in drive
communication with belt reel 1 via a transmission gear
and/or a switchable coupling. This may be the case in
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the embodiments shown in Figures 1 and 2, for example.
However, a rotatable drive connection may be provided
between rotating member 4 and belt reel 1 in this em-
bodiment also.

[0012] Oneormorerotatingmembers4 maybeindrive
communication with belt reel 1.

[0013] Theatleastonerotating member 4 is preferably
disposed fixedly in the direction of its rotational axis 5, in
relation to load limiter chamber 8 and in particular in re-
lation to belt reel 1 as well.

[0014] As shown in Figures 3A - 3D, rotating member
4 may have different shapes. For example, the rotating
member may be disc-shaped, with radially extending ribs
on one or both disc surfaces (Figure 3A). In the embod-
iment shown in Figure 3B, rotating member 4 is in the
form of a hexagonal rotating member. In the example
shown in in Figure 3C, rotating member 4 is embodied
as a rotor with two vanes. In the embodiment in Figure
3D, rotating member 4 is in the form of an impeller, the
embodiment shown having six vanes. The vanes may be
curved, as shown in Figure 3D. However, the vanes may
also extend in a straight radial line. The vanes may also
have a twist or screw.

[0015] Theatleastonerotating member 4 is preferably
dipped wholly or partially into granulate 3. In the embod-
imentin Figure 3A, the radially extending ribs on the disc-
shaped rotating member 4 are fully submerged in gran-
ulate 3. Inthe embodiment in Figure 3B, at least the hex-
agonal circumferential surface of rotating member 4 are
submerged fully in the granulate. In the embodiment
shown in Figure 3C, at least the circumferential surfaces
13 of the two vanes are fully submerged in granulate 3.
In the embodiment in Figure 3D, at least the circumfer-
ential surfaces 13 on each vane of the impeller are like-
wise dipped into or submerged in granulate 3.

[0016] The belt reel consists substantially of two belt
reel parts 11 and 14. The one belt reel part 11 can be
blocked from further rotation relative to frame 7 in the
event of excessive acceleration or braking, for example
in an accident. This can be achieved in a known manner
by means of a belt strap-sensitive and/or vehicle-sensi-
tive blocking mechanism 16 (Figures 8 and 10). The other
belt reel part 14 is rotatable relative to the blocked belt
reel part 11, load limiter 2 acting between the blocked
belt reel part 11 and the rotatable belt reel part 14 when
the safety belt is pulled out.

[0017] Inthe embodiments shownindenFigures4-11,
belt reel 1 contains the belt reel part 11 which can be
blocked relative to frame 7 and the belt reel part 14 which
is rotatable In relation to the blocked belt reel part 11. In
normal operation, the entire beltreel 1, i.e. both the block-
able belt reel part 11 and the rotatable belt reel part 14,
are rotatably mounted on frame 7, together with the load
limiter disposed in load limiter chamber 8. In the embod-
iment shown in Figures 4 and 5, load limiter 2 extends
inside a substantially circular cylindrical load limiter
chamber 8 along belt reel axis 5. On the inner wall of the
sleeve- or pot-shaped rotatable belt reel part 14, there
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are tooth-like projections protruding into granulate 3 and
forming a plurality of rotating members 4 on rotatable belt
reel part 14, which are rotatable about belt reel axis 5
andwhich are dippedinto granulate 3. Said rotating mem-
bers 4 extend substantially radially inwardly into granu-
late 3 and are provided on the outer boundary wall of
load limiter chamber 8. Projections may also be provided
on the radially inner boundary surface of load limiter
chamber 8. Said radially inner boundary surface of load
limiter chamber 8 is formed by a sleeve-shaped stator
12 which is joined non-rotatingly to blockable belt reel
part 11. However, it Is also possible for the radially inner
boundary surface of load limiter chamber 8, which is pro-
vided on the sleeve-shaped stator 12, to be embodied in
a smooth form. In an accident, the blockable belt reel
part 11 and stator 12 are preventing from rotating relative
toframe 7. Depending on the severity of the accident and
the body size and weight of the vehicle passenger wear-
ing the seat belt, the safety belt is unreeled from the belt
reel, the rotatable belt reel part 14 rotating relative to the
blocked belt reel part 11, and the projections on the inner
side of the rotatable belt reel part 14, which form rotating
member 4, are rotated relative to granulate 3. Shear force
are exerted in the process on the granules of the granu-
late, which absorb energy and thus impose a limitation
on the forces acting between the body of the vehicle pas-
senger who has been moved forwards and the unreeled
belt strap.

[0018] As shown in Figures 4, 5 and 8 - 11, a torsion
bar 6 disposed inside the sleeve-shaped load limiter ar-
rangement may additionally be provided. The one end
(the left-hand end of torsion bar 6) is joined non-rotatingly
to the blockable belt reel part 11, and the other end (the
right-hand end of torsion bar 6) is non-rotatingly joined
to rotatable belt reel part 14.

[0019] Inthe embodiments shown in Figures 6 - 9, the
load limiter chamber 8 is located between two opposite
end faces on blockable belt reel part 11 and on rotatable
belt reel part 14 (Figures 6, 7, 10, 11) or on blockable
belt reel part 11 (Figures 8, 9). The end face on rotatable
belt reel part 14 may lie in a hollow disposed rotationally
symmetrically In respect of belt reel axis 5. Granulate 3
is located in load limiter chamber 8, and the rotating mem-
bers 4 embedded in granulate 3 are located on the coun-
tersunk end face of rotatable belt reel part 14 in Figure
6, in the form of substantially radially extending projec-
tions. On the opposite end face of blockable belt reel part
11, substantially radially extending projections which
likewise protrude into granulate 3 and which produce the
effects of stator 12 may be provided.

[0020] Inthese embodiments also, aload limiting effect
is produced when the rotatable belt reel part 14 is rotated
in relation to the blocked belt reel part 11, said effect
being caused by the shear forces which are produced by
the rotating members 4 which act as axial projections in
granulate 3.

[0021] Instead of the projections acting as rotating
member 4, one of the rotating members 4 shown in Fig-
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ures 3A - 3D may also be disposed in the load limiter
chamber 8 at the end face (Figures 7-11). In the embod-
iment in Figure 7, said rotating member is disposed non-
rotatingly on a stub shaft 15 of rotatable belt reel part 14.
A rotating member in the form of an impeller, as shown
in Figure 3D, is preferably disposed in load limiter cham-
ber 8. Inthe embodimentin Figure 7, load limiter chamber
8 and granulate 3 are arranged in a recess in blockable
belt reel part 11. In Figure 7, as in the embodiment in
Figures 4 and 5, the one end of a torsion bar may be
joined non-rotatingly to blockable belt reel part 11. The
other end of the torsion bar is connected to rotatable belt
reel part 14. The torsion bar extends along belt reel axis
5inacavity in stub shaft 15 and rotatable beltreel part 14.
[0022] In the embodiments shown In Figures 8 - 11,
the torsion bar extends as a component of load limiter 2
along the rotational axis 5 of the belt reel. Atone end (the
left-hand end), torsion bar 6 is connected non-rotatingly
to rotatable beltreel part 14. In the embodimentin Figures
8 and 9, the other end (the right-hand end) of the torsion
bar is connected via a break point 17 to blockable belt
reel part 11. Said right-hand end of torsion bar 6 is also
joined non-rotatingly to rotating member 4, which is pro-
vided in the form of an impeller. In this embodiment, tor-
sion bar 6 acts as a a load limiter, up to a particular load
threshold determined by break point 17. When the load
threshold is exceeded, the connection between torsion
bar 6 and blocked belt reel part 11 is broken, with the
resultthatrotating member 4 is rotated with load limitation
in the granulate located inside load limiter chamber 8.
Therotational movementis transmitted from the rotatable
belt reel part 14 via torsion bar 6 to rotating member 4.
Load limiter chamber 8 containing granulate 3 is dis-
posed in a recess in blockable belt reel part 11. In this
embodiment, it is also possible that the right-hand end
of torsion bar 6 is mounted rotatably on blockable belt
reel part 11 and is connected to rotating member 4 via a
break pointembodied, for example, as a slip clutch. When
the torque produced by torsion bar 6 is exceeded, torsion
bar 6 rotates relative to the rotating member.

[0023] Inthe embodimentinFigures 10and 11, torsion
bar 6 is joined atits one end (its left-hand end) to rotatable
beltreel part 14, and atits other end torsion bar 6 is joined
non-rotatingly to rotating member 4, whichis likewise em-
bodied as an impeller. Torsion bar 6 is mounted rotatably
in relation to blockable belt reel part 11. In the event of
the relative rotational movement of rotating member 4 in
relation to the granulate disposed in load limiter chamber
8 being blocked, torsion bar 6 acts solely as a load limiter.
[0024] Inthe embodimentinFigures 12-14, load limiter
chamber 9 and granulate 3 are located in a recess in
blockable belt reel part 11. Rotating member 4, which is
preferably embodied as an impeller (Figure 3D), is joined
non-rotatingly to rotatable belt reel part 14. Rotating
member 4 is mounted rotatably in relation to torsion bar
6. When the belt strap is unreeled with load limitation,
rotating member 4 rotates together with rotatable belt
reel part 14 relative to the blocked beltreel part 11, which
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contained granulate 3 in load limiter chamber 8. Torsion
bar 6, the right-hand end of which is joined non-rotatingly
to blocked belt reel part 11, is torsioned simultaneously.
This results in an additive limitation effect on the belt
strap, as shown in Figures 10 and 11.

[0025] Inthe embodimentin Figures 8 - 14, a blocking
mechanism 16 is shown which in a belt strap-sensitive
and/or vehicle-sensitive manner prevents the blockable
belt reel part 11 from rotating when excessive accelera-
tion or braking occurs, and which in normal vehicle op-
eration prevents the entire belt reel 1 on frame 7 from
rotating. In an accident, as already explained, blockable
belt reel part 11 on frame 7 is blocked against rotating
and rotatable belt reel part 14 can be rotated when the
vehicle passenger wearing the seat belt moves forwards
with the belt strap unreeling with load limitation.

[0026] When rotary wheel 4, embodied as animpeller,
rotates clockwise relative to granulate 3 in the embodi-
ment shown in Figures 8, 9 and 12 - 14, the granules in
load limiter chamber 8 are displaced substantially in the
direction of rotation. Load limiter chamber 8 and granu-
late 3 are located in a cavity at the end face of rotatable
belt reel part 14. In the embodiment in Figure 10, when
rotating member 4 embodied as animpellerrotates clock-
wise relative to granulate 3, displacement components
acting radially outwardly actonthe granules in load limiter
chamber 8. The vanes of the impeller shown in the em-
bodiment in Figures 8 - 14 are curved. The vanes may
be deformed when the load limiter rotates, with the result
that an additional influence on the load limitation effect
is achieved by such deformation. The vanes may also
have a twist.

[0027] Rotating member 4, in particular a rotating
member in the form of an impeller (Figures 3C, 3D and
8- 11), may be deformable in the radial direction. In par-
ticular, the vanes of the impeller may deform radially out-
wardly when rotating with energy absorption in granulate
3, as a result of which the effective radius increases and
stronger shear forces are exerted on the granules, in par-
ticular at the circumferential edge of the vanes.

[0028] Inthe embodiment shown schematically in Fig-
ures 1, 2, load limiter 2 is located in a housing which is
attached to the beltretractor frame 7 and which is formed
by the two housing sections 9 and 10. Rotating member
4 isdisposed in load limiter chamber 8, which is enclosed
by the two housing sections 9 and 10. Granulate 3, and
rotating member 4 exerting the required shear forces on
the granules, are located inside load limiter chamber 8.
Housing sections 9 and 10 may be fixedly disposed on
frame 7, a coupling between the rotatable belt reel part
and rotating member 4 being provided between rotor 4
and belt reel 1, said coupling being disengaged during
normal operation of the belt retractor and engaged for
operation of the load limiter. The rotating member is pref-
erably arranged coaxially with rotational axis 5 of belt reel
1.

[0029] Figure 15 shows a cutaway view of another em-
bodiment. The basic structure of this embodiment is the
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same as that in the embodiment in Figures 1 and 2. Load
limiter chamber 1 is enclosed, accordingly, in a housing
comprising housing sections 9 and 10. Granulate 3 is
located in the load limiter chamber. The housing is at-
tached to frame 7. Rotor 4 in load limiter chamber 8 is
connected with a coupling to beltreel 1 and to rotatable
belt reel part 14. The coupling is disengaged during nor-
mal beltretractor operation, so beltreel 1 canrotate freely
relative to rotating member 4. For unreeling of the belt
strap under load limitation, coupling 23 is engaged, such
that rotating member 4 and belt reel 1 or rotatable belt
reel part 14 are connected non-rotatingly to each other.
[0030] Inthis embodiment, the bulk density of the gran-
ulate in the load limiter chamber can be adjusted by
changing the volume of the load limiter chamber and
hence of the granulate 3 with which the load limiter cham-
ber is filled. An adjuster element 20 is provided for this
purpose, with which a volume adjuster 21 can be brought
into different axial positionsin order to change the volume
of load limiter chamber 8. Adjuster element 20 may be
embodied as a rotatable cam disc which can rotate about
rotational axis 5. Depending on therotation angle position
of adjuster element 20, the volume of load limiter cham-
ber 8 and hence the bulk density of granulate 3 is altered
by the axial displacement of volume adjuster 21. A ser-
vodrive 19, for example an electric motor, which is con-
trolled by a controller 18 may be provided to position the
adjuster element 20 in the respective rotation angle po-
sition. Said controller may be a separate control unit, or
a control unit integrated in the on-board computer of the
motor vehicle. In the embodiment shown here, controller
18 is connected to a rotational speed sensor 33. The
signal from the rotational speed sensor corresponds to
the speed at which the belt strap is unreeled under load
limitation from belt reel 1, or more specifically from rotat-
able belt reel part 14. In controller 18, the respective ac-
celeration and hence an indication of the severity of the
accident can be determined, together with the body
weight of the vehicle passenger wearing the seat belt.
Other key data supplied to controller 18 may include the
length of belt unreeled from the parked position of belt
reel 1 when putting on the safety belt, the position of the
seat in the axial direction of the motor vehicle, the body
size and body weight of the vehicle passenger and the
acceleration or braking force acting at the position of the
vehicle passenger in the vehicle during an accident.
[0031] In the embodiment shown in Figures 4 - 7 and
Figures 10 -14, a change in the volume of load limiter
chamber 8 can also be produced by a relative displace-
ment, in particular in the axial direction, between block-
able belt reel part 11 and rotatable belt reel part 14 within
their overlapping region, as shown schematically by a
double-headed arrow 22 in Figure 7.

[0032] By means of the invention, the characteristic
curves of the load limiter can be adjusted for load-limited
extension of the belt strap within a large range in respect
of passenger size and weight, and the severity of the
accident.
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[0033] Inthe beltretractor shown schematically in Fig-
ures 16 - 19, a transmission gear with a varying trans-
mission ratio is disposed between belt reel 1 and in par-
ticular between rotatable beltreel part 14 and load limiter
2. Inthe embodiments, transmission gear 24 is designed
in such away that it has a progressive transmission ratio.
This progressive transmission ratio can be achieved by
varying the distance of aload transmission point 25, from
which the torque of belt reel 1, or more specifically of
rotatably belt reel part 14, is transmitted to load limiter 2,
from a rotational axis 5, which may coincide with rota-
tional axis 5 of the belt reel, when the belt reel turns with
load limitation. The distance may be changed along a
spiral path 25 around rotational axis 5. The components
of the belt retractor shown in Figures 16 - 19 are suitably
mounted on a belt retractor frame which is not shown
here in any further detail.

[0034] Spiral 25 may have a conical profile and be ar-
ranged on a conically shaped pulley wheel 30. The con-
ically shaped pulley wheel 30 and hence the load trans-
mission point 25 running in spiral cable grooves are con-
nected via a coupling 23 to belt reel 1, or more specifically
to rotatable belt reel part 14. Coupling 23 is designed in
such a way that, in the event of any relative rotation of
reel part 14 in relation to the torsion bar 6 joined non-
rotatingly at one end to the blocked belt reel part 11, itis
put into the engaged state when there is any belt unreel-
ing movement. This coupling 23 is disengaged during
normal belt retractor operation.

[0035] In the embodiments shown, the rotational
movement of rotatable belt reel part 14 can be transmitted
from the spiral load transmission point 25 to load limiter
2 via load cable 26 when coupling 23 is engaged.
[0036] Inthe embodimentshown in Figures 16 and 17,
load limiter 2 contains a displacer body 28 which is line-
arly moveable in load limiter chamber 8 and which is dis-
posed like a piston in the granulate 3 in load limiter cham-
ber 8. Load limiter chamber 8 may be attached via at-
tachment point 31 to the belt retractor frame, if necessary
pivotably. Displacer body 28 may have axially extending
through holes In its displacer body, or axially extending
passages at its circumference, through which the gran-
ules can pass from one side to the other side of displacer
body 28 when displacer body 28 moves.

[0037] Inthe embodimentshown in Figure 18, load ca-
ble 26 is guided around a cable deflection point 27, for
example a guide pulley, and connected to a pulley wheel
29 which is provided at the end of torsion bar 6. In this
way, the rotational movement of the rotatable belt reel
part 14 is transferred via the transmission gear to the
rotatable end of torsion bar 6. The other end of torsion
bar 6 is fixedly connected to blocked belt reel part 11.
[0038] In the embodimentin Figure 19, rotation of the
rotatable belt reel part 14 is transferred via load cable 26
deflected about deflection point 27 to the pulley wheel
29 connected to rotating member 4. Rotating member 4
is a component of load limiter 2, which may be designed
as described above with reference to Figures 1 and 2.
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According to the invention a belt retractor is shown in
Figure 20. The belt reel 1 is rotatably mounted on frame
7. Belt reel 1 consists of blockable belt reel part 11 and
beltreel part 14 which is rotatable relative to blocked belt
reel part11. When excessive accelerative or braking forc-
es are exerted, blockable beltreel part 11 is blocked with
the aid of blocking mechanism 16, which is embodied in
a known form. The blocking mechanism is disposed in
housing sections 9 attached to frame 7.

Granulate 3 is disposed in load limiter chamber 8, which
is enclosed by blockable belt reel part 11 and by rotatable
belt reel part 14. Rotor 4, which may be embodied as an
impeller as described in the previous embodiments, is
located in the granulate. Rotor 4 sits non-rotatingly on an
axial guide 36. Blockable beltreel part 11 is likewise con-
nected non-rotatingly to the axial guide. This can be re-
alised by providing rotor 4 and blockable belt reel part 11
with appropriate inner cross-sections and by providing
axial guide 36 with an matching cross-section. This can
be achieved, for example, by cross-sections that deviate
from a circular shape, for example by oval, polygonal
cross-sections, in particular by square cross-sections.
Axial guide 36 extends in the axial direction in the middle
of beltreel 1 and has athread 40 in the region of rotatable
belt reel part 14. An adjuster element 35, for example in
the form of an adjuster nut, has an internal thread which
is in thread engagement with the thread 40 (external
thread) of rod-shaped axial guide 36. Adjuster element
35 is connected axially displaceably, but nonrotatingly to
rotatable belt reel part 14. To this end, rotatable belt reel
part 14 may have one or more longitudinal grooves 41
running in the axial direction on an inner circumference.
Correspondingly shaped projections on adjuster element
35 engage longitudinally displaceably in said longitudinal
grooves 41.

The axial adjusting movement of adjuster element 35
acts via a spring means, for example via a spring assem-
bly 42, which may consist of disc springs, on an actuator
member 37. Actuator member 37 closes working cham-
ber 8 from the inner bore in rotatable reel part 14, in which
spring assembly 42 is disposed around axial guide 36.
Actuator member 37 may be plate-shaped or disc-
shaped.

However, it is also possible to produce thread engage-
ment between an inner thread provided on the wall of the
inner bore of rotatable belt reel part 14, and on adjuster
element 35 an external thread which engages with said
inner thread. The axial guide can also be provided in the
form of appropriate longitudinal grooves and projections
on the inner circumference of adjuster element 35 and
on the outer circumference of axial guide 36.

[0039] During normal operation of the belt retractor,
the belt reel is rotatably mounted, together with working
chamber 8, rotor 4 and axial guide 36, on frame 7. When
the blocking mechanism is activated, for example in an
accident, blockable belt reel part 11, axial guide 36 and
rotor 4 are prevented from rotating. When the belt strap
is unreeled, for example by forwards movement of the

10

15

20

25

30

35

40

45

50

55

vehicle passenger wearing the seat belt, rotatable belt
reel part 14 is rotated, together with granulate 3 enclosed
by itin load limiter chamber 8, in relation to blocked rotor
4. Rotor 4 thus acts as an unmoved displacement ele-
ment in granulate 3. Due to the thread engagement de-
scribed above, adjuster element 5 moves along axial
guide 36 and acts via spring assembly 42 on actuator
member 37. Pressure is exerted as aresult on granulate
3inloadlimiter chamber 8, due to the reductioninvolume,
and said pressure is used to adjust the effect of the load
limiter when the belt strap is unreeled. This adjustment
is performed according to the severity of the accident
and/or the passengerdata, such as body size and weight,
and the seat position of the vehicle passenger wearing
the seat belt. This adjustment of the load limiter effect is
performed by an adjuster means 34, which is automati-
cally activated when the belt strap is unreeled and which
includes the adjuster element 35 guided along axialguide
36 and which applies spring action on actuator member
37. Small adjusting movements of actuator member 37
are sufficient to achieve the desired load limitation over
a wide range for vehicle passengers of different sizes
and weights, and for different accident severities. These
adjusting movements are less than the grain size of the
granules in granulate 3.

The embodiment shown in Figure 21 has a construction
similar to the embodiment in Figure 15. A piezoactuator
39 is used as the servodrive for actuator member 37. To
control the movement of actuator member 37, an elec-
trical voltage formed by controller 18 according to a
measurement signal received from measuring device 38
is applied to the piezoactuator. In the embodiment in Fig-
ure 15, this causes a reduction in the volume of load
limiter chamber 8 and a particular pressure to be exerted
as a result on granulate 3 in load limiter chamber 8 in
order to change the bulk density of the granulate. Pie-
zoactuator 39 rests against a part of belt retractor frame
7 and is disposed between said frame portion and actu-
ator member 37.

Measuring device 38, which is connected to controller
18, may be configured in such a way that it detects the
data of the vehicle passenger wearing the seat belt, in
particular the seat position, weight and size. Measuring
device 38 can also establish the severity of the accident.
To do so, measuring device 38 can determine the speed
speed or acceleration with which the belt strap is un-
reeled. However, measuring device 38 can also detect
the braking intensity or acceleration of the vehicle during
an accident. Depending on the measurement signals re-
ceived from measuring device 38, controller 18 sets the
voltage applied to piezoactuator 39, and actuator mem-
ber 37 is adjusted to change the bulk density of granulate
3.

List of reference signs:

[0040]
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1 Belt reel

2 Load limiter

3 Granulate

4 Rotating member

5 Rotational axis

6 Torsion bar

7 Frame

8 Load limiter chamber
9, 10 Housing sections

11 Lockable belt reel part
12 Stator

13 Circumferential surfaces
14 Rotatable belt reel part
15 Stub shaft

16 Locking mechanism

17 Break point

18 Controller

19 Servodrive

20 Adjuster element

21 Volume adjuster

22 Double-headed arrow
23 Coupling

24 Transmission gear

25 Load transmission point (spiral)
26 Load cable

27 Cable deflection point
28 Linear moveable body
29 Pulley wheel

30 Conical pulley wheel
31 Attachment point

33 Rotational speed sensor
34 Servomechanism

35 Adjuster element

36 Axial guide

37 Actuator member

38 Measuring device

39 Piezoactuator

40 Thread

41 Longitudinal grooves
42 Spring assembly
Claims

1. A belt retractor comprising a safety belt reel (1) ro-

tatably mounted on a frame and a load limiter (2)
which acts on a rotational movement of the belt reel
(1) and has adjustable energy consumption, said
load limiter having a granulate (3) which is enclosed
in a closed load limiter chamber (8) and consists of
dry, granular solid, and at least one member (4), the
member (4) and the granulate (3) being arranged so
that they are rotatable in relation to each other,

characterised in that the bulk density of the gran-
ulate (3) in the load limiter chamber (8) can be varied
to adjust the energy consumption, and in that the
member (4) is held fixed in a fixed position and the
granulate (3) is rotated in relation to the member (4).
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2,

10.

1.

The belt retractor according to claim 1,
characterised in that the volume of the load limiter
chamber (8) orthe pressure exerted on the granulate
(3) can be varied in order to adjust the bulk density
of the granulate (3) in the load limiter chamber (8).

The belt retractor according to claim 1 or 2,
characterised in that an actuator member (21; 37)
controlled by the load-limited rotation of the belt reel
(1) or of a rotatable belt reel part (14) is formed to
exert a change of pressure on the granulate (3) dis-
posed in the load limiter chamber (8), or to alter the
volume of the load limiter chamber (8).

The belt retractor according to claim 3,
characterised in that the actuator member (37) is
driven by the load-limited rotation of the belt reel (1)
or of the rotatable belt reel part (14).

The belt retractor according to claim 3 or 4,
characterised in that an adjuster means (34; 39)
actuated during load-limited rotation of the belt reel
(1) or of the rotatable belt reel part (14) adjusts the
actuator member (37).

The belt retractor according to claim 5, character-
ized in that the adjusting movement is less than the
grain size of the granular solid in the granulate (3).

The belt retractor according to claim 5 or 6,

characterised in that the adjuster means (34) has
an adjuster element (35), which can be adjusted by
thread engagement when the belt reel (1) or the ro-
tatable belt reel part (14) rotates under load limita-
tion, and which acts upon the actuator member (37).

The belt retractor according to any one of claims 1
to 6,

characterised in that the adjuster means for the
actuator member (37) has a piezoactuator (39) which
acts upon the actuator member (37).

The belt retractor according to any one of claims 1
to 8,

characterised in that the granulate (3) is made of
hard grains.

The belt retractor according to any one of claims 1
to 9,

characterised in that the at least one member (4)
is embodied as an impeller, the vanes of which are
curved and dipped into the granulate (3).

The belt retractor according to any one of claims 1
to 10,

characterised in that the load limiter chamber (8)
is disposed in the rotatable belt reel part (14).
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Patentanspriiche

Gurtaufroller mit einer Gurtspule (1), die drehbar an
einem Rahmen gelagert ist, und einem Kraftbegren-
zer (2), welcher auf eine rotierende Bewegung der
Gurtspule (1) wirkt, und einen einstellbaren Energie-
verbrauch hat, wobei der Kraftbegrenzer ein Granu-
lat (3) aufweist, welches in einem geschlossenen
Kraftbegrenzerraum (8) eingeschlossen ist und aus
trockenem, kérnigem Feststoff besteht, und wenigs-
tens einem Korper (4), wobei der Korper (4) und das
Granulat (3) so angeordnet sind, dass sie relativ zu-
einander drehbar sind,

dadurch gekennzeichnet, dass die Schittdichte
des Granulats (3) in dem Kraftbegrenzerraum (8)
zum Einstellen des Energieverbrauchs variiert wer-
den kann, und dadurch, dass der Korper (4) in einer
fixierten Position fixiert gehalten und das Granulat
(3) in Bezug auf den Korper (4) rotiert wird.

Gurtaufroller nach Anspruch 1,

dadurch gekennzeichnet, dass das Volumen des
Kraftbegrenzerraums (8) oder der Druck, der auf das
Granulat (3) ausgeubt wird zum Einstellen der
Schittdichte des Granulats (3) in dem Kraftbegrenz-
erraum (8) variiert werden kann.

Gurtaufroller nach Anspruch 1 oder 2,

dadurch gekennzeichnet, dass ein Betatigungs-
glied (21, 37), welches durch die kraftbegrenzende
Rotation der Gurtspule (1) oder von einem drehba-
ren Gurtspulenteil (14) gesteuert wird, ausgebildet
ist zum Ausliben einer Druckénderung auf das Gra-
nulat (3), welches in dem Kraftbegrenzerraum (8)
angeordnet ist, oder zum Variieren des Volumens
des Kraftbegrenzerraums (8).

Gurtaufroller nach Anspruch 3,

dadurch gekennzeichnet, dass das Betatigungs-
glied (37) durch die kraftbegrenzende Rotation der
Gurtspule (1) oder des drehbaren Gurtspulenteils
(14) angetrieben wird.

Gurtaufroller nach Anspruch 3 oder 4,

dadurch gekennzeichnet, dass ein Einstellmittel
(34, 39), welches wahrend einer kraftbegrenzenden
Rotation der Gurtspule (1) oder des drehbaren
Gurtspulenteils (14) betatigt wird, das Betatigungs-
glied (37) einstellt.

Gurtaufroller nach Anspruch 5, dadurch gekenn-
zeichnet, dass die einstellende Bewegung geringer
ist als die KorngroRe des kornigen Feststoffesin dem
Granulat (3).

Gurtaufroller nach Anspruch 5 oder 6,
dadurch gekennzeichnet, dass die Einstellmittel
(34) ein Einstellelement (35) haben, welches durch
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10.

1.

Schraubeingriff eingestellt werden kann, wenn die
Gurtspule (1) oder der drehbare Gurtspulenteil (14)
unter Kraftbegrenzung rotiert, und welches auf das
Betatigungsglied (37) wirkt.

Gurtaufroller nach einem der Anspriiche 1 bis 6,
dadurch gekennzeichnet, dass die Einstellmittel
fir das Betatigungsglied (37) einen Piezoaktuator
(39) haben, welcher auf das Betatigungsglied (37)
wirkt.

Gurtaufroller nach einem der Anspriiche 1 bis 8,
dadurch gekennzeichnet, dass das Granulat (3)
aus kdrnigem Feststoff gebildet ist.

Gurtaufroller nach einem der Anspriiche 1 bis 9,
dadurch gekennzeichnet, dass der wenigstens ei-
ne Korper (4) als ein Flugelrad ausgebildet ist, wobei
dessen Fligel gekriimmt und in das Granulat (3) ein-
getaucht sind.

Gurtaufroller nach einem der Anspriiche 1 bis 10,
dadurch gekennzeichnet, dass der Kraftbegrenz-
erraum (8)indemdrehbaren Gurtspulenteil (14) aus-
gebildet ist.

Revendications

Rétracteur de ceinture, comprenant un tambour (1)
de ceinture de sécurité monté tournant sur un cadre
et un limiteur (2) de charge, qui agit sur un mouve-
ment de rotation du tambour (1) de ceinture et qui a
une consommation d’énergie réglable, le limiteur de
charge ayant un granulé (3), qui est enfermé dans
une chambre (8) fermée de limiteur de charge et qui
consiste en un produit solide sec en grain, et au
moins un élément (4), 'élément (4) et le granulé (3)
étant agencés de maniére a pouvoir tourner I'un par
rapport a l'autre,

caractérisé en ce que la masse volumique appa-
rente du granulé (3) dans la chambre (8) du limiteur
de charge peut étre modifiée pour régler la consom-
mation d’énergie eten ce que I'élément (4) estmain-
tenu fixé dans une position fixée et le granulé (3)
tourne par rapport a I'élément (4).

Rétracteur de ceinture suivant la revendication 1,
caractérisé en ce que le volume de la chambre (8)
du limiteur de charge ou la pression appliquée au
granulé (3) peuvent étre modifiés, afin de régler la
masse volumique du granulé (3) dans la chambre
(8) du limiteur de charge.

Rétracteur de ceinture suivant la revendication 1 ou
2,

caractérisé en ce qu’unélément(21;37) actionneur
commandé par la rotation a limitation de charge du
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tambour (1) de ceinture ou d’une partie (14) tournan-
te du tambour de ceinture est conformé pour appli-
quer un changement de pression au granulé (3) dis-
posé dans la chambre (8) du limiteur de charge ou
pour modifier le volume de la chambre (8) du limiteur
de charge.

Rétracteur de ceinture suivant la revendication 3,
caractérisé en ce que I'élément (37) actionneur est
entrainé par larotation a limitation de charge du tam-
bour (1) de ceinture ou de la partie (14) tournante
du tambour de ceinture.

Rétracteur de ceinture suivant la revendication 3 ou
4,

caractérisé en ce qu’un moyen (34; 39) de réglage,
actionné pendant la rotation a limitation de charge
du tambour (1) de ceinture ou de la partie (14) tour-
nante du tambour de ceinture, régle I'élément (37)
actionneur.

Rétracteur de ceinture suivant la revendication 5,
caractérisé en ce que le mouvement de réglage est
plus petit que la granulométrie du produit solide en
grain dans le granulé (3).

Rétracteur de ceinture suivant la revendication 5 ou
6,

caractérisé en ce que le moyen (34) de réglage a
un élément (35) de réglage, qui peut étre réglé par
engrénement lorsque le tambour (1) de ceinture ou
la partie (14) tournante du tambour de ceinture tour-
ne avec limitation de charge, et qui agit sur 'élément
(37) actionneur.

Rétracteur de ceinture suivant 'une quelconque des
revendications 1 a 6,

caractérisé en ce que le moyen de réglage de I'élé-
ment (37) de réglage a un actionneur (39) piézoé-
lectrique, qui agit sur 'élément (37) actionneur.

Rétracteur de ceinture suivant 'une quelconque des
revendications 1 a 8,

caractérisé en ce que le granulé (3) est fait de
grains durs.

Rétracteur de ceinture suivant 'une quelconque des
revendications 1 2 9,

caractérisé en ce que le au moins un élément (4)
est incorporé sous la forme d’un impulseur, dont les
pales sontincurvées et plongées dans le granulé (3).

Rétracteur de ceinture suivant 'une quelconque des
revendications 1 a 10,

caractérisé en ce que la chambre (8) du limiteur de
charge est disposée dans la partie (14) tournante du
tambour de ceinture.
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